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A bst rac t 

T he main objective in using this method was 10 determ ine the concentration o f each of 
some s ix important fungicides used in African Agricultural and Horticultural practices, 
but which lacked information o n their act ion against isolates of SarocladiunI species 
that was necessary to prevent the radial growth (mm) ofthcsc pathogenic fungi. In this 
study experiments involving the quantitative measurement of organism response 10 the 
toxic compounds were conducted. The method of bioassay used in this study did not 
dislinguish between merely inhibiting the fungus growth, a fungistatic action, and the 
outright killing of ii, a true fungicidal act ion. From Sludies o n the e ffect o f fungicide 
concent rat ion on radial growth o f two isolates of Sarocladium specie.~, Difolatex, Ortho 
Di folatan , Benlate, Di thane M-45 and Calixin M (Tridemorph), in that order, were found 
effective at different concentrations in preventing the radial growth o f S. alienI/ilIum 
( IJ The act ions o f calix in M and Bordeaux mixture were, however, generally poor. In a 
similar test against S. oryzae (I.), Onho Difolatan, Difa latex and Benlate, in that o rder, 
were the best three fungicides against th is isolate. S. oryzae (I,) was fou nd to be more 
resistant to the fungicides tested than S. altcnuallim (IJ. The results showed that the 
most economical and effective concentra tion of a given fungicide depended on ( 1) the 
fungus, (2) the fungicide, and (3) the fungus-fungicide combinalion. The tWO isolales 
did not rate the fu ngicides in Ihe sameorder, suggesting inherent variation in thechemi
cal behaviour. lhe two isolates, or both groups. From the fil ter paper disk method used 
to measure the fungitoxici ty of these fu ngicides it was found that (I) Difolalex and 
Ortho Difolatan were the best two fungicides against the two isolates o f Sarocladillnr 
species tested. (2) Considering the six fungicides les ted, the isolates did not rate these 
chemicals in like o rder, sugges ting thaI (a) the recommendation for the best chemical 
depends on the causal organism of the disease, and (b) careful identificat ion of the 
causal pathogen is very imporlan t in a control programme that seriously considers the 
use of chemicals. The implicationsof lhese sludies are two-fold : ( I) fa rmers like Ihose 
of the European Development Fund financed Upper Noun Valley Development Project 
headq uartered al Ndop, Cameroon, who Changed from cocoa and co ffe e to rice farmin g 
will already be familiar wi th these chemicals from their previous use for protection 
against the cocoa pod and coffee beTTY d iseases, (2) the fungicides Difo latex and Orlho 
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Difolalan may lhedore be included in an inlegrated p6tmanaeement (lPM) prcgnnme
in the African rice farming systems for the contol ofidporhnl dbeass like the gain
dßcolomtion and shealh rct caused by sarccladtu,, specics.

I Intdücfion

Quailitalivebioassay has been defined as a deteminalion oflhe plency ota physical,
chcnical or biolo8ical agent by means ofa biological indicätor De biological indica'
1oßin bioasay are rhe reaclionsotliving oryanismsortissues. tusDch they are subjecl
lovaiation, an areawhich ispeculiaily lhe doddn ofrhe bionehician aod statßLician.
Ouanlilätive bioassäy häs been developed by scientßß frcm dittelenl fields (BL$, 1 957).
The pnncipld involved in laboatory toxicity expelinenß on fungicides are closcly
related lothose involved in thederermination oflhe potency ofdrugs by the methodsof
bioasay. Toxicity expedmenls may be divided into lwo geocral types.

In experimenbofthe fißtlypetheresponseoftheorganismsto theloxicagcnth meas-
ured quantilalivell a forexample wbere lhe diamei€rorradiusoffungal colonies. or
the weightofmycclial maß ismcasured. In expcrimenlsofthese@nd lypelhe o.gan'
isms being tested aro divided into Mo grcups depending upon whcther a given indi
vidual häs or has not cxhibited a delinilcobseNable responsc ao the loxic agent. Such a
division miSht be inlo gelninated or noo'geminated spores in lhe case of lhe üsual
sporc germinaüon teils. fth type ofexperiment is said to be one involving a "quanhl
respoise"(Wr@xoN & MOLhN, 1939). In thisstudyexFdnenß jnvolvingthe quan-

lilative measuremenlsoforganism rsponse to toxic agenßwere conductd- Achenical
may exenlsproleclantpropenieseitherby ne.ely inhibilingthefungus, afun8ßtalic
action. orbylhe oubighl kiuin8ofi, a kue tun8icidal acrion. Mo$melhodsofbioassay
do not distingußh beMeen thcse so adions. (M&N, 1947i wloxoN & MdÄl]N,
1939).

2 Mab.iabandmethds

P rcparction oI antibiot ic solution

Sheptomycin sulphate crydal (40n9) and penicillin cryslal (60ns) were 6'ctuily
weighed out using lhe Metler HIOT analytical balaoce, and dßsolved in 20 ml of$er
ilcdislilled waterin a50 ml b€akerpieviously thorcughlywashed in Omo dele€entand
sedli2ed. Twenty nilljlites ofthis solütion wcre used per lihe ofm€dium lo suppress
bacteliä-This antibiolicsolution was addcd lo cooled agarmediajust bcloredispensing
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rrcpantun ol tuck bobte coadtol sßpetsioas

Stock coiidid suspcnsions ot iel^tcs ot Sarocladiuil auehuanm ^ft of S. o,vae atl

previoDdy idenrificd by the Commonwealh Myological In$iute (CMI), UK. and

Ccnhälburcau Voor SchinnclcultuEs (CBS), The Ncthedands duing some eadier s!d-

ies (Nc^u, 1982, l9S3) were uscd. Pure cullurcs otlhe ßolates weß grcwn on PDA

plalcs at the roon leDpüatüre of 25 1 2'C fot 3_5 days The sudaces of th c .eplicate

colooicsofeach ßolalewercsoaped, Pul in serile distiued waler in (elilized volumeF

dcflasfts.shakcn,andfilt€rcdthrcughthrcclaydsofchccsecloth Twcen20wasadded

ro ensurc auiifom dispeßion ofthecon'dra.

SldntuÄietba oJ coaidb concentfrlons

Aiquoß from the $ock conidial suspensions ofdilTerent holates oflhe species werc

coDnred in rcplicaßs using the Impoved Neubauer (8. S 748) Haemocvlonetcr mounEd

!nd€! tho high powü ofnodcl KS Olympus nicroscope. Calculations ofthe conidia

concentnLion permillilire foreach ßolale $ock wct€ nade änd thes€ conceneations

nandardizcd ät 1 x 10'conidiapet ml.

Prcpailtion oJ the omnse iuice iinulanl

The orangejuice stimrlant was prcpared by cutling a good qüality orange and squeez-

ing ilsjuice jnlo a beaker, filtering lhrough three layeß oicheesecloth and lhen cenni

tugi ng twice, each limc al a speed ot one fot tive minulcs The resulting clea! fihate

w6 used in vanousexperinenlsto Lest its cflbcl, and thal o[its conccntration on lh€ per

rcnr Berminnio. of@nroia ot huhrc\ oiJaro, /didtr 'pcci6

Preporutun oJfungicide stock sohdons

The tsl fungicideswe€avajlablein Fwderfom Bddon the Percenl acuve tng'c'

dicnß and the neessary corredion factor for eacb fungicide, calculations were nade

usingthe methodsdcscdbed by Shawelle (1979) lo detemiiclhe numberofBansol

each chcmical nceded to makc a standatd concentalion in pails Pcr niilion (ppn) in

I00 ml of$eile dhlilled water The funSicids used wcre Bordeaüx mixturc, prcparcd

in lh€ laboratoly according to thc dethods ofNS (1943b), and considered to bc 1007'

active ingredienl (a.i.), Benlale (s07, a.i.), Dithane M-45 (577, ä.i.), Difolatex (80%

a.i.). Onho Difolalan (80% a.i.), and Calixin M (Tridenoryh,75% a.i ). Therationalcj'

sclecting lhese fDngicideswasthat they are imponantchemical agenß akcadv in use io

Aliican Agncultual and horlicullula1 pncticesbutwilhout anv iofomation aväilable

onth*actionagain$Sarrcladiut species. Thechemicalsaho havewide lang'ng uses

and proteclive propenies (WoRrr-rNc, 1979), and aheady commonlv uscd bv farmcG in

üopicalffiica (Cameroon) to contrcl cocoä pod and coffeebelry diseases (Difolätex

Onho Difolaran. and Calixin M). Desidng lo p@pafeastock solütion of 10'000 Ppm ol

cachte$chenical, Ig,2g, 1.33g,1.25g. 1 25gand l 33g rcspeclivelv oleach werc there_



ibreweighed out carefully using rhe Mctrleranalytical balan€e. Each samplewas dis-
slved in 100 mlsleile distilled waterinaseparale250ml volumetic flaskand shaken
lhoroughltThe mnt€nlofeach flaskwäs dilüted sedally üsing the sedal dilution rech-
nique (4PS,1947) lo give an array ofconcentrations from 100 to 10,_ Srerile distilled
walcrwas used as the check.

P,ewtution o!frtü wpet dßk

Sclcfai fiiterpapcr disks each of 12.7 mm diameref wer€ cu1 out from ordinafy labora-
rory whalman No.1 filterpaper, usins an non boreiTheywercpacked in 9.0 cmsrelile
pclii dishesand sterilized in the callenkanp Hotbox Oven at 160.cfor24 hours.

Appliration oJ sdnuld t,funSictu and futtus to Uoßsq dkk

Using a difierenl 5 ml drcpping pjpetc for each fungicide, funSus islate, the check,
and the ilinulant, and nixing the anlenrofeach tube thoroughly before rakirg a sam,
ple, one drop ollhe stimuladr (olangejDice) wascenhallyptaced on cach ofthe cleven
bioa$aydßks. Thiswaslollowcd by one drcpoflhe tun8icidefrcm a numbcred lubelo
ils corresponding numbered bioassay disk, worhng fron the mosr dilute to lhe mosr
concontraled. Each disl, inchding th€ check, was rhen seeded wirh one drop oflhe 1 x
10i conidia/ml oflhe test lingus. In lbe case ofthe chects, one drcp ofstcile dttilled
waterwas added again, so rhat this brcughr Lhe tinal concerratjons oflhe active nare-
rial ot the fungicides to 2500,250,u.2.5,0.25,0.025.0.0025 0.0m25, 0.000025,
0.000005 ppn rcspectively. Foreach fungicide, fungus resr, rhe check bioässay disks
were sel up fißt ro avoid conramioation. The melhods usedw.re b6ed on the tesl rube
dihtion tcchniqueofrheAPS(1947) änd Sharyele (19?9). nree replicate disksrroD
each dilulion oleach fungicide wele placed on PDA n€dium and the plares incubarcd
undcr labolalory conditions of25 ! 2C for ten days_ ObseNarions over the concenra-
tion sedes ofrheteslungicidesar4S houß inlervak lor ren dayspemitred thedotelmi
nation, in each case, ot the minimuD inhibitorl concentrarion (MIC) and rhe growth
neasuremcnß tiom the €dge oflhe rcated and unrcarcd (conhol) disb, which prc,
vided th€ dosageresponse darä.

3 Resülbanddbcu$ion

Obsewaüons ove! lhe concedbatiod seibs ofrhe test fungicides al 48 hou6 inteNals
1o! l0dayspcrnitted thedelerminadon ofthe growth measuren.nB frcD the €dge of
thc teated and udtreared (ch€ck) disks. Thc rcsulß (Tabte 1) show rhat when conidia
süspenston samples (1 x 10' conldiilnl) ot S oilenuotuu (I") we@ incubated wilh the
ditferent onccnlhlions ofeach oI the fungicid6, thei resPns were vadablc. Difolatex
al concentrationsdown to 10j prevented thegrcwthoflhisisolate, and grcwrh was only
possible ftom concenbalion 10r (2.8 mm) incfeasing to 8.8 nm in rhe check. Preven-
tbn otglowth by Oilho Difolätad was betqeen concentarions 1S and l0 I and grcfrh



staded frcmconcentalion 10'(3.5 mn) and increased to 7 nm in the check Benlale

prcvenled growth ofthe isolatebetween conccnfations lcfand 104 and growlh stadcd

frcm 105 f6.3 nm) aid increascd to 9.8 mn in lhe check Dithane M '45 ptevenled

grcwth belween l00and 101 and grcwlh $ailcd frcn 10i(5.3 dn) andincreased to 7 8

mm in thechtrks. Aixin M (Tridenoryh) prevenled growth ofthe isolateonly at thc

highestconcentationofl00wherelhercwas no dilulion,whileBordeaux mixlurc had

liltlc cflecl on lheßolatesinccitdid nolcoDpletelyPreventgrcMhofthe isolalecven

al the hi8hesl concentmtionof 100. When thsefungicidesweresimilailv le$ed againn

S orlzad (lJ the resllls show thatonly @ncentalions hetucen 100 and 10r ofOnho

Difolatan,DifolatexandBenlatecouldptevcntlhegrowtholthhfungDsi$late Dnhane

M-45 only stoppcd the fungus growlh effeclivcly al 100, while Bordeaux mixture ad

CJ ix i r  M ( l  ndemoph l  coDld  no l  Lonro l  rhe  lungus  ar  anv  o f lhe  con ie l l rauon< u<eJ

From the $udies on the effed of tlngicide concentalion on the radial growlh oftwo

isolates ofsr/o.lrdtuu species, oi lhe fungicid6 tcsted, Diiolätex, Oilho Difolalan.

Benlate, Dilhane M - 45 and Glixin M (TridemoQh), jn lhat ordei were etilctive at

differenr @ncenkadons in prevenling the ladial grcwth ot S. afietuatu1n (1.). T^king

Tlbl€ 1: Efi4r ol iungicide conccnrilioi on üe ndhl grcw$ (mm)oi rwo iskr6 ot

Sardcladü,r species (papcr dßk nethod),

Each ar 1 x 106 conididdl. Concentarion lm = 10,000ppn



Lhc bc$ fungicide to be onc qhose smaue$ possibteconcentration gives effecrive con
kol oL lhe fungus growth, the resulß thereibrc showed that amonssl rhese etftctivc
,u -g ic  a" ,  l c {cJ .  D: to ld rc \ .  O-ho D i lo t rmn.  a ld  B(n t .k ,  In  .har  o ;Jer  s ( rc  lhe  ber
I t re !  t  r .on , . l . i r t rhegr^wrhotSnt r , , /u ,e r r ' I  LAt l \ou8hcat ix  lM(Tr 'Jcmuph)
1 f  I  Bordcau\  a r r lu lc .hnscd er  idencc  o fsume dc l ion  

"Ca in( l  lh r<  i J ta ,e ,  tü r  i l s rance
lhere was aSeneral inclcase in th€ amountoffungus growlh lron the higheil concenra,
!on of cach of these fungicides to rhe chccks, lhk tungus conplerely rcsislcd bejng
contollcd, in this mcthod, by Bordeaux mixturc at ait concentrations lesred a.d was
orly conrollcd by lhe hiehesrconcenharion ofCalixin M (Tridenolph). Thß therefore
su$esls thatin this mclhod otbioasay thesetwo fungicidcswcrepoo! in thetactio.
.EAinstS. auenaaüM (lt).When similaily rcned agajn$ S oryzae (r{) the resulls indi
cated rhar Odho Difolaran, Ditbialcx. and Benlale, in rhal order were lhe bcsl rhree
ftLngicidc $hich acted against rhis isolate. In conpaiison, it ß found tharS. o/tz"e(tr)
was more rcsistant to thesc fungicidcs rhan S drerzallr(t). Dithaic M 45 rcquned
very hiSh concenfationsto be cffeclive agaihsrS rry:ae (I.)while Bordeauxmixture
and Glixin M (tidemoAh) wc.e ineffecrivcaratl concenr.rions lesredby thisnelhod.
Tre  er - .ß rherern  esLgEe{ lha  r lemor rc -onon i r landeue.  i ve ,on ;cnr ra  io r  o la
siven fungucidc dcpcnded on (1) the funsus (2) rhe tungicide, and (3) rhe fungus -
tungicide cotubinalion refered to. ln general, Difoiarex, Oilho Difotakn and tsenlare
wcrc tlcbc(chemical agcnr,whilet ory2aewas th€ more resisranl isolale lested.

In gcncral,.onsidcring the nalu!e oflhis method, I issusested thatorherfacloß in the
cuxu.e mcdium such as dßsolved lutrienls and pH may have aü4rcd rhc rcspolsc of
tlcwholo funSusclltüre. However, since Dilblarex andOilhoDifolaranstillDroved to
bc lhe best twochemicais acting agaidst boLh holatesofs,,lc1adtun species test€d, lhe
fcsults lherefore suggesl that ifthele was any iitet'erence frcn the envüonmental fac-
lorsofthe culrure mcdium, itwas insignificant in rhhsrudy. (2)ALho0sh Difotarcx and
Odho Difolaran werc found ro be rhe best rwo fungicides againsl the Mo isotares of
&,?./d/'!n species Esed, and considering all the six @mpounds used, rhe ßolares
did not rare ilrcchenical agenß in like order.Tht suggeesrhar the recommendation for
dE be$ chenical depends on the causäl orgänism ofthc disease. and that carcful iden-
tilicarion otthe causalparhogen is lhercforcvery ihpoilanrin aconrot prcgnnne rhat
senously considers the usc ofchenicals. Thc lesulß fron thts studv usine rhe above
nren i l coed m4lod  con l im Ine  sork  o t  Ra6ura 'Fan c r  o .  ( t476) .  pur lay ;q1 .  . l  a t . ,
(1977), Kannaiyan (1979), Chiinaswamy ctal., (1981), and Sinsh el al.. (1981).

Since lhe iationale in selecling the fungicidcs used in this strdy was lhal (1) lhey are
nnpotunl chenical agentsalready in DSe in trdcan ASricuttural and hodicultu!at pEc,
ticcs but wihout any infornation on lhei acrion againstSarcctadiun qecies,e)they
have protective and #de ranse use (woRl_rNG, 1979). and (3) they are already being
uscd in kopicalAliica (Gnercon) loconrol cocoa pod and coffeebedy anthmcnosc
diseases(DifolaEx, Odho Difolalan, andCaliiln M(Iridenoryh), aid considedngthci
eficctivcness agäinst holätes otSa/ocladi!,n spccies as hereby r€poltcd, the; acrive
spccrum may thereto.e be expand€d to include prclcclion against Iungus dßeas€s of
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ccreds(rice) as wcll. Theinplicafonsofthcse findings ale thal (1) Fameßwho change

from coffee to lice faming will akcady be iamiiiar with these chcmicals from thel

prcvious usc for proleclion again$ tbe colfte bery disease Ric€ larneß ot lhe Euro'

pcan Deve lopmenr  Fund l inanced Upper  Noun Va l l€v  Deve lopnc iL  Pro jcc l

hcadqüailercd at Ndop. &ncrcoi, nay be living examples ofthis sillation because oi

rheil ;€cenl shifi ftom cofee to iice falming where both crops arc grown naidlv for

cash. (2)ftcscfunsicides (Ditolalex andOdho Difolalan) mäv therefore be included in

an inlegrated peil managenenl (lPM) Prcgdmne in any Altican rice tarntng svslcD

tor lheionkoi otgrain discoloration and sheath lot caDsed bv Jd,D./adnrr spccies
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