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Abstract This work describes a simple protocol for long-
term preservation of strains of Rosellinia necatrix based on
sclerotia production combined with storage at 4°C in liquid
substrate, without affecting the growth and pathogenic
characteristics of the fungal isolates recovered. The scler-
otization process was set up in both liquid and solid media,
and the sclerotia-like structures (pseudosclerotia) obtained
were preserved in liquid media or water at 4°C. R. necatrix
pseudosclerotia viability after 6 years of preservation at
4°C was confirmed by growth and microscopic character-
istics, with no differences when compared with the fungal
strains routinely preserved by periodic transfers. Addi-
tionally, pathogenicity on avocado plants by the preserved
R. necatrix strains showed no difference from those pre-
served by periodic transfers. The albino strain used in this
study should continue to be preserved by periodic
subculturing.

Keywords Avocado - Dematophora necatrix -
Fungal storage

The fungus Rosellinia necatrix (anamorph Dematophora
necatrix) is probably the most widely distributed of all
Rosellinia species. This fungus can be found worldwide in
temperate as well as tropical areas (Sivanesan and Holliday
1972) and is also considered to be the most destructive of
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all the Rosellinia species (Freeman and Sztejnberg 1992).
R. necatrix has a very wide host range, including 170 plant
species or varieties in 63 genera and 30 families of dicot-
yledonous angiosperms (Khan 1959; Ten Hoopen and
Krauss 20006).

Under natural conditions, R. necatrix can develop scle-
rotia (Pérez-Jiménez et al. 2003), which are black, hard,
spherical nodules several millimeters in diameter located
mainly on invaded roots and connected from their base with
the subcortical mycelium (Viala 1891; Khan 1959). For-
mation of these structures, similar to those of other fungi,
could possibly be related to the survival of R. necatrix in the
soil (Sztejnberg et al. 1980). When R. necatrix is cultured on
synthetic culture media, the young mycelium of R. necatrix
is initially white and cottony. With age, the mycelium could
become brown black in color because of the presence of
small microsclerotia (Sztejnberg et al. 1980). Microsclerotia
are formed as irregular bodies of a compact mass of inter-
woven hyphae with high melanin content (around
98 x 130 um in size) and tend to unite and form micro-
sclerotial sheets. Red, blue, and fluorescent (daylight-type)
illumination was found to induce microsclerotia formation,
whereas near-UV light and darkness depressed the mor-
phogenetic process (Sztejnberg et al. 1980).

In the Mediterranean area, R. necatrix causes white root
rot (also called Dematophora root rot) in avocado and in
many other crops (Lopez-Herrera 1998; Pliego et al. 2011).
Studies on avocado white root rot have led to construction
of a small fungal collection composed of more than 55
undomesticated R. necatrix strains isolated from avocado
white root rot in the Mediterranean area (Dr. C.J. Lopez-
Herrera, Institute of Sustainable Agriculture, IAS-CSIC,
Cordoba, Spain). This collection has been traditionally
maintained on potato dextrose agar (PDA) tubes, the fungal
cultures being refreshed every year.
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Table 1 Selected fungal strains of R. necatrix, isolated from avocado white root rot, used in this study and provided by Dr. C.J. Lépez-Herrera

(IAS-CSIC, Cérdoba, Spain)

Strain Characteristics Reference

CHS53 (Former Rn400). Isolated in Almuiiecar (Granada, Spain) in 1991. Lopez-Herrera and Zea-Bonilla (2007),
Virulent strain. Allowed genetic transformation Pliego et al. (2009), Ruano-Rosa et al. (2010)

CH290 (Former Rn290). Isolated in Vélez-Malaga (Malaga, Spain) in 1990. Pliego et al. (2009), Ruano-Rosa et al. (2010)
Virulent strain. Allowed genetic transformation

CHI12 (Former Rn12). Isolated in Salobrefia (Granada, Spain) in 1988. Pliego et al. (2009), Ruano-Rosa et al. (2010)

Avirulent strain. Allowed genetic transformation. Albino strain

In this work, three representative R. necatrix strains
(Table 1) from this collection have been selected and used to
develop an easier long-preservation technique that avoids
potential problems of subculturing, such as culture contam-
ination or lack of desirable fungal characteristics, and will
allow preservation of R. necatrix strains avoiding these risks.
These three fungal strains were selected mainly based on
their virulence (Ruano-Rosa et al. 2010), their ability to form
sclerotia-like structures (pseudosclerotia), and their genetic
ability to be transformed (Pliego et al. 2009).

A protocol of sclerotization has been set up for
R. necatrix strains. Pseudosclerotia production by selected
R. necatrix strains has been initially characterized on dif-
ferent synthetic media, such as corn-meal agar (CMA;
Oxoid, Cambridge, UK), malt agar (AM; Difco, Lawrence,
KS, USA), and potato dextrose agar (PDA; Oxoid). PDA
disks 0.5 cm in diameter were taken from the border of a
5-day fungal colony grown on PDA at 25°C in darkness,
placed in the center of fresh agar test plates, and incubated
for 7 days at 25°C in darkness. Plates were then incubated
at 25°C under fluorescent white light for 7-21 days, until
the production of dark pseudosclerotia could be observed
on the agar surface. Pseudosclerotia formation by R. nec-
atrix CH53 and CH290 was observed on PDA after
approximately 14 days of growth (7 days in darkness and
7 days under fluorescent white light) and in notably lesser
amounts on AM and CM. For that reason, PDA was the
media selected for further experimentation. The selected R.
necatrix strain CH12 did not produce pseudosclerotia on
solid media, even after 3 months kept under appropriate
conditions to promote pseudosclerotia formation (under
fluorescent white light at 25°C or at room temperatures
under natural daylight on the laboratory bench). The
colonial morphology of this “albino” R. necatrix CH12
strain is slightly different from the strains producing
pseudosclerotia, showing whiter mycelia and more com-
pact hyphae. In this sense, pseudosclerotia-producing R.
necatrix strains showed less compact mycelia growth but
faster radial growth of the colony (Fig. 1). The presence of
“albino” strains has also been observed in other fungi, but
the albino strain CH12 of R. necatrix used in this work was
first reported by Ruano-Rosa (2006).

—@- R. necatrix CH53

—&— R necatrix CH290
=~ R. necatrix CH12

Diameter fungal colony (cm)
N

Days

Fig. 1 Colony growth of Rosellinia (R.) necatrix colonies in potato
dextrose agar (PDA). Measurements of each strain were performed
using two perpendicular diameters of the colony

To obtain free pseudosclerotia structures, a procedure
using liquid media has been developed (Fig. 2). Briefly,
potato dextrose broth (PDB) was inoculated with R. nec-
atrix mycelia from PDA plates. The Erlenmeyer flasks
were incubated at 120 rpm at 25°C in darkness for 2 weeks
to produce fungal mycelia, followed by 2 weeks under the
same conditions under fluorescent white daylight-type light
to induce pseudosclerotia formation. If necessary, this
cycle was repeated two times (52 days in total) to obtain a
sufficient quantity of pseudosclerotia. After growing for
14 days in darkness followed by another 14 days under
natural daylight conditions at 25°C, black rod-shaped
structures about 0.5 x 2 mm in size were observed at the
bottom of the Erlenmeyer flasks for R. necatrix CH53 and
CH290. These black pseudosclerotia structures were col-
lected into a 10-ml plastic tube using a micropipette and
stored in the dark at 4°C (Fig. 2). These black structures
were allowed to grow on different nutrient media, and
fungal growth was confirmed as R. necatrix. No pseudo-
sclerotia structures were formed for the R. necatrix CH12
strain after 3 months of incubation, repeating the periodic
growth conditions described previously.
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Fig. 2 Comparative schematic
process of pseudosclerotia
formation on solid and liquid
media. Sclerotization can be
induced after exposing the
culture to white daylight.
Preservation of pseudosclerotia
was performed at 4°C in
darkness. The strains that did
not produce pseudosclerotia
were preserved by periodic
transfer on solid media

FDB

PDB 14 days,
25°C, dark,
120 rpm

PDB, 14 days,
25°C, dark,
120 rpm + 14
days, 25°C,
light, 120 rpm

Pseudoscletotia
on remaining
liquid media

For preservation studies, it has been described that
sclerotization procedures can be applied to some fungi
that develop sclerotia or other long-term surviving prop-
agules in culture (Daniel and Baldwin 1964; Singleton
et al. 1992; Ohmasa et al. 1996), and preservation of such
structures, usually at 3-5°C, is a good way to store fungal
strains (Nakasone et al. 2004). On the other hand,
according to the “species”-specific key to the determi-
nation of appropriate preservation protocols for fungi
(Ryan et al. 2000), one of the best ways to preserve the
Rosellinia isolates would be in water, which appears to
suppress morphological changes in most fungi (Nakasone
et al. 2004). Additionally, the storage of fungi on agar
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media under sterile distilled water has also been proven
to be a reliable conservation method for many fungi
(Ritcher and Bruhn 1989), avoiding the disadvantages of
periodic subculturing, e.g., contamination, morphological
or physiological changes, or reduction in ability to infect
(Nakasone et al. 2004). Preservation in water has been
used successfully to preserve oomycetes (Smith and
Onions 1983), basidiomycetes (Ellis 1979; Ritcher and
Bruhn 1989; Ritcher 2008), ectomycorrhizal fungi (Marx
and Daniel 1976), ascomycetes (Nakasone et al. 2004),
hyphomycetes (Ellis 1979), plant pathogenic fungi
(Boesewinkel 1976), aerobic actinomycetes (Gelderen and
de Komaid 1988), and human pathogens and yeast
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Fig. 3 Germination of pseudosclerotia of R. necatrix. a Pseudosclero-
tia from R. necatrix CH53 grown on potato dextrose broth (PDB),
stained with aniline blue. b Pseudosclerotia from R. necatrix CH290
grown on PDB placed onto a PDA plate surface, after 24 h of incubation

(McGinnis et al. 1974). By this method, authors have
reported survival of several fungi stored in water for more
than 12 years (Qiangqgiang et al. 2009).

Based on previous knowledge, R. necatrix pseudoscle-
rotia obtained in liquid media were placed into plastic
tubes with some remaining PDB media and preserved in
the dark at 4°C (Fig. 2). The black, crusted areas observed
covering the PDA plate surface were also used. A small
piece of agar containing media and the black bodies was
placed in a plastic tube containing 1 ml sterile distilled
water and preserved at 4°C. After 3—5 weeks, small black
bodies (pseudosclerotia) at the bottom of the tube could be
observed (Fig. 2).

at 25°C. ¢ Detail of the fungal mycelia growing from the pseudoscle-
rotia present in b. Arrows indicate typical pyriform swellings for
R. necatrix. d A 4-day-old colony on PDA resulting from pseudoscle-
rotia germination, showing the typical features of R. necatrix

After 6 years stored, R. necatrix pseudosclerotia were
recovered from the plastic tubes and placed in the center of
PDA plates for incubation at 25°C in darkness. Observation
of fungal growth, colonial morphology after 5 days of
growth, and presence of pear-like swellings on the fungal
hyphae under the microscope was confirmed (Fig. 3) and
used to characterize these fungi as R. necatrix (Pérez-
Jiménez et al. 2002; Ten Hoopen and Krauss 2006). Radial
growth of fungal colonies from pseudosclerotia preserved
for 6 years was compared with the corresponding fungal
strain preserved by periodic transfers, showing no apparent
differences among them (Fig. 4). The fungal colonies
covered the plate surface after 1 week of incubation.
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Fig. 4 Fungal colony growth of R. necatrix maintained by periodic
plate transfer or from preserved pseudosclerotia. Measurements in each
plot were performed using two perpendicular diameters of the colony

A few methods refer to long-time preservation of
R. necatrix. The method described most recently (Ten
Hoopen et al. 2004) resulted in successful storage of Ros-
ellinia for periods of up to 2 years when using silica gel or
by cryopreservation of mycelia in liquid nitrogen. Deep-
freezing strategies have been described previously as suc-
cessful ways to preserve fungal stock cultures (Kitamoto
et al. 2002). However, preservation times slightly greater
than 16 months were reported when R. necatrix was placed
in sterile water (Ten Hoopen et al. 2004).

To determine whether pseudosclerotia formation and
preservation have an influence on the avocado pathogenicity
of these strains, artificial inoculation tests were performed.
Pathogenicity assays using R. necatrix strains obtained from
subculturing or from stored pseudosclerotia were performed
as previously described (Cazorla et al. 2006) using 6- and
24-month-old commercial avocado plants (Brokaw Espaiia,
Vélez-Malaga, Spain) growing in two different substrates.
Six-month-old avocado plants were grown in a mixture of
peat:coconut fiber:perlite (6:1:0.6 v/v substrate) and
24-month-old avocado plants were cultured in a mixture of
sand:peat:silt (1:2:1 v/v substrate).

Inoculations with R. necatrix were performed using
wheat grains infected with mycelia as previously described
(Sztejnberg et al. 1980; Cazorla et al. 2006). A set of nine
6-month-old plants and four 24-month-old plants was tes-
ted per experimental strain. Avocado plants were placed in
a growth chamber at 24°C with 70% relative humidity and
16 h daylight. Aerial symptoms were observed, and the
disease index percentage of foliar symptoms was calcu-
lated using the symptom scale as previously described
(Cazorla et al. 2006). After 2 weeks in a greenhouse,
avocado white root rot symptoms were observed in all
6-month-old avocado plants inoculated with the fungal
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Fig. 5 Disease progress of R. necatrix strains obtained from periodic
plate transfer or from 6-year-old preserved pseudosclerotia. Disease
index was calculated in two independent experiments using 6-month-
old avocado seedlings in potting soil (a), and using 2-year-old
avocado seedlings in a commercial substrate infected with strains (b)

strains R. necatrix CH53 and CH290, and the disease index
did not show apparent differences among the different
fungal colonies used (Fig. 5a). When the experiment was
performed using 2-year-old commercial avocado plants in
a commercial substrate infested with R. necatrix, similar
results were obtained (Fig. 5b). From those symptomatic
plants, re-isolation from necrotic roots showed the presence
of R. necatrix. These results confirmed that this method of
preservation does not affect the fungal survival, vitality,
and pathogenicity. Inoculation with R. necatrix CH12 did
not show white root rot symptoms in these experiments, as
was previously reported by Ruano-Rosa et al. (2010); this
finding is in agreement with the observations that “albino”
strains reported in other fungi also showed reduced viru-
lence and loss of conidiation (Solomon et al. 2004).
These non-pseudosclerotia-producing fungal strains
(“albino” strains) have sometimes been used as biocontrol
agents when reduced virulence has been observed (Dixon
et al. 1987; Held et al. 2003; Solomon et al. 2004).
According to our observations, albino R. necatrix strains
are avirulent and have different growth than that displayed
by pseudosclerotia-producing strains (Fig. 1). However,
further research has to be carried out to evaluate their
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interest as biocontrol agents. Traditional preservation
methods, by serial transfers every 6—12 months, can be
used to preserve the albino R. necatrix strains.

These results showed that combination of two simple
procedures applied to long-term preservation of fungi—
sclerotization, and immersion in distilled water—can be
used successfully to store R. necatrix strains without losing
important characteristics with preservation times up to
6 years. Additional advantages of this procedure include
that it is inexpensive and has a low-maintenance cost.

Acknowledgments We thank Dr. Carlos Lopez-Herrera for the gen-
erous supply of Rosellina necatrix strains from his personal collection.
We gratefully acknowledge funding for the AGL08-05453-C02-01 and
AGL11-30545-C02-01 projects from the Plan Nacional de I+D+I,
Ministerio de Ciencia e Innovacion, co-financed with FEDER (EU).
C.E.C. was supported by a FPI Ph.D. fellowship from MCI. N.B. was
supported by a FPU Ph.D. fellowship from MCI. We especially thank
technician Irene Linares for construction and maintenance of the current
collection of Rosellinia necatrix at the University of Malaga, Spain.

References

Boesewinkel HJ (1976) Storage of fungal cultures in water. Trans Br
Mycol Soc 66:183-185

Cazorla FM, Duckett SB, Bergstrom ET, Noreen S, Odijk R,
Lugtenberg BJJ, Thomas-Oates J, Bloemberg GV (2006) Biocon-
trol of avocado Dematophora root rot by antagonistic Pseudomo-
nas fluorescens PCL1606 correlates with the production of 2-hexyl
5-propyl resorcinol. Mol Plant Microbe Interact 19:418-428

Daniel JW, Baldwin HH (1964) Methods of culture for plasmodial
myxomycetes. In: Prescott DA (ed) Methods in cell physiology.
Academic Press, London, pp 9-41

Dixon DM, Plak A, Szaniszlo PJ (1987) Pathogenicity and virulence
of wild-type and melanin-deficient Wangiella dematitidis. ] Med
Vet Mycol 25:97-106

Ellis JJ (1979) Preserving fungus strains in sterile water. Mycologia
71:1072-1075

Freeman S, Sztejnberg A (1992) Rosellinia. In: Singleton IL, Mihail
JD, Rush CM (eds) Methods for research on soilborne phyto-
pathogenic fungi. APS Press, St. Paul, pp 71-73

Gelderen Van, de Komaid A (1988) Viability of fungal cultures after
ten years of storage in distilled water at room temperature. Rev
Latinoam Microbiol 30:219-221

Held BW, Thwaites JM, Farrel RL, Blanchette RA (2003) Albino
strains of Ophiostoma species for biological control of sapstain-
ing fungi. Holzforschung 57:237-242

Khan AH (1959) Biology and pathogenicity of Rosellinia necatrix
(Hart.) Berl. Biol Lahore 5:199-245

Kitamoto Y, Suzuki A, Shimada S, Yamanaka K (2002) A new
method for the preservation of fungus stock cultures by deep-
freezing. Mycoscience 43:143-149

Lopez-Herrera CJ (1998) Hongos de suelo en el cultivo del aguacate
(Persea americana Mill) del litoral andaluz. V Jornadas Andalu-
zas de Frutos Tropicales. Congresos y Jornadas 47/98, Seville,
CAP, pp 139-152

Lopez-Herrera CJ, Zea-Bonilla T (2007) Effects of benomyl,
carbendazim, fluazinam and thiophanate methyl on white root
rot of avocado. Crop Prot 26:1186-1192

Marx DH, Daniel WJ (1976) Maintaining cultures of ectomycorrhizal
and plant pathogenic fungi in sterile water cold storage. Can J
Microbiol 22:338-341

McGinnis MR, Padhye A, Ajello L (1974) Storage of stock cultures of
filamentous fungi, yeast, and some aerobic actinomycetes in
sterile distilled water. Appl Microbiol 28:218-222

Nakasone KK, Peterson SW, Jong S-C (2004) Preservation and
distribution of fungal cultures. In: Mueller GM, Bills GF, Foster
MS (eds) Biodiversity of fungi: inventory and monitoring
methods. Elsevier Academic Press, Burlington, pp 37-50

Ohmasa M, Tsunoda M, Babasaki K, Hiraide M, Harigae H (1996)
Fruit-body production of test cultures of Flammulina velutipes
preserved for seven years by freezing at three different
temperatures. Mycoscience 37:449-454

Pérez-Jiménez RM, Jiménez-Diaz RM, Lopez-Herrera CJ (2002)
Somatic incompatibility of Rosellinia necatrix on avocado plants
in southern Spain. Mycol Res 106:239-244

Pérez-Jiménez RM, Zea-Bonilla T, Lopez-Herrera CJ (2003) Studies
of Rosellinia necatrix perithecia found in nature on avocado
roots. J Phytopathol 151:660-664

Pliego C, Kanematsu S, Ruano-Rosa D, de Vicente A, Lopez-Herrera
CJ, Cazorla FM, Ramos C (2009) GFP shed light on the infection
process of avocado roots by Rosellinia necatrix. Fungal Genet
Biol 46:137-145

Pliego C, Lopez-Herrera C, Ramos C, Cazorla FM (2011) Developing
tools to unravel the biological secrets of Rosellinia necatrix, an
emergent threat to woody crops. Mol Plant Pathol doi:
10.1111/3.1364-3703.2011.00753.X

Qiangqgiang Z, Jianjun W, Li L (2009) Storage of fungi using sterile
water or lyophilization: comparison after 12 years. Mycoses
41:255-257

Ritcher DL (2008) Revival of saprotrophic and mycorrhizal basid-
iomycete culture after 20 years in cold storage in sterile water.
Can J Microbiol 54:595-599

Ritcher DL, Bruhn JN (1989) Revival of saprotrophic and mycorrhi-
zal basidiomycete cultures from cold storage in sterile water.
Can J Microbiol 35:1055-1060

Ruano-Rosa D (2006) Control biologic, caracterizacion y deteccion
molecular de Rosellinia necatrix Prill., agente causal de la
podredumbre blanca del aguacate. PhD thesis, University of
Cérdoba, Spain

Ruano-Rosa D, del Moral-Navarrete L, Lopez-Herrera CJ (2010)
Selection of Trichoderma spp. isolates antagonistic to Rosellinia
necatrix. Span J Agric Res 8:1084-1097

Ryan MJ, Smith D, Jeffries P (2000) A decision-based key to
determine the most appropriate protocol for the preservation of
fungi. World J Microbiol Biotechnol 16:183-186

Singleton LL, Mihail JD, Rush CM (eds) (1992) Methods for research
on soil-borne phytopathogenic fungi. APS Press, St. Paul

Sivanesan A, Holliday P (1972) Rosellinia necatrix. CMI Descrip-
tions of Pathogenic Fungi and Bacteria, set 36, no. 352.
Commonwealth Mycological Institute, Kew, Surrey, UK

Smith D, Onions AHS (1983) The preservation and maintenance of
living fungi. CAB International Mycological Institute, Kew

Solomon PS, Tan K, Sanchez P, Cooper RM, Oliver RP, Tan KC
(2004) The disruption of a Go subunit sheds new light on the
pathogenicity of Stagonospora nodorum on wheat. Mol Plant-
Microbe Interact 17:456-466

Sztejnberg A, Madar Z, Chet I (1980) Induction and quantification of
microsclerotia in Rosellinia necatrix. Phytopathology 70:525-527

Ten Hoopen GM, Krauss U (2006) Biology and control of Rosellinia
bunodes, Rosellinia necatrix and Rosellinia pepo: a review. Crop
Prot 25:89-107

Ten Hoopen GM, Ortiz JL, Aguilar ME, Krauss U (2004) Preserva-
tion methodology for Rosellinia species. Mycol Res 108:274—
282

Viala P (1891) Monographie du pourridié des vignes et des arbres
fruitiers. Librarie de L’ Académie de Médecine, Paris

@ Springer


http://dx.doi.org/10.1111/J.1364-3703.2011.00753.X

	Sclerotization as a long-term preservation method for Rosellinia necatrix strains
	Abstract
	Acknowledgments
	References


