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8.ptorla blt9tat of celery (MIU gray.ol.eM) cau.ad by 

I.ptorta aQUcola 1 •• co-.on dl...... 7tala work dealt wl th 

the c1.veloPMnt of a al_le forec.et lIOdel to tl_ funglclde 

application to .. na,e the ~119ht. "WO etudle. wer. conducted 

to e.a.ln. the eff.ct of relative hu.ldlty (65, 88, 92, 96', 

and wet) tellPerature (15, 20, 25, and 28 c) and expoeur. 

p.rlod (6, 12, 24, 48, 72, and 96 hr) on .pore production. 

Spor •• were produced et .11 l.vela of relative hu.ldity and 

tellper.ture teated. Overall .pore production Incre •• ed wlth 

lncrea.in9 rel.tive hu.ldlty. The qreat •• t and the l •• at 

were procluc.d aft., • 48 hr wet perlod.t 20 and 1.8 C, 

reapectlvely. "WO re9reealon -.octela were d.v.lopecl to 

predlct spore production a. functlona of relative hu.idlty 

aRd t.lIPerature. In order to vaUdate the infection functlon 

.o4el a field experi .. nt wa. conducted ln 1"9 to qu.ntlfy 

latent per loci. A .. an l.tent p.r lad beCJlnnlnq of 12 daya, a 

.. an latent perlod 50' of 14 day., .nd a .. an l.t.nt perlod 

endln9 of 19 days weEe eatabUahed. Iwo reqre.alon lIOdel. 

vere d.veloped to pr.dlct latent period beCJinnlnCJ and l.tent 
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per IGd ending a. functlon. of .an .. xl.u. and .an 'l'nl .... 

te.er.ture.. In order to develop a all1Pl. for.c •• t aoctel 

field expert_nts VlEe conduct.ed ln 19.9 aad 1990. rro. 

tbe.. st.U •• two Il..,1. fOE'C •• t Mdel. are propo •• CS to 

lnltlate fan9lcld. appllc.tlona: 1) Inltlal dl ••••• 

OCCUErence. 2) A c..ulatlve di ••••••• verity value (CDSV) of 

23. U.lng the forec •• ts propo.ed lt la po.slble to rlclue. 

Uv. to .even appUc.tion. of fungicide. dur lng the cilery 

growlnCJ se.son ln Quebec. 
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RESUME 

Edgar Martinez Granja Plant Science 

FAcn:URS INFLUENCAIIT LB DEVELOPPEtŒiI"l" DE 

LA SEPTORIA CHEZ LE CELERI 

La "septoria" chez le céleri (Apium graveolens) causée 

par la Se.P.t-oria apiicola est une maladie fréquente. Cette 

thèse tralte au développement d'un modèle prévisionnel 

simple pour établir la fréquence d'application de fongicides 

at in de contrOler le champignon. Deux études ont été menées 

rour vérifier l'effet de l'humidité relative (65 %, 88 %,92 

\, 96 % et humide) et de la température (15,20, 25 et 28 

degrés C) et ce, à une période d'exposition (de 6, 12, 24, 

48, 72 et 96 h) sur la production du spore. La production 

de spores s'est produite à tous les degrés d'humidité 

relative et de température vérifiée. L'ensemble de la 

production des spores s'est accrue avec l'augmentation de 

l' humidi té relative. La product.ion du nombre de spores le 

pl us é levé et le pl us bas a eu lieu après avo i r enreg 1 stré 

une pér iode d' humid i té de 48 h à des températures de 20 et 

28 degrés C, respectivement. Deux modèles de régression ont 

été mis au point afin de prédire la production de spores 

comme facteur d'humidité relative et de température. Afin de 

confirmer une infection qui s'est développée antérieurement, 
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une expérience sur le terrain a été menée en 1989 pour 

quantifier la période latente. Les périodes suivantes ont 

été établies : une période latente moyenne initiale de 12 

jours, une période latente moyenne de 

14 jours à 50 \ et une période latente moyenne finale de 

19 jours. Deux modèles de régresssion ont été con~us pour 

prédire la période latente initiale et finale comme 

température minLmale et maxLmale. Pour concevoir un modéle 

prévisionnel simple, des expériences sur le terrain ont été 

effectuées en 1989 et 1990. Selon ces études, il est proposé 

deux modéles simples pour 

l'application de fongicide 

prévoir le commencement de 

1) l'apparition du début de la 

m~ladie et 2) un niveau de maladie cumulative avancée (CDSV) 

atteignant 23. Gr.ace à l'utilisation des prévisions 

proposées, l'application de fongicide peut être réduite de 

cinq à sept pendant la période de culture du céleri au 

Québec. 
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A vld. .pectrua of di...... .re .ncount.rad ln th. 

production 

the yi.ld 

of c.l.ry. 7he •• dl •••••• 

of thi. l~rt.nt v.g.tabl •• 

cGntlnu.lly thre,ten 

L.te bllght lnduced 

by 8.RtOEll aRlicol. 8p.9. 1. on. of th. ..jor conatralnta 

ln celeEY production. Ch •• lcal control h •• b •• n th •• o.t 

co..,n .thod utl11z.ct ln th. ..nlg •• nt of th. dl •••••• 

Funglcid.. .re .pplied .t 1-10 ct.y Int.rv.l.. Howev.r, 

concerna .bout the envlron .. nt and po •• lble h.alth rlek. 

have Incr •••• d th. n.ad to r.duc. funglcid. application 

throu9h. dl ....... n., •• nt pEo,r... In ord.r to dev.lop 

.uch a pro,r •• lt 1. n.c ••• ary to have an In-d.pth knowledge 

of th. factor. influ.neln, the on •• t .~)d dev.lop.nt of the 

dl.e •••• ~o d.te, no quantification of th. co~onent. of. 

l.t. bll,ht epld •• lc,.. .ffect.d by w.ather f.ctor., h •• 

been carrled out. A det.lled .tudy of th. factor. 

Influencin9 Infection, .porulatlon, .nd dl •• e.lnltion 1. 

required to d.velop • fund ... ntal forec .• at ln, ay.tea. 

~h. ,.ner.l obj.ctive of thl. r •••• rch w •• to ld.ntlfy 

c.rtaln l~rt.nt f.ctor. whlch Influence the develop .. nt of 

septoria bll,ht ln c.l.ry ln order to for.ulate a 

for.ca.tln, syste. to ti.e funglcide application. 

Yh •• peciflc objectlv •• were 1) to .tudy the .ffect of 

t.ap.rature and rel.tlve hualdity on spore production and to 

1 



develop .odel. to predlct .pOE. production b •• ed on 

te~erature and relative hu.ld1tYI 2) to quantlfy latent 

perlod and to develop a .odel to pred1ct latent perlod fro. 

te~.ratur., 3) to pEopo.e a .1aple for.ca.t .odel to tl .. 

fun91c1d. application •• 



T 

ca.y "ODUCrlœ. C.l.ry (Ml- al.Ylol •• 1 var dule., 

Pera.) l, producld ln varlou, provlne •• ln Caoada wlth an 

•• tl .. ted vllue flr. glte of '13.2 .11110n dolllr, and. 

production .r.a of 797 bl for 1990. Qu.b.c grew 406 ha wlth 

1 v.lu. of '5.4 .11110n. ln 19.9 (Anonyaou., 1991). L1k. 

otber cropa, celery yi.ld 1. .ff.ct.d by blotle Ind ablotle 

flctor., 880ng wblch dl...... e.u.ed by fungl, b.ct.r14, 

n ... tod •• , and viru • • r. of partieul.r l.,ortane.. Major 

fun94l dl...... of c.l.ry lnclud. tho.. cauald by S.gtorl. 

1811col., ru.arlya olY'8ocya, Pytblya .pp., IbllQÇtool. 

101.01, Icl.cotlol. Icl.rotlocga, Scl.cotlu. ,01fll1, .nd 

eecco.por. ARLl (aant.nd Itor.y, 1952, B.rg.r, 1970, 

B.n.dlct, 1973, Ollon, 1988, .onn.ek., 1989). Such a wlde 

.p.etru. of dl...... bal ,tl.ul.tad th. dev.lop .. nt of 

r •••• rcb focus.d 00 dl..... r •• lst.nee, exclu.lon and 

.r.dleltion .... ur •• and th. d.v.lo~nt of for.e •• t .04.1. 

to ti .. funglcld •• pplleation (Str.ndb.rg, 1982, .ono,ck., 

19.9» • 

• DU. UP8C'IP8 CW '~IA &1..,. 'l'h. dls •• se koown 

.e leptorla bl1ght or lite bllght w.. flr.t d •• crlbed ln 

Italy ln 1890. ~bl. bl19ht l, now pre.ent wb.rev.r cel'EY 1. 
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J-.o~~..c.. Th. dl..... c.u... reductton ln pl.nt 

,rowth .nd h... dlrect .ffect on th. qu.llty of th. fln.l 

prodact. Th. co.t. of ch •• lcal control .lao aff.ct th • 

.. rket valu. reductn~ th. lnco .. of th. 9roWlr •• It 1. 

con.ld.r.d th • .o.t h.~.Iul dl ••••• of c.lery and 10 •••• of 

up to 90' ln co ... rcl.l fleld. have b •• n reported 

'~on~u., 19"; Sheridan, 19", Oizon, 1978; Sh.rf and 

Macnab, 19"' • 

• ~ .... Th. flrat .~to .. d.v.lop •• clrcular y.l10w 

ar.a. whlch ~radually Chan, •• lz. and turn brown, rln9ed by 

dark .. r9ina and chlorotlc b.10 •• In.lde tbe 1 •• 10n., ln th. 

n.crotte tt.au. lt 1. po •• lble to .ee th. pycnldla. L •• lon. 

are u.ull1y clrcu1.r, but It 1. po •• lble to flRd lrre,uI.r 

.hape. d.pendln9 on the a,. and co.l •• c.nce o! 1 •• 10na a. 

well a. on tb. develop .. nt of apot. clo.e to v.lna 01 the 

l.af. Th. patho,.n flrat Infect. th. old.r le.v •• of both 

•• edllft'. and adult pl.nt.. Pro. th. older l.ave. late 

bl19ht apread. to the Whole plant lncludlnq p.tlole. 

(Gabrlelaon and Grogan, 1964; Anonyaou., 19'6; 81 .... t al, 

1977, Sh.rf .nd Nacnab, 19"'. 

P.~boge.. S.ptorla bl19ht 

• giicola Spe" whlch 1. on. 01 

• 

1. cau.ed by S.ptOlt • 

the .o.t har.ful of th • 



l'AtOlll .pp, and la thl only .p.cl.. p.thoqenlc to c.llry 

(Anon~ua, 1966; Blnedict, 1913). Tbl. funqua belonqa to 

the subdlvl.1on D.utero.ycotln. .nd the ord.r 

Sph.elop.ld.lea, I •• lly Sphlelopald.ce.e (Allxopouloa and 

Ml .. , 1919). 7h ••• xual ataq. 1. unknown. An •• exual ataq. 

1. co.-only found. the pycnldlu. t. Ple •• nt ln .11 .ffectld 

tl.suea. It la dark, wlth ostiole lounded to 1rl.qulll, and 

lt la conaldeled to be .. ture If ln open pOle can be 

ob.lrved (Oabll.laon and Grogan, 1964~ Alexopoulos and Ml .. , 

1979). Pycnldta awell with the absolptlon of water and .ftlr 

a per1Gd of tl .. expel a clrrhua of apole •• !hl. clrrhus la 

white to tan ln COlOUI, 1. a11.y and prevent. the re.ov.l of 

apor.. by wtnd. Oncl ln cont.ct wlth wat.r the .pOI'. ar. 

rl1e •• ed 1 ... dllt.1y per.lttlng qel.lnatlon. Nater 1., 

therefore, an l~rtant f.ctor ln the .ple.d of the dl ••••• 

(MacHlllan, 1942; Loula and Cooke, 1ge5; Witt and MeCaltney, 

1986; Pltt.t al, 1989). th. SpOI'. al. hyalin., fillfor., 

atralqbt to curved. the nu~r of septa v.ll •• fro. 0 to 7. 

At .. tullty th. apor •• bavI a .1nl.u. of 3 •• pta and ar. 

'I.dy to leave the pycnldlu. undel optl.u. envlron .. ntal 

condition.. ~h. Plea.nce of .or. than l a.pta 1. an 

indication that a .pore la qrowlnq and will ger.lnatl 

wlthln • few houra ("acHIll.n, 1942). 



dyne.le end coapl.x biologieal proc..... that develop ln 

.PAc •• nd tl ... 'h.y .xpr ••• the dev.lopaent and behaviour 

oi the para.itic r.latlon.hlp bet\ween pathog.n and ho.t a. 

Influ.nc.d by the patt.rn of fl.ld ~nviron .. ntal condition. 

wb.r. the crop dev.lop. (Zadok. and Scheln, 1979). Th. 

epld •• lc con.l.t. of proc ••••• call.d Inf.ctlon cycl ••• Bach 

Inf.ctlon cycle .tart. wltb on. infection unit and .nd. with 

tb. production of a new generation of infection unit. 

(&adok. and Schein, 1979; Pry, 1982). The inf.ction cycle 

con.i.t. ln lt. turn of a nu~er of .ubproc •••••• uch a. 

inf.ction, .porulatlon, .nd di •••• in.tion. ln e.ch 

.ubproc ••• th. pathog.n pr ••• nt •• p.cific f.ature. according 

to the host and environ.ental conditions. To a110w th.ir 

co~l.t •• x •• in.tion and quantification, th. .ubproc •• s can 

be .ubdivld.d lnto ... ller ph.se. accord1ng to the growth of 

th. pathoqen (Iadot., 1978; Zadot. and Scheln, 1979; 

Ca.pbell .nd Hadden, 1990). Thu. th. rat. of dl •••• e 

d.v.lo~nt, th. polycycllc proc ••• , depend. on the aaount 

of Initial inoculu. and th. factors loi1u.nelng the varlou • 

• ubproc •••••. 

1~1... Th.r. Ar. two .. ln .ources of Inoculu. fro. 

which ••• d11ng8 and adult plants of a n.w erop becoae 

Inf.cted ln the field, na .. ly, Infeeted erop d.brls and 

infected .e.d. (Linn, 1939; Sheridan, 1966; Sh.rf and 

Macnab, 19.'). The eff.ct of Infect.d erop debr1s on dl ••••• 

, 
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apread ln the .... fleld depend. on the survlval 

spor •• of the pathogen under field condition. and 

of the 

on the 

tl .. lnterval between Incorporation of previou. crop ~ebrl. 

tnto soll and the plant1ng of the next crop. Ba.ad on the.e 

factors It is genera1ly reco ... nded that celery crop debrls 

be Incorporated lnto the .011 21 ~nth. ln advance of a new 

celery planting or to practlce an Adequate rotation ln ord.r 

to reduce th. rlsk of new infection (Shelldan, 1966; Naude 

and Shuring, 1970). 

Seeda are a1so an l~ortant vehicle for dlsper.al of 

the pathogen and dl •••• e apread. Viable spore. are carr1ed 

on the aeed and .yceI1u ... y be found in te.ta. aeed-borne 

spore. have been found to be the .. jor cauae for seed11ng 

infection (Sheridan, 1966; Hewett, 1968; Naude, 1970) The 

a.ount of infection dependa on the v1ab111ty of the expelled 

spores wblch ln turn depend on the age of pycnldla and seed 

storage teaperature. aeed-borne .pore. re .. ln viable for a 

period of 15 aontha. However, at -10 C for 18 .onth. the 

abl11ty of apores to caus. 1nfection ls hlgh. At a 

te~erature range of 11-18 C the nuaber of pycnidla 

expelllng spores decllned approxiaately by 90\ in 4-6 

.ontlas, and to zero ~t.'ter 12 .onth., wlth a correapondlng 

reductlon ln the abillty to Infect (Hewett, 1968; Sheridan, 

1968a, Naude and Shurlng, 1970; Sherf and "acnab, 1986). 

infection. aeptoria apiicola .por •• 

., 



penetrete dlrect1y into 1eave. or petiole. aftd ayce11a ,roW8 

interce1lularly throuqhoat the whole leaf (Benedict, 19131 

Dixon, 1911, Sb.rf .nd Macnab, 1986; Dlxon, 1988). spore 

,er.lnatlon 1. w.ather dependent and environ .. ntal 

condition. play an i~ortant role ln ~. apl1cQla 

deYelo~nt. Spor.1 ger.lnate aftd p.netrat. the 1.af tl •• u. 

aRder hlgh relative bualdlty not lei. tban 90' for 48 hr or 

fr.. .ol.ture for at l.a.t 24 hour. at teaperatur.. b.twe.n 

20 and 25 C (Gabrie1.on and Gro,an, 1964, Sheridan, 1968a). 

te~erature II not a 11.1tlng factor fOE .pore ,.r.lnation 

becau.e they can ,er.inate wlthln a t.ap.r.ture Ean,e of 

about 12 to 28 C (Sh.rf and Nacnab, 1916). Por .ucc ••• ful 

Infection, a perlod of 36-12 houri of contlnuou. h19h 

hualdlty at 15-11 C 1. r.qulred (Gabrlellon and Oro,an, 

196., SheEldan, 1968b; .erg.r, 1970). How.ver, at optl.u. 

t.~erature and relative hu.ldlty the ,.r.lnatlon 1. 

InyeE •• ly relat.d to .pore concentration, the hlgh.r th • 

• por. concentration the 10Mer the ,er.lnation. thl. effect 

1. attrlbuted to the pre.enc. of a ger.lnatlon Inhlbltor ln 

th. ..trlx of th. clrrl (Ber,er, 1970; Loul. and Cooke, 

1985). However, the incr •••• ln the nu~.r of 1 •• iona 

produced after Inoculation i. dlrectly relat.d to the 

Incr •••• ln .por. concentration (Sberidan, 1961b; Mudita and 

Ku.hal.ppa, 1991). 

the infection labproce .... y be de.cribed a. a functlon 

of enYlron .. ntal factor. .uch a. te~erature, relative 

• 
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hu.ldlty and _tn... '8I»10yln9 r',E ••• lon lIOd.la. 8uch 

lIOd.l. -r b. u.ad ln for.ca.tinCJ dl ••••• (P.cl.vll.t, 191', 

hEner .t al, 198'; .att and loyle, 1'90) •• e41r •• slon .odel. 

hav. b.en d.velop.ct to predlet inf.etion of soyb •• n leav •• 

and .e.da by PbOMP'll 19n.lcoll. (,.KEony.t al, 19831 Rupe 

and 'erE la, 1'.") Ind of eaErot l.ave. by cereo.por. cargta. 

(Carl ••• and Ku.halappa, 1990). 

"~.Dt 'eElad. L.tent perlod (LP) i. a perlod of ti .. 

fro. Inf.ctlon untU n.w 1.,lon. produced beco .. tnfeettoui 

(Iadok., 1''1'; Parl.vllet, 1''1'; CaJlpbell .nd ... dd.n 1990). 

It pla,. a .. ;Jor roi. ln d_ter.1nlnC) the infection r.t •• 

10r_Uy, 1 .bort.r LP re.alts ln an iner •••• ln tb. nu"'e, 

of Inf.ctlon cycle. durin41 • croppinCJ •••• on.nd thu.,. 

hlgla.r lnf.ctlon r.te (P.rlevUet, 1915; 8hener, 1980). The 

LP varl •• dep.ndlnt on t • ..,.ratur., .ol.tUE., .C)' of the 

l •• f, a9- of th. plant, !noculua denllty Ind C)enotype 

('.ElevII.t, 19.,5, PEI •• I.nd and 8ehEodt.r, 1988). Under 

.xtre .. tellP.ratar •• th. l.tent p.riod could be lenCJth.ned, 

reduclnC) th. nu"'r of ,poEe CJener.tiona occurE lnC) dur ln41 a 

•••• Oft and reduc1nq the rate of epAeS •• lc eS.v.lo~nt 

(Colhoun, 1973; Rot •• , 1978). "lIPerature a. w.ll •• 

daration of l.af wetoe.. Influ.nce the latent per lad of 

'eptgr la AMgcya ln wh •• t. 1 t ha. been found that latent 

p.r 104 1. redueed by.n Incr •••• ln both te.erature and 

... tne.. daratlon (8h •• r.r and Zadok., 1912, 1974). Und.r 
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exp.Ei_ntal conditlona tbe lat.nt p.rlod of celery late 

bllCJht varl •• bet..,.en '1 to 14 cla,. depencUn9 on tellP.Eatur •• 

At eontEolled t ... eEatuEe. b.t .... n 20-25 C SYllPto_ dev.lop 

wlth1n 7-8 claya, and fOE plant. _lnt.lneel at 28 C dUElnC) 

part of the day SYJII)to. appeaEanc. wa. delay.et to 14 day. 

wlth lOWIE cil..... ..veElty (a.r,er, 1910, 81 ... et al, 

19771 Ih.rf and "'cnab, 198'). Under fleld conditions 

ay.pto .. ware vl.1bl. 9-12 daya aft.r Inoculation (SI ... et 

al, 1977). 

'l'he .aaUEe of latent peEiod applied to a population of 

le.10na 1. IllPortant for forecastlnC) purpo •• s (Kranl, 1914; 

Shan.r, 1980). L.tent peE iad can be .a.urecl ba.ecl on d811y 

countln, of the nu~er of ll.lon. or pu.tul •• on th. leavl •• 

.,he nUMer of pu.tules are countad untll no ..,re puatule. 

app •• r anet then the tlM ln daya untll 50' are vl.lble 1. 

calcu1ated (Parlevllet, 1915). tbla procedure b.. been 

cEltlclsad becau.e no Inforutlon about the rate and th • 

• lnlau. latent perlod la .vallable. Mother .. thod la • 

welCJhted aVlra,1 latent perlod, calculated on proportion of 

.porulatlnC) 1e.lon. (Shaner, 1980). ln th1. aethod 1t la 

po •• lble to prldlct l.tent plrlod uslnq .altlple EeClre.alon 

equ.tion. (Shearer and Zacloks, 1974). 

_poE.lata... PanC)al aporl. .re an l~oEtant .ource of 

cll.p.r.al and infection unit •• Sporulatlon 1. • procell 

inherent to 8 .peclfle funCJu.. .ach fungui ha. Ita own 
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speclflclty related to spore production, apore liberation, 

.por. dlsper.al, and l.nqtb of tnf.ctiou. perlod (Krans, 

197., Populer, 1978, Dahlberq and Van .t.n, 1982; Sh.ri and 

Macnab, 1986). Alao, th. .taCJ •• lnvolv.d ln tb •• porul.tion 

.ubproc •• s ar. very cOlIP1.x and lt b.co ... dlfflcult to 

dlatlnqul.h b.t .... n tbe. (Dablb.r9 and Van .tt.n, 1982). 

Th. a.ount of .pore. produc.d 1. influ.nced by factor • 

• uch a. llght, t.~.r.ture, hu.ldlty, a.ratlon, pH, in jury 

to the cultur., and nutrlent type and .-dla coapo.ltlon 

(Krana, 1974, Dahlb.rq and Van It.n, 1982; Coh.n and Rot •• , 

198.). AlIGne) t" •• e, t.lIP.r.ture and .obture are con.ldered 

to b • .o.t IllPortant ln lnfluenclnq .por. productlon. 7b ••• 

al.o influence .por. vlablllty, lonq.vlty, conldlophore 

foraatlon, .por. r.l •••• , and lnfectlon CColhoun, 1913, 

8trandb.rq, 1977, Turner .t al, 1986). Oen.rally und.r 

optl.u. t.~.r.tur. condition. th. wetn ••• duration and th. 

fr.quency of w.tn ••• periods have th • .oat laportant eff.ct 

on fun9al .porul.tlon. 80M fun91 praduce .or. .por •• at 

10n9.r perlod. of both hlgb r.latlv. hu.ldl ty clo.e to 100\ 

and wetn •••• HOWlver, .lt.rn.tln9 vat/dry periode are al.o 

r.qulred for certain fungl to sporulat. CRote., 1918; Cohen 

and Rot •• , 1984, Royl. and Butl.r, 1986). When held for 50 

hr at 25 C, S.ptorla trltlcl produced spore. at different 

l.v.l. of r.lat1 v. bu.ldl ty but th. nullb.r of spor •• 

produced at 100\ relatlv. hu.ldlty w •• twlce a. 1.rqe •• 

tho •• at 98' relatlv. hualdlty «Jouqh.nd It •• , 1985). ln 
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ao_ dlaea •• a • collbln.tlon of el tb.r a blCJher tellPerature 

.nd .bort ... tn.a. p.r loci or a lower t • .-perature.nd 10nCJer 

vetne •• p.rlod 1. optl ... for fun4Jal aporul.tion. However 

hltb t.lIP.ratur. induce. hlCJb .por. produ,=tlon in th ••• rly 

at..... of 1 •• lon d.velos-ent of .OM dl...... (Coben .nd 

lot •• , 198.). For .xaJIPl. 'byllA.tlct. Mydl. produc •• 

pycnidla and .por.a at tellPerature. ranCJlnCJ fro. 18 C to 27 

C. However the production Is blCJher at 18 C ln 11 days than 

at 27 C aft.r 5 day .. (C •• tor .t al, 1971) • 

Yhe • porulat10n ~del. a. functlona of factors 

lnflu.ncln .. th •• bave b.en d.v.loped and u •• d to account for 

variation (Z.dok. .nd Sch.ln, 1979) • 

Quantification and prediction of tb. aporulatlon subproces. 

ha. b •• n .-Gd.led .. lnly on envlronMntal f.ctors .uch a. 

t.~ratur. and r.latlv. hu.idlty. Yhe 11charda functlon wa. 

aaed to predlct the sporulatlon of ,l ••• pI'. yltlcola la • 

functlon of telllt.rature and relative hu.ldl ty (L.lancette .t 

al, 1988'. Alao, .ultlple re4Jre •• lon analysl. ha. be.n uaed 

for thl. purpo ••• Math ... tlcal .ad.l. wblch predlct 

aporulaUoft are consldered to be -.ore .fflcl.nt than spore 

tr.pplnCJ ln dia ...... n., ... nt pro4Jra.. (8tr.ndb.rCJ, 1977; 

P.rl.vll.t, 1979, 'l'urn.r .t al, 198', Butt and Royle, 1990). 

DIApeE.al. Dlap.r.al 1 •• n ll1Portant factor ln the 

d.v.lopaent of a c.l.ry late bU4Jbt eplde.lc. 1.. 'D11cola 

can be dl.p.r •• d ln th. field by water droplet. fro. 
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1 ralnfall or ov.rb.ad lrr1gatlon, by workera and l.,l •• enta 

(Llnn, 19391 .erqer, 1970, 81... et al, 1977, aherf and 

Macn.b, 1986). AIIOng th •• e ag.nts of dlsperaal iree wat.r la 

erltle.l when the apores r.l •••• d by a funqus ar. prot.cted 

by clrrl,.a ln 1. •• pllcol •• Yhe clrrl n.ad contact .. lth a 

wet aurfaee to liberate and to cUap.rse the .pore. on the 

leaf aurfaee ancl .. lthln tha plant (Sanderaon and H.~ton, 

1978, Ildoks .nd 8cheln, 1979) • There la not auch 

lnfor_tlon avallab1e relatecl to the dispersal of .pore .. of 

1... apllcola by .pla.hlnC) w.ter, but there ls no doubt about 

the lllPOrtance of .. ater ln the apread of the dla ••• e and on 

the lnflu.nce of .. et .ath.r on the increaae of eelery lata 

bllght lntenslty (Bergar, 1970, SI ... et al, 1977). A8 a 

.. tter of eo.,arlson, there are .0.. .tudla. whlch .xplaln 

the d l.per:aal of 1.. nodorua on Wheat. Spor •• of 1.. 0od0r­

.. ere earrled ln dropl.t. of water (200-400 JI. dla.ter) and 

th.re was a algniUeant ralat10nahlp bet.,..n nuaber of 

sporea per droplet and droplet dl ... ter, and between nullber 

of spore .. colleeted and distance Clraonan et al, 1985). 

Aerlal dlsperaa1 of a •• pllcpl. spore.. la unllkely 

(BerCJer, 1970), poaslbly bec.uae spores ar. sll.yand ao a 

dlr.ct wlnd re.val cIo.s Dot oecur (lngold, 1978) .. But there 

la evldenee of aerla1 dlsperalon of pyenldlospore. of 1. 

opdory. over: wheet crops under ralny condltlon •• 1.. nodorN • 

• porea vere cau'Jht ln trap. thet were sltuated 50 c. away 

fro. the lnfeetecl plant. and et a be1qllt of 40 ca above 
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CJEOUncJ. Tbe IIOv ... nt and 

aff.ct.d by wlRd below 40 

dlEeetlon of .poEea were not 

c •• bove C)round (Faulkner: and 

.ncI H.nn, 1976). 1 th.. be.n Colhoun, 1916; Grlffitha 

polnt.d out th.t wh.n a eollbln.tion of .pl •• h and wlnd 1. 

pE ••• nt .pore. My dl.peE.e over a long dl.tance. (InCJold, 

1978). Oyerall, th.Ee 1. a n •• d for: IIOre re.e.rch on .por. 

dl.per:s.l an4 1 t. Influence on dla.a.e deyelop.ent 

(McC8rtn.y and ritt, 1981) • 

.a... ft "'ICI' DI.llAla. ln order to aCh1eye 

efUcient .nd eeono.le dl ••••• control t0getber wlth r:edue.d 

h.z.rd. to tbe envlEon_nt, It 1. l~eratlve to under.tand 

th. d./n •• lcs of th. pathosy.t ••• Tbls 1. po •• lble tbrouC)h a 

fund._nt.l knowl.dge of dl.e.s. epld •• loloCJY and, ln 

partlcul.r, by tb. deyelop_nt of dl ••••• predlctlon .odll. 

(ler.u.e .nd " ••• 18, 1915; Sbru., 1918; Pry, 1982). Dlsea.e 

pr:.dlctlon .odel. enbance the knowledCJ. of pot.ntlal 

forle •• t par •• ter •• Tbey c •• be u •• d to pz-edlet an lncre •• e 

ln dl ••••• ba •• on cOlIPon.nt. of tbe epld •• le (Ca-.pb.ll .nd 

Nedden, 1990). Slnce not all of the cOlIPonent. can be 

lnclud.d ln a .od.l, dl •••• e precUctlon .odel ... y lnvolve 

fe.. or .. ny paEa_ters 

pr:.dlct dl •••• e (Kr:.nz 

dependlnC) on tb.1E efflclency to 

and Royle, 1978, Ku.h.lepp., 1990). 

t'h.y, tber.for.., afford a quantltatlve description of pl.nt 

dl ••••• , expl.ln thelr co_on.nts and thelr: Eelatlon wlthln 
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A the plant patho.yat •• , wblch ba. an .norllOu. 81C)nl f lcanc. to 

etev.lop plant dl..... _nlC) ... nt proC)r:a_ (Pry, 198~). 

Regr ••• lon analyal. hl. b •• n broad1y u •• d ln dev.lopinC) 

pcedlct 10n IIOd.l. (Krlnz and Royl., 1918) to •• lect 900d 

pcedl~torl for for.caltlnC) purpo.el, to descr:lbe a 

qu.ntitatlv. var:latlon of a dep.ndent varlable, Ind to 

analyz. th. relltlonlblp between phyalcal Ind bloloCJlcll 

factor. wlthln tbe plthosylt •• (Kr:8U.. and "1.lle, 1975; 

Jonel, 1986; Butt and Roy1e, 1990). 

predlctlve and 

foreca.tinC) ayat.. the durltlon of rllny perlod., leaf 

w.tne •• dur:atlon, .nd te.-p.rltur. have b.en u.1d (Iyan and 

Clare, 1975; Rote. et Il, 1916; 0111e.ple and lutton, 1979; 

lutton .t Il, 1984; Jon.s, 1986; loyl. Ind Butl.r, 1986». 

"ode 11 .uch a. tbo •• d.veloped to pr.dlct Whelt dl.e •••• 

c.u.ed by S.Rto,'. Ipp. have con.ld.rtel wat.r r.l.ted 

var llbl •• Inet t._eratur.. In on. l.aplr lcii .adel •• ptor 11 

l.al b10tch of wheat clu •• d by ,. trlUel WI. pr.dlcted 

ba.ed on t'lIP.rature .nd ralnfall dit. coUecteeS ov.r 1 20-

yeer peclod (Sblner Ind plnney, 1976). A collblnatlon of 

da11y rainfall and relatlve hu.ldlty w.r. lncluded ln a 

lIOdel to predlct tb. dllea.e cau.ed by 1. nodo,.. on wbeat 

,,.y1d.11.y and ThollP.on, 1980). However the u.. of d.lly 

ralafl1l recordl a •• ucb bave been crltlclzed prlMr Ily 

b.c.u.e they do not Gxplaln th. path".y of action of thl. 

vacllble ln the 418 •• se cycle or: pathoC)en llfe cycle, and 

15 
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.eeond1y bec •••• no .t.nd.rd Mt.oro10CJlc.1 .t.tion. record 

lnlor_tion about duration or lnt.n.ity of pr.cipitation 

(Coakl.y, 1988; Roy1e .nd Butl.r, 1986). other fund ... ntal 

lIOCIels have e.tabU.h.d. positive correlation bet ... en th. 

lner •••• of IIOI.ture .ft.r lnocu1.tion and the lncre •• e of 

po.tlnfection tellP.ratut. vlth tbe dia.... ..verlty of 

•• ptor 1. blotch of wh.at (He •• and Shan.r, 1987). ln ont on 

crops, th. lIlP1 ... ntatlon of • .ade1 to predlct the dat1y 

lneldence of tnoculu •• nd lnten.lty of infectton by Botryti • 

• guaeg... t.qulrad .onltorlnq of alr t.~eratur., duration 

of vetne •• , .nd r.l.tive bualdlty (8utton et al, 1986). 

An l~roved regre •• lon ~.1 to predlct coffee rust has 

been suggested by Ku.h.lappa .t .1 (1983, 1984), wbich 

rlduc.s tbe nullb.r of 1 ndep.nd.nt v.r lab1.s and the 

r.petltlon of the vartabl •• perfor.lng sl.ilar bioloCJica1 

funetlon.. thl. " •• achl.veel br tran.for.lnq .. t.oroloCJical 

v.riabl •• to IIOnocyc1tc proc ••• equivalents for .nvlron .. nt, 

.nd by ca1culatlnCJ .urvlv.1 Eatio for th. aonocycl1c proce •• 

of tb. pathogen b •• ed on path. of bioloCJlca1 .ction. ln 

th ••• aocs.ll th. re1etlon.hlp aaonCJ coapon.nt proc ••••• ls 

quantitative and for eech proc ••• th. colncldenc. of variou • 

• nviron_nt.l f.ctor. lnflu.neinCJ pathogen qrowth i. 

cone Id.red. 'l'heae f.eture. ..ke the.. lIOde1a 

OV.E tl ... ncl for clifferent locaUon. than 

on ••• 
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DI ..... _ww._r. Different t.chnlque. .ueta a. 

cu1tur.1 prActlce., •• 84 certification, .e.d treAt .. nt. by 

che.lc.l OE phy.lcal .. ana, and chealcal control by 

fun9lclde appllcatlonl have been u.ed to control th. lat. 

bl19ht of celery (Anon~u., 1966; .1 ... et al, 19", Dlxon, 

1"8, Sherf and Macnab, 1986). To r.duc. Inltial Inoculu. of 

1.. apllcol., It II reco_nded tbat ce1ery .e.d. b. etored 

for 3 yeare after harveet ln cool and dry condltlone, to 

tr.a~ .eed. w1th A lu.pen.lon of Thlr.a, And to fU.l,Ate 

aeedb.da (~ude, 1970; 81... et al, 1977, D1xon, 1978; 

8trandber9, 1'82). 

Chealcal control le wld.ly uaed to .. na9. a.ptorla 

bl19ht. Prot.ctlve fun91clde. .re •• p.clally laportant ln 

both ••• dbed. and ln the field (Maud., 1~10). M.ny 

fun9lclde. provlde 900d control of th. dl ••••••• eno.yl, • 

• yat.aic fuft91clde provlded 90ad control, bowever, 1t. 

u.a9. h •• b.en r •• trict.d .lnce the patbogen h •• deve10ped • 

realatance to It. ule (paulu. et al, 1970; Ryan and Kavanah, 

1971; Lacy, 1'73; Nlcke, 1989). or,anotln coapound. ,ave 

.1,nlflcantly 900d dla.ale control, even when they wer. 

appll.d wlth an int.rval of 28 day. after th. b11,ht wa. 

qulte .ever. and no phytotoxlc .~to.. wer. ob.erv.d (Ryan 

and Kavanah, 19711 Ryan et al, 1972). Iln.b ,ave 

al9nlflcantly poorer dl ••• ae control a. co~ared to copper 

fun9lclde. (Sheridan, 1967; Ryan and Kavanah, 1911). In 

AUltralla, the .olt effective control w.. glven by 



,( 

anilazln., end chlorothelonll (Nick., 1989). Chlorothalonil 

1. reco ... nded and wid.ly u.ed ln Qu.bec (CPVQ, 1981). 

Althou9h it ha. been r.co ... nded that better control 

can b. obtalned by followlnC) a calend.r pattern of fun91cid • 

• pr.y •• tartin9 early ln the croppin9 .ea.on, thl. rule can 

not be qener.llzed bec.u.e dl..... .ev.rlty 1. weath.r 

d.pendant and 1. ln lt. turn 90verned by local .nvlron.ental 

condition. CSh.rld.n, 1961, Ryan et .1, 1912). In Callforni • 

•• veral fun91cid •• provld.d CJood control when applled at 14 

d.y lnt.rval., howev.r, when plant. b.c ... Inf.ct.d at.n 

•• rly C)rowth stage 1 day Interval. were only partlally 

succe.lful CPaulul .t .1, 1910'. In QU.bec it 1. reco ... nd.d 

that funqlcld.. be .ppll.d at 1-12 dey Interval. after 

tr.n.pl.ntln9 CCPYQ, 1981). Al.o .... ny.. fift.en 

application. over e p.rlod of 11 week. have be.n r.co ... nded 

(D.rby, 1959). What.v.r th ... thodol09Y u.ed to apply 

funCJlcld •• concern h.. b.en expr ••• ed for the need to reduce 

th. hazard to the envlron .. nt throuC)h a rational u.e of 

pe.tlclde.. Th. developaent of for.ca.t .y.te.. 1. a 

valu.bl. tool for .uch an optl.l •• tlon (rry, 1982). 

7h.re 1. no .peclflc for.c •• t .yat •• to tl .. fun91clde 

.pplication in pl.nt dl •••• e .. na9 ... nt proCJr.... Hany of 

th. propo •• l. .u9ge.t dlse •• e control ln advance accordln9 

to th. po •• lbl. dl..... ch.nge. wlthln th. .p.c. of th. 

latent perlod of th. dl.ea.e cyele CButt and Royle, 1990). A 

dl •••• e foreca.t .y.te. to control alternarla leaf bl19ht on 

II 



clrrot 1. ~a •• d on dl..... ..verity .nd condition. 

f.vour.ble for infection (Oille.ple and 8utton, 1919'. 

Anotber predlctlv •• yate. .aploys. pred.ter.ln.d tbr •• bold 

of cu.ulatlv. dl •••• e .everity unit. to lnltlate •• pr.y 

fan91c1d. progra. to .. nag. botrytl. l.af bllgbt of onlon 

(8utton .t .1, 1986). Tbe crltlcal dlse.se level to tl •• 

fungiclde applic.tion to control botrytl. l.af bllght of 

onlon was e.t.blished b ••• d on the average nuaber ot les Ion. 

per plant. It was augge.ted that th. tlr.t application be 

.. de when an average of one leslon per ten leave. w •• 

observed (8hoe .. ker and Lorbeer, 1977). 

porec •• t .yate.. h.ve been developed to help far .. r. to 

optl.lz. dl •••• e control .ltern.tives tbrough a wel! 

lapl ... nted aenag ... nt progr •• tbat lnclud •• a rational u •• 

of funglcld.s (Royle .nd Shaw, 1988). Forec •• t .y.te .. tor 

.. ny 41...... h.ve b.en 4eveloped .nd efforts .. d. to 

Incorporate these withln dl.e •• e .. nageaent progr .... 

BLITaCABT wa. develope4 to forec •• t potato late bllght and 

to tl .. funglclde sprays. Tbe application of funqlcid •• and 

the nu~er of application. 4epend on th. cuaulatlve index of 

•• verlty value. calculate4 accordlng to periode ot hlgh 

relative bu.141ty .nd teaper.ture (Krau.e and "a •• le, 1915). 

To tl.. the Initial funglclde application ag.lnat lotryti. 

SqUlIpM. 

developed 

thre.hold 

on onion a foreclat .y.t.. called BOTCABT was 

ln Canada. The .y.te. conaidera a cuaul.tlve 

of dal1y Index of .everlty value. and reduce. the 

II 



nu_el of funC)lclde appllcatlona (8utton et al, 1986). There 

la no ayat.. dev.loped y.t to forecaat celel'Y late bllght. 

Thel'a 1. an econo.ical need to control the 

efflel.ney ln funC)lclde application and a 

disease. The 

lower l' lsk ta 

hu .. n h •• lth and the environ.ent are l.portant factors. 
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.,.." 1. ~ or...... ft} PllllDIC'I' 

I.ptorl. MUcol. 1. caL_y AS 

.,..a&!U811 MD O. 1t&At'IVil a ... IDI'I'1 

IIlftODUCt'lœ 

septorla bllCJht of celery can be very serious in ye.rs 

when there la .oze frequent raln, eapeclally lf aaaoclated 

v1th hlCJh initi.l inoculu.. Furth.r incre.ae of th. di •••• e 

4epends on the production and .ffeetiveness of seeondary 

lnoculua. 

A fundaental atucJy i. laper.Uve to under:atand the 

factor:s that influence the pr:oductlon, dlase.ination and 

inf.ction efflelency of spor •• (Fry, 1982; Fltt et .1, 198~; 

callpbell .nd Madden, 1990). AIIOftc) other factor., weather 

condltions play an laportant role ln the sporulation 

process. T.IIP.ratur:e and r:el.t 1 ve hu.1dl ty have been the 

lSubject of study ln var loua pathoayat.... At opt1 .. .! 

tellperature., IIOlsture 15 critlc.l for for .. tion, rele.ae, 

and dlsper.lon of spores ln pycnldlal fung1 (Colhoun, 1973; 

rry, 1982; Pitt et al, 1989). 

spore production, as affected by weather f.ctors, can 

be d.acrlbed and predlct.d ln tl ... nd sp.ce by eaploylnq 

.. th ... tical IIOd'ls. '1hese .odel. can be lat,r used 1 n 

dl..... forecastlne) .yate.. (Krlnz, 1974'. statistlcal 
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_thod. anch a. nltlpla regreaslon analy.l. have bean 

e.,loyed to develop .adal. to describe aporulatlon of 

plaaWQpa" yltlcola. BotXytls a,y,wo.a, and .eRtorla trit!ci 

(Alder .. n et al, 1985; Heaa and Shane" 1987; Lalancette et 

al, 1988'. Hot .uch lnfor .. tlon 1. av.llable on 

quantif1cation of apore production of a. BpUcolB as 

lnfluenced by weather factor. (Benedict, 1973; Louis and 

CoolEe, 1985). The objective of thl. atudy waa to develop 

"ala to predlct tha a.unt: of .pore. produced by 1. 

4pllco1. aa a functlon of te~eratur. Ind relative hu.ldlty. 

Pr ... ratlo. of pl_t:a. The exper l .. nta were 

earrled out ln the Phytotron faclilty of the Oepart .. nt of 

810logy, "cOlll Unlveralty, "ontreal, Quebec, Canada. 

Celery cultivar rloride 683 we. uaed ln the exparl .. nta. The 

tranaplanta were produced ln .peedllng cella 080A filled 

wlth orgenle .011. One coated celery .eed per cell waa 

placed on the 11011 aurfaee and the. 11qht1y covered wl th 1 

layer 0 f fine IIlnd. The tr ay Will p 11ced on a bench 1 n a 

greenhouae adjuated to 20 and 18 C day and niqht 

te.,aratur •• , r.apectlvely, and 18/6 hr llght/dlrk cycle •• 

Slx w.eka after .eedlng, the ••• dllnga at the aecond leaf 

ataqe were tranllplanted to plaatlc pota, 12 c. internaI 

22 
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i dla .. ter, contalnln, or9anlc .011. Pertl1lz.r aolution (2 

9/61 of 15-15-18) was .pplie~ twlce weekly; a calclu. 

chlorlde solutlon (8 'Il of CaC1,) was applled weekly, to 

prev.nt black heart. Plants vere .lsted at hourly lntervala 

(10 aec/hr) untll they wer. inoculated. 

PEeparatlOD of 1 Bocal ... Conidie of a. Apiicola vere 

laolatad fro. artlflelally infect.d planta 9rowlnq ln qrowth 

chaabera .. 1ntalned at 20 C at the Phytotron fecil1ty of 

Macdonald Ca~ua. L.aiona whlch developed on tha leaves ot 

the.e plant. vere eut out and placed for 24 hr lnalde • 

Petri dl.h contalnln, a .olat fllter paper. The exudlnq 

clrrl fro. the pycnldla were suapended ln another Petrl dlah 

contaln1n,2 .1 aterlle dlstllled water (Hew~tt, 1968). Flv. 

dropa of thla spore suapenelon (120 ~l each) vere 

tranafarred to each Patri dlah contalnln, 

aterlllzed Celery A,ar (CA). The CA was prepared by .1xlnq a 

atralned decoctlon of 100 q .hredded celery leav.s, 15 q 

Dlfco a,ar, and 4, Dlfeo potato dextroae broth ln l ! 

dletllied water 'MacMillan, 1942; Tulte, 1969; Mathieu, 

personal co .. unlcatlon). The plates were lncubated for two 

weeka ln an lncubator under 20 C and 12/12 hr daY/llqht 

c~lu. ~ly tw week old culturea vere uaed for 

lnoculatlon. A freeh source of lnoculu. wa. ..lnt.lned by 

lnoculatln, ce1ery planta, cultlvar Florlda 683, at three 

week lnterval •• 
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Inucal.tloD. Inoculu. waa prepaz.d by floo4ln9 two week 

old cultur.. on CA .. dla wlth •• olutlon of 0.01 , Tw.en 80 

(v/y) ln sterlle dlstllled water and rubb1nq the colony 

surface ,ently wlth a ,lass spreader to dlsperse the .pores. 

Tbe bu1k spore suspenslon w.s flltered throuqh two layers of 

.terlle .aslln cloth to re.ove aycellal and pycnldlal 

fra, .. nts and the su.penslon was further dlluted wlth 

sterll. dl.tilled water to obtaln a concentratlon of 20,000 

spore.l.l. Tbe .pore concentratIon was deter.lned ba.ed on 

10 counts usln, a ba • .ocyto .. ter (fuite, 1969). A 

,er.lnatlon test was done on PDA before each inoculation. 

At the f1ve leaf at~9â plants were lnoculated by 

apray1nq a spore au.penalon of ~. Apticola at a 

concentration of 20,000 apore.l.l. The su.penalon was 

spr.yed with an ato.lzer .ttacbed to a presaure pu~ (34.5 

kPa). After inoculation, the planta were coyered wltb clear 

pla.tic baq. to create a water .aturated ataospbere and kept 

ln a ,reenbouse adju.ted to 18 and 20 C day-nlqht 

te~er.tures and 18/6 hr I1ght/dark reg1 .... After 72 br the 

pla.tlc bat. were ,eaoyed. 

After a perlod of 12 day. when le.lona were for .. d, 

planta were tranaferred to a growth chaMber adjusted to 20 

C and 18/6 hr 11,ht and dark cycle. and 6S \RH for a perlod 

of 24 hr to reduce the varlation ln greenbouse teaperature 

and relatIve hu.ldlty. Yben tbe plants were aubjected to two 

different treataenta of different levela of relatlve 
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hu.ldlty oz te~eratuzea foz v.zloua length. of tl ... 

"perl"D~.l de.'.. .ad tr •• t..ats. The exp.rl .. nta 

weze .rr.n9ed ln a .pllt plot d.s19n where r.l.tive hualdlty 

.nd te~ez.ture were the .. ln plota .nd dur.tlona were the 

aubplot., with two zeplic.te. and three pl.nt. a •• a~llng 

uni ta. The whole expezl .. nt waa conducted twlce. A total of 

30 coablnatlon. of r.latlve hu.ldlty and duration were 

t.sted. Th. teat conalated of flv. level. of zelatlve 

hu.ldlty 65, 88, 92, 96\ and wet a. well ••• 1x duratlona 

6, 12, 24, 48, 72 and 96 hZ. Pouz growth ch.~ez. were u.ed 

foz the .xperl .. nt at th ..... tl ••• They w.z. adjuated to 

65, 88, 92, and 9'\ RH, zeapectlvely, .t 20 C constant 

t.~ratuz. and 18/6 hr l19ht and dazk cycl ••• The photon 

flux d.n.lty ln.ld. .ach challb.r w •• 300 ...... I ••• C·a • 1. 14Jht 

wa. supplled by fluoz •• cent and incande.cent la~a. The w.t 

condltlon waa provlded by spzayin9 th. plant. wlth water and 

covezing the. wlth clear plastlc b.4J •• The.e planta weze 

placed ln one of the four 9zowth ch.llbez. cho.en at zando •• 

A total of 24 coablnatlon. of levels and duratlona oi 

te~.ratuze were t •• ted. The fOUE l.v.l. of t.aperature. 

weze 15, 20, 25 and 28 C .nd the duratlons were b, 12, 24, 

48, 72, and 96 hr. Four gEowth ch.ab.r ... lntalned at four 

dlfferent te~ezature. at the .... tl.. and adju.ted to 18/b 

hr light/dark cycle. w.re u.ed for thl. experl .. nt. The 

photon flux d.n.lty In.ld. each ch.ab.r wa. 300 J&8 •• ·• ••• c··. 
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Llght wa. aupplled by 

The te~erature ln. Ide 

hlgher than the adjusted 

when the 1lght. were on. 

fluorescent and Incandescent lamps. 

the plastic ba, was 0.5 to 1.0 C 

te~erature of the ,rowth cha.aer, 

QaaatlfleatloD of sporalatloD. Fo110vlng relative 

hu.ldlty and te~erature treat .. nt for varlous duratlons, 

three planta vere re.oyed. Fro. each plant flve laslons vere 

eut out at rando. ln the thlrd and fourth leayaa fro. the 

botto. usln9 a cork borer. The 1eslons vere placed in test 

tub.a contalnlng 5 .1 of l' for .. ldehyde solution and ~.01' 

Tween 80 and then a,ltated for 5 .loutea. Por .. ldehyde WaS 

u.ed to preyent the .pores fro. geralnatlng and Tween 80 to 

dl.1odVe and dlaperse apores. The nuaber of apores ln the 

au.penslon w.. counted uslng a hae~cyto .. ter (twenty 

chaabar. of 0.1 .. ' e.ch). Sporul.tlon waa calculated aa the 

nuaber of spore. produced per .. lof leslon area: 

S • 8ML * TVS/LA ( 1 ) 

wbere 8 1. the nuaber of spores produced per .. lof le810n 

area; 8ML ls the nuaber of spores per al of suspension, Tva 

18 the total vo1u .. of suspension; LA 18 the total leslon 

are. ln .. 1 for flv~ le810n •• 

After the spores were haryested the leaf seqmenta were 

ble.chad ln raraer's flxln, solution (2 vol absolute ethanol 



.nd 1 vol gl.cl.l acetlc acld) for 24 hr. The ble.ched leat 

aeg .. nta were placed between two alcroscope a11des and the 

dia .. ter wa ..... ured using a di •• eetlng sterEoalero.cope 

with dark field .tt.chaent and fltted with a alero .. ter. 

~ta ana1,.18. The data on the nuaber oi .pore. were 

tranafor .. d to aquare roots (Oo .. z and ooaez, 1984). An 

an.lysl. of variance for a split plot de.lgn wa. carrled out 

u.lng the GL" procedure (SAS, 1981). provlded that the 

errors were not algnlficantly dlfferent (P-O.OI) they were 

pooled and .n error tera waa uaed ln furthel analy.la. Sa.ed 

on .ignlficance (P-O.Ol) of interaction, treataent. were 

partltloned Into orthogonal polynoalal contra.ta uaing the 

GLM procedure (SAI, 1987). A aulttple regresaion equ.tion 

ba.ed on .. ana for tre.t .. nt wa. perfor .. d u.lng the OL" 

procedure (SAS, 1981). To aelect the variables to be 

Ineluded in the .ode1 an F-t •• t waa perfoI.ed uslnq the 

error aean square obtalned when all the possible 

coablnatlona were con.ldered ln the aodel. The .adel. were 

aeleeted based on ~ and signifieance (P-O.Ol) of the 

lndependent variable., and parttal reqresslon coefflelenta • 

... UL78 

.ffect of leve1 and durat10n of Eelatlve b .. 1dlty on 
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apoE. pEodactloD. Spozes weze found at a11 coabinations of 

levele and duzations of zelatlve hu.ldity tested. However, 

the hi9hest aean nuabez of spozes was obsezved aftez 48 hz 

at wet conditions. This aaount zepresents .oze than double 

the nu.ber of spozes produced at 96' RH (F19 1.1). Both, the 

effect of relative hu.ldity and the interaction between 

leve1s and durations of ze1ative humidlty on 

production, weze sl9nlficant at P-O.Ol (Appendlx 1.1). 

The effect of duzation of ze1ative hu.ldity on spore 

production wes 11near at 65' RH, whereas at 96' RH and wet 

the effect was quadzatic. At 88 and 92' RH the effects were 

cublc (Appendlx 1.2). Specifie .odels for each level of 

ze1ative huaidity based on ozthogona1 po1ynoala1s were not 

lncluded because the objective of thls study wa. to develop 

a .ode 1 t.o pzed1ct spozulatlon fzoa RH. The fo110w1ng 

equatlon gave the best fit (F19. 1.2): 

(S • 165.29362 + 0.57882*RH- + 0.02799*RH 1 + 0.97790*DN-

0.00254*RH-DW'+ O.OOOOl*RH*DW· - O.00010*RH'*DW' (2) 

where 8 la the nuabez o~ spores pez square m1111aetre of 

les Ion area, RH ls relative humldlty and DN ls duzation of 

exposure; the ~. 0.86 and CV : 12.76 (Appendlx 1.3) • 

• ffect of te~ratuze and dUEatlon of wetnlss on spore 

production. Spozes were pzoduced under all co~lnatlons 
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'f!9. 1.1. Bffect of level and dur:atlcn of relative 

huaidlty (RH) on the nuaber of spores of a. IQiicol. 

produced per .. 1 of lealon Irea (LA) on celery leavea 

cv. rlorlda 683. Infected pllnts were pllced in qrowth 

challbers .. intained at conatant telftperature (20 C). 

lach pOint Is an average of two repllcatea. Baeh 

replieate la an average of fifteen leslona sa_pled trom 

l plants. 
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P19. 1.2. Hu~er of spores of a. Ipllcoll produced per 

.. lof leslon Ire. (LA) on celery lelve. cv. Florld. 

68l predlcted fro. level and dur.tion of relative 

hu.Idlty (RH). Predlcted values were calculated uslnq 

Sq. 2. 
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of te.perature and duration of wetness tested here. 'j'he 

largest nu.oer of spores was observed after 48 hr of 

expoaure at 20 C. The lowest a.ount was found at 28 C at 48 

hr. The larqest a.ount of spores at 25 C was found after '12 

hr of expoaure (F19 1.3). The effect of levels ot 

te~etature and duratlon of wetnesa as well aa the 

lnteractlon between them on spore production were 

sl9nlflcant at P-O.Ol (Appendlx 1.4). The orthoqonal 

polynoalal contraata showed that the effect of duratlon ot 

wetneaa on spore productlon was quadratlc at lS C and cublc 

at 20, 25, and 28 C (Appendlx 1.5). Indlvidual.quations 

based on polyno.lal contrasts were not consldered here but a 

.odel (Bq. J) conslderln9 both levela of temperature and 

durationa of wetness la foraulated (F19. 1.4): 

~s = 262.68484 - 8.25918*T - 1.24981*T' - O.02421*DW· 

- 0.01162*T*DW + O.00066*"-*DW· + O.00006*T 1*OW· (3) 

where S la 

.Ullaetre 

the nullber of 

of les10n area, 

durat10n of wetness. Squatlon 

7 • 43 (Append 1 x 1. 6 ) • 

aporea produced per square 

T la temperature, and OW ls 

l had an R' • 0.80 and C. V.· 
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'lg. l~l. Bffect of te~erature and duration of wetness 

on the nu~er of spores of a. agiicola produced per .. 1 

of leston area (LA) on celery leaves cv. Florlda 683. 

Infected plants covered wlth plastic bags were placed 

in qrowth chambers .. lntained at different 

te~eratures. Bach point ls an average of two 

repllcates. Bach replicate is an average of fifteen 

leslons sa.pled fro. 3 planta. 
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.19. 1 .... Muaber of spores of i.. api lcol. pEoduced per 

.. ' of 1es10n are. (LA) on celeEy leaves cv. Florida 

68l predlcted froa level of teaperltuEe .nd dur.tion of 

vetnes •• Predlcted values ~ere calculated by Equation 

l. 
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Dl8CU881a. 

sporulatlon by Il. Ipiicola as affected by relatlve 

hu.idlty and te-.perature has not been prevloualy quant1fled. 

The studies reported here explaln the l.portance of 

wetness on spore production by i. uil..f&2l.I. and the 

dev.lop_nt of •• ptor la bl1C)ht eplde.lc. The hiqhe.t spore 

production after 48 hl' of wetness Ind tellperature. between 

1S and 20 C reported here are close to the optl.ua 

condltlons reported for aporul.tlon of Il. trltlcl (GouC)h and 

Lee, 1985). A wetness perlod of about 48 hours at 15-25 C 

should be consldered very crltical for the develop .. nt of 

septorl. bliqht of celery becauae it favours not only spore 

productlon but a1so spore ge.ination and infection (Berqer, 

1910; Mathleu personal co_unieation). However, the 

teaperlture and wetnese duratlon requlred for a hlgher 

sporulltlon Ire wlthln the range of optl .. 1 weather 

requlre.ante for celery production, that ls, hlgh .aisture 

and a teaperature of 15 to 21 C (HaUacre and Barden, 19'19; 

AnonYllOus, 1973). In addition, lt has been shawn that Il • 

• pllcol. produced spores at aU levels cf relatlve hualdlty 

and teaperature teeted here and th.~e environaental 

condltlon. are of co_on occurrence throuqholJlt the celery 

C)rowlnC) aeaaon. For theae reasons, the ua. of teaper.ture 

and rel.tlve hu.ldlty to predlct spore production and lts 

furtbn use ln forecastlnCJ is not of auch signlflcance 
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.. (stzandberg, 1977). Howevez, ln Quebec te~eratuzes leaa 

than 15 C and aore than 28 C can be found for .hort perioda 

on certain day •• Therefore, a bzoader range ot te.perature 

and lower levela of relative hualdlty ahould be tested to 

flnd the loweat and hlgheat levels under whlch spores are 

not produced ln order to deter.lne the conditions that could 

liait the epldealc developaent. 

~he length of wetnesa perloda play. an 1~ortant role 

ln dlsease developaent. In th1. study a decrease ln the 

aaount of spore. wa. observed at wet conditions after.8 

hour •• This la becauae under persistent wetness the clrrl 

are cUsaolved and the spores wUI be suspended ln a layer of 

free w.ter and then washed out fro. the leaf suzface. In the 

field lt la responslble for a rapld spread of celery late 

bllght (Serger, 1970). 

However, the duzatlon of wetnesa ln the lnt.rval 

between sporulation and subaequent Infection could affect 

the eplde.lc developaent of septor1. b11ght of celery by 

influenclnq spore vlabl1lty. A change of spore viabllity waa 

observed ln a. trltlcl. Durlng the perlod that spores were 

prot.cted by the gel.tlnous .. trlx ln clrrl, thelr vlabl11ty 

was unchanqed for a perlod of 15 days at different levels ot 

relative hu.idlty. If the conditions of relative humld1ty 

higher than 60' are peraistent after sporulatlon the spore 

viabl11ty drops algnlflcantly to a level of S, ln l~ daya 

(Oouqh and Lee, 1985). There ls no lnfor .. tlon avallable on 
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the spore vlablllty of a. apllcAla and so studies ahould be 

conducted to ldentlfy the factora Influenclng spore 

vlabllity and spore survival. 

In general, to quantlfy the effect of weather factors 

on sporulatlon of follar pathogens, les Ions bave been 

exposed to varlous treat .. nts (stEandbeEq, 1911; Gouqh and 

Le., 1985i Lalancette et al, 1988). However th!s proceduEe 

la ne1ther approprlate nor accurate to aeptorla bllgbt of 

celery alnce spores were found as soon as the les Ions were 

vislble and pycnldla were observed both ln the necrottc area 

and ln the qre.n tissue Iround the leslon. The presence of 

pycnldla ln s~to.less tisaue ln celery bas been prevloualy 

reported (O.brlelson and Grogln, 1964). The pEoductlon of 

spores under low level of relative bu.ldlty could be 

explalned by the close contact between cells of the host and 

pycn1dla that allows water absorption by the fungus (lnqold, 

1918). Thus the effect of env1ron .. nt .ust be stud~ed well 

beioEe the appearence of leslons. 

There la a lack of lnfor .. tlon about the effect of 

relative hu.ldlty and te~erature du~inq the postlnoculatlon 

perlod whlch in turn .. y Influence sporulation. Studles are 

alao requlred on the nu~er of cropa of spores produced by 

pycnldla and on the Influence of aqlnq pycnldla on spore 

production by a. aDilcola. 

The .adela preaented here for sporulatlon as functions 

of relative hu.ldlty and of te~er.ture could be used in 
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forecastine) celery bllqht but thelr ro!e .. y Rot b. very 

siqnlflcant unc:ler gu.blc celery qrowlnq conditions. 
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Latent per:lod la a period of tl.e fro. inoculation 

untl1 the new 1eslona produced beco.. Infeetious (C •• pbe11 

and Mldden, 1990). After eleh latent per loci the pathogen has 

a new C)eneratlon of sporea and a new aouree of Inoculum 

becoaea Iv.lllble. Latent per lod ls a .. asure of the 

frequency at whleh a new generation of apores are produeed 

on a ausc.ptible hoat, thua deter.lninC) the nuaber of 

CJ8nerations possible ln a cropplnq seaaon. The lenC)th oi 

latent per 10d var lea dependinC) on pathoCJen, hoat, and 

environMnt. Thua it .uat be conaldered ln the ana1yala of 

d1sease develop.ent and ln forecast tnCJ .odels (Kranz, 1978). 

Inviron.ental fletora aueh as te.perature and wetness 

are laportant factors ln deter.lnlnC) the lenCJth of latent 

perlod (Shearer and Zadoka, 1912). The effect of temperature 

on the lenC)th of latent per 10d la well docu.ented. 

Oenerally, latent perlod la lonCJer at unfavourable 

te.peraturea for: pathoCJen CJrowth (Colhoun, 1973). 

The 1enC)th of latent perlod of aeptor:la bllght of 

celery hl. been rellted to envlron_ntll factora (Berger:, 
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1970; Sh.ri .nd ".cn.b, 1986) but no lIOdel h.. been 

develop.d, to dat., to precUct l.tent perlod b ••• d on 

te-.peratur •• L.t.nt period, in th. p.st, haa been u.ed to 

develop .odels to predict di.eaae ln the field. ln a 

.urvival ratio .odel developed for coffee ru.t. fixed 

litent period wa. uaed to r.lat. the factors 1nfluenclnq 

infection to th. a.ount of di ••••• ob.erveeS ln the tleld 

after one l.tent per lod (Kuflhalappa and aake., 1989) • 

However, if the l.tent period 1 •• 1gn1ficantly varlabl. 

withln a cropplnCJ .eason a varl.ble l.t.nt per lod pr.dicted 

based on tellPerature au.t be uaed to dev.lop a dl ••••• 

pr.dlctlon lIOdel • 

.,he objective of thia re.e.rch w •• to dev.lop a .odel 

to predlct latent per 10d aa a iunctlon of te.perature under 

field conditions, .0 that it could be ellPloyed ln dev.loplnq 

and valldaUnCJ IIOdel. to predlct .eptor li bllCJht ln the 

field. 

IIA~IAL. MD .... 1IOD8 

rUteen plant. were produced (.ee study 1) at weekly 

intervlls ln CJrowth challbers Idjusted to 20/18 C d.y/nlCJht 

tellPerature., and 18/6 hr 11qht/dark cycle., r •• pectively. 

The photon flux den.lty Ina Ide .ach cha.er wa. 100 ul .• -

I.sec·a, Llqht w ••• uppl1ed by fluor •• cent and 1ncand.scent 
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la~.. In addit1on, JO 

9E •• nhou.e of the Plant 

border rONl, ln order 

condltlona. 

plant. were produced ln the 

Science Departaent to pla~t ln 

to sl.ulate the a1crocllaatlc 

The plants pEoduced ln qrowth cha~ers were lnoculated 

at the flfth leaf staqe. Two leave., the second and the 

thlrd froa the bottoa of each plant, were taqged and 

lnoculated by spraylng the. wlth a spore suspenalon of the 

fungua (SeRtorla aDllcola) contaln1nq 20,000 spores /al (See 

8tudy 1). The suspenalon wa. aprayed onto the planta ualng 

an ato.lzer .ttached to a prea.ure puap (34.5 kPa). 

After Inoculation the planta were covered wlth clear 

plastic baga to cre.te a water-aaturated ataosphere and 

lncubated for 72 hr ln an lncubator adjusted to 20 C and 

18/6 hr llqht/dark cycle •• 

Wleld work. The lnoculated planta were transplanted to 

the fleld at the Agriculture Canada Research Station, ste. 

Clotilde. The weIl developed root syste. ln the potted 

pl~nts held the soil alx intact wh!le transplantinq. 

P1fteen lnoculated planta were planted at weekly 

InteEvals for nlne weeks, durlng June, ~uly and Auqust 1989. 

The .paclnq was 20 c. w1th1n the EOW and 90 c. betwe.n rOMB. 

Fifteen non-inoculated plants weEe tEanaplanted on e1ther 

side of the inoculated rowa of planta to pEovlde favourable 

aicrocli .. tlc conditions. FeEtl11zer wa. appl1ed by 
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1 broadca.tlng at a rate of 110, 40 and 220 kg/ha of M, P, and 

K, re.pectlvely, ln a alngle application before 

tranaplanting. ln order to correct for a boron defleleney, 

801ubor (21'8) was applled at a rate of 1.5 kg/ha one .anth 

after transplantlng. weed control wa. perfor.ed by hand 

twlee .anthly. The plants were overhead-lrrlgated twlee 

weekly at a rate of 24 .. per application. 

The air te.per.ture wa. .anltored u.lng a CR 10 

.1croloqqer (.ode1207, Ca.pbel18cientlflc Canada Corp.) 

po.ltloned at 1. helght above the ground. rro. hourly 

teaperature record., the average of .. xl.ua and .1nlaua 

dally teaperatures were obtalned. 

Data collection. The nuaber of leslons w\~h pycnld18, 

on each of the two Inoeulated leave. per plant, was counted 

three tl.e. per week. The readlng. were taken froa the day 

the le.lona wlth pycnldla were observed for the flrst tl .. 

unt!l the day that two consecut1ve readlng. reaulted ln an 

equalor le •• er nuaber of leslons (Parlevllet, 1915). 

Dat .... 1,.1 •• Pro. data on nuaber of leslona/leaf, for 

1S plants, the Latent Perlod 8eglnnlng (LPB), the Latent 

perlod Bftdlng (LPB) and the Latent perlod SO\ (LP~O') were 

deter.lned for .ach plant and for eaeh of the nlne 

plantlngs. The LPB wa. calculated aa the perlod ln daya fro. 

Inoculation unt1l about 5' of the .. xl.ua nuaber of lealons 
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appeaEed. The LP& wa. calculated ~. the perlod ln day. fro. 

lnoculatlon untll about 95' of the .. xlaua nu.oer of leslons 

appeared. The LP50' we. calculated a. the perlod ln days 

fEoa lnoculatlon untll about 50' of the .. xl_ua nu.oer of 

le.lons appeaEed. The data fOE all nlne plantlngs fOE LPB 

and LPS NeEe pooled .0 that a pEedlctlon equatlon could be 

developed for a range of aaxlaua and alnl.ua teaperatures 

regl.teEed ln the experl .. nt. The lndependent varlables, 

.. an .. xlaua and .aan alnlaua teaperatuEe., were calculated 

for latent peElod dUEatlon. of each plantlnq, and weEe 

regreased agalnat the dependent vaElable latent peElod. 

'hu., the latent peElod .. y be explalned aa a functlon of 

.. an .lnlmua and .. an .. xlaua teaperatuEe.: 

LP8 z f(MTXB, M'MB) 

LP& • f(M'XB, MTMB) 

( 4 ) 

(5) 

where MfXB and MTMB aEe, reapectlvely, the aean .. xlaua and 

the aean alnl.ua teapeEatuEes dUElng LPB; MTXB and MTMB are 

the .. an .. xlaua and the .. an alnlaua teapeEatures durlng 

LPB, reapectlvely. 

RegEeaalon analy.l. were perfoE.ed uslng the GLH 

pEoceduEe of Statl.tlcal Analysla Syatea (SAS, 1987). 
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Latent perlod batIDnln •• There Is no general trend to 

explain the affect of te.perature on latent perlod. For ,ach 

Inoculatlon not all leslons appeared on the flrst day. 

Lesions varled ln the rate of thelr appearance a.ong 

plantlngs. Table 2.1 shoNl the .. an l&tent perlod beglnnlng 

(MLPB) calculated based on the initial nuaber of observed 

lesions on fifteen plants for e.ch plantlng. The "~~ti valled 

froa 10 to 14 days for the nlne plantlngs, wlth an overall 

.. an of Il.1 days. In the flrst plantlnq 74\ of the total 

nuaber of leslons was reqlstered on the firet readlng day 

whereas on1y 11\ of leslons were registered on the tiret 

readlng day for the seventh plantinq. For all nlne plantlnqa 

the .. an nuaber of leslons reglstered on the flret day of 

reading was 30\ of the total. 

Dur lng LP8, the mean .... xlau. temperature tor ~PH (M'J'XII) 

varied fro. 21 to 21 C, whereaa the aean alnlaua te.perature 

(MT"B) varled froa 12 to 18 C (Table 2.2). 

Atte~ts vere .. de to develop a polyno.lal Multlple 

reC)resslon aode1 to precUct LPB as a functlon ot M'l'XII and 

"TM8. However, aore than two ter .. (MTMX and MTHB) ln the 

MOdel produced 1arC)er regresslon coefficients whlch were 

very dlfflcult to understand froa the biologleal pOint of 

vlew. Therefore, a I1near regresslon aodel (Eq 6) la 

presented here: 
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tt.le 2.1. Mean latent perlod beqlnnlnq, p.rcentaqe of 
.. xl .... nullbe, of le. Ion. for_d on LP., LP50' and .an 
latent pe,lod endlng for .eptorla bl1ght of celery at 
cUUerent inoculatlon date. ln the y.ar 1919. 

------------------~---------T_.------.--~. 

Inoculetion Dat •• 

MLPB 
LP50' 
NLPI 

Day/Nonth 

30/6 

8/7 

14/7 

21/7 

28/1 

4/a 

11/1 

18/8 

25/8 

HLP8 

14 

13 

12 

13 

11 

10 

11 

10 

12 

11. 78 

, Le.lon. 
on LP8 

74.31 

39.27 

20.42 

14.21 

16.07 

15.16 

10.62 

61.92 

20.66 

30.29 

Mean latent per 10d beglnnlng ln days 
Latent per 104 58' ln days 
Hean latent perlod endln4j ln daya 

.4 

LP50' MLPB 

14 22 

16 20 

14 19 

17 20 

14 18 

14 18 

14 18 

10 14 

14 18 -T--··-- -- .. 
14.11 _ 18.55 
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'able 2.2. Mean _xl.ua and .. an .lnl.. tftaperatures 
recoEded dUElnq latent perlod beq1nnln9 and latent peElod 
endlng for dlfieEent lnoeclatlon dates ln the year 1989. 
~e.,erature. lncluded an lnltlal 72 hr .olat perlod at 
conatant 20 C and fleld te~eEatuEee deElved fro. hourly 
t .... r.tur. recorded ln the canopy of ce1.ry cv. r10rld. 683 
lnoculated wlth ~. Apllcq1t. 

________ H .. _" __ ~" .... ___ ...... 

Average Mean TeapeEAture 
Inoculation ------.. _----- " - .... -.. - .. _ .. -

Dat •• Latent Plrioc! Latent Perlod Bndln9 
aeCJlnninCJ 

Day/Nonth N,.xa 1 
30/6 26.10 

1/7 24.87 

14/7 27.08 

21/7 26.15 

28/7 24.86 

4/8 23.58 

11/8 24.04 

18/8 21.59 

25/8 22.25 

N7X8 la th. av.raCJe of 
regi.tared during L.tent 
lnocal.tion. 
MMI la the average of 
re,letered durln9 Latent 
lnoealatlon. 
N7XI la the average of 
re91.tered durln9 Latent 
lnoculatlon. 
N7MI la th. aveEage of 
regi.tered durlnq Latent 
lnocal.tlon. 

M7N8 
.. ----.. -.-- -1-- .------ -.- --

N'I'XI ",.NI 

14.48 27.22 15.40 

14.87 26.80 15.98 

17.53 27.01 15.55 

15.70 26.10 14.81 

16.44 22.61 13.37 

14.21 24.37 13.16 

13.81 23.55 12.16 

12.38 22.38 12.36 

12.40 23.83 13.12 ._---.. _----. - ---- ._-
the .. an .. xl.. te-oerature 

'eElod .eglnnin9 (LPB) for .ach 

the .. an .1nl.. te.perature 
peElod aeglnnln9 (LPB) for each 

the .. an aaxl.u. te~er.ture 
'erlad Indinq (LPI) for .ach 

the .. an .lnl.un teaper.ture 
Period Indin9 (LPI) for •• ch 
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L~B = -9.4115 + 1.7000*MTXB - 1.3988*MTMB (6) 

where, LP8 la the latent perlod be91nnln9, HTX8 la the .ean 

.. xlaua teaperature durlng LP8 and MTHB ls the aean alnl.um 

t.~erature durln9 LPB. The .odel had an a l -O.57 and 

C.V.-9.12' (Appendlx 2.1). Predlcted values calculated by 

Squatlon 6 are presented ln F19. 2.1. 

LateDt perlod eDdlng. The aean Latent Perlod 

Bndlng (HLPS) for each p1antlng calculated based on the 

final nu.ber of leslons obaerved on tlfteen planta for each 

plantlnq varled froa 14 to 22 days wlth an overall aean of 

18.55 days (Table 2.1). The shortest LPE correaponded to 

lowest HTXB whereas the longest LPE to the hlghest "TXI. 

The aean .. xlmua teaperature (MTXE) reglatered for thls 

perlod varled from 22 to 21 C; and the mean minimum 

te~erature (MTME) varled froa 12 to 16 C (Table 2.2). 

ln order to develop a polynomial aultlple regresslon 

.odel to predlct LPB as a function of te.perature It wes 

found that .are than two Independent variables (HTXE and 

MTHB) ln the equatlon resulted ln larger regresslon 

coefficients wlthout blolog1cal explanatlon. For th1a reaaon 

a aiaple regreaslon .odel (Bq 7) was developed: 

LPI - -10.6315 + 1.7073*HTXB - O.9352*MTHE (7) 



'"--- -----

rlq. 2.1. Latent period beC)lnnlnC) (LP8) 1n daya 

predicted fro. .ean .inimu. and mean .. xl.u. 

tellPeraturea. Predicted values were calculated by 

Equation 6. 
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where LPB 1. th@ latent period endlnq, "TXE is the aean 

.axl.ua teaperature durlnq LPB and HTHE 115 the .ean .lnl.u. 

t.aperature durlng LPB (Appendlx 2.2), The .odel had an ~ • 

0.55 and c.v. -= 8.17\. In Fig. 2.2 are represented the 

predlcted values calculated by Equation 1. 

Latent: perlod !t~,. 'l'he a.an latent perlod !:>o, vatled 

fro. 10 to 14 day. for the nine plantlnqs, with an overall 

•• an of 14 day •• The LP50' w.s closer to the LPB than to the 

LPa, explalning that 50\ of the les Ions were foraed untll 

the dey 14 after inoculation (Table 2.1). 

,.he 

included 

DI8CU8SIUM 

.odels developed here to predict 

the whole range of temperature. 

LP8 and LPE 

that prevaUed 

durinq the eelery cropping season of 1989. 'rhe ID.an IDaxlaum 

and .ean alnimua te.peratur.s registered and employed to 

develop the .odela to predict LP8 and LPE represented a real 

situation in the field wlth the exception ot the additional 

exposure of a 72 hr-perlod of wetness at 20 C i .. edlately 

following Inoculation. ln addition, the spore concentration 

was the saae at dlfferent inoculations. These 

standardlzatlons helped to .. lntaln the coefficient ot 

variation at a ainlMum and to account for .ost of the 
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l'1CJ. 2.2. Latent per lod endlng (LPB) ln days 

predlcted aean ainlauil and 

teaperaturea. Predlcted values were calculated by 

Equation 1. 

L _____________ • ____________________________________________ ~ 
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varlatlon ln the lenqth of latent perlod. Overall, LPB and 

LP8 were lonqer at hlqher .ean .. xl.ua te.peratures and 

shorter at hlqher ... n .1nl.u. te.peratures. These trenda 

are ai.llar to the results reported by Berqer (1910) who 

found that the lenqth of latent perlod of aeptorla blIqht of 

celery waa lonqer at hlqher te.peraturea under greenhouse 

condltiona. However, not only te.perature but the 

interaction between te.per.ture and leaf wetness after 

Inoculation waa a .. jor factor uaed to eatabllah the latent 

perlod of i. nodoru. in wheat. An Incre.ae of both 

teaperature and leaf wetnesa duration prûduced a decrease ln 

latent period (Shearer and Zadoka, 1912, 1914). The saae 

trend w.a observed wlth~. trltlcl ln wheat. Tbe latent 

perlod decre •• ed as Increaainq temperature, .olature and 

cultivar suaceptlbility (Hesa and Sbaner, 1987). 

The effect of te.perature on latent per10d is a complex 

pheno.enon s1nce lt affecta the developaent of the host, the 

pathoqen, and the dlseaae. Lower te.peratures are aaaoclated 

with greater accumulatlon Qf nutrlents ln plant tlssues 

whlch could be uaed by the funqua favorinq the colonlzatlon 

proceas and ayapto. expression (Caator et al, 1971; Dahlberq 

and Van Btten, 1982). At hlqb teaperature lt la poaalble to 

flnd. faater exhaustion of nutrlents fro. the hoat and 

conaequently a reductlon ln tbe processea lnvolved ln fungal 

llfe cycle. However, te.perature la a relative factor that 

varlea aaother weathercondltlons vary (Cohenand Rotem,1964.) 
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The LPB aa deacrlbed ln th!a atudy la a qood .. aaure 

for latent period to be uaed ln calculatlnq the onaet ot 

diseaae under field conditiona and tor ~ppllcatlon in 

dlsease forecaatlnq. When a flxed LPB la requlted, 12 daya 

cou1d be uaed in Ouebec. Thia LPB la cloae to a mean latent 

perlod 50' of 14 days. 

The dlfference in disease between latent perlod 

beglnning and latent period endinq Is the .~unt of dlaeaae 

developed due to the Infection whlch occurred one latent 

perlot. earller. Thua, varloua factora lnfluenclnq infection 

auch aa Inoculua aval1abl11ty and weather condltions could 

be related to the Increaae of the disease ln order to 

Identlfy specifie factora Influencing epidealc dev.lopaent. 

Such lnfor .. t'on could be us.d ln developlnq dlaea.e 

predictlon and dlaeaae forecast .odels (Kuahalappa and 

lakes, 1989). 

51 



( l'ND! J Il . 

'orecastlng ls an laportant co.ponent of a plant 

dl.ease .. nageaent program. Lately tbere ls a trend toward 

replaclng the conyentional fixed-interyal fungicide 

applications wlth forecastlng systeaB ln whlch fungicides 

are applled based on action thresholds. The action 

thr •• holds are technlcal guldelinea foraulated on one or 

.or. l~ort.nt par ... tera that pr.dict dlsease developaent. 

These parameters .. y be selected .aploying eapirlcal or 

funda .. ntal .adela. The deyelopaent of a fundamental model 

requlres the establishaent of subaodels for the sub-

processes of th. disease epid.aic. Th. sUb-proceasea auch aa 

infection, sporulation, and dissealnation are Influenced by 

environaental conditiona, and thelr effecta can be descrlbed 

by .. theaetlcal aodels. A forecast .odel .. y include one or 

aor •• odels for the aubprocefts. Infection and sporulatlon 

aodela have often been used succeasfully to tiae fungicide 

applicatlon to control early bllght of celery, botrytis leaf 

blight of onions, coffee ruat, and potato late bllght tollow 

thls approach (Berger, 1969; 'ry, 1982; Kushalappa et al, 
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1981; Sutton et al, 1986; Arauz and Button, 1989; Kuahalapa, 

1990; Madden and Ca~bell 1990). To date, no .odel has been 

developed to forecast •• ptorla bllght on celery ln order to 

tl.e funglclde application. 

The objectlve of thls research was to develop a sl.ple 

forecast .ode1 to tlae funglclde applications ln the 

.. nageaent of septorla bllght on celery • 

• t'.IAL8 AllO ....,HODS 

This study wa. carrled out at the Agriculture canada 

a ••• arch Station ste. Clotild. durlnq 1989 and 1990. Two 

plota of lOO .1 each were planted durlng the tirst week ot 

June ln 1989 and 1990. One plot wa. always !ocated ln a 

field where celery wa. grown the previoua year. ~roductlon 

of tran.plants, .paclng, ferti!lzatlon, 1rr1gat1on, and weed 

control were perfor .. d as lndlcated before (see study Il). 

Six w.ek old .eedllng8 of cele~y cult1var Florida 68J were 

hand transplanted each year. The plot where celery was not 

grown prevlou.ly wa. lnoculated durlnq the firat week of 

August (about 10 leaf stage) by spraylng wlth a .uapenaton 

of 20,000 spores/al of ~. apiicola uslng a 10 liter manuai 

.p~ayer (Orlg1nale volpl). 

DI ..... aeverlty ... e .... Dt. ln each plot the dlseaae 
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•• v.rity wa. a •••••• d, fro. tran.planting, at 3-4 day 

lnt.rval. on flfteen plants .elected at rando •• On each 

plant the expanded leave. were counted fro. the bottom to 

th. top. The disea.e sever1ty was as.e.sed on each leat 

u.lng .adlfled Hor.fall-Harret score. as.ociated wlth a 

dlagra ... tlc .cale (Horsfall and Cowllng, 1918). For the 

transfor .. tion of the scores to proportion of leaf area 

di.eased and to calculate current proportion of leaf area 

dl.eased (CUPLAD), cu.ulative proportion of leaf area 

diseased (CPLAD) and cu.ulatlve proportlon of plants 

dl.eased (CPPD) the co.puter program D1SPAR (Kushalappa and 

Carl •• e, 1990) wa. u.ed. 

rro. the CUPLAD the dlsease increase (Dl) due to each 

lnoculatlon or wet perlod was calculated as: 

DI • cup~. - CUPLAD... (8) 

where the sub.crlpt. LPE and LPB are latent perlod ending 

and latent perlod begln~lng, re.pectlvely. Though the aean 

LPSO' wa. 14 day. (study Il) the range of LPB varled from 

11 to 1l day. and the LPI fro. 14 to 11 days, because the 

PLAD was recorded only at 3-4 day. 

Mlcrocll .. tlc data. A datalogger .odel CR-10 (Campbell 

Sclent1fic Canada Corp) wa. 1nstalled ln the mlddle of the 

unlnocu1ated plot to monitor .1crocli.ate. Te.perature and 
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l relative hu.ldlty aensora were placed ln a stevenaon house. 

Data ftoa these were obt~lned at one .lnute lntervala and 

recorded aa hourly averagea. 

Two grld-type surface wetneal senaors prevloualy 

callbrated on celery planta were placed ln the plant canopv 

at two dlfferent helqhta, .1ddle and botto. thlrds ot two 

planta, and the poaitlona weIe changed aa the planta grew. 

The duration of leaf wetnesl waa recotded aa an averaqe 

every 15 ainutes. 

Data an.lysl •• Pro. weather data for 1989 and 1990 the 

dlseaae aeverity valuea for Infection (DaV) were calculated 

baaecS on the .. an hourly te.perature durinq wet perloda 

qr.ater than 12 hr uslng a chart (Mathieu, 1991). 'rhe chart 

la a reault of a qrowth cha.oer atudy carried out to predlct 

lnfection by i.. .plicola on celery. ln thia atudy the 

teaperature and duratlon of wetneaa Influenclnq infectlon 

waa tranafor_d Into diaease aeverity valuea; 1 belng low 

Infection and 4 belnq hiqh infection. Outatlon of leat 

wetneaa lesa than 12 hr were consldered not aultable tor 

bllqht Infections. The DSV waa zero when a te.perature lower 

than the alni.ua eatabllahed in the chart waa regiatered. 

The DSV calculated for a glven wet period waa 

dealgnated aa current DSV (CUDSV) and the oav tor var loua 

wet perloda over a cropplng aeaaon accu.uIated alnce 

transplantinq were deslqnated aa cUMulative OSV (CDSV). 
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Correlation analysls were Cot.c!ucted between CDSV and 

the diaeaee para .. tere CPLAD and CPPD recorded one latent 

period after the wet periode; and between CDSV and CUPLAD. 

Also a regression equatlon was developed to predict the Dl 

based on CUDSV. correlation and regresslon analysis were 

perfor.ed by the GL" procedure (SAS, 1981). 

Il88UL!'8 

Dl ..... d.velo~nt. Dlsease severlty was hlgher ln 

lnoculated plots than ln uninoculated. In lnoculated plots 

the lnitial s~pto.s were observed 75 and 77 days after 

transplanting ln 1989 and 1990, resp.ctively (Fig J.l, Fig 

3.2). The .. xl.u. CPLAD reached were 0.31 and 0.40 at 100 

and 111 days after transp1antinq ln 1989 and 1990, 

respect 1 vely. 

In the uninocu1ated plots the initial disease symptoms 

were observed 77 and 79 days after transplantlnq ln 1989 and 

1990, respectlvely (~lq 3.1, Fig 3.2). These dlsease tocl 

were unevenly dlstrlbuted as compared to unlfor. 

distribution ln inoculated plot. The maximum CPLAD reached 

were 0.107 and 0.284 at 100 and 111 days after transplantlnq 

ln 1989 and 1990, respectlvely. For both years a CPLAD ot 

0.005 was observed approxlmately 85 days after 

transplanting. At the sa .. tlme the CPPD were 0.11 ln 
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rlg. 3.1. CumulatIve proportion ot leaf area diseased 

(CPLAD), Septorla aplicola on celery, calculated tor 

Inoculated and unlnoculated plots during 1989. Each 

point repreaents the value of fifteen observations 

taken on plants selected at random. 
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'1g_ l.2. Cumulat1ve proportion ot leat area d1sea8ea 

(CPLAD), S.ptorla apllcola on celery, calcu!ated for 

lnoculated and uninoculated plots dur i ng 1 ~90. I!;ach 

point Iepresents the value of flfteen observations 

taken on plants selected at random. 
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1989 and 0.09 ln 1990 ('ig l.3). 

In general younger leaves were less attected by the 

d isease. The first and second leaves from the top d id not 

show any symptom of the dlsease during both years, whereas 

the older leaves were heav11 y Infected. No apprec table 

dlfferences were found in total number of leaves tOlmed pel 

plant between years. The average maximum numbeI of leaves 

for.ad per plant was 11,6 for both plots ln 1989, whereas it 

was 14.2 and 13.3 in uninoculated and Inoculated plots in 

1990, respectlvely. 

Diae.se aeverity valu ••• A total of 1& wet periods 

longer than 12 hr were reglstered during the cropplng season 

of 1989, whereas 19 wet perlods were reglstered ln 1990. ln 

both years the flrst wet peIlod was reglstered approxlmately 

30 days atter transplantlng. 'l'he longest wet per iods 

observed were 40 and 118 hr during 1~8~ and l~~O, 

respectively. Durlng wet perlods the range 

reglstered varled from 1 to 27 C and from 2 

1989 and 1990, respectively (Table 3.1, 3.2). 

oi temperature 

to 2 j C, tOI 

The current dlsease severity value (CUDSV) varled from 

o to 3 in 1989 and from 0 to • in 1990 (Table 3.1, 3.2). 
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Plg. l.l. Cumulative proportion of plants dlseased 

(CPPO), SeDtorla aDlleol. on eelery, ealculated for 

unlnoculated plots durlng 1989 and 1990. Each point 

represents the value of flfteen observations taken on 

plants selected at random. 

60 



1~--------~---'---+--~--~------1 

J 
DU 

!-Ml 
~ 

.. al 



"l'able 3.1. Current d lsease sever 1 ty values and cumulative 
d isease sever lty values calculated based on mean temperature 
and duration of wetness periods durlng 1989. 

-----~~~.-~-~~-~~~--~-.- --- ---------- ----- ----L----- ---;~v~~-~~--;:lU~--------

~r- T~~~-f1~::~~~:~~r~J~:~:~ ! ~~~tlve __ _ 

22 179 18.0 1 1 

16 162 18.8 1 2 

16 185 18.8 1 3 

18 205 27.1 3 6 

16 207 25.1 3 9 

20 208 20.8 3 12 

16 209 14.2 1 13 

12 210 14.2 1 14 

12 219 21.1 2 16 

16 221 20.8 2 18 

30 224 19.4 2 20 

40 227 19.4 2 22 

20 232 18.6 1 23 

15 236 7.4 0 23 

15 239 12.6 1 24 

13 241 15.4 1 25 ____ M __ ~ _______ ...... ___ .. ____ .. __ .. _______ 

•• Mean temperature durlng wet per lod calculated from 
hourly temperature. 
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"..,1_ 3.2. Current dl ••••• aeverlty value •• nd cu .. latlve 
di •••••• everlty value. ealculated ba.ed on ... n telipeKatur. 
and dGz.tion of wetn ••• perlod durlng 1990. 

... t Period. ..verlty Valu •• 
Mean .t 

Hr Oay of 
Year 

'l'-.p.r ature Curr.nt Cu .. latlv. 

12 117 12.71 1 1 

14 119 19.60 1 :r 
Il 194 12.24 1 l 

14 196 23.29 2 5 

36 191 23.10 :1 a 

14 202 19.76 1 9 

101 203 22.0a 4 13 

n 211 18.86 2 lS 

41 217 19.14 2 17 

35 221 20.15 3 20 

42 224 19.13 2 22 

37 221 19.23 2 24 

44 230 16.11 1 25 

11 234 9.51 1 26 

118 231 11.28 1 21 

100 24' 12.11 1 28 

11 259 6.54 0 2a 

15 261 2.94 0 2a 

42 263 11.19 1 29 

•• Mean teaperature durln9 wet perlod calcul.tecl frOli 
hour1y te.,erature. 
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Approxlautely at the tlme of harvest the cumulative dlsease 

severity value (COSV) reached 25 in 1989 and 29 in 1990. The 

wet per loda were aore frequent and so.e were longer ln 1990. 

However, when the initial diaease SYlipto- were observed in 

the field the COSY were all'Aost the sa_e, 23 in 1989 and 25 

in 1990. 

Relation ot severit:y valuea to diaealle int:enatty. A set 

of cross co.par lsons were .ade between COSY accuaulated 

since transplantlng and the dhease para.eters CPLAO and 

CPPD, observed one latent period later, as weIl as CUPLAD. 

ln general the correlation coefficients were relatively .low 

(Table 3.3). This is due to the absence of the d1sease ln 

both years during approximately 10 days after transplantlnq. 

Increase in disease wlth ti.e was associated wlth 

increaae ln COSY. The correlation between CDSV and the 

CP LAD .... wall positive and the correlation coefficients were 

0.60 and 0.52 for lnoculated plots and 0.49 and 0.50 for 

unlnoculated plota, for 1989 and 1990, respect i vely (Table 

J. 3) • 

Also there was a positive correlation between COSY and 

CPPO .. u in un Inoculated plots. The correlation coeff lc lents 

were 0.61 in 1989 and 0.75 for 1990 (Table 3.3). ln 

inocu1ated plots the plants aIl were dlseased in a short 

span of tlme. 

A posl t 1 ve correlat ion waa found bet,,,een CDSV and 
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Table 3.3. Correlation coefficients and slgnificance of 
cross comparlsons between cumulative disease severlty values 
(CDSV) and cumulative proportion of leaf alea dlseased 
(CPLAD), current proportion of leaf area dlseased (CUPLAD) 
or cumulative proportion of plant dlseased cepPD). CPLAD and 
CPPD were ca1culated one LPS 1ater. CPLAD and CUPLAD were 
calculated froa unlnoculated (A) and inoculated (S) plots 
durlng 1989 and 1990. CPPD were obtalned from unlnoculated 
(A) plot ln 1989 and 19~0. 

1989 1990 

CPLAD CUPLAD CPPD CPLAD CUPLAD 

A B A B A A B A B 

CDSV 0.49 0.60 0.63 0.68 0.61 0.5 0.52 0.50 O. SI 

P 0.13 0.07 0.04 0.02 0.07 0.1 0.09 0.09 0.09 

P level of signlficance 
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CUPLAD. The correlation was hiqher for inoculated (r=0.b8 ln 

1989 and 0.51 in 1990) than for uninoculated plots (r=0.6J 

in 1989 and r=0.50 ln 1990). The signiticance was hIqher in 

1989 than ln 1990. Thls indicates that CUPLAD must have 

served as source of secondary inoculua. 

A .adel to pEedlct diae •• e. Two models (Eq 9 and Eq 10) 

to predict dlsease lncrease (DI) due to CUDSV were developed 

fro. seven and eiqht observations collected in 1989 and 

1990, respectlvely (Table 3.4, 3.5). 

Dl • 0.0585 - 0.02578 * CUOSV 

DI = 0.1830 - 0.06979 * CUDSV 

( 9 ) 

(10) 

where DI is dlsease increase and CUDSV is current disease 

aeverity value. The models had RI = 0.89 (Eq 9) and j = 
0.79 (Bq 10). In order to develop a slnqle model the 

variances of these models were compared by the F test. Since 

a slqnlflcant dlfference was found between var lances the two 

years data were not pooled and it was not possible to 

develop a slnqle model (Appendlx 3.1 and 3.2). Observed and 

predlcted values calculated trom Equations 9 and 10 are 

presented ln Fiq 3.4 and Fiq 3.5, respectively. The 

equations developed here had a high RI. However, both the 

models describe an inverse relation between CUDSV and Dl, 

whlch do not explain the bloloqical pathway. 
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"able 3 .... Dlsease Increase ln septor la bllght of celery 
correspondinq to current disease sever 1 ty values observed 
dur Ing 1989 ln unlnoculated plot. Dlsease Increase for eaeh 
wet par lod was caleulated as the dl fferenee between CUPLAD 
on LPE and LPB s ince wet per iod. 

Wet CUPLAD ..... • CUPLAD ...... .. 
Perlod CUIrent Dlsease 

(Day of Sever 1 ty Day of Day of Increase 
Year) Values Year CUPLAD Year CUPLAD 

219 2 233 0.00031 230 0.0000 0.00031 

221 2 237 O. 00468 233 0.00031 0.00437 

224 2 240 0.00609 237 0.00468 0.00141 

227 2 244 0.02444 240 0.00609 0.01835 

232 l 2 .. 7 0.06468 2 .. 4 0.02444 0.04024 

236 0 251 0.11988 247 0.06468 0.05520 

239 l 254 0.15165 251 0.11988 0.03117 

t Current proportlol of leaf area dlseased observed one 
LPI afteI a wet per lod. 

tt Current proportlon of leaf area diseased observed one 
LPB after a wet per iod. 
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'l'able l. 5. Dlsease Inerease ln septor la bllqht of eelery 
eorreapondlnq to eurrent disease sever Ity values obaerved 
dur Ing 1990 ln unlnoculated plot. Dlsease Increase for each 
wet pu 10d was ealculated as the difference between CUPLAD 
on LPE and LPB slnee wet per lod. 

Wet 
Perlod Current CUPLAD m •• t CUPLAD m .. •• 

(Day of Sever 1 ty Disease 
Year) Values Day of Day of Increase 

Year CUPLAD Year CUPLAD 

217 2 2.32 0,00016 229 0,0000 0.00016 

221 3 236 0,00421 232 0.00016 0.00405 

224 2 239 0,04893 236 0.00421 0.04472 

227 2 2 .. 3 0.07363 239 0.04893 0.02470 

230 1 246 0,17766 243 0.07363 0.10403 

234 1 250 0,27986 246 0.17766 0.10220 

237 1 257 0,42747 250 0.27986 0.14761 

246 1 264 0.55696 257 0.42747 0.12949 

Current proportion of leaf area dlseased observed one 
LPE after a wet per lod. 

tt Current proport 1 on of leaf area dlseased observed one 
LPB after a wet per lod. 
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rlCJ. 3.4. Observed and pEedlcted values of dlseaae 

lncr:eaae for 1989. Bach point repEesents the mean of 

seven observations in uninoculated plot. ~redicted 

values were calculated by Equation 9. 
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,Ig. l.5. Observed and predlctetl values ot dlsease 

increase for 1990. i:ach point represents the mean of 

elght observations ln unlnoculated plot. Predlcted 

values were calculated by Equation 10. 
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Equat ions were also 

increase (DI) from CUPLAD. 

developed to predict didease 

The CUPLAD was considered as 

source of inClculum and may be respon.lible tor the increase 

ln disease. Thls model, however, was not glven here because 

the coefficient of determlnation was very low (al = 0.21). 

DI scuss 1 011 

~ severe epidemic of septoria bllght of celery depends 

on initial Inoculum surviving in plant debris or on the 

infected transplants that are coming fro. Infected seeds 

(Maude and Shurlng, 1970; Berger, 1970). 

The spatlal distribution of the initial inoculum o~ 

diseased plants, as weIl as the age of the crop when the 

flrst infectlon occura la alao very important. ln thlS 

experi.ent the dlsease severlty was qulte hlgh in inoculated 

plots indicating that Initial \noculum plays a big role in 

the progress of aeptorla blight of celery. Thus, it 15 

evident that the reductlon of initial inoculua postpones the 

time at whlch an action threahold is leached. The Importance 

of aeed treatment to reduce initial Inocul~m ha5 been 

identified and aeed certification schemes have been 

recommended (Berger, 1970). 

However, it 18 unclear in thia reaearch, what impact 

celery debris has on the appearance of the disease ln the 
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1 field in both years, because of inoculum 

inoculated to uninoculated plot. Since 

movement troll the 

the Intormatlon 

aval1able ln literature on pathogen survlval in soil ia from 

exper lmentation conducted abroad, etudies aust be conducted 

under Quebec conditions to understand the importance ot: 

infected celery debrls on Inoc'ù.i.um survivaL 

81~le forecasts. 

1. Baeed on lnltlal occurrence ot Beptorla 

According to the Queb~c Government (CPvQ, 

bllght. 

1981 ) 

reco .. endatlon, the fungicides to control septoria blight ot 

celer y should be applled "when trnaBplants are recovered". 

This waB approxlmately 10 daye after transp1antlng tor the 

years 1989 and 1990. However, the disease ln unlnocu1ated 

plots did not appear unt!l 77 days after transplantlng. So 

the initial occurrence of disease can be used as an action 

threshold to initiate fungicide application. 

Waltlng for a longer t 1 Ille after In1 t la1 d lsease 

occurrence could be ve!y dangerous because the disease 

Increases rapldly and would be very di f ficu! t to manage. 

Such a recommendatlon would require scouting in the tie1~ to 

note the t 1 Ile of disease appearance after tramsp1ant lng. 

Such a forcasting system is belng used by an Inteqrated pest 

management progra. ln Quebec. However befor~ recommendlng to 

growera the valldlty of such a forecast must be tested under 

co .. erclal conditlons. 
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2. _ed on aeverity vala ••• In both years, the blight 

appeared for the firet time 15 days after transplantlnq. The 

CDSV by thls t 1 Ile was 23 ln 1989 and 25 ln 1990. Thus, a 

CDSV of 23 may be consldered al an action threshold to start 

fungicide appl1cation. However, th18 may not represent the 

comaaercial situation, and hence the ferecast must be 

valldated betore recolNllendaUon. Here, growers must be 

tUllned in uslng leaf wetness sensors and ln calculatlog 

CDSV. 

Blight increased very rapldly after its inltial 

appearence. Thua, delaying fungicide application further, 

for exa.ple up to CPPD • 0.7, may be ~ery dangerous. Lower 

leVels of initial disease incidence thresnold must be tested 

under co.erciai conèU tions to recoMend disease incidence 

threshold to postpone funqlclde application. 

The second and subsequent fungicide applicat ions couid 

be sprayed after one wet per iod wi th a DSV score of 2. 

Following thls recommendation two or four fungic iàe 

applications are required for each year as the CDSV were 25 

and 29 for 1989 and 1990, respectively. Therefore, if the 

the forecasts proposed in this research are combined wlth 

the use of certif1ed seed It is possible to save Uve to 

seven applications out of 10-15 applications requlred by the 

conventional Methode This will result in a positive economlc 

effect ln production costs and in the reductton of damaqe to 

the environ.ent. However, this forecast system must be 

12 

, 

" 

4 



• 

tested under field conditions before a final recommendation 

can be .ade. 

The lIo"e15 to predlct DI fro. CUDSV cannot be used 

either to tilDe subsequent funqicide or to forecast disease. 

The aodf'ls descr ibe a negat1 ve relation between CUDSV and 

DI. Accolding to this, favorable conditions for Infection or 

larger CUDSV resulted in a decrease ln Dl. This may be 

because the developaent of septorla bllght ls not only 

associated wlth the environmental factors tavorable to 

1nfect1on but also to otheI laportant co.ponents closely 

Eelated with the developnaent of the disease such as Inl tia.l 

Inoculu. or Ig Inat 1 ng flom the crop debr is and dlssealnat Ion, 

which wele 

majoI role 

not considered here. Secondary 1noculum p.Lays a 

ln infection. The CUPLAD, the les10ns that 

produced spoEes, Increased wl th the advance in the 8ea80n. 

However, a Medel (not included hele) based on spore 

producing dlsease area and CUDSV did not Increa8e the 

coefficient of detelilination. 

The decEease in DI wlth Increase in CUDSV naay also be 

due to the Inherent problem assoclated wl th the calculat Ion 

of DI. Hf!re i t ls based on leaf area dlseased and generally 

the Infection depends on the Increase ln the nuaber ot 

infections. In septoria bl1ght the Increase in les10n slze 

and the coalescense of les Ions contribute to a faise 

increase OI reduction ln DIlater ln the season. 'l'he 

physiologlcal aqe of the plant at the t Ime of 1nfect Ion 
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plays an 

bllght of 

infeeUon 

con f ound i ng 

1.portant role on the deve10p.ent of septor la 

eelery. older leaves are 1D0re suitable tor 

and leaion expansion. Thia aspect brings up a 

effect when the disease ia asaes.ed by a scale 

as lt wall here. The aensitivity of the Bcale 115 baaed on the 

abl1ity of the uaer to dlstinqulsh between proportion of 

healthy and diseaaed tissue of the plant. Laek of 

sensitlvlty of the Horllfall-Barrat seale haa been reported 

(Berger, 1970). Therefole, the .. odel eould be Improved by 

calculatlng DI based on number of les Ions and .. asur Inq the 

les Ion alze. Alao, by eountinq the nulaber of 1eslons It la 

poss lble to have a better esti_te of the rate of Inerease 

in disease. 

ln addition, LPB and LPE were not predlcted fro. Mean 

alni_ua and .ean .,xl.um te.peraturea. Instead, a flexibJ.e 

range was used sinee the disease was quant1fled only at ,$-4 

day lntervala. 1 t was adjusted Ilore towarès LPB becauae 50'4 

of the lesiona were forlled within the range ot 12 ta .1.4 

days. These adjuatments als-o redueed or Increased DI 

falsely. 

The develop.ent of Il forecast lIodel to manaqe septor la 

blight of celery is very co.plex. Such a mode 1 should 

require an aceurate knowledge of the environ.ental factors 

that condition the biologlcal proeesses of the disease 

cycle. The infor.ation aval1able ls acarce and the results 

are not accurate enough to be used ln building up empirieal 
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.. 

or f.undamental 

dlfflculty Is 

.odels. One laportant reason for thls 

the Inherent char acter lst lcs of the pathoqen 

and Ih Interaction wlth the hosto The pycnldlum ia i_ersed 

ln the host tissue. It controls the production, release, and 

geralnatlon of the spores. The conldlal matr 1x produced by 

the pycnldlu. protects spores fro. unfavorable condltions. 

Pycnldia are produced ln e1ther apparently hea.1thy or 

dlseased tissue where they are protected. Thus, the 

envlromnental conditions surroundlng the cr'op may or uy not 

have a d 1rect effect on the fungus. These weather factors 

are co.aonly studled and related to the d bease developllent. 

Water-related factors also have a dlrect effect on spread ot 

the disease, however, they are not sub1ected to study due to 

the1r cOl'llplexity. 

75 



a.l88AL DI8CUS81011 MD COIIaaU81CM8 

The l_portance of wetness ln the developaent of 

septorla blight of celery ls noticeable. Duratlon of .1eat 

wetness 115 cr 1 t lcal to get successful infect Ion and also la 

consldered the IIOSt important factor for dlsease spread 

(BerCjer, 19'10i Mathleu, personal co_unlcatlon). In thls 

work 1 t WI'S found that the number of spores Increased wi th 

Increaslng relatlve humldlty. A wet period of 48 t.r at 

teaperature&5 between 15 and 20 C resulted ln the largest 

._ount of spores produced per square .1Ill.etre of leslon 

area. However, no crltlcal weather factors were determlnt!d 

for sporulat Ion slnee spores were produced at var 10us levels 

of relative hUlllldlty and temperature tested. These 

condi tlons are wi th ln the range of the best weather 

conditions for celery production, whlch mlnimizes the need 

of uslng the developed models for the predictlon of spores 

ln a forecast model. The lack of a cr 1 tical level for spore 

product Ion suggests the importance of test ing a broader 

range of temperatures and relative humldity in order to Und 

detrlmental conditIons for spore production. 

Wetness has a concomItant eftect on sporulation. ln 

additlon to favourlnq spore production, wetness ls important 

to IIberate the spores and release them from cirr i by 

dilution. This effect was found after 48 hr at 20 C and 

could explaln ln part the fast disease apread under 
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contlnuoua wetness or ralny periods descrlbed by other 

workers (Berger, 1970). In contrast, there ls a neqat1ve 

effect of wetness on spore v1abl11ty. Persistent wetness 

condlt10ns reduced the vlab111ty of spores ot ~llt.o'-i~ 

trltlcl to 5\ ln 15 days (Gough and Lee, 1985). 'fhere lis no 

Information aval1ab1e about spore v1abil1 ty of 8..Cllt.2.t ill 

aplleola as affected by duratlon of leaf wetness and further 

studles are requlred. 

There la a complex 151 tuation in studylng the 

sporulatlon procesa of Septorla apiicola. ln thls study, 

pycnidla of the fungus were observed ln ch1orotlc area 

before typlcal SYllptollS appeared. Lesion appearance, 

therefore, ls not a good lndicatlon to explaln the start ot 

the sporulatlon process to detlne the lntectious perlod in 

septorla bllght. There ls a period of tlme between 1ntect10n 

and pycnldla formation wl thout syaptolftS development. 

Startlng at thls stage, spores are produced and a shorter 

Infection cycle could exlst. The nulllber ot crops ot spores 

produced by pycnldla of ~ apl1cola, aa well as the 

effect of aglng pycnldla on spore production are unknown. 

A Han latent period beglnnlng at 12 days was 

deter.ined by this study for Que bec cond1tions durlnq a 

celery growlng season ot 1989. This value 18 withln the 

range of latent per 10d found by other workers (Berger, H'/U; 

Sherf and Hacnab, 1986). The mean latent perlod beqlnnlnq ls 

useful to calculate the onset of the dlaease under t1eld 
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cond 1 tions. It ls close to the .ean latent per 10d 50' whlch 

was 14 days. ThIs shows that 50\ of the lesions are fotmed 

wlthln 14 days after inoculation and the rest untll the 

latent period endinq of 19 days. Latent period ending 18 an 

arbl trary measure. 1 t does not mean that no more les ions are 

for.etd due to one 1noculation. It explal.~s only the duratlon 

of the per lad when 95\ of lesi ons are developed. The 

d1ff lculty in determlnlng when absolute latent period takes 

place ls due to the existing variat ton among infection 

units, host, and environmental factors. 

Hean maximum and mean minimum temperatures were 

consldered ln developing the models to predict latent 

perlod. Ho informatlon about leaf wetness dutation was 

included. However there was a constant 12 hr perlod ot 

w~tness atter Inoculation whlch could explain the low 

varlab1l1ty wlthin 15 plant-set of lnoculated plants. 'rhe 

comblnatlon of temperature and leaf wetnes8 was the major 

determlnant of the latent per Lod of Sept or ia nodoruR) 

(Shearer and Zadoks 191 .. ). 

Inltial Inoculum plays an important role ln the 

development of septor la bl1ght of celery. Sanltation 

measures, therefore, reduce the a .. ount ot Ini tlal inoculum 

and postpone the time at which an action threshold 18 

reached. ln unlnoculated plots, initial symptoms ot the 

disease were observed 17 and 19 days after transplant Inq ln 

1989 and 1990, respect 1 vely. If the common occurrence ot the 
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bliqht is late in the season there is no reason to apply 

funqIcldes as early as transplantlng tlme (CPVQ, 1~8n. So 

the initial occurrence of disease could be an action 

threshold to inltiate fungicide application. A scoutinq 

proqram is needed to detect the disease. However, no t inal 

recoaendatlon ls poss ible wlthout val1dat 10n under 

cOllUlercial condi tions. 

Disease severity was higher in inoculated plots than in 

unlnoculated. The cumulatIve propol!tlon of leaf area 

dlseased (CPLAD) was higher in 1990. For both yeare a CPLAU 

threshold of 0.005 was found to be approxlmately 85 days 

after transplantlng. Up to this threshold the Increase oi 

the disease (DI) wag relat i vely low. For the same t Im~ the 

cumulative proportion 01: plant dlseased (CPPD) were (Ll1 ln 

1989 and 0.09 ln 1990, respectlvely. ln order to dlmin1sh 

the r18k of a rapld 

and 95 days after 

development oi the d1sease between U~ 

transplant ing, fungic ide appllcat 10ns 

could be done once the CPLAD threshold was reached. lt'urther 

validation i8 required under commercial conditions before 

final recolIIIIendatlon to growerl5. 

Cumulative dlsease sever i ty values are a uset'.ll 

approach to tilDe fungicide application. At the time the 

d lsease was observed for the f 1 rat t ime, the cumulat 1 ve 

dlsease severity values (CDSV) were very close, 2.3 in 1~8~ 

and 25 in 1990. A CDSV of 23, therefore, may be conaldered 

as an action threshold to beqin fungicide application. J. 1: 
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this .ethod la followed, an intense training in measuring 

duration of wetness period, te.perature and calculation of 

dlaease aeverity values is i.perative. 

Using the forecasts proposed here it Is possible to 

reduce by five to seven fungicide applications that are 

com.only reco .. e~ded ln the convent1onal method of septorla 

bllght management (CPVQ, 1987). After a suceessful first 

application, the sUbsequent fungiclde could be applied after 

a wet period wlth a disease severity value of 2. A total of 

two or four fungicide applications are required for each 

year since the CDSV were 25 and 29 for 1989 and 1990, 

respectively. As pointed out above, the forecasts proposed 

need validation prior to final recommendation. 

To calculate diaease increase a flexible range of LPB 

and LPB was employed since the disease was quantified only 

at 3-4 day intervals. It was adjusted more to LPB than to 

LPE slnce 50\ of lestons were formed wlthin the range of 12 

to 14 daya. 

Models developed here to predict disease increase as a 

function of current disease severity values (CUDSV) were not 

used to tlme subsequent fungicide application because CUDSV 

alone ia a poor indicator of disease increase. As other 

factors are involved, additional studies such as initial 

inoculum and disse.ination whlch are not considered here 

must be conducted. 

The effect of infected celery debri8 on the occurrence 
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of the dlseaae in the field ia unclear and studies on th1s 

aspect uncler Quebec conditions are requ1red. Extreme 

cond1t1ons dur lnCJ wlnter could be an important factor to 

reduce survlval and vlab1l1ty of spores of septorlA. apl1cQll 

ln Quebec. 

Il 
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To the best of the author's knowledqe the se studies contaln 

the followlng contributions: 

1) This ls the first report where the effect of relative 

humidlty and temperature on sporulatlon of seDto~ 

apiicola on living plants i8 studied. Results showed 

that the fungus produced spores at different levels of 

relative humidity (65, 88, 92, 96\, and wet) and 

temperature (15, 20, 25, 28 C). It also was found that 

a period of 48 hr at 20 C was optimum for a large 

production of spores. 

2) This ls the first report showinq the duration of latent 

period for Septoria apiicola in celery under Quebec 

conditions. Hean latent period beglnning ot 1l days, 

mean latent period 50\ of 14 days, and mean latent 

period endlng of 19 days were established for 

forecastinq purposes. 

3) This ls the flrst report where two alternatives to 

ft~nage septorla bliqht of celery are presented. 1) 

B~3ed on initial occurrence of septoria blight. The 

initial observation of the dlsease in the field could 

be used as an action threshold to inltiate fungicide 

application. 2) Sased on disease severity values. A 

cumulative d1sease severity values of 23 may be 

.2 
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consldered as action threshold to start tungicide 

application. Using the forecasts proposed ln thls 

research it ls possible to save five to seven 

applications of funglclde with a positive economic 

effect and reductlon of damage to the environment. 

, 
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__ adl. 1.1. Analysl. of variance on effeet of durat10n 
(0'" of relative hu.Ut)' (RH) on spore production by 1. 
ARllcol. on eelery cultivar Florida 683. 

Source df Mean 8gu.re Pr>P 

.elative Hu.ldlty (RH) 4 64878.26'8 0.0001 •• 
Dloell 1 19.499' 0.7148 nll 

0" S 37752.6484 0.0001 t' 

RH * DW 20 5890.1554 0.0001 .t 
.rror .. (Bloell·RH, 4 126.6630 

.rror b (Iloell *0"( RH)) 25 80.5837 

*. e19nlfleant at the 0.01 level 
n. not lignifle.nt 
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Appeadlx 1.2. orthogonal contrast on effect of duratlon (DW) 
of relative huldlty (RH) on spore production by 1. _D11col. 
on celtry cultivar rlorlda '8l. 

-----
Source df M.an Square ----

Irror 145 65.7'66 

Contr.at Pr>r 
DN CL) in RH 65 1 14038.1116 0.0001 •• 
DW (C) ln RH 88 1 429.7092 0.0116 •• 
DM (C) ln RH 92 1 4400.5154 0.0001 •• 
lMf CO) ln RH 96 1 1804.6180 0.0001 •• 
DW (Q) ln RH 100 1 74099.1001 0.0001 •• 
•• algnlflcant at the 0.01 llvel 
L 11near 
Q quadratlc 
C c:ublc: 
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l 

Appendlx 1.3. Reqresslon ana1ys1. on effect of duration (OW) 
of rel.tlve hu~lty (RH) on .~ore production by ~ •• D11cola 
on celery cultivar Plorlda 683. 

Source dt M.an square Pr>r 

RH' 1 12203.1824 0.0001 ** 
RH' 1 72553.7854 0.0001 ** 

D" 1 54358.1773 0.0001 ** 
RH * OW 1 1 5202.1386 0.0021 ** 
RH * OW 1 1 4269.6791 0.0050 ** 
RHI * OW' 1 14568.8860 0.0001 ** 
Irror 53 21.9465 

para_ter a.ti_te Pr>" 
Int.rc.pt 165.29362 0.0001 ** 
RH' 0.57812 0.0001 ** 
RH I 0.02799 0.0001 ** 
D" 0.'7790 0.0001 ** 
RH * OW 1 -0.00254 0.0001 ** 
RH * DW 1 0.00001 0.0056 ** 
RH I • OW I -0.00010 0.0001 ** 

•• slCJnlfic~nt at the 0.01 level 
RI • 0.86 
CV • 12.7' 
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...... 1. 1 ••• Anal,.l. of vaElance on effect of dur.tlon of 
wetne •• (DW) and te~.rature (7) on .po,e pEoductlon by ~. 
agllcola on celery cultlvaE l'lorlda 683. 

---_ ..... 
Source cU M •• n agu.re Pr>1' 

"eiip8cature C'I') 3 29153.1381 0.0003 ** 
810ck 1 14.9958 0.1228 ns .,., 5 2544.3165 0.0001 •• ,.-. IS 4350.3520 0.0001 * • 
• rror • (Ilock-,.) 3 91.180 

IlEror b 'Block-.,.,(,.) ) 2. 91.6262 

-- .19nlfleant at the 0.01 level 
na not .lgnlfle.nt 
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...... 1. 1.S. OEthoqonal contraet on effect of dur.tlon 01 
wetne.e (ON' and t.~.E.tuE. (~) on spore pEoductlon by 1 . 
.. llcola on celery cultlvlE rl0Eld. 683. 

-- ~--

louree df "e.~~~..!!...~ _____________ . 

.rrOE 116 62.310 ---------- --- --_ .. _"~ --
ContEaat PE>P 

DW (a, ln l' 15 1 6116.0161 0.0001 .-
H (C) ln l' 20 1 3198.2838 0.0001 .-
ON (C, ln If 25 1 1751. 7456 0.0001 .-
ON (C) ln ., 28 1 428.2838 0.0101 .-_. 

819nlflcant at the 0.01 level 
L llnetr 
Q quadratlc 
C cuble: 
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-"""1. 1.'. Regr.ssion analysl. on effect of duration of 
wetn ••• (DI. and t •• par_ture ('1') on spore production by 11.. 
8811c018 on cel.ry cultivar Florlda 683. 

__ ---..,;B::...o::...u::...r::...c:...;e~. ________ d_..;;;..f ___ "_e . ....;;I~n_8....'1qr...u_a_r_. ____ Pr >, ___ ... _ 

T * DN 

.... a DW' 
,.. a .,.' 

arror 

Intere.pt ,. 
or-.,..1 
,. * DI 

,.. a DI' 

.,. a DI1 

1 22299.3413 

1 6456.5187 

1 2917.7872 

1 6233.3072 

1 1302.6118 

1 5582.5029 

47 31.3077 

262.6'484 

-8.25918 

-1.24981 

-0.02427 

-0.07762 

0.00066 

0.00006 

** signifieant at the 0.01 level 
R' • 0.80 
CV • 7.43 
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0.0001 ** 
0.0001 ** 
0.0001 ** 
0.0001 ** 
0.0039 ** 
0.0001 ** 

pr>'1' 

0.0001 a. 

0.0001 ** 
0.0001 ** 
0.0001 ** 
0.0001 ** 
0.0005 a* 

0.0001 a* 



Appe~lx 2.1. ReC)r.sslon analys1s on affect of a.an .. xl.u. 
teaaperature ("'l'XB) and a.an .iniaua tellPerature ("'l'NB) on 
latent perlod beCJlnlnq (LPB) of •• ptorla bl1CJht of cel.ry. 

Source cU Mean 8guare Pr>r 

MTX8 1 70.9978 0.0001 
_. 

MTKB 1 124.9625 0.0001 
_. 

Brror 126 1.1340 

Paralleter a.tl_te Pl' >'1" 

Intercept -9.4115 0.0001 
_. 

MXI 1.7000 0.0001 
_. 

","B -1.3988 0.0001 ** 
** slqnlflcant at the 0.01 level 
R' .. 0.56 
CV .. 9.12 
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....IMII. 2.2. aegE ••• lcll analya18 Oll affect of .. an _xl._ 
te.,.Eature (MlX.) and .. an .lnl ... ta.,.Eature (M!MI) on 
latent perlod endlng (LP.) of .eptoEla bllght of celery. 

Sourc. d! M.all IguaE. Pr>. 

Iftxa 1 343.7590 0.0001 •• .,.. 1 31.6059 0.0001 •• 
IrEOE 121 2.4061 

.ara_ter •• tl_te 'r>7 
tntareept -10.6315 0.0001 •• 
""X. 1.70.,3 0.0001 •• ...... -0.9352 0.0001 •• 

•• .19nl f lcant at the 0.01 level 
al • 0.54 
cv • 1.17 
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Appen41x 3.1. Regre •• ion 
dl..... ..verity valu •• 
Beptorla bllght of celery 
1989. 

Source 

CUDSV 

Irror 

para •• ter 

Inter:eept 

CUDSV 

analy.ts on the e~fect of current 
(CUD8V) on disea.. iner ••• e of 
.cored fro. unlnoculated plot ln 

df M.an 8guar:. pt>r 

1 0.002468 0.0012 ** 
1 0.000055 

•• ti_te Pr>T 

0.058492 0.0002 ** 
-0.025779 0.0012 ** 

** slCJniflcant at th. 0.01 level 
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.... ~l. 3.2. ..9E ••• lon a.a1rals on th. .ff.et of eUEEe.t 
dl..... ..v.El~y valu.. COUD8V) on dl ••••• IncE.... 01 
•• ptoEI. bll9ht of celeEy ln anlnoeulat.d plot ln 1990. 

80UEC. 

CU08V 

8rEOE 

PaE ... t.E 

Int.Ec.pt 

CUOIV 

•• al,nlfleant 

di Mean 8quaEe 

1 0.0188714 

1 0.0001004 

•• tl_te 

0.113021 

-0.025119 

at tb. 0.01 leval 
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PE)' 
0.0028 •• 

0.0004 •• 

0.0028 •• 
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