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ABSTRACT

Soil-borne plant pathogen Fusarium oxvsporuw . sp. phaseoli
totally encireled by hyphace of both Trichoderma harziamum and
Trichoderma longibrachitum  afier 10 davs from inoculation.
Abundant sporulation of the antagonists was observed over the growth
of the pathogen coleny on Petri dishes of dual cultures. Examination
of semt thin sections in interaction region of F. oxysparum f. sp.
phaseoii and both bioagents with light microscope showed that
conidia of F. oxyspurum 1. sp. phaseoli were markedly damaged as
cvidenced by the occurrence of numercus cells reduced to empty
shells and features of pathogen penetration. SEM observations
evidenced that both biagent isolates have the ability o atack the
examined pathogen; bath of the antagonists have close contact with
the plant pathogen. Hyphae of 7. Jiwrzianum arc easly recognizable
by their smaller diameter than the pathogen. Axerage diameters were
0.5 & 2.7 pm tor 7. harzianum and the pathogen, respectively, while
the average of hvphac of both 7. fongibrachiarum and the same
pathogen was highly similar (2-3um), but the two fungi could be
differentiated on the bhasis of ceonidial morphologv. SEM
investigations demonstrated that there was variation in coiling
behaviour and mode of penetration among the two isolares undes
study. Ir the casc of hyphal interaction of the antagonist T. harziunum
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against F. oxysporum (. sp. phaseoli it was noticed that the
anlagomstic hyphae tightly encircled the pathogen by apparent
hyphal coiling. penetrating pathogen cells by forming hooks and
haustoria like structures which led to cell disruption.Hooks, clamp
like structurcs formed by 7. lungibrachicium seriousiy damaged the
pathogen. Bursting, pronounced collapsc, loss of turgor. wrinkled and
shrinking appearance were observed after invading the pathogen with
both the tested antagonists.

Key words: bivlogical control, scanning eleciron microscope {semn).
Trichoderma harzianum. T. longibrachioium, Fusarium
oxysporium f. sp. phaseoli.

{.INTRODUCTION

Trichoderina spp. are fungi prescnt in substantial numbers in
nearly all agricultural soils and in other environments such as
decaying wood. Among their other activities they grow tropically
toward hyphae of other fungi, coil about them in a lectin- mediated
reaction and degrade cell walls ot the target fungi. This process
(mycoparasitism) limits the growth activity of plant pathogenic {ungi
(Chet, 1587 & Hanwan, 1956}, it s effective against a wide range ot
plant pathogenic fungi including Pythium sp., Rhizoctonia solani,
Fusarivm sp.. Botrytis cinerea. Sclerotium rolfsii and Sclerotinia
homoeocarpa (Elad e ol 1985 &1984; Sivann and Chet 1986 &
1989: Cherif and Benbamou 1990:  Sreenivasprasad and
Manibhushanrao 1990; Devaki er af., 1992; Benhamou and Chet 1993
& 1996; Belanger er «l,1995; Haran er ol 1996: Harman. 1996:
Younis and Ahmed 2003& 2004 ). The major challenge now is how to
selcet a biocontrol agent on the basis of 1its specific potential to control
pathogen populations and to reduce plant discase incidence
{Benhamou ef af., 1999),

Hyphal interaction between Trichoderma spp. and some plant
pathogenic fungi have been studied under the light and electron
microscope levels (Elad er af.. 1983: Ridout ¢f al. 1988; Cherif and
Benhamou 1990; Benhamou and Chet 1993 & 1996; Kumar er al.
1998 and Gupta ef ul. 1999). SEM observations in the interaction
region of dual cultures for Trichoderma sp. and F. oxvsporum {. sp.
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radicis- Ivcoperisici were cartied out by Cherit’ and Benhamou
{1990). I'hey demonstrated that it was difficult to differcniiate both
fupgi during the f{irst hours after the inoculation. although apparent
hyphal coiling was sometimes observed, as carly as 3 days after
inoculation. Sigiifivant alicrauons of conidia and hyphae ol the
pathogen were rcadily discernible, pronounced collapse and loss of
turgor of the host mycelium were observed frequenily together with
severe cell wall disintegration. They also added that hyphae of the
pathogen thalt were not affected by the antagonist retained a normal
elongated shape with an average diameter of 2um. from 5-7 days after
inoculation of the mycelium of the pathogen consisting highly
distorted and collapsed filamenits that uliimately were entirely covered
by hyphae and conidia of the mycoparasite.

Benhamou and Chet 1993 demonstrated the macroscopic
observations of fungal growth in dual cultures of 7. harzianum
againsl R.solani and revealed that pathogen growth inhibition
occurred scon after contact with the antagonist. SEM investigations
demonstrated that coiling of the antagonist around its pathogen was an
carly event preceding hyphal damage. Kumar ef /., 1998 obscrved in
SIEM investigation that 7. Aarzianum hyperparasitized F. solani the
causal of root rot discase in mulberry by forming appressoria- like
struciuie over e paiogenic hyphae, and by gy coiling around it.
Within 96 hr. ot contact and within 6 days, the pathogenic fungus was
completely inhibited. while 7. Aarzianum muitiplicd extensively by
conidiogencsis.

Gupta ef . (1999) swudied the mycoparasitic activities of
various  isolates  of  Twviridae, T harcionum. T hanatum,
Tlongibrachiatum, T. koningii, 1. pscudokoningit, Gliocladivm virens
and Laetisaria arvalis against Borryodiplodia theobromae by SEM.
They observed that most isolales made hyphal contact with the
pathogen within 2 days afier inpculation in dual cultures leading to an
inhibition in pathogen growth. however Dviridae Tv-4, T. hamaium
and T pseudokoningii inhibited pathogen growth before hyphal
contact and cxhibited an inhibition zone between the cotenies of both
fungi. SEM invesligations demonstirated that in the case of hyphal
interaction the firm binding of antagonists { T viridae Tv-1 & Tv-3. T
harzivnum Th-1 & Th-2, Tlongibrachiaium and L. arvalis) to
Bowyodiplodia theobromae hyphae established either by coiling
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around its hyphae. or by penetrating its hyphal cells by forming
hooks. haustoria and appressoria- like structures which invariably led
to cell disruption. Although 7. koningii, and Gliocladium virens Gv-2
& Gv-3 did not interact physically by wav of coiling and penetration,
thev nroduced Iytic enzymes of antifungal substances afier coming in
comact with B rheobromae which cavsed wrinkling. bursting and
collapsing of pathogen mycelium. The authors suggested the outcome
of the intcraction of antagonist hyphal contact that triggered a serics
of events in pathogen degradation.

In a previous work {Younis &Ahmed. 2004) found that culture
liltrate of 7. havzianum and T. longibrachiaium at 80% concentration
suppressed completely the growth of certain root infecting fungi. ie.
Fomoniliforme. F.oxysporum. F.semitectum, F.solani. F.tabacinum,
Phytopiuhora wnfestans. Rsolam, and Ferticiilium sp. Both 1solates
were able to produce extracellular-chitinase when allowed to grow on
both potato dextrose and Czapek’'s Dox broth media, and factors
affccting the secretion of this antifungal were studied. Consequently,
partial purification and some properties of this enzyme by both
isolates were investigated (Younis & Ahmed 2003). Complementary
to a previous study and to confirm it, the present investigation was
carried out to provide a picturc about the mycoparasitic process
between the two ncnticned antagonists and oie o the previvusiy
tested pathogenic fungi (Fusarium oxysporum f. sp. phaseoli) using
SEM and examination of semi thin section of dual cuitures.

2.MATERIALS AND METHODS

2.1.Fungal isolates and growth conditions: The isolates of
Trichoderma harzianum and Trichoderma longibrachiatun used in
this study were isolaied from phylioplane of different plants (Duranta
sp. and Rosa sp.) and also from different rotten materials {e.g. cotton
and old books). Fusarium oxysporum [, sp. phascoli was isolated
from infected roots of Bean (Phaseolus vulgaris L.). Both the
antagonists and the pathogen jsolates were grown on potato dextrose
agar medium (PDA)Y a1 22°C Fungi isolates were identified 1o the
generic level according to Gilman (1957). However confirmation of
the identification of the fungal isolates to specics was carried out at
the Botany Dept.. Fac. of’ Sci., Aussiut Univ.
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2.2.Dual culture: Myeelial dishs (3mm in diameter) cut from
aclively growing colonies ol both 7. harzianum and Fusarium
oxvsporum fsp. phusecli were placed 3 em apart on the surface of
PDA medium at 22°C. The same was carried out with 7
longibrachiatum and the pathogen. Myceliai sampics from the
interaction zene were taken 10 days  after inoculation for Shi:M
examination and semithin scctions werc cut with a thickness of 1 um.
and stained by toluidine blue dye, then examined by light microscope.

2.3.Scanning clectron microscopy (SEM): The process was carried
oui by the Regional Center Mycology and Biotechnology- Al-Azhar
University. Cairo. Lgypt as follows: mycclial samples from the
interaction region were vapor-fixed with 2% (w/v) osmiumtetroxide
in distilled water for 20 hr, at room temperature, air dried and sputier-
coaled with gold palladium in a polaron E 500 sputter coater. Samples
were kepl in a desicator until examination with the scanning electron

microscope (JEOL JSM-3500 LV).
3.RESULTS AND DISCUSSION

Since 7. harzicnum and T. longibrachiutun were capable of
producing extracellular ciutinase when ailowed 10 grow on both
potato dextrosc and Czapek’s Dox broth media, they are a valuable
source of biocontrol of chitinous plant pathogens. Percentage of
reduction for F. gxysporum . sp. phaveoli at 50% concentration of
culture filtrate of both tiocagents were 100 & 72,744 %, respeclively
and were 100° with both at 80% concentration (Younis & Ahmed
2004). Metabolites may affect the pathogen in various ways
depending, on the bioconirol strain. This includes extracellular enzyme
system that lyses the pathogen and prevents growth(Fravel,1988;
Cherif and Benhamou 1990 and Mischke 1997). Complementary to a
previous study, the present investigation was undertaken 1o obtain
sight aboul mycoparasitic activity ol both bioagents against the
mentioned pathogen.

Fusarium wilt caused by F. oxpsporum is a scevere disease of
many plant species. Researches to gencrate emvironmentally sound
wavs to control this pathogen have been conducted worldwide
{(Leeman ef @f. 1995 Tovoda er ¢f., 1993: Yang & Kim 1996 and
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Singh er al.. 1999). Fusarium oxysporum Schlect. emend. Snyd. and
tlans. T, sp. phaseoii the causai of been yeilow or wilr disease in
Phaseolus vulgaris L.. has becn reported in different growing regions
of the world (Woo eral., 1996).

Visual (unga! development in dual cultures showed that growth
inhibition of the host mycelium occurred after contact with both
Trichoderma isolates hyphae. Soil born plant pathogen F. oxysporum
f. sp. phaseoli (colony) totally encircled by both hyphae of T.
harzianum and T. longibrachiarum 10 days after inoculation.
Abundant sporulation of the antagonists was observed over the growth
of Fusarium colony on Petri dishes of the dual cultures. These results
confirmed the work of Benhamou and Chet (1993). Scmithin section
mycelial samples taken 10 days after inoculation in the interaction
region ol plant pathogen and both ot the two bicagents under
experiment were examined by light microscope, showed that F.
oxysporum f. sp. phaseoli conidia were markedly damaged as
cvidenced by the occurrence of numerous cells reduced 1o empty
shells and (ealures of host penctration(Figs.1&2). Benhamou et al.,
(1999) reported that Pvihium. wltinuin appearcd highly vacuolated
and numerous cells of F. oxysporum (. sp. radicis- [ycopersici were
reduced Lo emply shells under light micrographs of seciioned mycelial
samples cxamined 2 to 2 dayvs after inceulation in the in
region between mycoparasile P. ofigandrum and the previously
mentioned plant pathogens stained with toluidine bluc.

SEM  observations evidenced that both  the examined
antagonists were closcly contacted with £, oxysporuni [. sp. phaseoil.
Hyphae of T. harzianum isolaie were easly recognizable by their
smaller diameter than the pathogen. Average diamcters were 0.5 and
27 um  for T hurzianum and F. oxysporum f. sp. phaseoli.
respectivelly (Fig 3). Benhamou and Chet 1993 found that the
antagonist 7. harzianum was most distinguished (rom R .soflani by
hyphal diameter the average diameter of the antagonist was estimated
to be 2 pm. whereas those of the pathogen hyphae ranged between
3 and 6 um. The average of hyphac of both T. longibrachiatum and
the samc pathogen under this study was highly similar (2-3pm). but
the two fungi could be dilferentiated on the basis of conidial
morohology (Figs. t1 & 12). In view ol other workrs. Cherif and
Benhamou (1990) reported that, the average diameter ol hyphae of

tmarantiam
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Fig(1): Semithin section of mycelial samples from the interaction region of T harzicnum (T T)
(subglobose to obovoid phialospores) against F. oxysporwm f. sp. phaseali (F). Signs of
alteration characterized by increased vacuolation, features of pathogen penetration (T inht
microscope, X400} ;

i ooy e S o e o R e p e i 3
+ Fig (2): Semithin section of mycelial samples from the interaction region of T lomgibraciiatam (T [}
against F. axysporum f. sp. phaseol (F). Conidia of the pathogen are markedly damaged as evidenced by

the occumence of numeraus cells reduced o empty shells, features of pathogen penstration (Light
microscope, X 400).
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Fig(3): T harzianum (T7) kyphae form dense coils and tightly encircle hyphae of F. oxysporum f.
sp. phaseoli (F), active growth of the antagonist is associated with marked collapse and loss of
turgor of the pathogen. Signs of shrinking and wrinkled appearance of the pathogen cell surface.
Haustorium (H) like structure formed by the antagonist, (SEM).

Fig. (4): T harzianum (T7) hypha intensively coil around the pathogen (F) forming a !uc-r.:n. the
pathogen suffers from damage characterized by a marked loos of turgor and collapse, (SEM).
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both F. oxysporum . sp. radicis-tvcopersici and Trichoderma sp. was
highly similar (2-3 pm).

SEM micrographs of 7. harzianum and F. oxysporum f. sp.
phaseoli in this investigation revealed that the antagonist established
by tightly coiling around pathogen's hyphae or by pentrating its
hyphal cells by forming hooks, haustoria-like structure which led to
signs of collapse, loss of turgor, shrinking and wrinkled appearance of
pathogen cell surface (Figs.3, 4, 5, 6 &7). T harzianum intensively
coiled around the pathogen forming a loop (Fig.4), and the pathogen
hypha appeared suffering from damage. Sreenivasprasad and
Manibhuushanrao, (1990) observed the formaticn of similar hooks or
loop-like structure by the antagonist fungi (Gliocladium virens and 7.
longibrachiarum) around R solimi, alsa  T.viridae Tv-3 hypha
intensively coiled around a hypha of Botrvodiplodia theobromae
forming a loop (Gupta et al., 1999). In addition, 7. harzianum isolate
in the present work formed a hook showing bulging at the tip afier
coming in contact with F. oxvsporum f. sp. phaseoli (Fig.6). The
same observation was reported by Gupta er al, (1999) with T
harzignum isolate Th-2, against Botryodiplodia theobromae.

Mycelial samples taken from the interaction region between T
longibrachiatum and the same pathogen in this work, were also
examined with SEM and revealed that the hyphae of the antagonist
coiled around the pathogen. were an early event coming before hyphal
damage. Variations in ceoiling behavicur and mode of penetration
were observed among the two isolates under study as shown from
different micrographs. lamp-like structure (Fig. 8) formed by this
isolate, recognizable by the size and shape of conidia, overgrows the
highly altered mycelium of F. oxysporum f. sp. phaseoli, pronounced
collapse, features of altcration, cell wall break down and hyphal
disintegration were also observed (Figs. 8,9, 10, 11 & 12 ), Gupta et
al. (1999) observed clamp like structure formed by 1. harzianum
isolate Th-1, squeezing a hypha of Botryodiplodia theobromae. They
also observed variation in coiling behaviour and mode of penetration
even between isolates of the same species group.

Benhamou and Chet 1993 reported that 7. harzianum cstablished
close contact with Rsolani by coiling around the hyphae. The coils
were usually dense and appeared to tightly encircle the hyphae of
the pathogen. By 4 days after inoculation, the antagonist multiplied
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Fig(5): Wrinkling, shrinking and bursting of K. oxysporum f. sp. phaseoli (F) after mvading by
1. harziarnum (1 1) hyphae,

Fig (6): 7. harzianum (T7) coiled around the pathogen and 2 hook showing bulgmg at the tip
peneirating a hypha of I oxysporum £ sp. phaseoli (F), pronounced collapse and bursting of the

pathogen.
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Fig(T): F.oxysporum f.sp. Phaseoli (F) surrounded by Tharzianum (T7) a.ppearanoe'
of a hoow like structure of the antagonist, (SEM).

e e

Fig(8): T.longibrachiatum (T1} recognizable by the size and shape of conidia

subeylindrical), overgrows the highly altered mycelium of the pathogen (F). Clamp- like structure formed
by the antagonist squeezing s hypha of the pathogen which sppeared seriously damaged and showing
bursting appearance, (SEM).
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Fig{9): Hook like structure of T.longibrachiatum (T1) attached hypha of F. oxysporum f. sp.
phaseali (F), (SEM).

and coiling apperance of the antagonist, (SEM).
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Fig(11): T.longibrachiatum (T1) encircle the the pathogen . marked cell collapse for

the pathogen (F) . The avererage diameter of both the hyphae of the pothogen and the
antagonist are highly similar ( 2-3 um ), (SEM} .

Fig(12): Coiling of T.fongibrachiaium (T1) around the pathogen (F}, hook like structure of
the antagonist attached to hypha of the pathogen. prounced collapse of the pathogen.

Diameter of the hyphae of both the pathogen and the antagonist are highly similar (2-3 pm),
(SEM).
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abundantly and coiling persisted. Early signs of collapse were visible
in R. solani hypha surrouned by T harzianum 6 days after inoculation
and there was a loss of turgor and marked cell collapse in the
pathogen.

‘The noticeable wali alterations together with rapid collapse and
the loss of turgor of the pathogen in arcas where Trichoderma was not
in direct contact with the pathogen mycelium provided an cvidence to
the concept that extracellular metabolites could be responsible for the
degradation events {Cherif and Benhamou, 1990: Benhamou and
Chet, 1996; Durman et af, (1999) and Younis and Ahmed, 2004).
SEM observations of parasitism of both examined bioagents in this
work against . oxysporum f. sp. phaseoli confirmed the work of
Cherif and Benhamou {1990); Benhamou and Chet (1993 & 1996):
Kumar ez af., (1998); Benhamou ef al., {1999) and Gupta ef al (1999).
It is worth to mention o what reported by Benhamou and Chet.
(1993) that chitinase produced by T. harzianum may not be the only
enzyme responsible for the degradation of R solani cell walls: it s
likely that the coordinated action of several hydrolases ( ie., - 1,3-
glucanascs, lipases and proteases) are required for a complete
dissolution of the cell wall. The obscrvation that marked eclular
changes such as retraction of the plasma membranc and cytoplasm
aggregation otcuiied o ocells of K. soigni during mycoparasttic
process raiscs a question as to the involvment of antibiosis, in
addition to enzymatic action, in host- cell degradation.

in conclusion, SEM investigation  of the present work
demonstrated that both bioagent isolates have the ability to attack the
examined pathogen, although there was vanation in coiling behaviour
and mode of penetration among them noticed in micrographs. in the
case of hyphal interaction of the antagonist . harzianum against F.
oxysporum f. sp. Phaseoli. 1t was noticed that the antagonistic hyphae
tightly encircled the host with apparent coiling, penetrating pathogen
ceils by forming hooks and haustoria-like structures which led
to cell disruption, while T. longibrachiatum formed hooks, clamp-like
structurcs and also coiling which seriously damaged the pathogen.
Brusting, pronounced collapse, loss of turgor, wrinkled and shrinking
appearance were observed after invading the patbogen with both the
cxamined isolates. Once an cffective biocontrol agent has been
identified. it should be commercialized, as a biocontrol product. This
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