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Preliminary Evaluation of Nine Fungicidesfor Control of
Phytophthora cactorum and P. citrophthora Associatedwith
Crown Rot in PeachTrees

ThomasThomidis! andZisis Michailidis?

Excisedtwig assayand excised stem inoculation were usedto evaluae nine fungicides
(metalaxyl,fosetyl-Al, copperhydroxide,coppersulfate,copperoxychloride, captan,quin-
tozene propamaearbandchlorothaloiil) againstPhytophthora cactorum andP. citrophthora
associatedwvith crown rot in peachtrees. Segmentswere soaled in fungicide solutions
at different concetrationsandthen insertedvertically into P. cactorum or P. citrophthora
culturesgrowing on cornmealagarplus antibiotics,or inoculatedby insertinga mycelium-
bearingagarplug directly into the cambium. Following incubation the bark was scraped
off andlength of necrosiswas measured Metalaxyl was the only fungicide that inhibited
canler developmenton seggmentsat the manubcturerrecommendedoncertration. Fosetyl-
Al, captancopperhydroxide andcoppe sulfateinhibitedcanler developmentat3, 4,4 and8
gl™*, respectiely. The otherfungicides did not affect canler lengthsignificantlycomparel
with non-treatedwigs, with the exceptionof propamoceh, which reducedthe developrent
of P. cactorum on excisedstems.The testedmethodsenabledrapid andeffective evaludion
of alarge numberof chemicalgto preventcrown rot diseasesausedy Phytophthora in the
laboratory

KEY WORDS: Crown rot; fungicides;chemicalevaluationmethods;peachtree; Phytoph-
thora cactorum; Phytophthora citrophthora.

INTRODUCTION

An excisedtwig assaydevelopedby BoreckiandMillikan (2) andamendedy Jefers
et al. (11)wasusedto deternine the pathaenicity of different specief Pythiaceadungi
suchas Phytophthora cactorum, P. cambivora, P. cinnamomi, P. citricola, P. cryptogea
andP. megasperma to comparerelative virulenceof isolateswithin a speciesandpossible
relative resistancef differentappe scionandrootstockcultivars(8,1213,23,24). Also, it
wasusedby Scottet al. (20)for screenig micropropagtedshootsrom almord roatstocks
in vitro for their respose to P. cambivora. This methodwas usedto deternine the
seasonaVariationin colonizdion of applerootstodks by Phytophthora speciesassociated
with crown androotrot in appletrees(10.25). Browne andMircetich (4) investigatedthe
relationsiip betweertempora susceptibilityandseverity of crown rot developmert in an
orchad to expard basicknonledgeon developmert of Phytophthora crown rot of apple
in excisedshootsin vitro. It is oneof the leastlaboiious assaysandalso allows ample
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replicatiors. Becausef the uniforminoculaion of the baseof thetwig segmerts, lesions
developedonly upwardratherthanin severaldirectiors (11). Therdore, twig segmens do
notneedidenticalwoundng, becagemeasurenm of necrasisbeginsattheaga surface.

The excised stem inocuation method has also been emplo/ed to deternine the
pathaenicityof P. cactorumandP. cambivora (19), andfor evaluatingseasonathargesin
susceptibilityof citrusroatstocksto P. citrophthora andP. parasitica (17). Mathera and
Matejka(16) testedheeffectsof tempersureongrowth of P. citrophthora andP. parasitica
usingthis method

The useof amemedaga is oneof the mostcomnon methals to evaluatechemicals.
Thetechnige involvescultivation of the testpathog@non anagarmediumcontaning the
testchemical andthenmeasuing fungal growth (5).

The possibility of usingthe excisedtwig assayand excisedsteminoculaion methal
to evaluatechemicalsagainstPhytophthora speciesassociatedvith crown androotrot in
peachtreeswasnot testedpreviously. Thesemethod aredescribecherefor the first time
for evaluatingthe fungicical activity of nine chemicals:metalayl + mancaeb (Ridomil
Mz 635), fosetyl-Al (Aliette 80WP), copper hydroxide (Kocide 80WG), quirntozene
(Terrador), coppersulfate (Bordeaux mixture), copperoxycHoride (copper oxycHoride
40FL), captan(Captan50), chlorothalonl (Teren75 WP), propamocarb(Pronmess722
SL), in preventing crown rot of peachtreescausedoy P. cactorum and P. citrophthora.
In additian, the in vitro effects of fungicides on mycelial growth of P. cactorum andP.
citrophthora arerepated.

MATERIALS AND METHODS

Oneisolateeachof P. cactorum andP. citrophthora wasusedin all experiments.Both
isolateswereusedin previouswork (21) andfoundto be highly pathajenicto peachrees.
P. cactorum was isolatedfrom almord graftedon GF677rootsto& and P. citrophthora
from citrus graftedon bitter orange in 1998 Fung were maintainedon corrmeal aga
(CMA) at22°C. To premarefreshcultures,agarplugsbearingmyceliumof P. cactorum or
P. citrophthora weretransfered onto platescortaining cornnmeal agar Theseplateswere
thenincubatedat 21°C for 7 days.

Exp. 1 — Excised twig assay Cornmealagar amened with antibidics (pimaicin
10mg | —', ampicillin 250 mg |1, rifampidn 10 mg ') to avoid contanination was
addedo Pyrex jars(12cmhigh,9 cmdiam)to form anaga depthof ~ 1 cm. An agarmplug
with mycdium of P. cactorum or P. citrophthora from a 7-dayold culture wastransferre
into eachjar. Thejarswerethensealedwith Parafilmandplacedin incubatorsat 23°C in
thedarkuntil colony growth coveredtheagarsurface.

Oneyearold dormantshoots~ 40 cmin lengthwerecollectedfrom 3-yearold ‘KID
I peachrootstocls. Treesdid not shav any symptons of diseaseor signsof injury at
thistime. Segmeris 70 mmin lengthand~ 10 mmin diametewerecut from the central
portion of the shoots.The basalendof eachtwig sggment wasthencut tangemially with
asterilescalpel,~ 10 mmfrom theedgeand1 mm deep,on oppositesides,to exposethe
phloam andcambiumto infection by a pathaen.

Suspesnionsof fungcideswerepreparé by mixing fungicidein steriledistilled water
at four different concetrations,basedon active ingredents (onebeingthe manufcturer
recommendecconcettration) (Tablel). Tenof the paredsegmentsweresoaledin eachof
thefungicidesuspensionf®r 1 min andthenplacedonasoftpapertowel until dry. Twigs of
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eachfungcide wereinsertedverticdly, distalendup, atthe periphey of thefungd colory.
Thejarswerethenresealedvith Parafiimandreturnel to theincubator (23°C in thedark)
After 4 days,twigs wereremoved from agarandthe epidemis wasstrippedoff to reveal
theextentof internaldiscoloation. Theresultswereobtainal by subtractig depthof aga
from thetotal lengthof necrais. Thereweretenjarsfor eachfungcide concentration,five
jarsfor eachspecies.

Exp. 2—Excisedsteminoculation Two-yearold dormant shoots~ 50cmin lengthwere
collectedfrom 3-yearold KID | peachrootstocls; sggmeris 10 cmin lengthand~ 2 cm
in diametemwerecutfrom the centralpart. Treesdid not shav arny symptons of diseaser
signsof injury atthistime. The segmentswerewourdedwith a sharpknife by remaoving 6
mm of barkfrom thecentralpart. Sgmentswveresoaledin fungcide suspensiofor 1 min
andthendried on a soft papertowel. Suspensiasiwereprepredby mixing a fungicidein
steriledistilled wateratfour differentconceirationshasednactiveingredientgonebeirg
themanubcturerrecommeidedconcetration) (Table2).

Inoculationswere madeby insertingan agarplug (6 mm diam) beamg mycdium of
P. cactorum or P. citrophthora directly onto the cambium. Woundswere covered with
adhesre tapeto avoid desiccatiorandsegmeris wereincubdedat 23°C for 5 days.There
were 40 sggmentsfor eachfungcide concetration, 20 for eachspecies. The datawere
obtainel by measuringhelengthof developedcanlers.

Exp. 3—Linear growth Theeffectof thefungcideson mycelialgronth of P. cactorum
and P. citrophthora was determind by growing fungi on CMA amendd with various
concetrationsof fungcides. Stock suspensionsf fungcideswere premredby mixing
thefungdcide in steriledistilled waterat appopriateconcentations;it wasaddedto CMA
afterautodaving to give final concentationsof 10, 100 500,100 mg| —!. An agarplug
(6 mm diam) taken from the magin of an actively growing colory of P. cactorum or P.
citrophthorawasplacedn thecenterof agamlatesandincubatecht23°C. Twentyreplicate
plateswereusedfor eachtreatmenttenfor eachspecies.Colory diametermeasurerents
of mycelialgrowth weretaken4 daysafterinitial transfer Growth onunamededagarwas
usedto determire thedegree of inhibition.

Statistical analysis Theexperimentswereestablishedisinga rancdmizeddesign.Data
were analyzd by oneway analysisof variance To separategroups of treatmeh means
which were not significantly different, Duncan’s Multiple RangeTest (P = 0.06) was
used. Eachexpeiment was condictedthreetimes; resultswere similar (Bartlett's test,
P<0.06) and the datawere therebre combired. Dataof Exp. 3 were also expressed
as percemagediseasecontrol relative to nonfungcide (Abbat's formua) andthe mean
effective corcentration(EDs), andits 95% confidence limits were calculatedby probit
analysis. The significane of the proht regressionlines was testedby calculatirg the
correldion coeficient, r. The confidencelimits were usedto compae the ED 5, of the
differentfungicides.

RESULTS

Exp. 1 — Excisedtwig assay Metalaxy was the only fungcide testedthat inhibited
canler develgpment completely at the mandacturesrecomnendedconcentation. No
significant differerce betweenmetalaxyl and copper hydroxide was obsered when
mycelial growth of P. cactorum was evaluated. Stronger developmentof P. citrophthora
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was found on twigs treatedwith copger hydroxide thanon thosetreatedwith metalaxy.

Copperhydroxde reducel the development of P. cactorum significantly more than ary

other fungcide tested. The growth of P. citrophthora on twigs treatedwith copper

hydroxide did not differ from on thosetreatedwith fosetylAl. Copperhydroxide was
more effective than all other testedfungcides againstboth fung. Developgmentof P.

cactorum and P. citrophthora on twigs treatedwith fosetyl-Al or coppe sulfate was
inhibited mocderately compared with nontreatedtwigs. Significant differerces were
obseredin canlerlengthbetweerfosetyl-Al andcoppe sulfatetreatmentsBoth of these
fundcidesweresignificantlymore effective aganst P. cactorum andP. citrophthora than
were chlorahalonil, captan copper oxychloride, propamocarband quintazene. Growth

of P. cactorum andP. citrophthora on nontreatedtwigs did not differ from thaton twigs

treatedwith captan,chlorahalonil, copper oxycHoride, propanocarb, or quintazeneat

themanubcturerreammmenedconceiration(Tablel). Fosetyl-Alandcopper hydroxide

inhibited the developmen of both fungi at 3 and4 g | —, respectiely. Copper sulfate
redued significantly the growth of both fungi at6 g | ~' andwasinhibitory at8 g | ~1.

Also, canler developmen causedy P. cactorumor P. citrophthora wasinhibitedon twigs

treatedwith captanat 4 g I=!. In contmast, no significant difference existed between
twigs treatedwith quintazene,copper oxychloride, chlorothaloril or propanocarh and

non{reatedwigs, atary of theconcentationstested(Tablel).

Exp. 2 — Excisedsteminoculation Generallythe resultsgeneatedwith excisedstems
agreewith thoseobtaired in the excisedtwig assay At the mandacturerrecommeded
concettration, both metalaxy and fosety-Al inhibited the developmentof P. cactorum
and P. citrophthora on segmeris almostcompetely. Copperhydroxide redued canler
devdopmert significantly but significantly less than metalaxyland fosetyl-Al. There
were no significant differencesamory copper sulfate, propanocarband quintaeenein
the develogpmentof P. cactorum. Coppersulfate was more effective agairst P. cactorum
andP. citrophthora thanchlorothalonil, copper oxychlorideand captan but lesseffective
thancoppe hydroxide. Also, it redu@d the devdlopmert of P. citrophthora significantly
more than did propamocab and quintozene. There were no significant differences
in growth of P. cactorum amongpropamocarb copger oxychloride chlorottalonil and
quintazeneatthemanufcturerrecommededconceitrations.Develgpmentof P. cactorum
on segmentstreatedwith chlorothalonil, captan quintozeneor copper oxychloride did
not differ compared with nontreatedsegmeris. Growth of P. citrophthora on twigs
treatedwith propamocab, quintozene,chlorotralonil, copper oxychloride or captanat
themandacturerrecommededcorcentratios did not differ significantlyfrom growth on
untreaedtwigs (Table2).

Copper hydroxide couldinhibit the developmert of bothfungi onsegmensat4 gl —1;
coper sulfateredicedthe growth of bothfungi significantlyat6 g | —!, andwasinhibitory
at8gl—!. Captarwaseffective in inhibiting canler developmentat4 g1 —1. Propamearb
wasableto redicethemycelialgrowth of P. cactorumonsegmentsat3 gl —*, but coud not
inhibit thefungal growth ata concerrationashighas5 gl —'. Prommocarkhadno effect
on the growth of P. citrophthora at ary of the concerrationstested. The develgpmentof
fung on segments treatedwith quintozene,coppe oxychloride or chlorothalonl did not
differ significantlyfrom thaton nontreatedseggmentsat ary of the concetrationstested.
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Exp. 3—Mycelial growth All testedfungcidesredwcedmycelialgrowth of P. cactorum

andP. citrophthora at 10 mg | 1. At this concetration, metalaxy andcopper hydroxide

werethemosteffective fungicidesandonly chlorahalonilandcoppe sulfatehadno effect

onthegrowth of P. cactorum. Copperoxychlorideandpropamocarkreducel the mycelial

growth of bothpatha@enssignificantlymore thandid copper sulfate,captanchlorahalonil

or fosetylAl at 10 mg 1~'. Quintoznecauseda similar redwction in mycelial growth

of P. cactorum to copper oxycHoride at 10 mg | 1, but was less effective than copper
oxychloride aganst P. citrophthora at the sameconcentration. Metalaxy and copper

hydroxide at 100mg |~ suppessednycelialgrowth of P. cactorum andP. citrophthora

competely. Copperoxychloride, captancoppersulfateandchlomthalonl redwcedgronth

of P. cactorum significarily; therewas no significart difference in mycelial growth of

P. cactorum cultured on agaramened with propamocarb fosetyl-Al or quintozne at

100 as compaed with 10 mg |~1. Therewas significarly less mycelial gronth of P.

citrophthora onagargrowvn with copper sulfate,copperoxychloride,captanfosetyl-Al and

propamocarbat 100 ascompaed with 10 mg| —!; quintazeneandchlorahalonil did not
affect growth of P. citrophthora at 100mg|~'. At 100mg|~—!, coppersulfate, copger
oxychloride and propamocab redwced the radial growth of both Phytophthora species
significantlymorethandid captan fosetyl-Al or chlorothalonl. No significantdifference
was obsered in radial growth of P. cactorum culturedon cornneal agaramened with

quintazeneor copper sulfate at 100 mg | ~!. In contrast,at the sameconcefration,
copper sulfate was more effective than quintozenein reduction of the mycelial growth

of P. citrophthora. Both coppe oxycHoride and coppe sulfateat 500 mg | —! inhibited
growth of P. cactorumandP. citrophthora. Growth of bothfungi wasredwedsignificantly
by chlorathalonil, fosety-Al, quintozeneandcaptarat500mgl —1. Only prgpamocab did

notinfluencemycelial grovth at 500mg | —*. Captanandfosetyl-Al were moreeffective
than prgpamocab and chlomthalonl at 500 mg | —1. At 500 mg |~!, quintozenewas
more effective againstP. cactorum than captanand fosetyl-Al but lesseffective against
P. citrophthora than captanand fosetyl-Al. At 100 mg | !, captanand quintozene
suppessedgrowth of P. cactorum and P. citrophthora completely and fosetyl-Al and
proppmocarbrediwced growth of both fungi significantly; chlorothalonl did not affect

grownth atall (Table3).

Basedon the probit analysis(Table 4), it is seenthat copperoxychloride, copger
hydroxide and metalaxy are the most effective fungicides at the lowest concatrations
agairst P. cactorum, followedby pragpamocab andquintozene TheED 5, of chlorahalonil
was beyond the limits of the experimental data, suggestingthe needto test higher
concettrationsif accurae resultsand comparisonsare wanted. Coppe& hydroxide and
metalaxy werethe mosteffedive fungiddesfor cortrolling P. citrophthora, followed by
copper oxycHoride, coppersulfate and propamocab, andlast by chlorahalonil — which
requiredthe highestconcetrationamorg all fungiddestested.

Coprer hydroxide and metalaxylwere the most effective fungicidesfor contmwolling
bothfung. Copperoxychloride, on the otherhand,which wasone of the mosteffective
fungcides for contrdling P. cactorum, was less effective than copper hydroxide and
metalaxy in contrdling P. citrophthora. Captanandcoppersulfateweremore effective in
contrdling P. citrophthora thanP. cactorum, whereashe inversewastrue for quintazene.
Propanocarb was quite effective in contolling both P. cactorum and P. citrophthora,
whereasfosetyl-Al and chlorothalonil required the highestconcertration to achieve the
EDso respomselevel.
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DISCUSSION

Resultsof this study supprt thoseof previous works shaving that both metalay!
and fosetyl-Al provide effedtive contrd of diseasescausedby Phytophthora species
(6,914,15,18,5). However, fosetylAl had the ability to inhibit completelythe devel-
opment of both fungi only at a concetration higher than that reconmendedby the
mandacturer

In the presentstudy also copper hydroxide was an effective fungcide agairst P.
cactorum and P. citrophthora. Jefers (9) repated that copper hydroxide was effective
asa preplan roat treatmentto redice the inciderce of Phytophthora on dormant apple
rootstoks, but lesseffectivethanmetalaxy. Coppersulfateappliedastrunk paintis widely
usedfor preventinginfectiors of fruit treesby Phytophthora speciesn Greece. It was
found by usto redue@ canler developmen at 6 g | ! andto inhibit the growth of both
fung at8 g1~!. It waslesseffective thanfosetylAl, metalaxylandcopper hydroxide at
the mandacturerrecommeadedconcettration. Brown andHendix (3) found thatcopper
sulfatewasinadeaiatefor contrdling P. cactorum collar rot of apple.CopperoxycHoride
wasineffectivein vivo (Tablesl and?2). It hasbeenrepotedthaton citrustreesinfectedby
Phytophthora, excisionof affectedtissueandpaintingwith arny copperfungicideimproved
treerecovery (22).

Captanwas also an effective fungidde aganst both fung at 4 g 1 -1. Similarly,
Brown and Hendix (3) found that captan,at 100mg | ~1, significarlly redwced growth
of P. cactorum in vitro. Timmer (22) repated that60 mg | —! of captanwasrequirel to
achiere 100% inhibition of Phytophthora in a bioassay Chlorottalonil and quintozene
wereineffective in contrdling canlerdevelopmentcausedy Phytophthora in vivo (Tables
1 and?2). Terradlor (quintozene)waseffective in controlling roct rot of azaleacausedy
P. cinnamomi whenappliedat leastfour timesin a 28-weekperiad (1). Propamearb,in
our excised stemexpeliments, reducedthe growth of P. cactorum at the manufcturer
recommendedconantration, but its effectivenesscould not be improved by increasiig
the concettration. In addition this fungicide codd not influencethe developmert of P.
citrophthora at ary of the concentrationstested.It is possiblethatit hasselectve actiity
depeunling onthe Phytophthora speciesErwin andRibeiro (7) reportel thatpropamocab
gave goad contol of Phytophthora diseasesHowever, Matheon andMatejka(14) found
thatpropanocarbandetridiazde did notinhibit growth of P. parasitica andP. citrophthora
insitu.

Somedifferencesvere obseved betweenin vivo andin vitro expeiments. Whereas
propamocarbcopperoxychlorideandquintoznewereineffective agairst P. cactorumand
P. citrophthora in vivo, thesefungicidesshaved someactivity agairst both pathaensin
vitro. It is possiblethatthefungicidal actiity of thesefungcideswasinfluencel whenthe
materialwas appliedto planttissues(stemsandtwigs). However, the factos resposible
for aredwctionin actiity of fungicidesafterapplicdion on stemsandtwigs have notbeen
identified.

Both the excisedtwig andexcisedsteminocuation assayusedin this studyarerapid
andreliabletechnigesfor testingtheefficacy of fungicidesin thepreventionof P. cactorum
andP. citrophthora associatedvith crowvn rot on peachtrees.Resultscanbe genergedin
a few daysinsteadof the several weeksor montts neededwith previous methods. The
method describedn this paperarequite simpleandallow amplereplicatians.

8 T. ThomidisandZ. Michailidis
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