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Culturef-lltrateoiTric:htlciertitctittil,ziatlwnandT.,i'Lngibrathitlltlttl
(grc*'nonpotatoC**t'*tbrothmediLin-i)atE0g"oconcentra'ionsuporesscd
cornpletel-vthegrcrlrthofceftainro0tintectingiungi.i.e..!ilsariurn.
niortilifornte, l'" oil'p"':i'-""' F 'teittiteclttttt' F':;oLsrti' F' t'sbacinutn'

Pirytaphthol.untJestans.Rli:r;ctonitlst;lt;ni'arx)[lertici!liulttsp.BothfLrngi
were able to produce chitinase enrvme ti.ht'l "l':Y- l:^,1ltotu 

oti both

potato dextrose "'d'L;;;r 
s uo1 ur1!h. med ia' lncreasi ng in cubaticn period

ieci rc i*crear" "nrrnil*i*ar"rr,ry. 
chitiriase procluctir'it,r'wa* not afibcted

;r: ";.i;;i"-s 
in irroculum eonaentration except with I harzianunt- grown

on polato dextrose iicth mediurn i5 days after incubalion' where en4-me

productivitl' ;r.t"ot"i'*ith lnt""i"g ino"ulo* density' 7x10r spores/rntr

rvas the tire best concentration for enzy'me production" A wide range oi

temperarure "na 
pi ,":.r" iarorable for chitinas" production by T. harzitutunt

andl.lottgibrucltidl;ulll{xlbothrnediausedi20oi]rrpto30.Carrdp}I6.1e,
gi. The best carb.,n ;";;; ur"d ,uu= 

"*llobiose 
at 1&.?ak rvith L harzianuttt

afterl5dalsofiricubatiorrcotnparingrvithCzapek,sl]oxliquidrnedirrm
and at 2-olo concentr.,i"'-l" the case o{T' k:ngihrichiatun:' Malt extract and

ammonium pf,o'pf'u"- incluced the lr i ghest'h itin"* n;-oductiviil' compared

with other t.*"0 n'ito*;;;=;;;t;t fbrioth fungi' L- Tyrosine exhibited the

highest productiviq oi]o,.,g all amino aciils tesled in this study after 9 days

for borh rire tested li;;;;.;rp*ing spore suspension of,both isolates to

different do*", of'f-ril. resuiteci in a siigl* iircrease bv T' hurziunut'ti
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at doses o.2, 0.4,0.6, 0.8, 1. 2 and 4 K.G1, and by T. longihrachicttu-m at
doses 0.4. 0.8. 1- 2 and 4 K.Gy.

Key words: chitinase, eruyironmeniai -factors. in-li*o inhibitorv ffict, y-
rays,yoot pathogenic fungi,Ti'ichotlerma har:iununi. T.

longibrachiatunt

l.INTRODUCTION

Nowadays there is accumulating evidence that Trichodertna spp.
which are easii,v isolated from scil and other environments and readily
grown, are among the most promising biocontrol agents in a large scale
applications. Biocontrol agents could be a potential altemative to tlre use of
chemioals for managernent of plant diseases caused b.v seril borne pathogens
(Ulhoa and Peberdy, 199land,1992'- Lorito et al., 1993; Ilaran el al., 1996,
Benhamou and Chet. 1996 and Durmas et al., 1999). Trichaderna spp" are
known to be efficient producers of poly,saccharide lyses" and lipases. all of
rvhich may'be invoh.,ed in host cell wall degradatioru (Cherif and Benhamou
i990 and Harrnan et ul 199.1 ). Among the enz:y-mes most cornmonl-v
suggested to be invoived in mvcoparasitisr-n are tirose that degrade chitin.
recently. a tbrv chitinolytic enzl.'mes from Trichoderrnu spp. lvere purified
and characterized. These enzy*mes rvere most frequentll,'considered critical
irr biocontrol (Ulhoa and Peberdv i99i ancj i992'.Ij:arat't er cii i99a; iviigheii
er al i998).

Ulhoa and Peberd.v 1992 have purified tno chitinolltic enz.vnrcs
fron Trichoderrua spp. identilying them as N-acetvl-B-D-chitobiase and
chitinase. Attachment of hyphae of Trichoderma harzianum to cells of
Rltizrsclonia salani rras ibliorved b,v a series of degradation events in the
host, the c,v.-tochemicai localization of N-acetylglucosamine residue s

reveaied that chitin breakdorvn occurred gradualll,. suggesting a continuous
production of chitinases h-v- the antagonist (Benhamou and Chet. 1 S93 ).

Chitin is an un-branched polysaccharide composed primarily of B-1-
4 polymer ol' n-acetvlglucosamine with occassional giucosamine
residues.Chitin is hy.drolyzed by the clritinase enr-y-me system. The
chitinases har,e manl' applications i.e. in the control of fungal diseases of
plants (Beniramou and Chet. i 996 and Haran et al., 1996) in the treatmenl of
fungal diseases of human and animals (Davies and Pope, 1977 and 1978)
anti in the production of singie celI protein (C]arroad andTom. iglS]. Farkas
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{197q) and Mauc}r et ul., (1988) stated that chitin is a rnajor structurai
cornponent of the cell walls of many plant patirogenic ftingi.

lnvestigating large-scale production of microbial chitinzrse needs
studying various parameters. wilk er al.. (1998) invesrigated the toxicitl- of
sodiuni chlorite and sodiurn chiorate on the growth ol r. hqrurutlffi. The
effect was lorver if ammoniurn used as the only nitrogen sclurce (compared
with nitrate). chlorite toxicitv was influenced b3.,' the source of nitrogen.

Tronslno and Harrnan, {i992} found that the production cf N-acetyl
bet"a-glucosamindase. chitobiosidase and biomass by T. harzianum v,:as
dependent on the media composition bu1 not on inoculum concentration.
Growth of T" horzianum in simple mineral salt sciution supplerlented rvith a
singie carbon source. including chitin. gave low enz.vme activitl, in the
culture filtrate and ferv conidia. addition of anv of several compler,
malerials, such as (V8- juice). yeast eKtracl or protease peptone.
substantially increased enzymes ar.rd spore 1,ield.

Janas and rargonski, (1995) studied the effect of temperature ransr
26-38L1" on the produetion of cellulases. xylanases and iytic enz3,,nes by
four mutant strains ci T" reesei. Most r-;f the studies on the expression and
reguiati*n of tiiese lyic enr)-mes were pertbrrned in liqirid cultirre
supplemented vuith differeni carbon sources. e.51., chitin, piirified fungal cell
walls" glucose. or Glc NAc.( De laCruz et a/., 199-1. Garcia et al., 1994.
Geremia er c!., 1993 and Haran et al., 19g5). Tamacla et *1., { i987) fbunci
that a dtrse of 2 KGy of y-rays to Trichatlerunct reesei cells secreled
cellulases i.8 times as much as the untreirted cells. Sidke -7 et at.,(19g6)
ildicated that v-rays at a dose of 6 KG.v increased the 1,ield of protease
secreted by Asytergilltts parasitit:rz.r 8.6 fold.

This research is directed tor.vards the in vilro effect of the curture
filtrate *f T" harzienum and, T- longibruclziutum cn certain root pathoge*ic
iungi and the various parameters alltcting the production of' chitinase
secreted by both isolates.

z.MATERIAI,S A}'ID II{ETHODS

2.l.Fungal isolates and growth conditions
The isolates of Trichoderma harzianum. Rifai and l'.

langihrachiutum.Rifai, used in this stueil, rvere isolated iiom pirr,lloplane of
difierent piants tDuranta sp. and ficsr; sp.) and also from diff-erent rotten
materials (e.q. rotten cotton lint and olii rotten books). T. htn"zisnunt and
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T. longibruchiatunt were grown on potato dertrose asar meCiun iPD\r ar

25"C. Studying the parameters $'ere perl-ornled trn prrtaLr dert:..se ::.i
Cizapek's Dox liquid media.

F'ungi u'ere isolated liom infected roots of bean (.Phoseoius', lr,g.rr:-r

L.) i.e., F. oxl,spsvirmSi Phy'tophlhora irfbstan.s rvhile (F. mcmilil'orme. F.

s,rluni, F. tabacinum. and R. scluni.) isolated from infbcted roots of luci;i
(.t-upinus terrnis Forsk) and F. senitectum & Verticillium sp. isolated fron:
irrlbcted roots of chick-pea {Cicer arietinum L.). Root infecting fungi uerc
grolvn on (PDA) medium at22'C for l0 dai,s. Isolated fungi were purriie.:
and identified to the generic ievel by the description of Cilman (195-r:.:
Fac. of Sci., Ai Aazhar Univ.(Cirls Branch).However, confinnation ;:
identification of the fungal isolates to species level was carried out at tr.-
Botany Dept., Fac. of Sci., Aussiut Univ.

2"2. [nfluence of culture filtrates of T. harzianum und T. longibrac'Jriu!.,"'
on grow'th of the pathogenic fungi
l'he clear filtrate of both isolates r.v-ere mixed ,uvith sterilized PD:

medium at 50 and 801 concentration. Petri dishes containing PDA meo;..*
rvith bioagent culture filtrate u'ere inoculated by disks of any of the tes..:
root pathogens and incubated alzZ"C fori 0 da1,s.

2.3.Assay of chitinase activitl,
Colloidal chitin rras prepared frorn chitin powder ( Sigm"

according to tl:e method described by Ried and Ogryd-Ziak, (1981).B.
T. harzianum and T.longihrachiatum were grown on both Czapek .
and potato dextrose ((liquid media). Measurement of chitinase activfu-rc
can'ied out according to th'e method of Monreal and Reese, {1969) one ml of
the enryme extract was added and mixed by shaking to one ml of M
colloidal chitin in 0.05 M citrate phosphate buffer (pH 6.6). Tubes ntrc
incubated in a wzter bath at 37'C for 60 minutes, then cooled ad
centrifuged before assa3ring. Reducing sugars liberated were determircd L
I ml of tre supernatant by Dinitrosalicylic acid (DNS) method ( Mik
IQ-'Q r i,r::t;:l ;.:'.s-ii ,,r:-. ,jetermined at 5-10 nm.
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2.4.1. Incubation period chitinase productivity of the two species of the
genus 'lricltoderma 

was assa;v,ed at the end of time intervais of 3- 9
and li dars.

2.4.2. Inoculurn concentration Different inoculum densities of the tr.vo
species of the genus T'rit:hodernid w'ere prepareci by means of
a haemocy4ometer. Both pH and temperature were a,ljustecl tc
7 and 30"C, respectively.

2.4.3. Incubation temperature The productioi: mediur;r !tas prepared, rire
sptimuni inoculum concenlration was adjusted fur both isolates to
7x107 spcre/nil.

2.'t'4- pH 'fhe pH was ad.iusted at dirferent varues by using (cN
NaoH ) or ( 6l,l HCI i. Inocuratinn and incubarion w.ere
i;aried out as previously mentioned.

2-4.5. organic and inorganic nitroger sources czapek's Dor liquid
medium was suppiied uith different organic anc! inorganic
nitrogenous sources with an equivalenr amotint of N2 to that
preseni in 0^3/ (wiv) NaNO3 Temperature was a4iusted to i5"c.

?.4'6. Amino acids The previously mentit-rnecr mediurn for both fungai
isolates. T'. hcrzimum and r. longibrachi*tuffi was suppiernenLd
with different amino acid sources, each of r.vhich conmined a
percenlage of N2 equivalent to that located in 0.jZ (wiv) ssriiurn
nitrate . Temperat-ure ra'as adjusted to 25oC"

2.4.7. carbon sGurccs Tlrc carbon sources lchitin, grounded shrinrp
shells. cellobiose- ceilulose powder) were addeir tc'' czapek:s
Dox tiquid medium at 1 and 2 ,{ conccatration. Temperature
'rr.as adjusted to 25'f .

2,4.S. y-rays Czapek's Dox Iiquicl mediuni rvas uscd in this respect. Spore
subpension ol i'. hur:iunttrt! afid 1 . lr;ttpihr,u.ltittttutt t :r I O
spe.relml ) r.vas inadiat*rirliih difi-erent clo::es of j-ra\s i r.a.OJ, 0.1.
0.2. 0..i" 0"6.0.8, 1A.2.0 a,d l.{) KG:). Temperar,re w-as adjusted
tc--'f5oC-.
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Three replicates were used in the experiment.

3.RESULTS AND DISCUSSION

Data presented in Table(l) reveal that both the tested isoltes of
Trichoderma are a valuable source of biocontrol of chitinous plant
pathogens. The percentages of reduction in growth for the tested pathogens
are show-n in the table. Metabolites may affect the pathogens in various ways
depending on the biological control strain, this includes an extra cellular
enzyme system that decompose pathogens and prevent growth (Fravel,1988;
Cherif and Benhamou 1990 and Mischke 1997 ). The degree of inhibition is

proportional to the level of chitin in the cell wall of the target fungi (Lorito
et al., 1993 ). Trichoderma sp. has a substantial ability to suppress a wide
range of plant pathogenic fungi by various mechanisms including the
production of cell-wall degrading enzymes such as chitinase (Papavizas
1985; Chet 1987 and Goldman et a1.,1994).

Among the enzymes most commonly suggested to be involved
in mycoparasitism are those that degrade chitin. Studying sorne factors

Table (1): In vitro inhibitory effect of culture filtrate of T. harziqnttm and, T.

longibrachiatum at 50 and 80o/n concentrations on growth of certain root
irfecting fungi 15 davs afte bation at22'C,EICU

Root pathogenic
fungi

9ir Reduction in growth

Trich ode rnw lo ngibrac hialum Trichoderm.s hanianum
Concentration

S{la/"
Concentration

80'/'"
Concentration

s0'A
Concentration

E0o/"

Fusarium
moniliforme 67.14 l0(r 100 100

Fusarium
oxysporium 72.14 100 100 ic0
Fusarium
semileclum 100 100 I00 litfr

Fusarittm solani 100 100 100 100

Fusarium
tabacinum 61.85 100 100 100

Phytophtltora
inlbstarzs 100 100 100 100

Rhi:octania solani 71.86 r00 82.1 4 r00

l'erticiiliurn sp r00 100 100 i00
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aiflecting bios-vnthesis cf chittnase is very important. l-he activitv of the
enzyme ( nigipl ) was estimateC'+ith the irelp of a standarC cune of l.j-
acetS'l- D- Glucoseamine ( 2- Acetamido-2- deoxy-|")-glucosei

As shr:rvn from 'fable (2) both T. harzianum and T. longihrachi*tunt
rvere atrie to produce the chitir:ase enzi,me when aiiorved to grow on both
potato dextrose and Czapek's Dox broth media. Increasing the incubation
period led to i*crease the enzr-me productivitv. Data also indicated that
chitinase productivitr. r'l,as not atfected by variations in inoculurn
concentration except witl"t Trichoderma httrzianum grown on potatc
dextrcse broth niedlur:r after 15 days of incuba{ion ra'here the enz,v-me
productiviqv irrcreased with increasing inoculum concentraliou. 7x l0'
sporeslml culture -was the best for enzlffie production. !:rcreasing chitinase
productivitv by, increasing the incubation period ccnfirmed lhe w.ork of
Haran et ol., 1995& 1995: Melo er al., 1997; Pleban et cl.. i997 and El-
htou91,200{}.

Table(Z):chitinase secreted (mgirnl) by T. harzianu.m and T.i.ongibrnchiatu*r

different inocula
gro'wn on potato dextrose and Czapek' s Dox broth media in relation
to rent at different time interlals.

Mediunr Biotontrol strain
Inoculum density

(spore/ml)

Chltinase pnoductir it.r
(rns/ml)

3days 9 days l5 days

Porato
dextrose broth

T. lwr:ianu*;

ix 0l i.63 1 i.482 7.345

4x 06 3.621 5.419 6.46
2x 0-5 3.621 5.448 5.54

2x 0{ 3.458 5.43 5.41

T. !ongibruchiaturn

07 3.5S2 5.414 7.31
n-. 0o 3.5lC 5.517 7 _276

0' i.631 7.216
1.. 01 3.618 )..+8i /._i+)

Czapek's Dor
broth

7-. hur:ianunt

7x 0' 3.349 -5.5 17 -l

4x 06 3.16 _{.479 11tl

lx 05 J.L,4 5.51 7.A4

04 5.493 7

T.longihrachi:uum

7x 0? 3.5 5.392 7.0 i

4x (i- _?.18 5.40 i 1.22
1., 1.)) i.49 ).41 /"J
a-, 04 3.02 </1 1.1
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Table (3) shorvs that a rvide range r:f temperature, 20oC up to 30oC

was favourable for chitinase production by T. harzianum and T.

longibrachiatum on both media used. T'richotlerma sp. is most comntonl.n.,

found in warm climatic regions ( Danielson & Devary 1913 ).

Table (3): Chitinase secreted (rng/ml) by '{. harzicnum and T.

longibrachiaturn grown on potato dextrose and Czapek' s

Dox broth media in retration to different incutration
different time intervals.at ren

Medium Biocontrol strain
Incutration Ch itinase secretion (mg/ml)

ternperature
('c) 3 days 9 days 15 days

Potaio

dextrose broth

T. harzianum

10 0.13 2.32 2.88
2A 1 l'1 l.o / +._J

30 3.63 5.4E i -)+
40 o 0 0

T.longibrucitittlum

10 0.11 2.48 2.81

20 1 .14 2.64 4.42
30 3.56 _5.4 i 7.3

40 0 0 U

's Dox

T. hurzio.nunr

10 026 2.78 2.93
20 1.15 1.8,i 4.44

JU J.-.)r) l.J / t.to
4A 0 0 0

broth

T.longibracitiutunt

10 0.r3 2,5i 2.i3
20 i.i6 2.66 +.+J

30 3.5 -,i.,<2 7. 13

40 0 0 0

A rvide range of pH also rvas otrtained (Table. 4) fbr etlz)'me
production b1'the trvo fungal isolales. where pH5, 6, 7& I rvere f'avourable
for the biosynthesis of chitinase. Similar results were obtained b1' El-Camal
(2000).
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Table (4): Chitinase secreted (rng/ml) bt T. httrziar?um znd, {. i6ngibrac:hiutwnt
grown on potato dextrose and Czapek' s Dox broth media in
relation

Difl'erent carbon sources were added to czapek's Dox liquid medium
as a sole source ofcarbon. regarding their effect on chitinase secretion by r
harzianurn and T. longibrachiaturu (Tables 5 & 6).The best cartron source
used was cellobiose at1&.2Yo concentration in the case of T. lrur;iunum and
at 2Yi with r longibrachiaturn allcr l5 days of incubatirin comparing with
Czapek's Dox liquid medium (Figs.1&2). Trichodernru sp. uses a r.vide
range of compounds as carbon sources. tire cartron and energr. requirernents
of Trichoderm{} can be satisfied bv monosaccharides and disaccharides as
well as complex polysaccharides (papavizas 1985).

The effect of nitrogen source on chitinase pr:oductivity u,as
studied (TablesT&S). Mait extract and ammonium phosphate induced
the highest chitinase productivity compared u'ith other tested nitrogen
source-s for both T. hurziuietun and r. longibracltiatum after l5 days of
incu'bation (Figs.3& 4]. Amn:onium appears to be the most ..ud.ii1,

to diff'erent values.

1\,Xedium Biocontrol strain pH values
Chitinase set

(mg/m
;retion
r)

3 days 9 davs I 5 davs

Potato dextrose
brotlr

T. hnrzianunt

l 0.66 1"i2 2.64
6 1.92 J.; I 4. i4
'7 3.52 4.8i 6.76
8 2.A1 4.94 5.17

T"longibrachialunt

5 0.6l 2.49 2.98
6 r.89 3.41 4.82
1 3.4t 4.42 6.82
I 1.48 3.22 5.07

Czapek' s Dox
hroth

T. harzianunt

) 4.73 r.88 2.49
6 2.08 fl

_\.1 4.89
3.78 4.81 7.22

I 2.11 4.81 6.1

T.longibrachiatum

5 0.71 2.35 2.72
5 2.11 3.97 4.88
1 3.66 4.81 7.12
6 1.67 4.1 1 5.52
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Table (5): Chitnase secreted (mg/ rnl) by I
Dox broth medium in relation
different time intervals.

harzianum grown on Czapekts
to different carbon sources at

Table(6): Chitnase secreted (mgl ml) by
Czapek's Dox broth medium in
sources at different time intervals.

Different carbon sources
Chitinase secretion (rng/ml)

3 davs 9 days 15 days

Chitin 1% 2.-586 -5.344 _r.(rl

Chitt:29to 3.62 3.93 i -7.2{}i
Crounicc stirimp shells I o 

u 3.616 3.42 3

rounciei shrimp shelis 2% 3.-565 ).t ! i.05
Ce iulose powder i9,o 3"62 4.86 4.65

Ce lluiose pcrvcier 2% 3.634 5.28 5.21

ierbiose l9'il i.63 I 5.'i8 a 441
J.-{ I

Ce labiose 29,'" -1.66'i 5.s5 7.379

Czapek's Dox broth rnediunt 3.621 5.s2 5.82

utilized source of nitrogen- other sources such as urea, nitrate and even
nitrite support abundant vegetative growth ( Papavizas 1985 ). Amrtonirim
phosphate induced ihe highest $- glucosklase and CPase icellulase
powcier-ase,l productivit-t by A.t+:rreus and P. oxdlir:um more ihan other
tested nitrogen sources (Younis et al.. 2A$'i). Irr aCdition-{.loilcibr{tchlatunt
uiid 6-".-O* strain CECT 2505 is used irr translbmration experiments an<l
routinelv cultured on malt extract agar at 30"C (Migh eli et al.,19qB).

T. logibrachictum grawn on
relation tc different carbon

Different carbon sources
Chitinase serretion (mgiml)

3 days 9 days 15 days

Chitin l% 3.46 + 4

hitin2Yo 3.647 5.413 5.32

Crounded shnmp sheils i% 3.64/i 3.48 ).J I

Grounded shrinrp shells 29,i, 3 "52 3.511 3.41

Celluiose pawder I o,'o i.621 5..+48 -5.862

Cel!ulose powder 29ii 3.5 94 5.48i 5.463

eliobiose 1% 3.659 -5.,i83 7.31

Cellobiose 2% 3.64,i 5..183 l.-1 i

Llzapek s Ilox broth medrum _1.62 i s.52 5.56
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Fig.{1): Chitinase secretion (mg1mi) by T. harzianum g.rown on Czapei{ s Dox brolh med um in relation to

different carbon sources at different time intervals
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Fig.{2}:Chitinase secretioff (r'qi ml} by T ianglbrachiatum grown on CzaPek s Dox broih rediunl
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Table(7): Chitnase secreted (rngi ml) by T.harzianum grown on Czapek's Dox
broth medium in relation to different organic and inorganic

different time intervals.n sources at rent

Different organic and inorganic Chitinase secretion (mg/ml)
nitrogen sources 3 days 9 days 15 days

lvlalt extraci r..505 5.424 7.31

Yeast extract 3.t62 < 11-l 5.2

Pepton 3.121 5.4t4 5.3

Sodium nitrate 3.349 5.5r7 _s.53 I

Ammonium chloride 3.1,52 J J.L

Ammonium sulphate I t +-1 i.5 1.5

Ammonium phosphate 3.12 4.689 7.31

Ammonium nitrate 2.42 2. ,- 59 2.76

Arnmonium oxalate 1.34 1.95 1.91

Urea 3.4/ 5.206 5.21

Table(8): Chitnase secreted (mg/ ml) by T. logibrachiatum grown on Czapek's
Dox broth medium in relation to different organic and inorganic

different time intervals.n sources at me tnterva

Different organic and inorganic
nitrogen sources

Chitinase secretion (mg/ml)

3 days 9 days 15 days

Malt ertract 3.693 5.448 1.328

Yeast exffact 3.62 i 4.552 4

Pepton 3.765 3.42 )
Sodium nitrate 3.693 5.512 5.584

Ammonium chloride 3.639 3.7t 1-t

Ammonium sulphate 3,592 4.1 03 4

Ammonium phosphate 3.621 5.483 7.345

Arnmonium nitrate 3.589 -r.C I 3.6

Ammonium oxalate 3.685 i.,s9 3.6

{Jrea 3.6-1 i 3.8 t.5

Concerning amino acids (Tables 9&i0) the results for chitinase
productivity- by 7'. harzianunt and T. longibrttchiotton indicated that L-
Tyrosine exhibited the highest productir itr arnong ali amino acids tested in
this stud,v alier 9 days of incubation as shoun irom lFigs 5 & 6).
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Chitnase secreted

broth medium in
intervals.

-tJ+-

(mgl ml) by T.harzianutn grown on Czapek's Dox
relation to different amino aeids at different time

Table(9):

Tableil0): Chitnase secreted (mg/ mli by T.longibrachiatum grown on

Czapek's Dax broth medium in relation to different
amino acids at different time intervals-

Different amino acids
Chitinase secretion(mg/rnl)

3 davs 9 davs 15 davs

DL- valine 2.278 2.26

LB -Phenylalanine 1 f ? t
-'.J /'+ -1.4

.A).+

Glycine 2.436 ^/".-)

L-Tyrosine j.t)-1J 5.12 5.12

L-Lvsine 3.5 12 1.+ 1..1.

L-Arginine 3.62 'i.2

DL-isoleucine -r.b.i 3.6 3.6

L-Serine i .6+ t.i 1.7

Leucine i.51-1 3.4 3.4

Czapek's Dor broth medium i.5 04 5.C 1 5.01

Exposing spore suspensions of T. h*rziurturn and T. langibrcichiatu,n i{i

ciil'ferent doses of y-ra1's in reiation to cliitinase irciuction is illustratecl in

{'l'ables 11 &}2 ). A slight increase was recorded b3' 7. lt*r;ititum at doses

t;.2. 0.4. 0.6. 0.8, 1,2 and 4 KGy anC by T. longibrrchiittuw at doses [J,:1,

Different amino acids
Chitinase secretion (me/ml)

3 days 9 days 15 days

DL- valine 0.675 0.603 0.586

LB-Phenylaianine 3.5r2 i.l J.i

Glycine 3.481 1.5 3.5

l--Tyrosine J.I- 3.879 3.88

L-Lysine 1.345 i.3 1.J

L-Arsinine 0.65.i 0.6-i 0.65

DL-isoleucine 2._766 1A ./..+

L-Serine 0.649 0.6 0.6

Leucine 2.464 2.5 2.5

Czapek's Dox broth medium 3.349 5.517 5.52
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0"8. 1,2 and 4 KC1'(Figs"7 & 8,).Gamma-irradiation as a tooi in the

production of mutated iungal isoiates with enhanced enzyme productivit-V

was recorded {Tamada et al., 1987; Gbdemah and Arvofo 1990; Kumakura

i993; Sidky er al.. 1996; Younis 1999 and Younis et al., 2AA1 ).On the other

ha1d,,v-rays at a dose 0.1 KG3'did not increase the secretion of chitinase

en4'me in the case af T. harziaruum, and also at doses 0.2 & 0.6 KGy with I
longibrttchiaturn.l'b.ese doses ma.v induce ceil lysis {Tamada et a|.,1987).

The increased en4-me production in the cuiture of irradiated cells resulted

from the recovery of radiation ciamage after irradiation (Kumakura 1993).

The obvicrus alteration in the chitinase secretion by the same producing

strains in response to the treatment rvith different doses of 1-ra1's is in
cornplete accordance rvith that reported b-r' Sinha and Chakrabarfy,(1977)

who found that a mutan t af Aspergillu.s y'entii lF'ehmer olrtained after y-rays

treatmefit aitered amylase activitl,' and exefied a *rarked variatian in arnl''iase

activity, i.e.,an increase. decrease or even complete absence in such activity
uas noticed.

Tabtre(l1): Chitnase secretion (mgl ml) hy T.harzionum grown ott
Czapek's Dox broth medium in relation to different
doses of gamma-raYs at different time intervals.oses ol gam a

T-rays dose (kGy)
Chitinase secretion(mg/ml)

3days 9 days 15 elays

0 3.62 5.517 5.53

0.0s 3.62 5.448 6.413

0.1 1.0r8 5.448 5.432

4.2 3.649 5.5 7 7 .379

0.4 4.034 5.5 7 't.345

0.6 1.60 r 5.4 4 7.379

0.8 2.121 5.4 4 '7.379

1 3.5q2 5.4 4 /.)t
., 3.636 s.483 7.31

4 I "659 5.483 7.31

From the results reported above it is noticed that T'httrzilnum \\'as

more aggressive than I'. longihrac'hiatum against F.ntnili/brm.
F'.ta-ha.cinunt, F.oxl,sptsriurn and R.solmi at collcentration 509"0 (Table. 1)"

despite their chitinase productivir;'- u,'as alntost equai. Chitinase rnal not be
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Table(l2); Chitnase secretion (mg/ ml) b.v I
on Czapek's Dox broth medium
doses of at differen

longibrachiatum grown
in relation to different
time intervals.

y-rays dose (kGy) C hitinase secretion(mg/ml)
3 davs 9 davs 15 days

U 3.62 5.517 5.828
0.05 3.62 5.517 6.241
0.1 3.61 s.483 6.966
4.2 3.633 s.48? 5.473

5.552 1 14<

0.6 3.587 5.517 5.49
0.8 3.631 s.483 7.241

1 3.6?1 5.448 7.275
2 3.621 5.4i4 7.03
4 3.683 5"414 7.276

the only enzyme responsible for the degradation of fungi cell rvalis, it is
Iikell, that the coordinated action of several hydrolyses (r.r..B-i.3-glucanses,
lipases and proteases) are required tbr a complete degraJation (Benhanrou
and Chet 1993).

In conclusion, the obtained data emphasized the possibiliry, of
apply'ing T. harzianurn a*d. T. longihrachiatum as an effective biocontrol
aEent of several important plant-pathogenie fungi responsible for serious
darnage on nranv crops and minimizing the use ol tungicides. Both isolates
are capable of secreting chitinase enzlme. the deveiopment for detection of
tungal chitinase ma' be nou, applieri for an additional study as expression of
chitinase during mr coparasitism and purification of the released enz)'me.
The disgolerl of neu' biological control agents and the demorstration of
their value in reducing disease hazard have opened new promisirrg avenues
for practical applications in agriculture and lor.r,ering environmental
pollution.
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