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PLECTOSPHAERELLA MELONIS
(SYN. ACREMONIUM CUCURBITACEARUM) —
PLANT PATHOGENIC ORGANISM

Fungal diseases cause significant damage to agriculture. Plectosphaerella melonis (syn. Acremonium cucurbitacearum
and Nodulisporium melonis) is a pathogen of cultivated plant diseases in Spain, Italy, Japan, USA, Egypt, and Ukraine.
This review discusses the main results of research related to this phytopathogen. By morphological and cultural features,
P. melonis is a morphologically intermediate species between A. strictum and A. charticola, however, 5.8S-ITS region-
based phylogenetic analysis showed that P. melonis is a monophyletic taxon more closely related to Plectosphaerella than
to other species of the genus Acremonium. The most susceptible plants are at the stage of germination; however, the de-
velopment of the disease is manifested in the fruiting period. For a comprehensive assessment of virulence, real leaf area
(RLA) of the first two leaves, lesion of hypocotyl (RH), root collar (RSR), primary (RIR) and secondary roots (R2R) are
measured. P. melonis affects the root system, in particular the root collar and hypocotyl, and colonizes the epidermis and
cortex of the root centrographically towards the stem. The range of host plants includes Cucurbitaceae, however, peppers,
tomatoes, basil, and parsley are infected as well. Plants vary in susceptibility depending on the species and even variety.
The pathogenic response of plants differs depending on the growing conditions (protected and open soil), the interaction
between the pathogen and competing microorganisms, and other ecological and trophic relationships. The main means
of control are the use of long-term crop rotations and the selection of resistant varieties. In Ukraine, a strain of the an-
tagonist fungus Trichoderma viride was selected, which is an effective means for controlling P. melonis 502. The aim of
our work was to establish the role of P. melonis in the development of diseases of cultivated plants.
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Over the last 30 years, cases of a new plant
disease of Cucurbitaceae, caused by Plecto-
sphaerella melonis (syn. Acremonium cucur-
bitacearum and Nodulisporium melonis), have
been reported worldwide [1—14]. There are a
number of names in the literature for this dis-
ease, in particular, “vine decline”, sudden wilt-
ing, but the most popular is “acremonium col-
lapse” [4]. In 1982, in California (USA), Gubler
described early melon plant disease caused by
Cephalosporium cucurbitacearum [15]; how-
ever, Alfaro-Garcia believes that Gubler most
likely dealt with P. melonis [4]. Further cases of
the disease were reported in California in 1993
and 1994, where the pathogen was isolated
from collapsed watermelon and musk melon
[2], which formed further grounds to study the
pathogenic properties of P. melonis California
isolates [2, 12]. In 1996, the same disease was
reported on melon plants in Texas (USA) [16].
In Spain, after the mass death of early melons
at the beginning of fruiting, Garsia-Jimenez et
al. found that the causative agent was the fun-
gus P. melonis [1, 4]. In 2002, P. melonis, A. cro-
tonigenum (Schol-Schwarz) W. Gams, and
A. sclerotigenum were isolated from affected
melon plants in Italy, but only inoculation by P
melonis reproduced the disease symptoms [14,
17]. In 2012, a case of pathogenicity of P. mel-
onis 502 against cucumber plants in Ukraine
was reported [18]. In 2017, the disease was reg-
istered in melons in Egypt [19], and in 2021 in
Italy [20].

Taxonomic features. When the pathogen was
isolated for the first time, it was morphologi-
cally and culturally identified by Alfaro-Garcia,
W. Gams & Garcia-Jiménez as a new species of
A. sucurbitacearum and included in the Acre-
monium section [4]. The fungus is a morpho-
logically intermediate species between A. stric-
tum and A. charticola (Lindaau) W. Gams, and
other related species are A. sclerotigenum and
A. kiliense Grfitz [4]. In 2004, molecular genetic
methods confirmed the affiliation of the patho-
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gen to a new species of A. sucurbitacearum [13].
5.8S-ITS region-based phylogenetic analysis
showed that A. cucurbitacearum is a mono-
phyletic taxon more closely related to P. cucu-
merina (92%) than to the other species of the
genus Acremonium (68—72%), and all isolates
of A. cucurbitacearum form a monophyletic
group, as well as isolates of P. cucumerina are
clustered nearby. The fungi A. strictum, A. char-
ticola, A. sclerotigenum, A. kiliense, and A. cro-
tocinigenum are significantly separated from
A. cucurbitacearum [13]. Carlucci et al. have
shown that A. cucurbitacearum is synonymous
with Nodulisporium melonis [21] and P. melonis
comb. nov. [22].

It is noteworthy that the phytopathogen
Plectosporium tabacinum (teleomorph of P. cu-
cumerina) resembles some species of Acre-
monium, but they differ in teleomorphs and
morphology. Furthermore, the results of ge-
netic studies indicate a higher genetic affinity
between A. cucurbitacearum and P. tabacinum
than with the other species of Acremonium [23,
24]. Therefore, currently, it is customary to call
A. cucurbitacearum as P. melonis, although
both names are legitimate in the MYCOBANK
database.

Origin of isolates. The geographical origin
of P. melonis is unknown, but the disease was
detected in North America and Europe at the
same time. Abad et al. have investigated the
relatedness between European and American
isolates of A. cucurbitacearum. For this pur-
pose, they used the method of vegetative com-
patibility analysis (VCG), which allows study-
ing the genetic diversity among populations of
phytopathogenic fungi. This method is based
on the ability of two physiologically different
strains of the same species to connect asexu-
ally, thus forming a stable heterokaryon. In gen-
eral, strains of fungi that anastomose and form
heterokaryons with each other are considered
vegetatively compatible and belong to the same
group [25]. In general, Abad et al. obtained 10
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different VCGs of P. melonis [24, 26]. Molecu-
lar genetic studies and analysis of the vegetative
compatibility of isolates revealed that American
isolates of P. melonis are similar or identical to
Spanish ones [27, 28]. However, RAPD model-
based cluster analysis obtained using 25 primers
divided P. melonis isolates from Spain and the
United States into two main groups, most iso-
lates from the United States fell into group 1, but
genetic similarity did not correlate with the geo-
graphical origin or previously established VCG
groups [13].

Symptoms. Lesions of the root system of
plants infected with P. melonis were detected at
the stage of germination. After sowing the seeds
in the soil, the formation of light yellow-brown
spots was registered on the hypocotyl, which
eventually roughened. Hypocotyl discoloration
is a differential symptom caused by P. melonis,
which makes it possible to diagnose the disease
at the early stages. At the same time, the seed-
lings discolor and die. Two weeks after sow-
ing the seeds, the formation of necrotic spots
was registered on the root hairs of plants. At
the end of the growing season, the main roots
had a bare appearance and ulcers in the places
where the secondary roots were attached. Later
on, lesions appeared on small seedlings, while
the formation of transverse circles was observed
on the roots of mature plants [1, 29]. Additional
roots, which branched from the hypocotyl were
formed above the lesion site [4].

In field experiments, aboveground symptoms
were manifested during the period of the maxi-
mum need of plants for moisture [1], this mainly
took place at the stage of fruiting, i.e. 3 months
after planting in the soil [30, 31]. The affected
plants showed yellowing of old leaves, necrosis
of leaf blade tissue, loss of turgor of young plants,
wilting, and death of the stem. It is characteristic
that plant growth retardation or soaking was not
observed [1].

The pathogenicity test in the vegetation ex-
periment confirmed the sequence of symptoms:
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there were distinct yellowish-brown areas after
about 10 days between the hypocotyl and the
root system; root collar bark covering and sec-
ondary root death, which was accompanied by
the formation of lateral roots from the hypocot-
yl, was registered on Day 20 of vegetation [1].
This is a kind of protective reaction to patho-
gens of root diseases [30—32]. It is important
to note that aboveground symptoms did not ap-
pear before the fruiting phase [1]. In the works
of other authors, it is noted that P. melonis
causes the greatest damage to seedlings in the
root collar [11].

Symptoms of damage to the root system of
cucumbers in the vegetation experiment were
observed 14 days after sowing seeds in the soil
infected with infected P. melonis 502. Cucumber
plants of Nizhynskyi 12 variety were very sus-
ceptible to the pathogen at the stage of growing
two real leaves (2 weeks after sowing). Terrestri-
al symptoms were absent after 14 days, although
at this time there were noticeable lesions on the
root system [18].

At the early stages of growth, the ability to
absorb water decreases, which leads to gradual
yellowing and wilting, or even complete col-
lapse [30—32]. At the beginning of ontogenesis
of such plants, moisture supply is sufficient for
growth and development, however, at the stage
of mass fruiting of Cucurbitaceae, when water
demand is maximum, the affected root system
is unable to fully provide the plant with moisture
[30, 31, 33].

Plants inoculated with P. melonis had a larger
diameter of the main root. At the same time,
there was a decrease in the length of roots with
a diameter of less than 0.5 mm and in the total
number of roots, as well as a reduction in the
rhizosphere volume and leaf surface area [34].
Biernacki notes that P. melonis caused the most
damage to small roots, reducing the area of the
root system rather that its mass [34].

Determining the area of the first two real
leaves may be more indicative than the mass
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of the root system to study the harmfulness of
root pathogens. Bruton et al. have shown that
the study of only the mass of the root system
to assess the harmfulness of P. melonis is insuf-
ficient because the additional roots that branch
from the hypocotyl of affected plants offset the
actual decrease in the root mass of primary and
secondary roots [11]. For a comprehensive as-
sessment of the virulence of P. melonis isolates,
it was proposed to measure the area of the first
two real leaves (RLA) to assess the lesion of hy-
pocotyl (RH), root collar (RSR), primary (R1R),
and secondary roots (R2R) [11].

Location. The pathogen is always isolated
only from the root system. Moreover, P. melonis
colonizes the epidermis and cortex of the root
of plants, and hyphae form a continuous and
branched network, which spreads through these
tissues. Colonization of the root system by hy-
phae of P. melonis occurs centrographically to-
wards the stem, with the development of hyphae
inside cells and intercellular space, and a de-
crease in the density of the pathogen towards the
endoderm, which serves as a barrier to fungal
infections. Hypertrophied and hyperplastic cells
of the parenchyma are further necrotized [35].

In the experiments with melons, the first
visible effect of P. melonis penetration into the
root-hypocotyl zone of melons was atypical red-
dening of the epidermis and external parenchy-
mal cells of the cortex due to suberin deposi-
tion (large-scale plant response to pathogens).
The suberized layer was observed 30 days after
infection of the soil with the fungus. After 42
days, the outer cortical cells of the hypocotyl
were somewhat distorted and discolored. Xy-
lem vessels did not change in 30-day-old infect-
ed plants, however, after 42 days calluses were
found on the inner walls of the xylem. The eti-
ology of callus formation is debatable, but it is
known that these structures reduce the supply
of water to the plant in conditions of high de-
mand for moisture, which may be the reason for
their depletion [35, 36].
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After 42 hours, pumpkin plants, which were
characterized by partial resistance to P. melonis,
have shown a slight deposition of suberin, which
is associated with slower colonization compared
to melon plants. Pumpkin plant tissues contain
a high amount of cucurbitacins — inhibitors of
fungi, which in turn determines their tolerance
to acremoniosis [8, 35].

The internal tissues of the root of melons and
watermelons were rarely colonized, but hyphae
were sometimes fixed even inside the lumen of
the xylem vessels. Alfaro-Fernandez et al. sug-
gest that this is the result of extremely severe
complications of the infection. Despite the colo-
nization of the xylem, no fungal structures were
found in the vessels of the hypocotyl, which in-
dicates the impossibility of spreading P. melonis
in the vessels of host plants [35].

Host plants. The range of P melonis host
plants is limited. It was previously thought that
the fungus was pathogenic only to the Cucur-
bitaceae family, although it is commonly isolated
from plants of other families. P. melonis is capa-
ble of limited colonization of the roots of some
dicotyledonous plants of the families Asteraceae,
Fabaceae, Malvaceae, Poaceae, and Solanaceae
[7]. However, it is now known that P. melonis
caused disease in basil, parsley, tomato, and pep-
per [37—39].

Garsia-Jimenez et al. have tested 41 wild plant
species for susceptibility to P. melonis. All stud-
ied representatives are excluded from the pos-
sible range of host plants. It is also possible to
grow other crops, including watermelons and
cucumbers, on soils infected with P. melonis, as
they have slower development of symptoms [1].

Armengol et al. have studied the pathogenic-
ity of Spanish isolates of P. melonis to 31 species
of plants of the Cucurbitaceae family, 18 spe-
cies of cultivated plants and 15 species of weeds.
They found that a wide range of plants of the Cu-
curbitaceae family could be potential host plants
with different levels of susceptibility. Almost all
varieties of melons (Cucumis melo) and water-
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melons (Citrullus lanatus) are classified as sus-
ceptible or very susceptible. Pumpkin (Cucur-
bita maxima), luffa (Luffa acutangula, L. aegyp-
tiaca) and wax gourd (Benincasa hispida) were
highly resistant, and stuffing gourd (Cyclanthera
pedata) — highly endurable. Other cultivated
plants and weeds grown on contaminated soils
are not affected by the fungus. It is interesting to
note that the response to pathogen infection in
melon and watermelon plants is the same, but to
date, there are no special issues with watermelon
acremoniosis. In fact, musk melon fields, where
the disease was reported, are recommended for
growing watermelons. In addition, in Spain, cu-
cumbers (C. sativus) are less affected, although
cucumber plants range from resistant to highly
susceptible [7].

The pathogenicity of Texas isolates of P. mel-
onis against Ciucurbitacea was studied fur-
ther. Of the 37 representatives studied, only
22 were very resistant (of which the most re-
sistant are representatives of the genus Cucur-
bita — C. moschata and C. maxima). Virtually
all plants of the genera Cucurbita, Luffa and La-
genaria were classified as highly resistant. From
the genus Cucumis, three varieties of caucumber
plants (C. sativus cultigens) were evaluated as
very resistant. C. lanatas and C. melo species
are moderately resistant and susceptible. There
were no very susceptible plants among the rep-
resentatives of Cucurbitaceae [11]. Symptoms
ranged from minor root damage or discolor-
ation (in resistant species) to moderately or se-
verely damaged hypocotyl, primary and/or sec-
ondary roots (in susceptible species). P. melonis
was isolated from the lesion site of all tested
Cucurbitaceae [11].

Iglesias et al., studying the disease, in a field
small-scale experiment found that there is intra-
specific susceptibility and the spread of the dis-
ease varies depending on the variety of melon.
After 50—69 days of planting in the soil, they
recorded the death of 10—20 % of plants of sus-
ceptible melon varieties. In contrast, Pat 8 va-
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riety musk melon was characterized by partial
resistance (delayed onset of symptoms, reduced
spread and development of the disease). At the
end of ontogenesis, the number of healthy Pat
81 melon plants was 45—85 %, while in the sus-
ceptible melon varieties VC-185, VC-186, VC-
187, and BG-13819 it was 0—15 % [30]. Iglesias
et al. note that the size and morphology of the
root system of plants is one of the key factors
in their resistance to root pathogens. Thus, the
resistant Pat 81 variety of musk melon is charac-
terized by a well-developed and branched root
system, which promotes the formation of new
roots [31]. The plants of this variety presented a
large number of additional roots that branched
from the hypocotyl over the affected areas [30].
Therefore, determining the range of virulence
of pathogens is a necessary factor for the effec-
tive cultivation of crops, which requires reliable
ways to assess their virulence.

Environmental effect on disease develop-
ment. The pathogenic response of plants differs
depending on the growing conditions (protected
or open soil), the interaction between the patho-
gen and competing microorganisms, and other
ecological and trophic interaction [11]. For ex-
ample, California isolates of P. melonis in field
small-plot experiments were found to be slightly
pathogenic for melons, however, in vegetation
experiments, the degree of plant damage was
much higher, and the dry weight of the aboveg-
round part decreased by 23 %. Aegerter notes
that despite the colonization of the root system
with P. melonis, the affected plants in some cases
continued to bear fruit [12].

Bruton, who studied the pathogenicity of
P. melonis, noted that the response of musk-
melon to acremoniosis can vary depending on
the stage of development and level of plant resis-
tance, density and virulence of pathogens, and
environmental conditions. The development of
P. melonis in plant roots is significantly influ-
enced by the depth of seedling planting. The op-
timum for the uniform spread of P. melonis was
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4 cm [11]. Heat stress is also an important fac-
tor influencing the development of acremoniosis
symptoms [12].

At the same time, Grogan et al. [40] note that
it is impossible to achieve 100% spread of the
disease. Even with a high density of infectious
material, the disease spread curve approaches
the plateau, as part of the plant population may
be highly resistant. Also, only certain areas of the
root are susceptible to acrimoniosis [11].

The significant influence of environmental
conditions on the development of this disease
has made its study quite difficult because the
lack of control of environmental factors makes it
necessary to repeat field experiments in different
years [30, 31].

Control means. This is a relatively new and
little-studied disease. Information about its bi-
ology and epidemiology is not enough to de-
velop a control strategy. Quite large areas of
crops are occupied under protected soil, and
crop rotation in most cases is not used, which
in turn leads to the accumulation of pathogenic
microbiota. For example, in Spain, the disease
was registered in fields that were previously oc-
cupied by citrus monoculture for 8 years [7].
Schmidt et al. showed that cover crops increase
P. melonis in the soil regardless of the soil pro-
cessing mode [41]. Since P. melonis is able to
form chlamydospores [4, 5], it is effective to
use long-term crop rotations to limit the spread
of the disease [7]. Given the narrow range of
P. melonis host plants [7, 15], seedlings of other
crops and weeds can limit the accumulation of
infectious material in the soil. Given not only
the interspecific but also the intraspecific toler-
ance, the selection of resistant varieties is not
inferior [11].

Information on the biological control of the
disease spread, in particular the use of microbial
preparations, is limited. In Ukraine, a strain of
the antagonist fungus Trichoderma viride 017,
which is an effective means against P. melonis
502 has been selected [42—45]. In vitro screen-
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ing of antagonist microorganisms against P. mel-
onis 502 allowed selecting a strain of Bacillus sp.
23 (restrained colony growth even after 25 days)
and micromycetes C. cochliodes 3250 (complete-
ly consumed the pathogen colony, showing hy-
perparasitism on Day 15 of co-cultivation) and
T. viride 017 (showed hyperparasitism on Day 15
of cultivation) as the most active [42]. The bio-
logical efficiency of the pre-sowing treatment of
cucumber seeds with T. viride 017 on an artificial
infectious background (AIB) of P. melonis 502
was 61%. Inoculation of cucumber seeds with
the fungus T. viride 017 contributed to the for-
mation of a stronger root system and increased
yields by 34 % (15.4 t/ha) compared to the vari-
ant with AIB [45].

The composition of Se and I nanoparticles
against P. melonis 502 was also investigated. It
was found that the composition slows down the
growth and reduces the diameter of the colony,
but does not lead to mycelial death. The com-
position of Se and I nanoparticles shows high
fungistatic activity throughout the cultivation
period. Reduction of colony diameters under
the action of Se and I composition reaches
94.13% [45].

Conclusions. The phytopathogen P. melonis is
the causative agent of root rot in cultivated plants
and causes the greatest damage to young plants
at the stage of germination. The root collar and
hypocotyl are involved the most commonly. The
range of host plants includes mainly Cucurbita-
ceae. Plants vary in susceptibility depending on
the species and even variety. The main control
means is the use of long-term crop rotations and
the selection of resistant varieties.
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[HCTUTYT cimbecbKOrocIoapchbKoi Mikpobiornorii Ta arpornpomucnosoro supo6unnrsa HAAH Ykpainu,
7abopaTopis pOCIMHHO-MIKPOOHNX B3a€MOSIIL,
By. IlleBuenka, 97, Yepniris, 14027, Ykpaina

PLECTOSPHAERELLA MELONIS (SYN. ACREMONIUM CUCURBITACEARUM) —
3EYIHHMK XBOPOBE POCJIVH

[pn6Hi XxBOpoOU 3aBJAIOTh 3HAYHUX 30UTKIB CiIbCbKOMY rocrnomapctsy. Plectosphaerella melonis (cuHoHiMUM —
Acremonium cucurbitacearum i Nodulisporium melonis) € 36ygHuKoM XBopo6 Ky/IbTypHux pociut Icmanii, Itaii,
Snonii, CIIIA, €runta Ta Ykpainu. B 11poMy or/sifii 06roBOpeHO OCHOBHI Pe3y/IbTaTy FOCIIIKeHb, I0B' A3aHNX i3
UM ditomaToreHoM. 3a MOP(OIOro-KyIbTypaIbHUMK 03HaKaMu, P. melonis € MOpONIOridyHO MPOMIKHUIT BUT,
MiX A. strictum ta A. charticola, mpote dinoreHeTnuHMIt aHams, 1o 6asyerscs Ha perioni 5.8S-1TS, mokasas, 1110
P. melonis € MoHODiNmeTYHNM TaKCOHOM, Oi/b1 TicHO OB’ s13aHuM 3 Plectosphaerella, Hix 3 iHIIMMU BURaMK POTY
Acremonium. Haiibinpin 9y TIMBUMY /I YPaKeHHA € POCIVHM Ha CTajil CXOfiB, ajle PO3BUTOK 3aXBOPIOBAHHS
MPOABNAETbCA B MEPiof TIOJOHOWEHHA. JI/11 KOMIIIEKCHOI OLiHKM BipyZIeHTHOCTi BUMipIOIOTH IIJIONLY TepIInX
IBOX cripaBxHix mcTiB (RLA), ypaxxenns rinokotumo (RH), kopenesoi muiiku (RSR), nepsunnoro (R1R) Ta Bro-
puHHUX KopeHiB (R2R). P. melonis ypa>xye KopeHeBY CCTeMy, IPMYOMY HalldacTille cTpak[a€e KopeHeBa MniiKa i
FiOKOTI/IB, TIPY I[bOMY KOJIOHISYIOTHCSI emifiepMic i KopTekc KopeHs neHTporpagidao go creba. CrieKTp pocinH-
xassiHiB Bkmodae Cucurbitaceae, mpoTe ypaxkyloTbCs Iepellb, TOMAT, 6a3WiK i meTpymka. POCInHY pisHATbCS 3a
CIIPUITHATIMBICTIO 3a/I€KHO Bifi BUAY 1 HaBiTh COPTY. XBOPOOOTBOPHA peaKilis pOC/INH Bipi3HAETHCS 3a/I€KHO Bif
YMOB BUPOLIYBaHHA (3aKpUTMit a00 BILKPUTHUI TPYHT), B3aEMOJi] IaTOreHa 3 KOHKYPYIOYMMY MiKpOOpraHisMaMu
Ta iHIIMMM eKOIoro-TpodidyHuMyu 3B A3kamu. OCHOBHMM 3ac060M 60pOTHOM € 3aCTOCYBaHHA JOBIOTPUBATINX Ci-
BO3MIiH Ta CefeK1is CTifikux coptiB. B YkpaiHi cenexijionoBaHo 1tam rpuba anrarouicra Trichoderma viride, sixuit
€ edeKTUBHYUM 3acoboM 60poTbby poTn P. melonis 502. Merolo Hamoi po6otu 6yno gocmigntu ponb P. melonis y
PO3BUTKY 3aXBOPIOBAHb KY/IBTYPHMX POCTIVH.

Kmouosi cnosa: Acremonium cucurbitacearum, Plectosphaerella melonis, Nodulisporium melonis, Cucumis.
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