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Abstract

Genetic individuals can be distinguished based on vegetative incompatibility in some fungi
and are referred to as “genet”. They compete for resources with each other, and competition
may result in disease suppression or decline, leaving a few fit genets. Double-stranded (ds)
RNA of hypovirus origin, which infects healthy isolates through cytoplasmic contact and
attenuates virulence, could promote decline where the population of pathogen is composed of
a very few predominant genets. Previous studies on chestnut blight demonstrated that the
spread of dsRNA was negatively correlated with the diversity in vegetative incompatibility in
the population of the pathogen, Cryphonectria parasitica. 1 considered that finding applies to
some diseases which remain difficult to control chemically, culturally, and, of course,
biologically. Helocobasidium mompa and Rosellinia necatrix, the root rot pathogens of
perennial crops, may be biocontrolled by dsSRNA due to their simple population structure,
their mode of epidemiology, and the high value of their individual host plants. Collaborative
studies by concerned scientists are necessary to identify such viruses and to develop effective
inoculation methods of indigenous genets with hypoviruses.
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Introduction

The number of studies on biological control of
soilborne plant diseases in a strict sense has decreased
without an assessment of the cause of failure under
field conditions®”. The failure is ascribed to the
lack of ecological considerations on target diseases
before the application of biocontrol., Antagonism
produced in culture can seldom be reproduced in
nature. Pathogen-antagonist interactions may be
“thinned’’ in the complex ecosystem in soil. Both
organisms should be close in niche to avoid thinning
of interactions. Otherwise, specific antagonists must
be selected for. In this paper, I review the possibili-
ty of biocontrol of soilborne diseases of perennial
crops with double-stranded (ds) RNA which originates
from the hypovirus. The hypovirus was known to
infect through cytoplasmic contact, attenuating the
virulence of many fungal pathogens (hypovirulence)
and has been used for the biocontrol of chestnut
blight under field conditions™'?. Studies on popu-
lation biology of the pathogen are a prerequisite for
the effective spread of dsRNA’Y,

Genet: the lowest taxonomic unit

In the case of fungi it has been considered that
individual genotypes were indistinguishable, mingling
with each other in nature. This accepted theory does
not apply to some fungi which have a self-nonself
recognition system based on vegetative (somatic) com-
patibility system. They are referred to as “*individu-
alistic’” fungi*®. Rhizoctonia solani is the best-known
of individualistic fungi among plant pathogens; strains
belonging to the same anastomosis groups show the
killing reaction immediately after hyphal anastomo-
sis when they are different genetically®®. Rayner’?
referred to such genotypes as genets. The term
“genet”” refers to genetic individuals originating from
zygotes and was used in plant ecology'”. When
a seedling is propagated vegetatively into more than
2 individual plants, they belong to a single genet
even though they are separate physically. Monovu-
lar twins are considered to be a single genet, as well.

Decayed stumps provide a good opportunity to
observe genets of wood-decaying fungi*®. Each of
the fruit bodies of Coriolus versicolor originates
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from individual genets which occupy their own do-
main, excluding others in a stump. Demarcations
between genets in the wood do not undergo a degra-
dation process after mycelial interaction, resulting
in hyphal cell death. Patches on turf caused by
Typhula ishikariensis are another example of the
domain of individual genets®”. Fairy rings of
Marasmius oreades indicate the marginal growth of
genets®,

Antagonism between genets

Individualistic fungi antagonize each other in the
periphery of their domain so far as resources are
available or the other party exists. Relationships be-
tween genets are dynamic, and the population struc-
ture tends to be simplified with fit genets selected
for as a result of mutual antagonism®?. Inoculation
with several different strains of such fungi results
in a decrease in disease severity as compared (o in-
oculation with a single strain®??. This phenome-
non was attributed to a low inoculum potential after
overall antagonism between strains, leading to the
death of hyphae?®. Though such experiments can
not be easily conducted under field conditions,
Smith*® exploited this mechanism to control Maras-
mius oreades fairy rings on turf by thorough tillage
of infested soil before replanting.

Root rot of sugarbeet caused by Rhizoctonia solani
AG2-2 is known to decline after continuous
monoculture'®. There are many genets in a field,
resulting in a complex population structure®’?®.
However, mutual antagonism could not be responsi-
ble for the decline phenomenon since, unlike M.
oreades, R. solani AG2-2 produces basidiospores that
are effective as inoculum?® and consequently the field
is replenished with new genets. Simplification of the
pathogen may still occur after continuous monocul-
ture because AG2-2 became predominant over sever-
al AGs of R. solani within a period of 5 to 6 years
when disease decline became evident ',

Decline of soilborne diseases and involvement
of dsRNA

Root rot of sugarbeet caused by R. solani and
take-all of wheat caused by Gaeumannomyces
graminis var. tritici fail to develop after repeated
monoculture, and this phenomenon is referred to as
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“decline” '*¥%_ Microorganisms are considered to

be involved in the decline, but the causal microor-
ganisms have not been identified so far.

Hyakumachi & Ui'® reproduced the decline of
sugarbeet root rot in pot experiments with 2 soils
(Kiyokawa and Kitami soils) and 2 strains of R. solani
AG2-2 (Rh-65 originating from Kiyokawa soil and
H-17 from a site different from Kiyokawa and
Kitami). Disease severity decreased considerably
after the second seeding in all the pots containing
Kiyokawa soil + Rh-65, Kiyokawa soil + H-17, or
Kitami soil + Rh-65. Debilitated isolates of AG2-2
were recovered after 3-35 seedings only in pots with
Kiyokawa soil + Rh-65, both originating from the
same site. These isolates anastomosed with RH-65
without killing reaction'”; i.e. they were vegetative-
ly compatible. These isolates were obtained from
the soil around diseased sugarbeet roots but were
not strongly virulent, They neither contained dsRNA
of viral origin nor transmitted hypovirulence to
normal strains. As was described earlier, decline
occurred in pots with materials of different geographic
origins'®. These facts, along with other findings,
led Hyakumachi et al."® to conclude that the
phenomenon was due to the increase in nonspecific
antagonists, especially Bacilfus spp. Castanho et
al.”*, however, detected dsRNA from delibitated
strains of R. selani AGI1 and confirmed the presence
of cytoplasmic translocation.

Virus-like particles (VLPs) were found in G.
graminis var. tritici isolated from wheat fields show-
ing take-all decline in France (cited by Rawlinson
et al.’"), These isolates appeared to be responsible
for the decline since they grew irregularly and were
not virulent. Rawlinson et al.” recovered VLPs
from the take-all fungus in U.K. The detection fre-
quency of VLPs increased with continuous monocul-
ture (up to 9 years), and they were transferred to
another strain through hyphal anstomosis. Only a
few isolates contained VLPs from 10 or 12-year-old
monoculture fields showing decline, however. The
involvement of VLPs in take-all decline requires
experimental verification'®,

Reduction in virulence was not considered to be
responsible for the decline due to the fact that there
was no difference in virulence in the isolates from
long- and short-term monoculture fields*?. Disease
suppression factors related to decline can (1) be
destroyed by heat moisture treatment at 60°C for

* The term *“‘decline’ was used in their paper, too; however it indicated degenerated growth of the pathogen but not
discase decline. Such strains were obtained after repeated transfers.
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30 min, (2) be transferred from field to field, and
(3) reproduce®. Fluorescent pseudomonads, espe-
cially, seem to play an important role in disease
suppressiveness, contributing to take-all decline. Sup-
pressiveness results from the harmonized activity of
various soil microorganisms, and the limited
reproduction of introduced fluorescent pseudomonads
was ascribed to the lack of key component(s) essen-
tial for disease decline’®,

Thus, hypoviruses may not be the main cause
determining disease decline. However, the decline
phenomenon has not been reported in other major
soilborne diseases caused by non-individualistic fun-
gi such as Fusarium, Phytophthora, Pythium, and
Verticillium®. Hypoviruses should prevail in the
pathogen population just before the disease declines
when the population structure of the pathogen be-
comes simple with a very few genets after mutual
antagonism during continuous monoculture. Disease
decline has not been investigated in terms of the
change in population structure of the pathogen.

Chestnut blight: population structure and spread
of dsRNA

Chestnut blight caused by Cryphoneciria parasiii-
c¢a has been extensively studied in North America
and Europe since dsRNA is considered to be a
promising biocontrol agent, reducing the virulence
of the pathogen. Investigations on population struc-
ture in the field are a prerequisite for the introdue-
tion of the agent. The virus is transmitted to healthy
strains when field isolates and strains with the agent
are vegetatively compatible; and, therefore, simple
population structure is liable to the attack of dsRNA.

The disease was introduced in the early 1900s to
the U.S.A."" and to Europe' and became epidem-
ic. The trees which survived were not resistant, but
the pathogen was found to be less aggressive. These
strains were referred to as “‘*hypovirulent’ strains,
and normal, virulent strains became hypovirulent
when opposed to such strains in culture. Hypoviru-
lent strains healed the damage when introduced to
the periphery of canker. dsRNA was recovered from
these strains, and subsequent experiments revealed
that dsRNA was responsible for the hypovirulence
and that it was of viral origin.

Hypoviruses infect fungi exclusively through
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cytoplasmic contact between hyphae, and vegetative
incompatibility is considered to be a mechanism for
fungi to prevent infection®*®, Consequently, the use
of the viruses for biocontrol largely depends on the
population structure of pathogens. Hypovirulence
spreads fast when the pathogen population is com-
posed of uniform genotypes. The extent of diversity
in v-c (vegetative compatibility) groups in the chest-
nut blight fungus was correlated with the effective-
ness of biocontrol with dsRNA. Greater success in
Europe was ascribed to the lower diversity of the
pathogen population as compared to that in North
America'”. Chen et al.” obtained transformant
strains of C. nectria by introducing ¢DNA of the
virus in order to overcome the defense barrier of
the pathogen by vegetative incompatibility,

Prospect for exploitation of dsRNA in Japan

Helicobasidium mompa and Resellinia necatrix
cause violet and white root rot in various crops,
respectively. Fruit trees suffer from these diseases
seriously in Japan; e.g. 400,000 (8.6%) apple trees
were found to be affected by the disease in the
1978 - 1980 survey conducted in Aomori'”. These
diseases can be controlled chemically for only a limit-
ed period of time*". Biological control with
Trichoderma spp. or actinomycetes was found to be
ineffective under field conditions?®. Long-term con-
trol may be hampered by the perennial growth of
hosts and by the difficulty in the development of
antagonists in the rhizosphere. Short-term crop ro-
tation is not applicable, either. The introduction of
dwarf stock to apple orchards stimulates the occur-
rence of violet root rot*¥,

An investigation on the population structure of
H. mompa in an apple orchard using dwarf stock
revealed that the population of the fungus was very
simple with a huge, predominant genet, accounting
for 82% of a total of 68 isolates'. There were
8 other satellite genets consisting of up to 3 isolates.
A large genet was found in 2 patches, and each
isolate belonging to it seemed to be connected with
each other in each patch. Since H. mompa on
asparagus spreads by the extension of roots*®, it
may infect other plants by root contact.

Although soil amendments are essential for the

survival and control of root-infecting fungi??,

* Diseases may be suppressed by mycoparasites’” or by the increase in the incidence of nonpathogenic strains®”, but
these examples do not fit to decline in a strict sense which occurs after continuous monoculture of susceptible crops.
The word ‘‘decline” had been used to indicate a decrease in inoculum potential before the term was defined™,
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(B)

Fig. 1.

Schematic representation of the mode of spread

of hypovirulence in fields with simple (A) and

diverse genets (B) of a pathogen
Where population structure is simple, hypoviru-
lence spreads faster and the disease becomes
attenuated more quickly. Each circle indicates
the range of mycelia, and circles with the same
patterns show the same genets. Circles with
thick outer lines indicate attenuated individu-
als, Thick arrows show the spots of introduc-
tion of hypovirulence.

perennial growth habit of fruit tree roots makes it
difficult to apply amendments deep in the soil.
Hypovirus occurs within the cytoplasm of fungal
hyphae, and no further management is necessary to
promote its activity. It should spread in the net-
work of fungal mycelia more effectively within or-
chards with simple population structure of the
pathogen than in those with diverse genets (Fig 1).

Conclusion

Few biocontrol experiments have been successful
under field conditions in the control of soilborne
diseases. Antagonists need to be in close contact
with pathogens ecologically or physically, The
hypovirus typically represents the latter since it oc-
curs within the cytoplasm of the pathogen. The
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biocontrol agent is least likely to be affected by the
soil environment, Soil amendments with organic mat-
ter, ctc. to help antagonists become established are
not necessary in terms of disease control. Fruit trees
are highly profitable on a plant basis, and biocon-
trol with dsRNA should be beneficial and, moreover,
does not induce environmental pollution. Research
collaboration is essential for the identification of the
hypovirus, development of inoculation methods, and
the selection of good viral strains. Also, knowledge
on population biology of pathogens is important for
understanding how dsRNA spreads in populations,
as was emphasized in chestnut blight.
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