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Abstract: Biocontrol with antagonistic microbes such as the fungus Trichoderma is one area of research.
Trichoderma spp. are among the most common saprophytic fungi. Trichoderma spp. are well documented as
effective biological control agents of plant diseases caused by both soilbormne fungi and leaf- and fruit-infecting
plant pathogemic fungi. Trichoderma spp. are often very fast growing and rapidly colonize substrates, thus
excluding pathogens such as Fusarium spp. Several of these fungi are also parasitic to other fungi including
plant pathogens. Trichoderma harzianum Rifai is an efficient biocontrol agent that is commercially produced
to prevent development of several soil pathogenic fungi. 7. harziamem alone or in combination with other
Trichoderma species can be used m biological control of several plant diseases. An additional advantage for
T. harzianum is that it increases growth in various plants. This review discussed biclogical control with
Trichoderma spp. with emphasis on 7. harzianum Biological Control with Trichoderma spp. with emphasis on
1. harzianum and numerous mechanisms that Trichoderma spp. have evolved in attacking other fungi and

enhancing plant and root growth.
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INTRODUCTION

Several species of Trichoderma have been
extensively studied for their biological control effects
against fungal plant pathogen'. In fact, the antifungal
abilities of these beneficial microbes have been known
since the 1930s, and there have been extensive efforts to
use them for plant disease control since then!™.
Weindling™ and Weindling and Fawcett””), perhaps, were
the first investigators to demonstrate the potential of
Trichoderma spp. to control plant disease. Wendling!
ascribed biocontrol by Trichoderma lignorum of citrus
seedling disease, incited by Rhizoctonia solani, to
mycoparasitism. Wendling described in  detail the
mycoparasitism of K. solani hyphae by the hyphae of the
biocontrol agent, mcluding coiling around pathogen
hyphae, penetration, and subsequent dissolution of the
host cytoplasm.

Many Trichoderma strains have been identified as
having potential applications in biological control of plant
pathogenic fungi on many crops including strawberries
(Fragaria Vesca), beans (Phaseolus vulgaris), peas

(Pisum sativum), cucumbers (Cucumis sativus), tomatoes,

radishes (Raphamis sativis), sugar beets (Beta vulgaris),
cotton (Gessypium hirsutum L.). A partial list of plant
pathogenic fungi affected by Trichoderma includes:
Armillaria, Botrytis, Chondrostereum, Colletotrichum,
Dematophora, Diaporthe, Endothia, Fulvia, Fusarium,
Fusicladium, Helminthosporium, Macrophomina,
Monilia, Nectria, Phoma, Phytophthora, Plasmopara,
Pseudoperonospora, Pythium, Rhizoctonia, Rhizopus,
Sclerotinia, Sclerotium, Venturia, Verticillium, and
waood-rot fungi™™',

T. harzianuwm, a member of the fungal genus
Trichoderma, has been extensively studied as biological
control agent™™'¥ due to its ability to successfully
antagomze other fungi mcluding plant pathogenic
species. It has been commercially labelled to prevent
development of several soil pathogenic fungi. Strains of
T. harzianumare marketed in a number of products; such
as PlantShield7 / RootShield? from the U.S., Trichodex?
from Israel, Binab T7 from Sweden, and Supresivit? from
the CzechRepublic!®!.

Mechanisms of biological control activity of Trichoderma

spp.:  Trichoderma spp. have evolved numerous
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mechanisms that are involved in attacking other fungi and
enhancing plant and root growth. These mechanisms

include competition for space and nutrients™,
mycoparasitism®' ™, production  of  inhibitory
compounds, inactivation of the pathogen's enzymes™!

and induced resistance™*”. These mechanisms are going
to be discussed m detail with examples.

Competition: Competition is one of the mechanisms of
biological control activity of Trichoderma spp. against
phytopathogeric  fungi.  Trichoderma species are
generally considered to be aggressive competitorst™.
Trichoderma spp. are often very fast growing and rapidly
colonize substrates, thus excluding pathogens such as
Fusarium spp.¥. Rhizosphere competence by biocontrol
agents, described in a previous section, 1s important in the
mechanism of competition, especially with seed
treatments™. This is the zone where protection against
pathogens is critical®. It is important for control of root
diseases because a biocontol agent cannot compete for
space and nutrients if it is unable to grow in the
rhizosphere™. Trichoderma species, either added to the
so1l or applied as seed treatments, grow readily along with
the developing root system of the treated plarts™ %1,
Soil treatments with T. harzianum spores suppressed
infestations of Fusarium oxysporum f. sp. vasinfectum
and F. oxysporum f. sp. melonis. Competition was a
proposed mecharmism, although it was not proven to be
the main activity™. The study by Utkhede et all*”
demonstrated that applications of RootShield 7 (7.
harzignmum) and yeast strain (333) of Rhodosporidium
diobovatum Newell and Hunter applied as a
postinoculation foliar sprays were effective to control
tomato stem canker caused by B. They
concluded that the mechamsm could be competition for
space. Competition between Trichoderma and Botryris 1s
especially active during the colonization of floral debris,
and the supply of the antagonist at the end of the
flowering is of prime importance™. Competition at the
atmosphere level as biocontrol —mechamsm
Trichoderma spp. was suggested by Marchetti et ai!
In in vitro experiments, Rhizoctonmia selawni, Pythium
ultimum and Chalara elegans were strongly inhibited by
Trichoderma while Fusarium oxysporum and Cytospora
sp. showed tolerance to the antagonistic activity of four
species of Trichoderma. Both the pathogens and the
Trichoderma were grown in pars on the same agar
medium m a confined enviromment on separate plates. The
growth inhibition efficacy of Trichoderma on the
pathogen seems to perform not only at medium, but also
at atmosphere level. The observed mhibiting action of
Trichoderma was associated with a lugh rate and extent

cinerea.

n
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of CO, accumulation. The plant pathogenic fungi that
were characterized by slow rates of CO, production were
more sensitive to the antagonists.

Antibiosis: Many isolates of Trichoderma spp. produce

738 Howell and

volatile and nonvolatile antibiotics!
Stipanovic™ isolated and described an antibiotic, glovirin
from Gliocladium (Trichoderma) virens that was strongly
inhibitory to Pythium ultimum and Phytophthora species.
Sivan et al™ reported that growing Trichoderma, which
18 antagomstic to Pythium aphanidermatum, produced
inhibitory compounds. When Trichoderma was grown on
a cellophane membrane placed on agar and the membrane
was removed and the agar was inoculated with Pythium,
they showed that the growth of the pathogen was
partially inhibited by substances produced by the
Trichoderma. Liftshitz et al" showed that control of
Pythium species on peas by T. harzianum strain T12 and
7. komingii strain T8 was not due to either competition or
mycoparasitism. They ascribed biocontrol to the
production of a toxic factor by the biocontrol organism in
the spermosphere, which inhibited growth of the
pathogens. However, most attempts to correlate in vifro
antibiosis by Trichoderma against fungal pathogens with
what actually happened in natural systems have failed™'!.
Examination of the literature has shown that Trichoderma
spp. secrete a number of antifungal antibiotics mcluding
pyrones, 1socyanates, peptides, peptaibols and
trichothenes***!. Whether or not these antifungal
metabolits are relative to biocontrol under field conditions
is a point of speculation™****1,

Mycoparasitism: Another mechanism involved in the

antagonistic activity of members of the genus
Trichoderma  against phytopathogemc fungi 18
mycoparasitism. Irichoderma spp. are active as

mycoparasites and, therefore, can serve as potential
biocontrol agents. The mode of hyphal interaction and
parasitism of Trichoderma spp. with several soilborne
pathogenic fungi has been reported™™'**" Trichoderma
grows tropically toward hyphae of other fungi, coil about
them in a lectin-mediated reaction, and degrade cell walls
of the target fungi by the secretion of different lytic
enzymes. This process (mycoparasitism) lmits growth and
activity of plant pathogenic fungi. Trichoderma attaches
to the host hyphae via coiling, hooks and appressorium
like bodies, and penetrate the host cell wall by secreting
lytic enzymes. The interaction 1s specific and not merely
a contact response. Trichoderma recognizes signals from
the Thost fungus, triggering coiling and host
penetration™*”?. These enzymes have been reported
mainly in isolates of 7. harzianum™%,
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Trichoderma harzianum i3 known to produce
relatively high concentrations of cell-wall degrading
enzymes such as 4-1,3-glucanases and different
chitinolytic enzymes“*™. These enzymes have been
suggested as the key enzymes in mycoparasitism™™,
Several enzymes have been purified and characterised,
and their ability to inhuibit the germination of spores and
elongation of the hyphae belonging to the pathogenic
fungi has been shown in vitrol®. For instance, scanning
electron microscopy and fluorescence microscopy
showed that both 7. harzianum and 1. hamatum were
mycoparasites of both Sclerotivm rolfsii and Rhizoctonia
solani. The antagonist attached to the pathogen and
secreted glucanase and chitinase enzymes that ate
through the cell wall'?. 7. harzianum strain T24 showed
a potential for control of the pyhtopathogenic
basidiomycete Sclerotium rolfsii. Inhibition of S. rolfsii
correlated with both chitanase and &-1,3-glucanase
activities mn the culture filtrate of T. harzianum strain T24,
suggesting the mvolvement of thsese enzymes in the
biocontrol processt?.

Trichoderma produces cellulose, &-1,3-glucanase,
and chitinase and degrades the glucans in the walls of
Pythium spp. and the chitin and glucans m the walls of
Rhizoctonia solani™*. Papavizas et al. ™ reported that
seed treatment with T. harzianmum reduced Pythium seed
rot of pea and Rluzoctorna damping-off of cotton.
Application of Trichoderma lignorum as a wheat-bran
preparation, conidial suspension, or seed coating greatly
decreased the number of seed infested by R. solawni as
well as damping-off percentages and hence controlled the
fungal disease®™. Varaschin et @l reported that
Trichoderma spp. strains, SC164, SC167 and SC168,
selected in vitro were good biocontrol agents agamst the
disease caused by R. solani n tomato under greenhouse
conditions. One of the strains mmproved plant growth.
Lewis and TLumsden” showed T. hamatum and T. virens
reduced damping-off of eggplant (Solanum melongena
L)), zinma (Zinnia haageana) pepper (Capsicum annum
L.}, cucumber (Cucumis sativus L.) and cabbage (Brassica
oleracea) caused by R. solani. On the other hand, some
controversial experimental results also have been reported
with regard to the potential role attributed to chitinases,
since no correlation was found between antagonism
against R.solani and the hydrolic activity of Trichoderma
spp. Also, T lacking
mycoparasitism maintained biccentrol activity? .

virens mutants in vitro

Induced resistance: Specific strains of fungi in the genus
Trichoderma colonize and penetrate plant root tissues
and mitiate a series of morphological and biochemical
changes in the plant, considered to be part of the plant
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defense response, which in the end leads to induced
systemic {ISR) in the plant™™!.
Application of Trichoderma harzianum to bean roots
resulted 1n a 25 to 100% reduction m the severity of the
foliar disease, gray mold, caused by Botrytis cinerea™.
Biocontrol fungus T. harzianum T39 and a chemical BTH
(benzothiadiazol) were tested for induction of resistance
1n tomato to B. cirerea. In these experiments, it became
clear that resistance-inducing strains stopped the fungus

resistance entire

in a very early stage, and the number of spreading lesions
declined to about 30 %" The invelvement of locally and
systemically mduced resistance was demonstrated with 7.
harzianum isolate T39. Cells of the biological control
agent applied to the roots, and dead cells applied to the
leaves of cucumber plants mduced control of powdery
mildew. The activation of plant defense systems in
association of roots treated with 7. harzianum strain T-
203 was suggested by Yedidia et al™. The roots of
cucumber plants moculated with T-203 exhibited lugher
activities of chitinase, & Bl,3-glucanase, cellulase and
peroxidase when compared to an untreated control 72
hours post inoculation. Scanning electron microscopy
revealed typical fungal structures previously associated
with mycoparasitic interactions of Trichoderma spp.
Treatment  of  cucumber  plants  with  2,6-
dichloroisonicotinic acid, an inducer of the plant defense
response, displayed responses that were similar but not
identical to those of plants inoculated with 7. harzianum.
Khan et ol reported that T. hamatum 382 (T382)
induced systemic resistance in cucumber against
Phytophthora root and crown rot as well as leaf blight.
Pseudomonas aeruginosa TNSK2 and Trichoderma
harzianum T39 induced systemic resistance against B.
cinerea on bean and tomato and stopped spread of the
pathogen at a very early stage'™ When the infection
pressure was very high, however, B. cinerea spread could

not be controlled effectively by induced resistance!”.

Inactivation of the pathogen's enzymes: Inactivation of
the pathogen's enzymes 1s another biocontrol mechamsm
by Trichoderma spp. Enzymes of Botrytis cinerea, such
as pectinases, cutinase, glucanase and chitinase, were
suppressed through the action of T39 secreted protease
on plant surfaces™. The ir vifro inhibitory ability of
Trichoderma  harziamwm on  the  phytopathogen
Alternaria alternata (Alternaria alternata (Fr.) Keissl.)
was 1nvestigated m the presence of growth regulators. A.
alternata 1s a pathogenic fungus that can secrete endo-
polygalacturonase (endo-PG) and pectate lyase (PL).
These enzymes are responsible for the hydrolysis of
pectic compoenents of the plant cell wall. The presence of

T. harzianum decreased endo-PG secretion of A.
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alternata by about 50%. This nhibitory effect was
independent of the presence of growth regulators!®!.
Strams of 7. harzianum are marketed in a number of
products. Commercial products currently on the open
market or under registration include®:
Bio-Fungus (Belgium) labelled for use against
Sclerotinia, Fhytophthora, solani,
Pythium spp., Fusarium, Verticillium
Trichodex (Tsrael) labelled for use against Botrytis of
vegetables and grapevines
Binab-T (Sweden) labelled for use for control of
wound decay and wood rot
Root Pro (Israel) labelled for use against R. solani,
Pythium spp., Fusarium spp., and Sclerotium rolfsii
RootShield (also sold as Bio-Trek T-22G) (USA)
labelled for use agamst Pythium spp.. R. solani,
Fusarium spp.
SeoilGard (formerly GlioGard) (USA) labelled for
control of damping-off diseases caused by Pythium
and Rhizoctonia spp.
Supresivit (Denmark) labelled for use against various
fungi
Trichoject, Trichopel, Trichodowels and Trichoseal
(New Zealand) labeled for control of Armillaria,
Botryosphaeria, Chondrosternum, Fusarivm,
Nectria, Phytophthora, Pythium, Rhizoctonia
TUSAL (Spam) labeled for control of damping-off
caused by Pythium, Phoma and
Rhizoctonia species, thizomania disease of sugar
beet and drop of lettuce
Trichoderma 2000 (Israel) labelled for use against R.
solani, S. rolfsii, Pythium spp., Fusarium spp.
Trieco (India) labelled for use against Rhizoctonia
Spp., Pythium spp., Fusarium spp., root rot, seedling
rot, collar rot, red rot, damping-off, Fusarium wilt.

Rhizoctonia

diseases

Adverse effect of Trichoderma spp in biological control:

Although Trichoderma harzianum is an effective
biocontrol agent agamst several fungal soilborne plant
pathogens, possible adverse effects of thus fungus on
arbuscular mycorrhizal (AM) fungi might be a drawbaclk in
its use in plant protection. AM fungi are obligate
biotrophic endosymbionts in roots of most herbaceous
plants. These fungi grow from the roots out into the
surrounding soil, forming an external hyphal network,
which increases uptake of mineral nutrients™ and
consequently promotes plant growth. The results from
pot experiments suggest that Trichoderma species
suppress AM root colonization®****. The presence of
T. harzianum in soil reduced root colomization by
G. intraradices. The external hyphal length and density

of G. intraradices was reduced by the presence of
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T. harziamum in combination with wheat bran. On the
other hand, adverse effects of AM fungi on the
population density of Trichoderma koningii also have

been observed®”.

REFERENCES

Cock R.J. and K.F. Baker, 1983. The nature and
practice of biological control of plant pathogens.
American Phytopathol. Soc. St. Paul, MN.

Sivan, A., Y. Elad and I. Chet, 1984. Biological
control effects of a new isolate of Trichoderma
harzianum on  Pythium aphanidermatum.
Phytopathol., 74 498-501.

Coley-Smith, . R., C.J. Ridout, C. M. Mitchell and J.M.
Lynch, 1991. Control of bottom rot disease of lettuce
(Rhizoctonia  solani) using  preparations  of
Trichoderma viride, T. harzianum or tolclofos-
methy. Plant Pathol., 40: 359-366.

Papavizas, G.C., 1985. Trichoderma and Gliocladium:
biology, ecology, and potential for biocontrol. Ann.
Review of Phytopathol., 23: 23-54.

Harman, G.E., 1996. Trichoderma for Biocontrol of
Plant Pathogens: From Basic Research to
Commercialization Products. Tn: >Comell Community
Conference on Biological Control.

Samuels, G.J., 1996. Trichoderma: areview of biology
and systematics of the genus. Mycological Res., 100:
923-935,

Weindling, R., 1932, Trichoderma lignorum as a
parasite of other soil fungi Phytopathol, 32:
837-845.

Weindling, R., 1934, Studies on the lethal principle
effective in the parasitic action of Trichoderma
fignorum on Rhizoctonia solani and other soil fungi.
Phytopathol., 24: 1153-1179.

Weindling, R. and H.8. Fawcett, 1936. Experiments in
the control of Rhizoctonia damping-off of citrus
seedlings. Hilgardia, 10: 1-16.

Tronsmo, A. and C. Denms, 1977. The use of
Trichoderma species to control strawberry fruit rots.
Netherland I. Plant Pathol., 83: 449-455.

Elad, Y., I. Chet, P. Boyle and Y. Hems, 1983.
Parasitism of Trichoderma spp. on Rhizoctonia
solani and Selerotium rolfsiBscanning electron
microscopy  and  fluorescence
Phytopathol., 73: 85-88.

Elad, Y., G. Zimand, Y. Zags, 5. Zuriel and I. Chet,
1993. Use of Trichoderma harzianum in combination
or alternation with fungicides to control cucumber
gray mould (Botrytis cinerea) under commercial
greenthouse conditions. Plant Pathol., 42: 324-332.

10.

12.

MICTOSCOpY.

13.



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24

25.

Pak. J. Biol. Sci., 7 (4): 478-4584, 2004

Sutton, J.C. and G. Peng, 1993. Biocontrol of Botrytis
cinerea 1n strawberry leaves. Phytopathol., 83:
615-621.

Datnoff, LE., S. Nemec and K.L. Pernezny, 1995.
Biological control of Fusarium crown and root rot of
tomato in Florida using Trichoderma harzianum and
Glomus intraradices. Biol. Control, 5: 427-431.
Monte, E., 2001.
between biotechnology and microbial ecology.
International Microbiol., 4: 1-4.

Lewis, J.A. and G.C. Papavizas, 1991. Biocontrol of
plant diseases: the approach for tomorrow. Crop
Protection, 10: 95-105.

Elad, Y., 2000. Biological control of foliar pathogens
by means of Trichoderma harzianwm and potential
modes of action. Crop Protection, 19: 709-714.
Paulitz, T.C. and R.R. Belanger, 2001. Biological
Control m Greenhouse Systems. Amnual Review of
Phytopathol., 39: 103-133.

Elad, Y., D.R. David, T. Levi, A. Kapat, B. Kirshner,
1999. Trichoderma harzianum T-39-mechanisms of
=Modern
fungicides and antifungal compounds II=. (Eds. H.
Lyr, P.E. Russell, HW. Dehne, and HD. Sisler).
Andover, Hants, UK: Intercept. pp: 459-467.

Haran, S., H. Schickler A. Oppenheimn and 1. Chet,
1996. Differential expression of Trichoderma
harzianum  chitinases
Phytopathol., 86: 980-985.
Lorito, M., V. Farkas, S. Rebuffat and C. Kubieck, C.
1996a. Cell wall synthesis 1s a major target of
mycoparasitic  antagonism by  Trichoderma
harzianum. ]. Bacteriol., 178; 6382-6385.

Lorito M. G.E. Harman, C.K. Hayes, R. M. Broadway,
T. Troncoso, SL. Woo and A. di Pietro, 1993.
Chitynolytic enzymes produced by Trichoderma
antifungal  activity of  purified
Phytopathol., 83:

Understanding  Trichoderma:

"3

biocontrol of foliar pathogens. In:

during mycoparasitism.

harzianuni.

endochitinase and chitobiase.
302-307.

Sivasithamparam, K. and F.L. Ghisalberti, 199%.
Secondary
Gliocladium.. I >Trichoderma and Gliocladium.
Volume I=. (Eds. C.P. Kubicek and G.E. Harman).
Taylor and Francis Ltd. London. pp: 139-191.

Roco, A. and L. M. Perez, 2001. In vitro biocontrol

activity of Trichoderma harziamim on Alternaria

metabolism Trichoderma and

alternata 1n the presence of growth regulators.
Electronic J. Biotechnol. 4(2), Available from
http: /fwww.ejbiotechnology.info/content/vol4/issu
e2/full/1/1 .pdf.

482

26.

27.

29.

30.

31.

32.

33

34.

35.

36.

37.

Yedidial., N. Benhamou and I. Chet, 1999. Induction
of defense responses m cucumber plants (Cucumnis
sativus L.) by the biocontrol agent Trichoderma
harzianum. Applied and Environmental Microbiol.,
65: 1061-1070.

Kapulnik, Y. and I. Chet, 2000. Induction and
accumulation of PR protemns activity during early
stages of root colonization by the mycoparasite 7.
harzianum strain T-203. Plant Physiol. and Biochem.,
38: B63-873.

. Harman, G.E., 1992. The development and benefits of

rhizosphere competent fungi for biological control of
plant pathogens. J. Plant Nutrition, 15: 835-843.
Howell, C.R., 2003. Mechamsms Employed by
Trichoderma Species m the Biological Control of
Plant Diseases: The History and Evolution of Current
Concepts. Plant Disease, 87: 4-10.

Abhmad, I.5. and R. Baker, 1987. Competitive-
saprophytic ability and cellulolytic activity of
rhizosphere-competent mutants of Trichoderma
harzianum. Phytopathol., 77: 358-362.

Harman, G.E., 2000. The myths and dogmas of
biocontrol: changes in perceptions derived from
research on Trichoderma harzianum strain T-22.
Plant Disease 84: 377-393.

Harman, G.E., 2001. Trichoderma spp., mcluding T.
harzianum, T. viride, T. koningii, T. hamatum and

o t h e T s p P -
http://www.nysaes.cornell. edu/ent/biocontrol/path
ogens/trichoderma.html.

Sivan, A. and [. Chet, 1989b. The possible role of
competition between Trichoderma harzianum and
Fusarium oxysporum on rhizosphere colomzation.
Phytopathol., 79: 198-203.

Utkhede, R., C. Bogdanoff and J. McNevin, 2001.
Effects of biological and chemical treatments on
Botrytis stem canker and fruit yield of tomato under
greenhouse conditions. Canadian J. Plant Pathol., 23:
253-259.

Dubos, B., 1987. Fungal Antagonism in aerial
agrobiocenoses. In: >Innovative approaches to plant
disease control. (Ed. I. Chet), John Wiley, New York,
pp: 107-136.

Marchetti, R., P. Nipoti, N. D’ercole and M.E.
Guerzoni. 1992. Competition at atmosphere level as
biocontrol mechanism in Trichoderma spp. Petuia,
2:137-147.

Dennis, C. and J. Webster, 1971a. Antagonistic
properties of species-groups of Trichoderma. IL
Production of volatile antibiotics. Trans. Br. Mycol.
Soc., 57: 41-48.



38.

39.

40.

41.

42

43.

44,

45.

46.

47.

48.

49.

Pak. J. Biol. Sci., 7 (4): 478-4584, 2004

Dennis, C. and J. Webster, 1971b. Antagonistic
properties of species-groups of Trichoderma. 3.
Hyphal interaction. Trans. Brit. Mycol. Soc., 57:
25-39,

Howell, CR. and R.D. Stipanovic, 1983. Gliovirin, a
new antibiotic from Gliocladium virens and its role in
the biological control of Pythium ultinnem. Canadian.
T. Microbiolol ., 29:321-324.

Lifshitz, R., M.T. Windhan and R. Baker, 1986.
Mechanism of biological control of preemergence
damping-off of pea by seed treatment with
Trichoderma spp. Phytopathol., 76: 720-725.

Bell, D.K., HD. Wells and C.R. Markham, 1982. In
vitro antagonism of Trichoderma species agamst six
fungal plant pathogens. Phytopathol., 72: 379-382.
Ghisalberti, EL. and K. Sivasithamparam, 1991.
Antifungal antibiotics produced by Trichoderma spp.
Soil Biol. and Biochem., 23: 1011-1020.
Schirmbock, M., M. Lorito, Y.L. Wang, CK. Hayes, L.
Arisan-Atac, F. Scala, G.E. Harman and C. Kubicek,
1994, Parallel formation and synergism of hydrolytic
enzymes and peptaibol antibiotics,
mechamsms involved in the antagomstic action of

molecular

Trichoderma harzianum against phytopathogenic
fungi. Applied Environ. Microbiol., 60:4364-4370.
Willute, 3.E., R.D. Lumsden and D.C. Straney, 1994.
Mutational analysis of gliotoxin production by the
biocontrol fungus Gliocladium virens n relation to
suppression of Pythium damping-off. Phytopathol.,
84: 816-821.

Howell, C.R. and R.D. Stipanovic, 1995, Mechamsms
in the
cotton seedling disease by Gliocladium virens:
Antibiosis. Phytopathol., 85: 469-472.

Chet, I, G.E. Harmanand R. Baker, 1981. Trichoderma
hamatum: Tts hyphal interactions with Rhizoctonia
solani and Pythium spp. Microb. Ecol., 7: 29-38.
Tronsmo, A., 1996. Trichoderma harzianum

biocontrol of Rhizoctonia solani-induced

biological control of fungal diseases.. In: Principles
and practices of managing soilbome plant
pathogens. (Ed. R. Hall). APS Press. St. Paul,
Minnesota, pp: 213-236.

Lorto, M., S.L. Woo, M. D. Ambrosio, G.E. Harman,
C.K. Hayes, C.P. Kubicek and F. Scala, 1996h.
Synergistic mteraction between cell wall degrading
enzymes and membrane affecting compounds.
Molecular Plant-Microbe Interactions, 9; 206-213.
Elad, Y., I. Chet and Y. Henis, 1982b. Degradation of
plant pathogenic fungi by Trichoderma harzianum.
Canadian J. Microbiol., 28: 719-725.

483

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Cherif, M. and N. Benhamou, 1990. Cytochemical
aspects of chitin breakdown during the parasitic
action of a Trichoderma sp. on Fusarium oxysporum
f. sp. radicis-lycopersici. Phytopathol., 80: 1406-1414.
Lorito, M., SL. Woo, I. Garcia Femandez, G. Colucet,
G.E. Harman, J.A. Pmtor-Toro, E. Filippone, S.
Muccifora, C.B. Lawrence, A. Zoma, 3. Tuzun and F.
Scala, 1998. Genes from mycoparasitic fungi as a
source for improving plant resistance to fungal
pathogens. Proceedings of the National Academy of
Sci., USA, 95: 7860-7865.

El-Katatny, M.H., M. Gudelj, K.H. Robra, M.A. El-
Elnaghy and G.M. Gubitz, 2001. Characterization of a
chitinase endo-é-1,3-glucanase
Trichoderma harzianuwm Rifai T24 involved m control
of the phytopathogen Sclerotium rolfsii. Applied
Microbiol. and Biotechnol., 56: 137-143.

Harman, G.E., I. Chetand R. Baker, 1980. Trichoderma
hamatun effects on seed and seedling disease

and an from

induced in radish and pea by Pythium spp. or
Rhizoctonia solani. I. Phytopathol., 70: 1167-1172.
Chet, I. and R.R. Baker, 1981 . Isolation and biocontrol
potential of Trichoderma hamatum from
naturally  suppressive to
Phytopathol., 71: 286-290.
Aziz , NH,MZ. El-Fouly, A.A. El-Essawy and M.A.
Khalaf, 1997. Influence of bean seedling root
exudates thizosphere colomzation by
Trichoderma lignorum for the control of Rhizoctonia
solani. Botanical Bulletin of Academia Sinica, 38:
33-39.

Varaschin, C., A. Prosperi and MM. Astiz Gasso,
2000. Biocontrol of rhizoctonia solani with strains of

soil

Rhizoctonia solani.

on the

Trichoderma spp. under greenhouse conditions.
Fifth Tnternational PGPR Workshop. Villa Carlos Paz

Cérdoba, Argentina. Available from:
http://www. ag.auburn. edw/argentina/pdfmanuscrip
ts/varaschind. pdf.

Lewis, J.A, R.D. Lumsden, 2001.
damping-off of greenhouse-grown crops caused by
of

Boicentrol of

Rhizocionia  solani  with a formulation
Trichoderma spp. Crop Protection, 20: 49-56.
Kohl, J. and E. Schlosser, 1992. Antagonism against
Rhizoctoma solam and cellulolytic activity of strams
of trichoderma sp. In: >Biological control of plant
diseases. (Eds. E.C. James, G.C. Papavizas, and R.J.
Cook) NATO ASI Series, 230. Plenum Press, New
York, pp: 331-332.

Howell, C.R. 1987. Relevance of mycoparasitism in
the biological control of Rhizoctonia solani by

Gliocladium virens. Phytopathol., 77: 992-994.



60.

6l.

62.

63.

64.

Pak. J. Biol. Sci., 7 (4): 478-4584, 2004

BRailey, B.A. and R.D. Lumsden, 1998. Direct effects of
Trichoderma and Gliocladium on plant growth and
resistance to pathogens. In: >Trichoderma and
Gliocladium: Enzymes, Biological Control and
Commercial Applications=. (Eds. C.P. Kubicek, G.E.
Harman, and K.I. Ondik). Taylor and Francis,
Londen, pp: 185-204.

De Meyer, G., I. Bigirimana, Y. Elad and M. Hofte,
1998. Induced systemic resistance in Trichoderma
harziamsm T39 biocontrol of Botrytis cinerea.
European J. Plant Pathol., 104: 279-286.

Audenaert, K., G. De Meyer and M. Hofte, 1998.
Control of Bofrytis in tomato (Lycopersicon
esculentirm Mill) via induced resistance (p. 20).
FLTBW 4th PhD symposium. Auditorium De
(Blok A, room Al36), Faculty
Agricultural and Applied Biological Sciences, Ghent
University. (Abstract).

Khan, L., V. Madden and H.A.J. Hoitink, 2001.
Systemic resistance mduced in cucumber against
Phytophthora crown rot and blight by Trichoderma
hamatum 382. APS 2001 Caribbean Division Meeting
Abstracts. June 11-15, 2001, La Habana, Cuba.
Phytopathol. 92: 341 (abstract).

De Meyer, G., K. Audenaert, J. Bigirimana and M.
Hofte, 1999. Pseudomonas aeruginosa TNSK2 and
Trichoderma harzianum T39 Induce resistance to
Botrytis cinerea on bean and tomato. Ecology of
Botrytis and Sclerotinia and their interaction with
other microorganisms held within the framework of
the Sixth International Mycological Congress (IMC
6), Jerusalem, Israel. Pyhtoparasitica 27: 2.

Vleeshauwer

484

65.

66.

67.

68.

69.

Smith, SE. and D.J Read, 1997. Mycorrhizal
symbiosis. Academic Press, San Diego.

Wyss, P, T.H. Boller and A. Wiemken, 1992, Testing
the effect of bioclogical control agents on the
formation of vesicular arbuscular mycorrhizal fungi.
Plant Soil, 147: 159-162.

McAllister, CB., I. Garcia-Romera, A. Godeas and
J.LA. Ocampo, 1994
Trichoderma koningii, Fusarium solani and Glomus
mosseae. effects on plant growth, arbuscular
mycorrhizas and the saprophyte inoculants. Soil
Biology and Biochemistry, 26: 1363-1367.

Siddiqu, Z.A. and I. Mohmood, 1996. Biological
control of Heterodera cajani and Fusariwm udum on
pigeonpea by Glomus mosseae,
harzianum, and Verticillium  chlamydosporium.
Israel I. Plant Sci.,44: 49-56.

Papavizas, G.C., I.A. Lewis and T.H. Abd-El Moity,
1982. Evaluation of new biotypes of Trichoderma
harziamm for tolerance to benomyl and enhanced
biocontrol capabilities. Phytopathol., 72: 126-132.

Interactions  between

Trichoderma



	PJBS.pdf
	Page 1


