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BIOLOGICAL CONTROL OF AGRICULTURAL PESTS
BY FILAMENTOUS FUNGI

L. MANCZINGER

Department of Microbiology, Attila Jozsef University, Szeged, Hungary

Agricultural use of chemical pesticides has polluted the environment and resulted
in resistance among the target organisms. The chemical strategies of pest control are
dangerous to both the nontarget organisms in natural habitats and human health.
Biological control is an attractive less dangerous possibility for controlling plant
pathogens.

Some methods of biological control are becoming now commercially available
against plant parasitic fungi, nematods and insects. Among filamentous fungi many
candidates with biocontrol potential can be found. Fungal biocontrol agents are less
effective and reliable than the synthetic pesticides therefore their use in the agricultural
practice requires genetic improvement.

Mycofungicides

There are many fungal genera, which contain species, which effectively antagonize
and/or parasitize plant parasitic fungi both in the rhizosphere and phyllosphere [1].

The most effective species can be found in Trichoderma, Gliocladium, Fusarium,
Talaromyces, Ampelomyces and Coniothyrium genera.

Mycoparasitic Trichoderma and Gliocladium strains could be used to control a
wide range of plant-pathogenic fungi e.g. Pythium, Rhizoctonia, Fusarium and Botrytis.

The ecological, physiological and molecular aspects of biocontrol by these fungi
were recently reviewed [2-5, 77-78, 80].

Alternative mechanisms may be responsible for the control effects of these species.
Some strains of them are able to produce antifungal antibiotics [6—7], which may have
synergistic effect with extracellular fungal-cell-wall degrading extracellular enzymes [8].

The production of cell-wall hydrolyzing enzymes seems to be the most important
factor of antagonism. Both Trichoderma and Gliocladium mycoparasitic strains in some
cases constitutively secrete high amounts of 3-1,3-glucanases [9], chitinases [10—11] and
proteases [12]. The other important phenomenon of mycoparasitic strains is the capability
for the production of appressoria which penetrate the cell wall of the target fungus and
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grow inside the target cells. The production of appressoria is an inductive process which
require the presence of specific lectins in the cell wall of the target fungus [13]. There are
reports that the cell-wall-degrading enzymes act synergistically in the cell-wall
hydrolyzing process. Several different enzymes, chitinases, PB-1,3-glucanases, [-1,6-
glucanases and proteases have been purified from the inductive ferment brothes of
Trichoderma [14—17] and Gliocladium [8] mycoparasitic strains. From the purified
enzymes chitinases and [3-1,3-glucanases showed the most intensive spore-germination
inhibitory effect.

The purified degradative enzymes acted synergistically not only with each the
other, but also with antibiotics and chemical pesticides [18—19]. Many 7Trichoderma and
Gliocladium biocontrol strains could be originally resistant against a wide variety of
chemical fungicides frequently used for controlling phytopathogenic fungi.

Combining fungicide resistant biocontrol strains with chemical fungicides could
results in decreased fungicide level in soils. This is the base of integrated pest
management which cold be very effective, but less dangerous to the ecosystem and human
health than the chemical control alone [3].

In some cases the biocontrol strains are also sensitive to the fungicide to be applied
(e.g. to the frequently used fungicide benomyl); in this case resistant strains could be
isolated by induced mutagenesis [20].

An effective pest control may require 10°~10° propagula to be present in one gram
soil in the case of Trichoderma and Gliocladium [2]. These high amounts of conidia to be
present are not desirable either of ecological and economical or public health of aspects.

To solve this problem the biocontrol strains of Trichoderma and Gliocladium
should breed for more effective.

Strains, which do not require a long inductive process for production of
degradative enzymes, could be more effective biocontrol agents. Generally the biocontrol
strains produce [3-1,3-glucanases constitutively, some elements of chitinase systems
require induction and the most effective proteases are also produced inductively [12, 21].

Only a limited number of publications deal with mycoparasitic strains obtained by
mutagenesis. Some of these investigations report on random isolate tests following only
mutagenetic treatments, others publish on obtaining fungicide resistant mutants which
could be used in integrated pest management and only some of them deal with true
targeted mutagenetic improvement of the enzyme secretion abilities of the strains [22-23].

The mutagenetic methods of breeding are worth to bigger attention as these strains
could get registration more easily for on field use from environmental protection agencies
than the strains, which are produced by protoplast fusion, transformation or via gene
cloning.

Protoplast fusion is a quick and easy method for combining the advantageous
properties of distinct promising strains. It was successfully applied for the breeding of 7.
harzianum biocontrol strains [24-25]. The parasexual cycle of Trichoderma has some
interesting phenomenons, which were first published in 7. reesei [26]. The parameiotic
behaviour was later also published for T. harzianum and T. viride [27]. Protoplast could
be easily produced from the biocontrol Trichoderma strains and their induced fusion
resulted in genetic recombinants with elevated biocontrol abilities in many instances [28].
Many publications deal with the transformation methodology of Trichoderma and
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Gliocladium strains. Some of the most frequently applied methods use fungicide
resistance, others auxotrophic-complementing or acetamid-catabolitic genes for
transformation [29, 67—68, 75-76]. Transformation for benomyl resistance interestingly
never resulted in high transformation frequencies even if homologous system was used.
The use of hygromycin B selection systems resulted in the highest transformation
frequencies. These frequencies were even more elevated if spermin was present in the
transformation mixture [29]. Many Gliocladium and Trichoderma strains are originally
resistant to hygromycin B. In these cases the acetamidase or auxotrophic complementation
methods could be used.

Many publications are dealing with the cloning of structural genes of enzymes
important in the mycoparasitic process. Most frequently chitinase genes have been cloned
[30-35].

In some cases protease [36] and a [-1,3-glucanase [37] genes were also
successfully cloned from mycoparasitic strains.

The cloned genes in some cases with new constitutive promoters were transformed
into Trichoderma strains. More efficient biocontrol strains could be found among the
transformants [38].

There are many ecological factors which could disturb the effectiveness of
biocontrol strains in soils: e.g. other Trichoderma strains [39], bacteria [40], low
temperature [41] and ionic composition. A more intensive investigation of these fields is
very important for the effective practical use of the wild type and the breeded strains.

In on field investigation the monitoring of the biocontrol strains in soils is also very
important.

For these purposes resistance markers, RFLP analysis, DNA fingerprinting, PCR
and RAPD techniques could be used efficiently [42—44].

Table 1

Commercial biocontrol products for use against plant-pathogenic fungi

Biocontrol fungus Product Name

Ampelomyces quisqualis AQI0

Coniothyrium minitans Contans

Fusarium oxysporum Biofox C, Fusaclean

Gliocladium virens SoilGard (Formerly GlioGard)

Phlebia gigantea Rotstop, P.g. Suspension

Pythium oligandrum Polygandron

Trichoderma harzianum and ~ Bio-Fungus, Binab T, RootShield, T-22G, T-22
other 7richoderma species Planter Box, Bio-Trek, Promote, Supresivit,

Trichodex, Trichopel, Trichoject, Trichodowels,
Trichoseal, Trichoderma 2000
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Besides Trichoderma and Gliocladium species apathogenic Fusarium strains
against phytopathogenic Fusaria [45], Coniothyrium strains against Sclerotinia [46] and
Ampelomyces strains against powdery mildews [47] are used successfully for biocontrol,
but few publications are dealing with their biochemical and genetic properties.

Many biocontrol filamentous fungi were patented and their registered on field use
were permitted by the environmental agencies. Some important commercially available
preparations are listed in Table L.

Myconematocides and mycoinsecticides

There are three types of nematophagous fungi. The first is able to produce trapping
hyphae e.g. Arthrobotrys species [48], the conidia of second type are germinating on the
surface of the nematode e.g. Verticillium [49] species, and in the third case the conidia are
germinating in the intestinal system of the nematod e.g. Harposporium [50] species.

The trapping method of biocontrol is not reliable, as many environmental factors
may disturb the differentiation of the trapping apparates [51].

An effective and widespread nematode biocontrol could be accomplished by the
use of distinct strains of Verticillium lecanii, V. chlamydosporum and Paecilomyces
lilacinus [52-53].

The most important factor of pathogenesis is the extracellular protease system both
in  Arthrobotrys, Verticillium and Paecilomyces species [54-56]. Verticillium,
Arthrobotrys and Paecilomyces species besides their nematocidical effect, might also be
effective against fungi and insects.

Many filamentous fungal genera contain insect parasitizing species. From them the
species belonging to the Beauveria, Metarhizium, Verticillium and Paecilomyces are the
most promising [79]. The effectiveness of the strains is related to the secretion of
extracellular chitinases and proteinases; these enzyme systems are well characterized in
the most strains [57].

The nematocide and insecticide strains were breeded by mutagenesis, protoplast
fusion [58] and transformation [59—60]. In some cases structural genes of the degredative
enzymes have been cloned [61-62].

There are possibilities for integrated control with chemical insecticides and
fungicides by applying fungicide resistant strains.

The modern molecular methods, RFLP, PCR and RAPD for typing, identification
and on field monitoring of strains are widely and successfully used [63—64].

Commercially Beauveria bassiana, Verticillium lecanii, Metarhizium anisopliae
and Paecilomyces lilacinus are available. There are several products that contain B.
bassiana, including Naturalis® and Mycotrol®.
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Hungarian research activities

In Hungary research activities related to fungal biological control are mainly
limited to the Trichoderma genus. In his pioneering works Vajna has determined the
distribution of Trichoderma species in Hungary and described some antagonistic isolates
[39, 65].

Manczinger in Department of Microbiology, Attila Jozsef University, Szeged,
investigated the catabolic abilities of many Hungarian isolates and detected species within
the species aggregates with the use of assimilation spectra [66], also he explored the
transient nature of the somatic diploid state in Trichoderma following protoplast fusion
[26]. Recently in the microbial ecological working group of this department new
biopesticid strains were produced by mutagenic treatment with excellent antagonistic
properties [23] and for some 7. harzianum and T. viride strains genetic transformation
systems were established [29, 67—68]. Naar in the Department of Plant Science, Esterhazy
Teachers Training College, Eger investigates the ecological behavior of Trichoderma
strains in distinct soil types, the effect of heavy metals to biocontrol Trichoderma strains
and the possibilities for integrated pest management with Trichoderma strains [69-72].
Turéczi and others in the Department of Plant Pathology, Plant Protection Institute,
Hungarian Academy of Sciences, Budapest and in the Agricultural Biotechnology Center,
Godolld, respectively, in collaboration investigate the molecular characterization
possibilities of Trichoderma strains [73—74] and recently they successfully cloned and
transformed back a chitinase gene in 7. hamatum [75].
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