
Boletín Micológico Vol. 13 (1-2): 103 -110 1998 

IN VITRO ANTAGONlSTIC POTENTIAL OF Tricltodernul spp. 
AGAINST ColletotriclulIll gloeosporioides AGENT OF 

ANTHRACNOSE IN THE PASSION FRUIT (PassijZora) 

(/Jotencial aJ1lagónico in vitro de Triclioderma spp. 
sohre Colletotriclllll1l gloeosporioides agente de la ántracnosis 

en Pasionaria (Passiflora)) 

José de Ribamar de So lisa Rocha ' ", Nciva Tinti de Oliveira2 

IDeparlalllelllo de Biologia - Uni\'ersidaele Federal elo Piauí, 
CCN, Ó-UW)-550, Teresina, PI, Brasil. 

"Departalllelllo ele Micologia - Ulli\'ersidade Federal ele Pernambuco, 
CCs, 50.ó70-420, Recife. PE, Brasil. 

Palahras clave: Collelolrichlllll g/oeosporioitles, Triclwtlerlllll spp .. cOIII rol biológico. anl racnosis, pasionaria. 
Kc~' wor(]s: Collelolriclllllll g/oem/1orioitles, Tricl/Otlerlllll spp., biocOlllrol , anlhracnose. passion fruit. 

RESUMEN 

Diecisiele cepas de Tricl/Oderlllll aisladas del 
suelo de planlaciol/es de pasionaria, .fi./(:ron selecciona­
das por su lasa de crecilllienlo v capacidod de e.\jJorula­
ción, ellaluándose su pOlencial anlagl)l/ico soln'e lIIl ais­
Iml/ienlo de C. g/oeo.\Jwrioitles, agellle de la ol1lracnosis 
de la pasionaria. ;\ ledial/ le lo IIlilizocilíll de la lécnica de 
Cll llh'os apareados se cOII/jlrohlí (lile lorlllS las cepas de 
Tricl/Otlerlllll causarr)/J allerad! lIIes lI/1wfi Iftsirl liÍg icas 
en las hUns de/filopallígeuo. L~'sle lip() de aClil.'idmljile 
el'idencimlo por plaslllolisis, 1'!1c/((JlizacilÍl/ y el/ros­
cml/ienlO de !JUás. I~'¡¡ 13 apm'ellll/ielllos hllho sohreposi­
ción de Tric/wtlermu -'ji. , cOl/sO//do il/!Jihicián riel creci­
/IIielllo lIIicelial de las colonias del jilopallígel/o, n(} 
sobre l'illiel/do esle en 1 (} apare(JlI/ien los. !Je las Ires 
e.\j.Jecies e\'(¡/uaclas, 1: kOllillgii re /l/Jirí el //lO\ -'(}r mí///ero 
de aisl(////ie//lOs con carac/eríslicas jill .'orahles poro su 
ulilización e/7 el col/I/'(l/ hio/rígic(} de e. gloeo.\j1o/'ioitles, 
lo que sug iere la posihilidad de c(}n lrolar la anlJ'Oc//osis 
de esla plonlo e// el call/po. 

INTRODUCTlON 

Passion-fruit is subjecl lo be all;lcked b\' \'élrious 
eliseases ancl pests so lo fighl againsl lhelll lhe syslemalic 
use of c1efcnsive mealls is necessary. This lIlusl be dOlle, 

SUMMARY 

Sel .'enleen slrnins (!( Tric/lOderl1l(/ isolaletUrOIll a 
soil pla/Jlel! wilh passionji"uils ll'ere seleclecl because 01 
ils rale !!( groll'lh amI .\j.Jorulalio/1 abiliz\', Ihe ir anlago­
nislic pOlenlial agaillst a/J isolate (!(c.g/oeo.\jJorioides, 
an agenl ca/lsing anlhracnose i// passionji-Ltil, being 
el'aluolee!. 13.1' I//eans of't//e poired cullure lechnique il 
could he seen Ihol o/llhe TridlOtlerm(/ xlrains indllced 
///orphop!Jysiolog icol alleraliuns in Ihe phylopalhogen 
hyphae. nús kincl o( p!Jeno///enon heca///e apparenl 
l!Jrollgh plasll/olvsis, \-'ocuolizal ion amI coi ling o( /~)'phae. 
.'ln o\-'erlop/Jing o( Tric/lOtlermu occllrrecl in lhirleen 
pairings Il'hal i//hihiled l!Je ///yce lial g rOll'lh (!( [h e 
ph.\-'Iopal//Ogen colonies amI caused deal!J o(lhe laller i/1 
10 pairing. (J( Ihe Ihree .\j.Jec ies exa///ined, 1: kOllillgii 
exhih iled Ihe highesl nUII/her o( isolales lIIeeling Ihe 
desirah/e require///en!s in order lo perfiJ/'/1/ l!Je hioco/1lrol 
ore. g/oeo.\jJo/'ioitles, lIIeoning l!w!lhere is a c!-Ja/1ce lo 

conlrol anl/¡rocnose (!(Ihis planl in Ihe/ie/d 

ho\\·e\·er. using slricl crileria. since, lo guaranlee ils 
ferlilisalioll. lhe planl neecls lhe aClion of pollinising 
insecls (-D). 

Passion-rruil anlhracllose has Co/lefotrichilll1l 
g{oeosporioitles (Pen/..) Pellz. & Saccarclo as elhiological 
agen!. The c1isease allacks all lhe organs oflhe aerial parl 

·Par! of c1isserlalion lO oblain a Msc c1egree in Biology of FUllgi al lhe UFPE. Brazil. 
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of lhc plan!. H occurs in all orcharcls lhroughoul Brazil 
ancl ils conlroll is somclimcs vcry clifficull whell dimalic 
conclilions favour il (49). 

In orclcr lha! passion-fruil can rccei\'c lhc grcalcsl 
lilarkel approval. in aclclilion lo aclcqualc packaging. 
transporl ancl conservalion. lhc fruilmusl bc prcscnlccl in 
a wcll-lllalurecl slale. \Vilh a smoolh pecl. ancl frcc of 
anlhracnose (23). Thc conlrol oflhe passion-fruil anlhrac­
nosc, is maclc basically by 1I1eans of lhc applicalion of 
pre\'enlive fungicicles (32, 37). The fungicicles may promOle 
an increase in lhe inciclence of cliscases clue lO lhc 
inlerfcrcncc ancl clealh of anlagonisls or becausc of lhc 
aclion on lhc beneficialmicrobiola (27). 

Thc research for allernalive slralcgies lo lhe use of 
chcmical procluClS usccl in lhc conlrol of planl cliscascs, 
conlinues as a 10ng-lerIll goal of rescareh in agricullure. 
Biological Illelhocls lo recluce cliseasc Icvels alrcacly exisl 
in many lraclilional hanclling lcchniqllcs ancl slorage 
proccsses. Whal is usuall)' abscnL ho\\'c"cr, is a clelailccl 
unclerslancling of lhc l11icrobial ccology \\'hich forms lhc 
basc of lhis nalurall11clhocl ofsupprcssion. This informa­
lion is essenlial so lha!. lhe anlagonislic inlcraclions 
which occur belween lhe saprophylic microbiota ancllhc 
in\'acling fungus which causes lhe cliscase inlhe planl can 
bc cxplorccl (29). This natural mclhocl is kno\\'Jl as 
biological conlrol ancl can be clelinccl as lhc oceurrence of 
anlagonislic interaclions bel\\'cen palhogenic ancl non­
palhogenic organisllls which resull in lhe suppression or 
conlrol of lhc pathogenic organisms, by climinaling or 
decreasing thcir effecls on lhe hosls. 

Thc use o[ microorganisms as a recognisecl 
anlagonislic abilily ancl non-rcsiclcnl in lhc phyloplan is 
also a cOllllllon lechllique in lhe biological conlrol of 
diseases in lhe aerial porlion (X). Among lhe polcnlial 
agenls ofbioconlrol , lhe Tric/wder/llll Pcrs. has becn one 
of lhe 1110st slucliecl, considerillg ils pcculiar anlagonislic 
characlerislics in nalural conclilions. mainly inlhe soil (5, 
13, 2-1-, 3-1- , 42) . Anolher ach'anlage. ofbcing a bioconlrol 
agenl is ·lhe facl lhal lhc Tridwder/llll species rapiclly 
bccollle resislant lo fungicides \\'hcn e.\poscd lo lhel11. 
Resislan! slrains, anlagonislic lo a particular pathogen, 
ma)' bc usecl logelher wilh fungicicles for lhe control of 
olher cliseases (l. 26. 3-1-. -1- 7) . 

The nalural occulTence of Tri dw der 111 1I , in 
cOl11mercial passion-[l1Iil planlalions in Brazil, hasalrcady 
been ciled (36). ancl il has also bcen isolatecl frollllhe root 
and slcl11 o[ lhis planl (3 1). C. g!oeos/lllrioi¡/es, isolalecl 
frollllhe leaves oflhe cashe\\' tree, sho\\'cd high scnsili\'ily 
lo Tric/wdermll which behm'ecl as <l promising agenl in 
lhe conlrol of lhis imporlanl pathogcn undcr laboralOr} 
conclilions (33). 

Because of Tric/wderl11l1 ' s <lnt ;lgonistic poten­
lialit)' in the biological conlrol of C. g/oeos!,orioi¡/es, il 
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has becol11c necessary lo COI11C lo know ils anlagollis!ic 
behaviour and lo "erif)' lhc possibilily of using il in lhe 
biological conlrol of lhc passion [rui! anlhracnosc. This 
Slud)' has becn developecl wilh lhc objeclive of selec!ing 
isolates of Triclw¡/erlllll wit h a bellcrantagonistic aclivi lies 
ayer c.g/oeos!,ol'ioi¡/es, by means of lhe sludy of in vil ro 
anl<lgonislic interaclions. 

MATERIALS ANDMETHODS 

A high palhogenic isolale o[ c.g/oeml'orioides, 
oblained' from a passion-fruil planl , 41 isolatcs of 
Tric//Oderl11l1 oblaincd from soils of passion-fruit 
planlalions, ancl 2 isolates of TridlO¡/el'l11l1 (TR2 and T-
25) obtainecl from URM-UFPE), in the Statc of Pcrnambu­
co, Brazil , wcre c\'alualed in lhc lcsls . 

Mycclial growth ratcand capacit~' ofsporulation. 

To characlerize the isolales as lo lheir mycelial growlh 
rale ancl capacil)' of sporulalion, cullures \\'ere Illadc in 
POA (polato-clextrose-agar) mecliulll, lf'élnsfering -1- 111111/ 
clialllclcr cliscs of Illycclia-agar. \\'ilh 3 clay incubalion 
wilhclra\Vn frol11 lhe edge o[lhe cullures, in lO lhe Cenlrc 
of Pelri dishes \Vith POA in lriplicale. Thcse wcre 
incubalecl al 26°C . 

To cvaluale the Illycelial groWlh, clail)' Illeasure­
menls wcre m;lc1e of the clialllelcr of the colonies in l\\'o 
c\iametrically opposcc\ c\ircclions. untillhc 1110mcn! when 
the cnlire surface oflhe cullure l11ecli u 111 \\'as colonisecl by 
lhe fungi. in an} onc ofthe repelilions usecl. To calculale 
lhe linear rale of groWlh of lhc lIlyccliul11 lhc formula 
c\cscribcd by Lilly & Barncl \\as usecl (30) . 

The capacilyof sporulalion \Vas visually eSlimaled, 
artcr 10 clays ofincubalion. The sporulalion was classiliecl 
as "abunclanl" \\'hen lhc sporulalion was very visible all 
across lhe surface oflhe colony: average "mecliulll" when 
lhe sporlllalion \\'(IS visible in an area corresponding lo 
about half lhe surface"of lhe colony: ancl "sparse" \\'hcn 
lhe sporlllalion \Vas \'isible on lcsscr lhan halflhe surface 
of lhe colony. 

AntagollisllJ test. The anlagonisls which had lhc 
grealesl rale of mycclial growth ancl sporulatioll \Vere 
grO\\ll in pairecl culture \\'ilh lhe phylopalhogenllllder lhc 
met hocl clescribecl by Oennis & Websler ( IX). [Ililially, lhc 
C. g/oemj!ol'ioides isoble was inlloclllalecl 011 9 cm/cliam. 
Pelri clishcs, \\ilh POA allcl illcllbalecl for 6 days al 26°C. 
Artcr this pcriocl, -1- mm cliameler cliscs of mycelia-agar 
\Vere rcmovecl froml he eclges oflhe colonies \\'herc grO\\·th 
\\'as \'igorolls, allcllransfcrrecl illlO Pelri clishes \\'ilh POA. 
Gne clisc ofmycclia-agar \Vas placecl abolll I cm from the 
cclge of eaeh Pclri clish ancl incllbalecl for 3 clays al 26°C. 

Arter incllbalion, él disc of mycelia-agar of 
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T'ridlOderlllll . remo"ed from the colony eclgc élrter being 
incllbatecl for .' clays \\"as transfcrrecl in to the opposite sicle 
of the Petri elish. abollt I cm from the eclge. in a position 
diametrically opposecl to that \\'hich hacl bccn occllpiecl by 
the clisc of mycelia-ag,lr of C. g/oemj!orioides. The 
dishes. \úth the t\l 'O cliscs 7 cm apar! from cach other. \\"CI"e 
incllbéltecl at 2()0c. \\"ith thrce repetitions. The measllres 
of the daily mycelial gro\\th of the co lonies one to\\",lrcls 
lhe other \\ere notecl. Their meeting. the inhibition of 
mycel ia I grOlIl h ancl t he o"erlappi ng of t hc colonies \\"erc 
observecl. The isolates \\'ere cla ssifiecl accorcling to their 
élntagonism agreeing \\'ith Bell el (//.·s sca le. (ú) . 

A/lta~onic intcractio·/ls. For stllclies of the 
élntagonic interactions bet\\een hyphae of the antagonists 
élncl phytopathogen. pairecl cll ltures \\"crc maele élncl co\"er 
slip placeel in the central region ofthe Pctri cli shes. \\"here 
the meeting of the co lonics \\'olilel takc placc. Arter lhe 
meeting. thc cO"er slip \I'ere \\"ithclr;1I11l anel pl,leeel on a 
gl<Jss l<Jmina for microscopy \lith a clrop of Am,lIl11 's bllle 
colollring. Thcrearter thcy \I'c rc obsel"\"eclllnelcr an optical 
microscope ancl t he occurreel i ntcract ions alllong t hc hyphae 
\I 'e re analyscel . 

Su n'ival 01' c.g/oeo.\j!orioides. Thc slln'i\",JI oft he 
phytopathogen. arter p,lired cultllrc. \las " crifiecl through 
obser\"ation ofthe cle,-cIoplllent ofthc co lonics beginning 
\\'ith mycelia-agar. -l I11Ill in cli;lI11eter. rcmOl 'ecl frol1l the 
colon)' ofthe phytopathogen in the I.onc ofthe antagoni sl1l. 
éll a clistance of 2 cm frolll thc line 01' initi ;JI con(;lct 
bel\leen the co lonies. Fi"e eli scs of lllyccli;I-;lgar \lere 
lr<lnslclTecl lo Petri eli shes \lith PDA llleelillll1 ami incllb;)(ecl 
él t 2Ú°C. \\ith three repetitions. as a 1ll0elifiC: ltion of the 
techl1iGlIe elescribeel by Tr0l1S1110 & Denni s (-l-l).The 
analysis of the slln'i"al of t he phytop;lt hogen \\ ;IS carriecl 
0111 arter l-l ebys of incllb,ltion by obse l"\"i ng the nlll1lber of 
colonies that lwel been forl1lecl . 

RESlILTS AND DISClISSION 

Data abollt the m 'erage of Illycclium gro\l·th rate 
élnel sporulation capacity 01' the iso l:ltcs of TridllJi/erl/lll 
are sho\l'eel in T able l. The iso lates Ti l . Ti2. Ti:> . TiS . 
TiX. Til) . Ti I (l . Ti 1:). Ti IS. Ti 17. Ti IX. Ti Il). Ti2S. Ti2ú. 
Ti ] S. TR-2 allCI T -25 . prescntcel Il1ycclillll1 gro\lth mtcs 
greater than the a" cr;lge mte \I'ith "ablll1dant" or " m'cra­
ge" sporul<Jtion anel ,\"cre se lcctcel for thc antagol1islll test 
in paireel cul tllres. Thc l1lycclial gro\lth ratc of thc 
phytopathogen \\as. appro.\im:ltcly. t\licc lesscel than lhe 
a\"emge Illycclial grOl\" th rate of thc 'Intagonists. C. 
g/oeo.\J}()rioides \\"as inoclll;lteel three el;lys carlicr so tlwt 
the l1leeting ofthe colonies cOlllel occl1r in the ccntre ofthe 
Petri eli sh. The l1lycelial gro\lth rate of thc ;lIitagonists 

affects their intcraclions \\"ith other fungi (2S). It was 
obscn 'eel lhat the isolales of1i·idlOderlllll which presented 
the gre;l test spceel of lllyccli;JI gro\\"th sho\\'eel greélter 
anlagonislic potcnlial over C. g!oeosjJorioides (33). The 
r¡lpiel l1lycelial gro\\"th winning the competition [or 
nutrients anel thc rapiel colonizalion oflhe subslracL asso­
ciated \lith thc proeluct ion capacity of a large number of 
spores for elispersion. are factors \\"hich. II'hen aclded to a 
promisingantagonistic potentiélL eletermine that an isolate 
lws cha racteristics of being él good biocontroller (14). 

Tahlc 1. - Mycclial gnmth ratc. a/ld sporulatio/l of thc 
stnlins 01' C. g!oeo.\jJorioides (Cg) a/ld of T'ric/lOderlllu 
(Ti), in POA Illcdiulll at 26°C. 

Iso lalc Sp~l.'i~ ~ I yccli a l gm\\"lh ,""le (mm /da y)' Sporulali on' 

Cgl e ¡: IOl'o.\j)(Jl'iuid(/,\' 14.8X Abundanl 

Til 1". har:iamllll 24.-IX 1\ kdium 
Ti2 1". /..'ol'l;ng,il 24.ó2 Abu ndanl 
Ti J T hu/':hltllfll/ 46.10 ~kdiulll 

Ti4 1". kOl1ll/g;; ~.54 Spars~ 

Ti 5 T har:;UJ1I1IJ1 40,4ó ~kdiulll 
Ti (i /'. har:;anIIlJl 15.4J Spars" 
Ti7 1". I,(/r:iotllllll 17.42 Spars" 
Ti~ 1'. ollreoF;r;de 4U5 1\kdilllll 
Ti9 T. ollreo",;r;de 4:1 ,R2 Abundan! 
TilO /'. fl llreo F;ride 4óJ<7 ~kdiulll 
Till T (/"r"o",ri"" l ó.(i~ ~ kdiulll 
Til2 1'. l l llreuFlride 15 .26 ~ kdiulll 
T i l :l T. (//lrl'Ol'l r ide 42.24 i\kdilllll 
Til-l 1". hOl":llI/lIIl1' 9.9 1 ~kdiulll 

Til5 T. hur:h ulIlJJI 42.24 Abunda nI 
Til(, '/'. /..'ol7ll/gli 14.7X i\ kdi 11111 

Til7 T. /.:.ol'llJ/g,1i :l9.(¡() ~kdilllll 
Til~ 1'. /w}':iat/lf/ll :19.4:1 ~kdilllll 
Til ') T. UllreoFinde -I X.¡{ó Abundanl 
Ti20 1'. /..'ollll/gii 1 :1.44 Sparsc 
Ti 2 1 1'. /..'onillgi i 'J.') 1 ~ kdiulll 
T i22 'f' /..'01'1111 11 1) . '" 15.90 i\kdiulll 
TiD T hllr~;r.:/J'IIlIJ/ ').') 1 Mcdiulll 
Ti24 T ha"~;lIl'J1l1J/ 11.1 ') t\"kdiulll 
Ti25 T. kOIl;ng;; 40.15 i\kdiulll 
TiZó 1'. /..'01'1;1'1:;';; :1 '). 74 ~ kt!iulll 

T i27 T /.:onin,t!iI 19.20 ~ kdiulll 
Ti2X 1". hor:i(/!/IIII/ 10.56 ~kdiulll 
Ti29 T ulfre{)Fil'lrJe 12.24 Abundanl 
Ti:lO 'l~ l ll lreo l.';ride 14.7') i\kdiulll 
Ti :l l 7'. 1IIlrecJ F;rh,.le 17.42 t\"kdiulll 
Ti.1 2 1'. kuningii 1 'J,20 .·\bundanl 
TiD T kOIÚI1,~¡; X.5 -1 .'\huIl da nl 
Ti:l4 1'. 1I1lreo Finde 17.-12 ~ kdiunl 
Ti .15 T. all rcc)Flride J').n i\kt!ium 
Ti .1(, 1'. ou reoF/nde 17.9 1 Ahulldanl 
Ti :l7 T k(}1"/1I1,~/I 12.X7 ~kdiulll 
Ti :lX 'l'. /..' {)J/in~!.!,;1 'J.') 1 .'\bundalll 
Ti.1 ') '/'. kO/l/JI,l.!,;; 15.4:1 ~kdiu1l1 
Ti-lO T. kcJrtln.~'; 19.20 ~ kdiulll 
Ti -l l T. konmg;; 1 ').<J:I Spar,,, 
TI{-2 1". "Irid" 32.')5 .-\hundanl 
T-25 '/'. h(lr~f<l llllll/ 41.12 .. \hundanl 
1) .. \\w agc nI" lhr,'c rcpclililln. 

In the p:liring of the cultures. é1rter the meeling of 
thc colonics. o"erlapping occurreel . The llleélSllres of lhese 
are shOll"ed in Table 2. The anlagonislic beha"iour of the 
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isob[es \\'(lS , ·e ry diyerse. The pai red colonies m.:re fOlllld 
arter -lX hOlirs of inCllba[ion. e:\cep[ for [he [,\"o isola[es 
TR-2 a ll d T-25. "hich fOllnd [he cololly of [he 
phy[opa[hogen arter 72 hOllrs. The Ti 17 iso!;lle "as [he 
one [hat oYergre\\ IIlOS[ rap iclly [he phy[opa[hogen afler 
72 hours. The Ti 1<) isol;lle \\"hich hacl [he gre;l[es[ myce l ial 
gro\\'[h ra[e. s[ar[ed Q\·erlapping only alkr 72 hOllrs. 
whi le [he Ti 2 of leas[ myce l ial gro\\[h beg;ln o,·e rlappillg 
before 72 hours. The Ti 10 ami Ti 2() iso l;lles of high 
mycclial grQ\\·[h m[es cliclno[ oyergre\\· [he phy[opa[hogen 
colonies. The Ti 2. Ti 17. T -25 isol;l[eS comple[ Iy o,ergre\\ 
[he colollies of e ¡;/oe{}.\J}()rioitles, \\·i[h l-l-l h of incu­
ba[ion. Arter Illee[i ng of[he colollies. [here \\;IS;111 inhibi[ion 
of [he l11yccli;d gro\\[h 01" [he phy[opa[hogell. ill all [he 
pairings. The ' ·é1 riecl anlagonislic beha\·iour rellecls [he 
aClion ofse,·em l anlagonislll meclwlli slll s. Variolls [ypes 
ofanlagonis[ic inlerac[ions usecl by I he I"l1ngi \\ ere obsclwcl 
é1l1d Ihey are cle[ail ed in T;lble 2. 

Sporu lalioll of [hc ;IJlI;lgollislic occl1rrecl 011 [he 
phy[opa[hogen. ge llerally ill compacl lI¡¡¡sses 01" cOllidia . 
The Ti X. Ti 1:1. Ti 17. Ti 25. and T-25 iso l;lles prodl1ced 
'"abundan\"' sporulal ion 011 Ihc phylop;llllllgell. bul Ihe Ti 
35 isola[e, which o,·erlapped [he phylop;llhogen colony 
arter sOllle dcl,lY cl idllo[ sporllble. The sporll l;llion oflhe 
phylopalhogcn decreasecl alld mis "sparse" in 10 p,li ri IIgS, 
,,·hile "l11ediull1"sporlll,llion 01" Ihe phylopalhogcn occur­
red , e,·e ll on Ihe colony or ;l lll 'lgOlli sIS. ill Ihe p;lired 
culturcs "ilh Ti 3. Ti <J. Ti 13. Ti IX. Ti I <J. Ti 35 ,llId TR-
2 isola[es. 

The las[ COIUIIlII of Table 2 presc nlS [he cl;l ss illca­
lioll results of [he isobles as [o ,lnlagollis lll b;lsecl on [he 
oyerlappi ng of I he co lonies allcl in acco rd;lnce \\"i[h Bell e / 

nI. ((¡). The Ti 2. Ti 17. TR-2 ;lIlcl T-25 iso lalcs prescnlecl 
Ihe grealesl oyerl;lppi ng ami \\-ere pl;l ced in cl;lss 1: mos[ 
isolalcs \\"crc placcd in class 2: Ihe T i I() ;IJlCI Ti 2{¡ isolales 
in class 3: ,lIlcl no isobles in cl;lsses -l allCI 5. 

O, ·crgro\\·lh on Ihe phylop,llhogcn colony is an 
ach ·a n[agcous characlcrislic ol"lhe illllagollisls illlhc di s­
pu[C for [hc co loni/.cd arca. \\inllillg [hc cOlllpelilion ror 
space anclnulrilion . Thi s is one of[he \\·;IYs ofe.\e rcisi llg 
bioconlrol on Ihc o[her organism \\"hi ch h;ls ils gro\\·[h 
reclllcccl or pa ralysccl ( I X). T he inhibilio ll ol" Illyceli;d 
gro\\·1 h ,Ind clecrease of I he sporll l;ll ion of I he phyl op;11 ho­
gen colony is anol her i IllporUllll ;1I11 ,lgO lli sli c ch;lr;lclerisl ic 
c.\ercisecl by Ihe l'ricl/Otll'/"/l/ lI iso l'IICS. Thcsc ;lre clp;lb le 
of producing anl ibiol ics. bcsiclcs ell/.ylllcs allCI 01 her lo.\ic 
proclucls \\·hich In;IY illlcrl'crc in [he clc\ ·c-IopnICII[ of Ihe 
phylopalhogcn. inclllcing ,In llnclcsirable cOllcli[ioll l'or 
gro\\ lh allcl spornla[ioll (<J. lO. 1 I. 2X. 35. -l e)~ 

The ill[cr,ICliollS [h;l[ occnrccl bel\\·ecll Ihe hyphae 
are sho\\1l ill T'lble.l. AII Ihe l'ricl/litll'rll1l1 iso lalcs 
affeclcd [hc C¡; /ouo.\J}(Jrioitll's [hl"Ol1gh '·;Iri olls 1~ · pc S of 
alll,lgollislic inler'ICliOlls. illclllclillg [hose \\"hich do 1101 
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callse Q\ ·crl;lppill g. sllggcs[ing Ih,ll [here are l11echanisllls 
of bioco lllrol for anlibiosis. cOlllpe[ilion allcl micopara­
sili sm. The plamolysis of hyphac occurred in almosl é111 
pairecl cullures. c.\cep l 011 Ti 2. Vacllolalioll \\'(IS cyiclenl 
ill m,IIlY ce ll s. \\·hi ch also sho,,·ccl a granulous aspecl oflhe 
proloplasm "il holll e:\isling. hm\ eyer. a cli sin[egralion of 
the cellwaJl Ji1 m any ca:esthe Trichot!erl1lll species ca n 
bc cl¡¡ ss i Il ed as Ileerol rollc III icop:1 rasi les. for I hey ki 11 I he 

hosl. íl1lcll1Wke ll se orIlle I1 lllri el1l s sp illil1g froIlll lle cleacl 

hyplla (-l. l-l) 
111 Illycop'lr'lsilis111. tlle Ilypllil 01' [he 1l0S[ Illay 

pri111,Irily slllTer ac[iol1 oflo.\ic 1IIelabolic procluCIS. inclu­
clillg ell /.yllles. before di sorg' lIli /.alion éllld deacl occur 
(1:') 

Tahle 2. - OHrgrow of Ihe Tricl/Ot!erm(l alld 
dassific.a[ion (jf the antagonisllI. 

O\·ergro\\· (CI11)1 

Tri eh 11 t!a/ll o 72li %h 12() Il l-l-lh Class of 
¡Inlilg.: 

Til 1.50 2.75 f'v1e * 2 
Ti2 O. X() l.X() 3A5 -l .50 Ab 
Ti .~ I .XO 2.-l5 2.<)0 M e 2 
Ti5 1.22 2.M) 2.X() Mc 2 
TiX 0.73 1.57 2.XO 3.()() Me 2 
Ti<J () .X() l.1() 2.75 Ab 2 
Ti 10 Me 

, 
.) 

Ti 13 O. <J() l.X" 2.X() .l .7() Me 2 
Ti l :' l.X3 2.X5 Ab 2 
Til7 2. I () 2.57 3.5-l -l .50 Me 
Til X (). (JO 2.21 Me 2 
Til<J 1. 12 2.).1 3. 10 Ab 2 
Ti25 tU:' J.(il .1.20 3.{¡ 7 Me 2 
Ti 2(> Me 3 
Ti:;5 1. <J 3 Me 2 
TR2 1.1 3 2.75 Ab 2 
T-25 2.50 .1.21) -l .50 Ab 

* Me. = MeclillIll Sporlll;lIi oll. Ab= Abllncl;1111 

1) A\·crage orlllrcc rcpclilio ll s. 
2) Bell e/ ([/. 's scde of classes of alllagollism (6): 1= 
r ricl/ll¡/utll/(/ cO lllplclcly m·ergre,,· Ihe palhoge l1 al1cl 
co\ ·erecl [Il e el1lire Illcdilll11 sllrJ;lec: 2= Trid/IJt!erl1lll 
m·crgre\\" al lcélSI I \\·0-1 Il i rcls 01"1 he Il1ecli 11111 surfacc: a IIcl 3 = 
trieh (Ii /t:r1/l1l ¡llleI lile p¡llli oge ll eélch colonil..ecl 
apprO\i llléll cly ol1e-li;¡Jfofllie 11Ieclilll11 sllrface ancll1e ilher 
orgall iS111 ¡¡ppc,lred lociOlllil1ale Ihe olller: -l= The palhoge l1 
co lolli l.ecl ;11 icéiS! [\yo-lliircls orlhe meclillIll surl; lce al1cl 
,lppc,lrcdlo \\"illi sla llcl cl1cro;lchlllelll by l'rid/IJt!erlllll ,lIld 
5= Tile p;llllOgell CO lllplclcly O\·ergrc\\· lile Tricl/llt!er/llll 
¡llId oecllpied tli c clllire IIICclilllll surfacc. 
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Tablc 3.- Antagon istic interactions bctween hyphae or TricJ¡ot!erl11l1 (Ti) 

and Co//e/o/ric/¡ul1I ¡:/oeo.\j}()rioitles strains. 

Strains 

Intcr~ction Til Ti2 Ti3 Ti5 TiX TiSl TilO Til3 Til5 

Plaslllolysis or hyph;le + + + + + + + + 

VaCllol,llion or hyplJ;)e + + + + + + 

Paral lcl gro\\lh or hyphae + + + + + + + + 

Pellel ral ion or h~plJ;)e + + + 

Derormal ion or ,lpressoria Cg • + + 

Hook-hyphae ofTi + + + + + + 
Fragmenl,llion or hyph;le Cg + + 

Rings or hyphae Ti + + + + 

Coiling or hyphae + + + + + + + + + 

Ti 17 Ti I X Ti 19 Ti25 Ti2ó Ti35 TR2 T-25 

Plasmolysis or hyphae 

VaclIolalion or hyphae 

Parallcl gro\\'lh or hyphae 

Penel ralion or hyplJ;)e 

Derormalion or apressoria Cg 

Hook-hyphae ol' Ti 

Fr,lglllenl<llion or hyphae Cg 

RillgS or hyphae Ti 

Coiling or hyphae 

(+) = presence: (-) = absencc. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

The coiling or Ihe scglllcnls or hyphae \\'ilh 
Ihickeningorccll \\all s inlhe phylopalhogen \\asobse lyecl 
in somes cases. Thc par;J1lel grcl\\lh 01' Ihe hypl\;)e. 
comlllon in Tr¡clIO¡/erlllll cllllure. occurrcd \"cry oflcn in 
pairecl cllllllres and only Ihe Ti 1 <) isol;lle diclllol presenl 
parallel grO\\lh 01" hyplJ;)e. The pcnelr;ilion inlo hyphae 
orphylop;ilhogen occlIlTed \\Ílh Ti 2. Ti :>. Ti l) ami Ti 2ó 
isolales amI. 'I pparenll~ . ,l rter c1esinlegralion or Ihe 
proloplasl. Ihe cell \\all rell1;lillecl inl;lcl. 

The derormalion or Ihe ull/"essoriu or Ihe 
phylopalhogen was indllcecl by Ihe Ti 2. Ti I (l. Ti .17. Ti 2.ó. 
Ti 35 ancl T -25 iso l;lles. \I 'hich lIlacle Ihelll longerand 11Iore 
slcncler . 

. ·I/'pressoria is essenlial ror Ihe inreclion 01" C. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

¡;/oeo"JlOrio¡¡/es. Ihe chier rllnclioll or the apressoria is 
direcl penetralion inlo Ihe host (22). Deronnalioll. probably. 
11I;l kes cOlllplele de\'e loplllellt dirriclIlt and limils the 
perror11lance or Ihe opressoria in Ihe illreclion process of 
Ihe ph~lopalhogen. inlhe tisslle ort he hosl. The occurrence 
or shorl hyphae arollnd Ihe phylopalhogen. which \\"as 
si 111 i la r lo IlI1l1sl(wia was obselyed. bllll he rllnction orthese 
Slrllclllres. \\h ich are ca llcd hook-hyphac. call1lol be 
Cerl ;l i nly prol'eel wi t h assllra llce. The rragmelllalion or 
phylop;llhogen hyphae was obserl-cd wil h Ti 3. Ti 5. Ti 17 
and Ti I <J isolales. S011le isolales (Ti lJ. Ti I (). Ti 13 é1nd Ti 
IlJ)or l:lIureiH'ir¡¡/eandlhe isolale(Ti 18)or l:/Ulrzill-

1//1111 . ror11led ch,lracleriSlic rings or hyphae. Elad el al. 

(21). obser\"cel Ihe sanIe phellolllelloll and associalcd iI 
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,úlh parasilislll 01' R. sO/l/l/i by 1: /W/':,il/I//lIII . for Ihey 
fonnecl hyphae rings in Ihe inlcraelion I.OIIC and Ihc)" 
belie"ed Ihallhere ,,"as nol any e:xpl<l1Wlion for Ihe role 01' 
Ihese Slrtlelures in Iheir life eyele alld Ihal Ihey \I"Cre 
relaled lO Illieoparasil islll. for Ihey ,\"ere nol proellleed by 
1: l//I/'cOI'iride nor by 1: /W/'zjl/1/1I111 inlhe abscnee ofhosl 
m)"eel i UI11. 11 \I'as obsen'eell haL e"en in I he ,Ibscnee ofhosl 
myeeliulll. Ihere was ring fonnalion . sllggesling Ihallheir 
forlllalion mIs nol elireelly relalcel lo Illyeoparasili slll . 
When Tric//Odcrll1l/ hyphae shO\\eel Ihelllse h 'es lO be in 
yigorous growlh. Ihieker anelless si nuous Ihan Ihe olller 
llIyeeliulll ones. hyperparasili slll Ihrollgh e1ireel eonl,lel 
,,"ilh phylopalhogen hyphae e1iel nol oeellr. Conlael bCI­
weenl he hyphae 01'1 hc fungi e1elerlll i necl eoil i ng ,11 \"a rious 
poinls anel al e1ifrcrenl in lensilies. Parallcl gro\llh ,lIlel 
eoiling 01' hyphae are eilcel by yarious alll hors as Ihe 1ll0S1 
eOl11lllon i1nlagonislie inleraelions. \llIi eh laler llIake 
possible Ihe n1<lnifcslalion orlhe OIICS (lJ. I X. 21. 44. 47). 
C. g/oc().\j}()rioidcs eonielia e1ielnOI beeollle parasiles. 

Table 4. shows Ihe Slllyi",JI elala 01' Ihe C. 
g/ol!mj1orioidcs afler 7 e1ays in paireel eullure \\"ilh 
Trid/Oderll1l/. Myeeli,l-agar e1ises or Ihe anl,lgonislie 
phylopalhogen were i neub,llcel for 14 e1ays on Pclri e1ishes 
,úlll PDA. Aflcr ineubaling for 7 e1ays sOllle iso l,llcs 
pennilleelllle sury iyal oflhe phylop;llhogcnlo IOO'X.. The 
Ti 9 ancl Ti IX isolales. pcnnillccl only 40'X. a1l(1 20',Yo .. 
respeeliyely, bul afler i neubal i ng 1'01' 14 eI;lys. Ihcy penlli lIeel 
100'¡-;. sUIYi\ 'al. Inlhe relllaining iso l,ll es Ti l . Ti X. Ti 15. 
Ti 19. Ti 25. TR2 anel T-2S isolales. Ihcre \las no sUIYi\'al 
oflhe phylopalhogen, In Ihe cases in \\"hieh Ihere \\",15 no 
sUIYiya l 01' C. g /ocmjw/'ioitles frOlll Ihe beginning 01' 
ineubalion. il is possible Ih<ll a fungieiel<l l effeel Iws 
oeeulTeel. e<lllseel by Ihe an lagonisl in Ihrollgh Ihc rclea sc 
01' c1ifrusible anlibiolies in Ihe IllCelilllll (I<i. 17). In cases 
,\"here sUI\'i\'al oeeulTecl . \I'ilh re\ 'i\a l orphylop;llhogcn 
colonies afler a fe\l ' c1ays 01' ineubal i011. a rungi Slal ie erfeel 
Illay hm'e oeeulTeel . in \\"hieh. <lrtcr lile <lelion 01' Ihe 
anlagonisls sloppeel. Ihe phylolxllhogen rceO\e rcel ils 
grOl\"lh anel sporulalion cl paeily. 

Tlle resull s ineliealc 111;11 iso lalcs 01' Tric/II){/crllll/ . 

in il1l'i/ro lesls. in relalionlo ils an l<Igonislie C<lp<Ie il y lO 
c.g/ocmjw/'ioitlL's. in general. sho\\"cd IhclIIseh'cs lo bc 
prolllising inlhe bioeonlrol oflhc,llllhr;lenosc agenl orlhe 
IXlssion rruil plan\. 

The lesls Illaele il possib le lo obse ne Ihe 
ehangeabilily in Ihe anl;lgollislic abilily 01" Ihc isolales. 
The Ti 2. Ti 17 anel Ti 25 isol;lles orlhe 1: kO/lill/jii ,Inel 
Ihe T-2S isolale or Ihe 1: /1II/':.i(1II1I1II prcsenlcd Ihe 
beslperforIlwnees in anlagonislll lo C. g/oco,\Jw/'ioitles, 

The high le\e1 01' inl raspeci lic \'<lriabi lily \\ 'hich can oeellr 
\las el11phasisccl by Bell ('/ 111 .. ((1) . 
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Tahlc ·t- SUITi" al ()f C. g/ol!os/}()/'ioidcs aftcr 
Jlaired culture ",itl! Tric/II){/C/'II1l/ (Ti) . 

SlIn'i\'al 01' C. g{ocmj1orioidcs isolale ('X.) I 

Isolate 7 days 14 da~'s 

Ti] O () 

Ti2 () () 

Ti] IIlO 100 

TiS lOO 100 
TiX () O 
Ti9 40 100 
Ti I () I(JO 100 
Til:; O O 
TilS () O 
Til7 () O 
TilX 20 lOO 
Til<J O O 
Ti2S O () 

Ti2ó lOO lOO 
Ti]S lOO lOO 

TR2 O () 

T-2S () O 

The "arialion in Ihe abilily 01' 1: kOl/i"gii in 
bioeonlrol has al reaely been obsel'\'eel (4X). Ihe Ti 17 isolale 
was Ihe one whieh shOl\"eel Ihe grealesl nlllllber 01' 
ehar,leleriSlies eles irablc for use in bioeonlrol. haying 
rapiel growlh. OI'crlap eapabilily. coiling arouncl Ihe 
phylopal hogen hyplwc \lilh Ihe lornwlion ofhook-hyphae. 
i nduel ioll 01' plaslllo lysis anel y"euOlal ion 01' hyphae ancl 
defornWI ion 01' oP/J}'{:ssu/' io, 1: kOllillgi¡ has been eileel as 
a bioeon lrol agenl oflllany phylopalhogens (]X. ]9. 40. -+ l . 
4X) II produces <1 \';) rie ly 01' é1nlifung,1I melaboliles. 
inclllcling alllibiolies (:l. 7. I<J. ]<J. 41. -+X) é111el enl.ymes 
\\lIiell degraele lile ce ll \\'all ( 12) . 

A beller llllelersl<l ncling 01' Ihe faclors \\'hich affecl 
lile inler<lelions bel\\ 'cen speeies 01' TridlOderma <lnel C. 
g{ocos[lorioidcs. is nceessary fOl" Ihe ele\'elopmenl 01' an 
cITeeli\'e progr;lmllle for Ihe bio logica l conlrol 01' 
anlllr;lenllse in pass ion-rrllil. In \.' itrn lesls in arlifieial 
medi;l ha\'e lile ac!l '<Inl;lge 01' specel é1l1c1 eOlllrol 01' Ihe 
faclors i1l\·esligalccl. blll tIre sllOl\'ll lo be c1eri\'é1leel frolll 
fielcllcsls rCSlllls ill si/l!. A gooel performance in in Fi/ro 

leSIS c10cs nol gllaralllee Ihal Ihe isolalc se leelecl \\'ill ha\'e 
Ih e S;l1 l1e perrOrIlI,lnee in lile fielel , \\'here lIlany 
ell\ 'irOIllcnlal faclors III<1y innllcllee Ihe bch<l\'iollr 01' ¡he 
isolale allCl ,lIlcr ils anlagollislie eapaeily. Nc\'crlheless. in 



/11 ,'irl'O tlllltlf.:oui.wic pOlelllitl/oI iso/tlles 01 Trie'Jun/el'llla - '/o.\'é de Uibal11l¡r & l~'eil'{/ Till/i 

\lilro lesls are neccssary for a prclilllillary IIIle!erslalle!illg 
oflhc basic élClioll Illcllloe!s ofllle fllllgllS . kecpillg ill mille! 
Ihe obyills lilllilaliolls illlposce! by lile arlilicial cone!ilions 
in \\hich lile Sllle!y has bccn 1I1le!crtakell (2. (j. 25. 27) . 
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