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FOREWORD 

This thesis consists of five parts. The first part is a 

general introduction and literature review presenting the 

problem, the goa ls of this research, and the theory and 

previous knowledge on the thesis topic. Parts two, three, and 

[our are th8 body of this thesis presented as complete 

manu~crlpts covering the entire research project. Part five is 

cl general discm;sion and conclusions of the whole manuscripts. 

The thes i s format has been approved by the Facul ty of 

Graduate Studies anù Research of McGill University and follows 

the condition outlined in the "Guideline Concerning Thesis 

Prepardt ion", sect ion B. 2, "Manuscripts and Authorship", which 

élre as follows: 

"The candidate has the option, subject to the approval 
of their Department, of including as part of the thesis 
the text, or duplicated published text, of an original 
paper, or papers. 

Manuscr ipt-style theses must still conform to aIl 
other requJrements explained in the Guidelines 
Concernlng Thesis Preparation. 
- AdditlonaJ materiill (procedural and design data as 
weIL élS deScl-lptions of equipment) must be provided in 
suifkiont detail (e.g. in appendIces) to allow clear 
and precise ludgement to be made of the importance and 
originéllity of the research reported. 
- 'l'he th es is should be more than a mere collection of 
manuscr lpts publ ished or to be publ ished. It must 
incllli1~ __ a __ g~ex.éll abstract, a full introduction and 
literélture review and _a final overall conclusion. 
connecting texts which provide logical bridge between 
different manllscripts are usually desirable in the 
interest ot cùhesion. 
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It is acceptable for thes i s to i ne l ude, dS CIl\lpt C' l'S, 
authentic copies of paper ë\.lrei1dy pub 1 1 ~;hod, prov i Lied 
these are duplicated cleë\.rly dnci bounci ,)S ,Hl intpcp',ll 
part of the thesis. In such lnstèln~'('~;, L'()nnpct Il1lJ tl'xt~. 
are mandataa and supplemC'nt.-u-y OXpLlI),Ül)J y mdtel'l\ll I!; 
almost always necessë\.ry. 
- Photograph or other moter ia1 s wh i l'h do not_ dup 1 1 Cdto 
weIl must be included in thcir orlCJin,ll lonll. 
- While the inclusion ot më\.nuscr 1 pt ~'o-\)l\thorl'd by the 
candidate and others is acceptable, th!' l'dllllltldtl' i!; 
reguired to make an ~2=P 1 le i_t __ !~t ,1 tf'l1ll'nt on who 
contributed to su ch wor_~ __ ~~_nd __ tQ __ Wh\lt C'xb:.'pt- l ,)nd 
supervisors must_Qi test_ tg __ t_bc ëlççurllcy olt he l' l ,) 1 m!; ,lt 
the Ph. O. Oral Defellse--'-. SI nec the td!;k 01 thf' EX,ll11 1 nC'n; 
is made more difficult in thesc C,l~-;CS, it_ 1:; in tl1f' 
canà";'date's interest to mdke the rE'sponslbi L it Il'!; or tlll' 
auth0rs perfectly clear." 

AlI the work reported here was the respons ibi li ty of tllC' 

candidate. The research was conducted under the supe rv i sion 01 

Dr. T.C. Paulitz, Department of Plant Science, Mtlcdondld 

Campus of McGill University. For consistency élnd convcnien{'C', 

aIl manusc:ripts follow the same tormat. 'l'he copiC's tllclt will 

be sent ta respective j ournals, however, w j 1] fol Low tl](> 

requirements of each journal. AlI manuscrlpts ë\.re co-authorf'd 

by M.T. Fauzi and T.C. Paulitz. 
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M. Sc. 

ABSTRACT 

M. T. Fauzi Plant science 

THE EFFECT OF GROWTH REGULATORS AND NITROGEN 

ON FUSARIUM HEAD BLIGHT OF WHEAT 

Plant groltJth regllJ ators and ni trogen fertilization have 

been assocjated with the increased incidence of fusarium head 

bl ight, a destructive disea se of wheat (Tri ticum aesti vum L. ) . 

In Canada, the major causal organism of this disease is 

Fusarium yraminearum Schwabe, the conidial state of Gibberella 

zeae (Schw.) Petch. Most studies concerning the effect of 

plant growth reguJators on fusarium head blight were conducted 

in fields w i th natura l in f ection. The obj ecti ve of this 

research was to evaluate the effect of growth regulators and 

nitrogen fertilizer on the incidence of fusarium head blight 

of wheé'lt with artificial inoculations. 

A survey conducted in a field trial testing the effect of 

the plant growth regulator Cerone on the yield components of 

several cultivars of spring wheat showed that Cerone 

treatments increased Fusarium infection only in cultivar 

Columbus. Further research was conducted using cultivar Max, 

a cu l t i Vclr suscepti bl e to fusar i um head bl ight, which is 

w ide 1 y grown in Quebec. In controlled-condi tian greenhouse 

trials, the growth regulators Cycocel and Cerone, as weIl as 

nitrogen fertilization did not influence the disease progresse 

In the 1991 field experiment, the highest incidence of seed 
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infection was observed in Cycocel tre,ltments when the 

macroconidia of F. graminearum were directly llppl ied to the' 

heads, but not significantly different from ttw non-tn'éltC'd 

control. None of the nitrogen levels afft: .... ct tlH' incldpnL'C' 01 

seed infection. In the 1992 ficld trial, thC' plot!; \vl'n' 

treated with macroconidia of F. graminearul/1 ilppl ipd tu tlH' 

heads or with Fusarium-colonized corn appl iecl to tlH' rows. 

Both Cycocel and Cerone significantly incrC'ê\scd the incldpnc(' 

of spikelet only in the colonized corn trclltm('nt!~. CyCCH'C' 1 

also increased the incidence of seed infect l on, but on 1 yin 

colonized corn treatments. Cycocel <:liso i ncrc,u.;cd t 11<' 

incidence of seed infection ln the nOI1- i nocu 1 cl tcd trc,ltmC'nt!;. 

Growth regulators had no effect on the diseilsc wtH'11 hCi'lds wcrc 

inoculated directly with rnacroconidiil. 
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RÉSUMÉ 

M.Sc. M. T. Fauzi Plant Science 

EFFET DE RÉGULATEURS DE CROISSANCE ET DE L'AZOTE SUR LA 

FUSARIOSE DU BLÉ 

L'augmentation de l'incidence de la fusariose, sévère 

maladie du blé (Tri ticum aestivum L.), a été associée aux 

apports de régulateurs de croissance et de fertilisants 

azotés. Au Canada, le principal champignon responsable de la 

maladie est Fusarium graminearum Schwabe, génération asexuée 

de Gibberella zeae (Schw.) Petch. La majorité des travaux 

portant sur l'effet des régulateurs de croissance sur la 

fusariose ont été réalisés dans des champs naturellement 

infestés. L'objectif de recherche est de déterminer l'effet 

de ces apports sur l'incidence de la fusariose du blé en ayant 

recourt à des inoculations artificielles pour les expériences 

en serre et en champs. 

Lors d'une étude visant à déterminer l'effet d'ajout d'un 

régulateur de croissance (cerone) sur les rendements de 

plusieurs cultivars de blé de printemps, des observations ont 

montré que les traitements de cerone augmentaient l'infection 

par Fusarium seulement pour le cultivar Columbus. Des études 

subséquentes ont été menées sur un cultivar susceptible à la 

fusariose, le cultivar Max. Lors d'essais en serre dans des 

conditions contrôlées, les résultats ont démontrés que les 
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régulateurs de croissance cycocel et cerone ainsi que lèl 

fertilisation en azote n'influencent pas la progression de la 

maladie. En 1991 lors d'essais au champs, la plus l'ortf' inci­

dence d'infection de gra ines fut observée dans les t rél i tements 

de cycocel où les macroconldies de F. gramineanlJ11 ava i ent éte 

appliquées directement sur l'épi. Toutefoi s,les résu l tats 

n'étaient pas significativement différents de ceux obtenus 

chez le témoins non-traités. L'application d'azote n'a pas eu 

d'effet notable sur l'incidence d'infection des graines. En 

1992, l'inoculation des parcelles a été réalisée avec soit des 

macroconidies de F. graminearum ou par épandage sur les rangs 

des grains de mais colonisés avec Fusarium, l'inoculum étdit 

alors composé d'ascospores expulsées des périthôces produitH 

sur les grains de maïs. Tant le cycocel que le cerone ont 

augmenté l'incidence d'infection des épillets mais ce, 

seulement chez les traitements utilisant le Illdïs coLonisé 

comme source d'inoculum. Cependant pour cc môme type 

d'inoculum, seul le cycocel a accru l'incidence de l' i nlect i on 

des grains de blé. Ce dernier a aussi a accru] 'infection deG 

grains de 

régulateurs 

blé dans les 

de croissance 

traitements non-inoculés. Les 

n'ont pas influencé la maladie 

lorsque les épis avaient été inoculés avec les macroconidies. 
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I. GENERAL INTRODUCTION AND LITERATURE REVIEW 

1.1. GENERAL INTRODUCTION 

Among agricul tura] products, wheat holds i'ln importclnt 

role in the Canada economy because 75 percent of the wheat 

produced is exported, and it supplied approxlmi'ltcly 7.0 percent 

of the world market. Moreover, Canadian whent is famous tor 

its high quality and protein (Brigle and Curtis, \98ï; Céln(HI<I 

Yearbook 1990), so that i t is preferred and h lrJh 1 y v,llu0d by 

consumers. Efforts have been made in Quebec ta incrc(we the 

yield and to irnprove the quali ty ot whei1t. 'l'Ilere hél:='; been 

interest in adopting intensive cerea l mani'lqement ~,ystems, 

which are widely used in Europe. Heavy njtrogen fertilizi'ltion 

is an important part of this management strategy. 

Nitrogen applications have been reported to be assocj ated 

with increases in yield. Feyerherm et al. (1988) observed up 

to 25 percent increases in y ie Id when ni trogen f ert i li zprs 

were applied. The heavy use of nitrogen, however, can promote 

lodging, which can reduce potential yield. Therefore, the Wj(~ 

of plant growth regulators as 'anti-Iodging agents' wj)l be 

very important to rnaintain the yield (Dahnou~ ut al., 198/.; 

Pearson et al. , ,1989) . Many authors report(~d that plant rjrowth 

regulators such as chlormequat chloride and ethephon have been 
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used successfully to reduce lodging on cereals (Dahnous et 

al., 1982; Pearson et al., 1989). 

An awareness of the presence of iatrogenic plant 

diseases, diseases which are enhanced by chemical 

applications, encouraged researchers to study the influence 

of such management on the severity of plant diseases. Those 

agrochemicals may affect the host plant, the pathogen, or the 

ecosystem (Griffiths, 1981). 

One of the important diseases in wheat is fusarium he ad 

blight (scab), which can constrain the yield up to 50 percent 

and cause inferior quality and low grade of wheat (Jones and 

Clifford, 1983; Sutton, 1982). Growing concern has been given 

to the disease since the Fusarium species associated with it 

produce mycotoxins that are hazardous to humans and livestock 

(Sutton, 1982). 

The disease in Canada is caused mainly by Fusarium 

graminearum (Schwabe), the ~onidial state of Gibberella zeae 

(Schw.) Petch (Sutton, 1982). Other fusaria such as F. 

culmorum, F. avenaceum, F. sporotrichioides, F. poae, and F. 

equiseti have aiso been found to be associated with fusarium 

head blight in Canada (Duthie et al., 1986), but they are 

generally less important than F. graminearum (Cunfer, 1987). 



J 

Results of the studies of the effeet of nltrogen 

application on plant diseases have been controv0rsial, while 

the publications on the effect of plant growth regulators on 

plant dlseases are rare. Most studies conecrning the pl~nt 

growth regulator effeet on fusarium head blight werc condueted 

in the field wjth natural infection. 

The objective of this work was to determine the influence 

of applying plant growth regulators and nitrogcn ferti 1 izcr on 

fusarium head blight incidence of spring whent. To me0t thiH 

objective, work was earried out using artlfiei~l inocul~tion 

and imitation of natural inoculation. This thesis conHists 01 

three parts. The first part was a survey of Fu:-:;ariul1l spp. in 

the kernels of spring wheat and the effeet of il plant growth 

regulator on Fusarium infection of severa l cul t i Vdn, al whpdt 

in a field trial at Macdonald Campus ot McGJll Univcr:;ity ln 

1990. The second part consisted of a study of the inf lU0ncc al 

plant growth regulator and ni trogen t erti 1 i zer nppl i Cilt i on~; on 

fusarium head blight incidence under grcenhouse sonditlons. 

The third part invol ved two fie ld stud les lIC! i n':.f di 1 tercnt 

methods of artificial inoculation. 
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1.2. LITERATURE REVIEWS 

1.2.1. The crop Common wheat (Triticum ~estivum L.em.Thell) 

1.2.1.1. The importance 

Wheat is the number one food grain consumed by humans. It 

also can be used for feeding livestock when the price is not 

tao high compared with other coarse grains such as corn. Low­

grade and damaged grains can also be used in livestock 

feeding. They can also be fermented for alcohol production and 

can be used in the starch industry (Brigle and curtis, 1987). 

In Cdnùda, wheat is the major exported grain. More than 

hRlf of aIl grain exported in 1991 was wheat (Canada Grains 

Council, 199]). The value of exported wheat in 1992 (up ta May 

1992) exceeded $ 322 million (statistics Canada, 1992). 

1.2.1.2. Wheat management 

Nitrogen fertilizer. The main purpose of ~mproving the wheat 

quality is ta increase the nutritional content, primarily 

proteine Nitrogen application as an important part of wheat 

management has been reported ta be associated wi th high 

protein content as weIl as high yield. Halvorson et al. (1987) 
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reported that the application of nitrogen had a direct effect 

on the protein content of grain, and showed that adding more 

nitrogen can increase the protein of grain. Bruckner and Morey 

(1988) found that nitrogen fertilizer increased the yield of 

soft red winter wheat. Cox et al. (1989) and Bruckner and 

Morey (1988) found similar increases in yield in re5ponse to 

nitrogen fertilization. However, a negative correlation 

between the prote in content and the y ield has al 50 been 

reported (Bajaj, 1990). Before applying ni t.rogen, i t is 

important to know the nitrogen content of the ~oil tor botter 

prediction of nitrogen fertilizer requirements. The m~thod and 

time of nitrogen application can affect the grain yield dnd 

the grain prote in (Halvorson et al., 1987). 

Plant growth regulator application. The use of plant growth 

regulators became an important part of wheat management since 

the heavy use of nitrogen fertilizer can promote plant 

lodging. Lodging is a very serious problem in wheat 

production. Humphries (1968) stated that lodging can constrain 

the yield up to 50 percent. The lodging intensj ty Ciln h(.} 

higher with the higher amount of nitrogen appJication, sinee 

nitrogen increases plant succulence. The major Cduse 01 

increased lodging due ta N fertilizer additions is increased 

plant height, caupled with heavier head on top. CCC [(2 

chloroethyl) trimethylammonium chloride = chlormequat] with 

Cycocel as the trade name has been reported to reduce and 
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prevent lodging (Humphries, 1968). Another plant growth 

regulator that has been reported to prevent lodging is 

ethephon [(2-chloethyl) phosphonic acid or Cerone as the trade 

name) (Dahnous et al., 1982). These growth regulators reduce 

or prevent lodging through their ability to shorten the plant 

and strengthen the stem (Dahnous et al., 1982; Pearson et al., 

1989) . 

1.2.2. The disease Fusarium head bliqht 

1.2.2.1. The causal organism 

The causal agent of fusarium head blight is Fusarium 

graminearum (Schwabe) ( = F. roseum Link. emend. Snyd. & Hans. 

'Graminearum'), the conidial state of Gibberella zeae (Schw.) 

Petch. (Cook, 1981; Sutton, 1982). 

There are two groups of F. graminearum, i.e. : (1) group 

l, which has not been reported to form perithecia, is 

associated with crown rot of wheat, and (2) group II, which 

readily forms perithecia on host materials or residues, and is 

the causal organism of fusarium head blight or scab (Cook, 

1987; Francis and Burgess, 1977). 
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1.2.2.2. The description of the organism 

The asexual state, F. graminearum, grows rapidly on PDA 

culture with yellow ta tan aerial mycelium, margins white to 

carmine red, and wi th carmine red an the llndersllr face. The 

abundallt macroconidia, which are sickle-shaped to almost 

straight with distinct foot-cells, are formed in sporadachia. 

Macroconidia are relatively large (20 70 Mm) whj le 

rnicroconidia are absent (Jones and Clifford, 1983; Nelson et 

al., 1983; Nirenberg, 1981). 

The perfect state, G. zeae, forms black, ovoid perithecja 

with very rough tuberculate walls in hast materjals or 

residues. Asci are clavate wi th a short stipe and usua Il y 

conta in 8 ascospores. Ascospores, which are strajght or 

curved, are usually 3-septdte, hyaline ta very light brown 

(Booth, 1971; Jones and Clifford, 1983). 

1.2.2.3. Symptoms and disease cycle 

The symptoms of fusarium head blight can be recognized 

easily from the brownish colour o~ immature spikclets as a 

result of premature death or blighting. Sometimes the fungus 

forms small dark perithecia and superficlaJ mycelia and 

sporodochia that give a pinkish colour on spikcs (Prcscott et 

al., 1986; Wiese, 1977). 
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The main inoculum source of the fusarium head blight 

pathogen is hüst debris on the soil. The pathogen survives as 

mycelia, conidia, ascospores or perithecia and multiplies in 

infected cereal residues in soil (Sutton, 1982; Wiese, 1977). 

Ascospores are discharged from perithecia and are mainly 

dispersed by wind, while macroconidia are dispersed by 

splashing or wind-driven rain (Sutton, 1982). Wiese (1977) 

stated that infections usually occur at anthesis. 

1.2.2.4. The importance 

Fusarium head blight can cause wheat to produce inferior 

quality of grain thRt is white (chalky) and shrivelled (Teich, 

1989; Tuite et al., 1990). It reduces yield as mu ch as 50 

percent (Jones and Clifford, 1983; Marie, 1981). 

The growing importance of the disease has been due to the 

production of mycotoxins in infected kernels. There are two 

main mycotoxins produced by the organism. Firstly, 

deoxynivalenol (DON), also known as vomitoxin, can cause skin 

lesions, vomiting, and diarrhea to humans and livestock 

(Sydenham et al., 1989). A DON concentration of more than 2 

~g/g grain is unfit for food or feed (Teich, 1989). The second 

toxin, zearalenone can cause reproductive problems in certain 

animals, especially swine (Sydenham et al. , 1989) . 
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Concentrations of zearalenone from 1 to 5 fJ,g/g can cause 

estrogenism in swine (Sutton, 1982). 

1.2.3. Wheat management and the disease 

There are controversial results on the studies of 

nitrogen application effect on plant disease. Huber and Watson 

(1974) reported that the form of nitrogen affects discase 

severity, not the amount. Teich (1987) also found th,lt 

fusariurn head blight incidence was lower whon the Whc,lt w,u; 

fertilized with urea rather than ammonium nitrate. othcr 

authors such as Cook (1981) and Marie (1981) have stated that 

higher amounts of nitrogen applied can increase the discase 

severity of crown rot, foot rot, and head blight causcd by 

Fusarium species. 

The publications on the effect of p] ant growth regulators 

on plant diseases are rare. However, more attent ion hilS 

recently been 9 i ven to this subject (Reddy a nd ~)tr /,(~ J czyk, 

1989). Since plant growth regulators can act l ike h0rbicidcs, 

the effects of herbicides on plant diseases are al~;o revjewcd. 

Sorne authors reported that the use of plant growth 

regulators and herbicides tends to increase plant diseases 

(Griffiths, 1981). Graham and Linderman (1981) found that root 
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infection of Douglas-fir by Fusarium increased two fold when 

ethephon was applied to the plant. In vitro studies by 

Michniewicz and Czerwinska (1991), however, showed that 

ethephon inhlbi ted the growth of Fusarium culmorum, Al ternaria 

tenuis (A. alLernata), Cladosporium lignicolum, and 

'l'richoderma 1 ignorum. These f indings may lead to a hypothesis 

that the effects of plant growth regulators on the plants or 

hosts have an important role on the disease outcome, 

especially in fusarium head blight of wheat since plant growth 

regulators are applied before infection takes place. 

The mechanisms involved in the disease increase after 

applying plant growth regulators and herbicides on the plants 

are changes in host composition and structure, metabolite 

leakage to the host surface, and changes in natural defense 

mechanisms (Griffiths, 1981). 

Griffiths (1981) reported that sorne herbicides change the 

sugar concentration of host tissues, which in turn can affect 

pathogens thdt prefer tissues with either low or high sugar 

contents. The changes in plant structure which will lead to 

increasing diseases usually occur when plant growth regulators 

and herbicides are appl ied. Bockmann (1968) and Jones and 

Clifford (1983) reported that CCC increased fusarium head 

blight incidence due to the resulting dwarf habit. 
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The increase in leakage of metabol i tes to the plant 

surface after herbicide applications can lead ta the incre~se 

of plant diseases (Griffiths, 1981). These metabolites mdy be 

used as nutrients by the pathogens for their development. 

Altman and Campbell (1977) stated that herbicides 

predisposed sugar beets to infection by Rhizoctonia solani. 

This predisposition may occur as herbicides inhibit the 

production of some substances, such as phytoalex ins, that are 

important for self defence of the plant (Levesgue and Rahe, 

1992) . 
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PREFACE TO CHAPT ER 2 

The experiments reported in Chapter 2 were conducted ta 

determine which Fusarium species infected wheat seeds at a 

site in Quebec and ta see the effect of the plant growth 

regulator Cerone on Fusarium infection of several cultivars of 

spring wheat. Results were used for further studies on the 

effect of growth regulators on the incidence of fusarium head 

blight. Each table and figure is presentecl on the page 

following the first referral ta it. 
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II. NATURAL INFECTION OF SPRING WHEAT CULTIVARS BY FUSARIUM 

SPP. AND THE EFFECT OF A PLANT GROWTH REGULATOR 

2 • 1. ABSTRACT 

Wheat seeds (Triticum aestivum L.) from a field experiment 

testing the effect of the plant growth regulator Cerone on the 

yield of several cultivars of spring wheat were surveyed to 

determine the natural infection by Fusarium species. Seed 

infection was analyzed by plating out the seeds on 'half­

strength PDA+PCNB' medium. The four most predominant species 

that were found in t:üs survey were Fusarium graminearum, F. 

sporotrichioides, F. poae, and F. equiseti. The level of 

F'usar iUfll infection in machine-harvested seeds was 

significantly higher in the cultivars Columbus and Max, 

compared to in Messier and Katepwa. A significant difference 

in infection between the cerone treatment and the control 

treatments was seen only in cultivar Columbus, in which 11% of 

seeds were infected with Fusarium spp. in the Cerone 

treatment, but only 3% in the control treatment. There were no 

significant differences in seed infection by Fusarium 

graminearulll among the treatments. In hand harvested seed, 

infection of cultivar Columbus was significantly higher than 

in the other cultivars, but Cerone had no effect on Fusarium 

infection. 
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2.2. INTRODUCTION 

In Quebec, there has been interest in adopting Intensive 

Cereal Management (reM) practices, which have been used 

successfully to increase wheat yields in Europe. One of the 

important strategies in this practice is the use of high 

levels of nitrogen fertilizer. Heavy nitrogen fertilization, 

however, has been reported to be associated with increasing 

lodging intensity (Pumphrey and Rubenthaler, 1983). 

Lodging is the major limitation in maximizing the yiclds 

of wheat (Wiersma et al., 1986). Lodging can reduce wheat 

yield as mu ch as 70 percent, depending on weather conditions 

(Linser, 1967). 

Wiersma et al. (1986) stated that lodging can be reduced 

by the strict use of nitrogen fertilization and using dwarf, 

lodging-resistant cultivars. Another method that showcd 

promising results in preventing lodging was using pJnnt growth 

regulators such as chlormequat chloride (trade name -- Cycoccl) 

and ethephon (trade name = Cerone) (Dahnous et al., ]98/; 

Humphries, 1968). 

These antilodging methods, however, have sorne 

disadvantages. Using less nitrogen fertilizer will lead to 

limitation of yields and protein content of grain (Bruckner 
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and Morey, 1988; Halvorson et al., 1987). Mesterhazy (1991) 

reported that plant height is a morphological trait that 

affects natural infection of wheat scab, so that dwarf 

cultivars may be more susceptible to the disease. Plant growth 

regulators have been reported to increase disease severity, 

especially fusarium head blight (Bockmann, 1968; Martin et 

al., 1991). 

The main causal agent of fusarium head blight in Canada 

is Fusarium graminearum (Schwabe), the anamorph of Gibberella 

zeae (Schw.) Petch (Sutton, 1982). Duthie et al. (1986) have 

reported other Fusarium spp. that infect winter wheat seeds in 

eastern Canada were F. sporotrichioides, F. avenaceum, F. 

poae, and F. equiseti. Martin et al. (1991) also have 

isolated similar Fusarium spp. from wheat and barley (Hordeum 

vulgare L.) in Atlantic Canada. 

The objective of this present study was ta determine 

which Fusarium spp. infected wheat seeds at a site in Quebec 

and to see the effect of the plant growth regulator Cerone on 

Fusarium infection of four cultivars of spring wheat. 

2.3. MATERIALS AND METHODS 

Seed samples were obtained from a field trial conducted 

ta test the effect of Cerone (Union Carbide AG Products, 
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Research Triangle, NC, USA) on the yield components of four 

cultivars of spring wheat (Columbus, Katepwa, Max, and 

Messier) at Macdonald Campus of McGill university in 1990. The 

plots were arranged in a randomized complete block design, 

wi th four blocks. Each plot was 3.8 m long, w i th 11 rOW5 

spaced 10 cm apart. Cerone was applied at a rate of 480 g/ha 

at Zadoks growth stage (ZGS) 39-45 (Zadoks et al., 1974), just 

prior to boot swelling. The seeds were either hand or m~chjne 

harvested. 

A 50-seed sample was taken from each replication of the 

trial and was considered as one replicate. The experimental 

design was a 2x4 factorial experiment arranged in compLetcly 

randomized design with four replicates. There were [our 

cultivars and two growth regulator treatments (with and 

without Cerone). 

The seeds weLe surface disinfested by soaking them in a 

0.6% sodium hypochlorite solution (Javex) for about six 

minutes and then rinsing immediately by soakjng them in three 

rinses of sterile water for 15 minutes each. The f;ee(h~ were 

then blotted on sterile paper towels to dra in the eXCefjfi 

water. 

Ten seeds were placed on a petri dish containing 'haJt­

strength PDA + PCNS' medium. five plates were used for each 
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replicate, and there were four replicates per treatment. This 

isolation mediuM was developed for the rapid sporulation of 

Fusarium spp., and contains potato dextrose broth (POB) (Difeo 

Laboratories, Detroit, Michigan, USA), 12.0 9 (1/2 strength of 

PDA) i agar, 20.0 g; peNB (pentachloronitrobenzene), 1.5 9i 

chloramphenicol, 0.5 9i per litre of distilled water. The 

petri dishes were incubated at room temperature (22-24"C) for 

fi ve days. Fusar ium species were identi f ied according to 

Nelson et al. (1983), Booth (1971), and Nirenberg (1981). The 

petri dishes were kept in a cold room (10 nC) to inhibit the 

growth of Fusarium species until colonies could be identified. 

The number of seeds infected by each Fusarium spp. were 

counted, and expressed as a percentage of the total number of 

seeds. 

The data obtained were analyzed according to the 

statistical Analysis System (SAS Institute, 1985). An F-test 

was used to determine the signif icance of the var iation caused 

by treatments and their interaction (Steel and Torrie, 1980). 

A protectcd leélst sign i f icant di fference (LSD) test at the 

0.05 levcl of significance was carrjed out to compare the 

differences among treatments. Orthogonal contrasts were used 

to test the treatment differences within the treatment 

interaction. 
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2.4. RESULTS 

USlng 'half-strength PDA + PCNB' medium, Fusarium species 

grown on culture forrned mostly light to dark red colours on 

the underside of the colony and yellow ta a lesser extent. The 

average percent seed infection by Fusarium spp. ranged from 1% 

ta 11% in machine harvested seeds (Table 2.1), and from 0% ta 

4% in hand harvested seeds (Table 2.2). The most common 

species infecting the samples from machine harvestcd seeds 

(Table 2.1) were Fusarium graminearum (Schwabe), F. pOëlC> 

(peck) Wollenw., F. sporotrichioides (Sherb), and P. cquisoLi 

(Corda) Sa cc . The less comman species were recorded uncier 

Fusarium spp. (Table 2.1). Different results were obscrved in 

samples from hand harvested seeds, in which the two dominant 

species were F. sporotrichioides and F. poae, whilo P. 

graminearum and F. equiseti were not detected (Table 2.2). 

Significant differences in seed infections were observed 

among cultivar treatments, but not in Cerone treatments in the 

machine harvested seeds (Table 2.:3). There was a J ~;o rl 

signif i cant interaction between cul ti var and Cerone treatmpnt. 

In hand harvested seeds, significant differences werp. onJy 

detected arnong cultivar treatments, and no interactions were 

detected between cul ti var and Cerone treatment. Therefore, the 

seed infection data was averaged over Cerone treatment, and 

presented in Figure 2.1. 
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Orthogonal contrasts show that higher seed infection from 

machine harvested seeds was observed in treatments with 

cultivar Columbus and Max, compared to Messier and Katepwa 

(Table 2.4). In hand harvested seeds, significant differences 

in seed infectj on were detected only in treatments with 

cultivar Columbus, and Cerone had no effect (Figure 2.1). In 

machine harvested seeds, a significant difference in seed 

infection between Cerone treatments and control treatment 

(without Cerone) was only observed in cultivar Columbus, in 

which 11% of seeds were infected with Fusarium spp. in the 

Cerone treatment, and only 3% in the control treatment (Figure 

2.2) . 



Table 2.1. Average percent infection of machine harvestcd 

seeds of four cul ti vars of spr ing wheat_ w i th and w i thout 

Cerone 

--------------------------- --.- -----_. - _._. 

Cultivars 

species Max Columbus Mess i er Ki'lt.epWil 

-c +c -c +c -c +c -c le 

F. graminearum 1 0.5 o 3 0.5 0.5 0.5 o 

F. sporotrichioides 3.5 1 o 4 l O '" • J () 

F. poae 0.5 0.5 1 0.5 o 0 1 o 

F. equiseti o 0 o 0.5 0.5 0 o o 

F. spp. 0.5 2.5 2 3 o 2 o 0.5 

Total 5.5 4.5 3 11 2 ] ~. . ) 

-c = Treatments without Cerone (0 gjha) . 

+c = Treatments with Cerone (480 gjha). 
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Table 2.2. Average percent infection of hand harvested seeds 

of four cultivars of spring wheat with and without Cerone 

Cultivars 

Species Max Columbus 

-c +c -c +c 

F. sporotrichioides 0 o 0.5 0.5 

F. poae 0 0.5 1 3 

F. spp. 0 0.5 0 0 

Total 0 1 1.5 3.5 

-c Treatments without Cerone (0 gjha). 

+c = Treatments with Cerone (480 gjha). 

Messier Katepwa 

-c +c -c +c 

0.5 0.5 0 0 

o 1 0.5 0.5 

o 0 0.5 0 

0.5 1.5 1 0.5 



29 

Table 2.3. Source of variation and their signi[icance from 

analysis of variance on seed infection by Fusarill11l spec i cs 

from machine and hand harvested seeds 

-------- - - --- ---

Machine harvested Hand harvested 
Source df --_.--

Mean Square F Mean square F 

Replicate 3 9.458 0.84 NS 1. 125 O.Gh NS 

Cultivar 3 62 .458 5.54 ** 6.458 1.81 * 
Cerone 1 15.125 1. 34 NS 6.17.~) 3. G1 NS 

Cv.x Cerone 3 39.125 3.47 * 2.125 1 . ). 5 NS 

Error 21 11.268 1.696 

------ ------- - ---

* = significant at P = 0.05 

** significant at P = 0.01 

NS = not significant at P = 0.05. 
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Figure 2.1. Seed infection by Fusarium species in four 

cultivars of spring wheat from hand harvested samples. Each 

bar represents the mean percent of seed infection. Bars with 

the Sdme letter are net significantly different accerding ta 

LSD analysis (P=O.05). 
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Table 2.4. Orthogonal contra st of interactions between Cerone 

and cultivar treatments on the percent infectjon of Fl1sariulll 

species in machine harvested seeds 

------- -------- -~----

Contra st df Contrast Mean F Vrlluc 
SS Square 

-- -- ------ -- - - -

0 vs 480 in Col 1 128.00 128.00 Il. Hi *k 

0 vs 480 in Kat 1 0.50 0.':>0 0.04 W' , , 

0 vs 480 in Max 1 2.00 2.00 O. ] B Nt' ., 

0 vs 480 in Mes 1 2.00 2.00 (J.1B Ne' ., 
Col & Max vs Kat & Mes 1 171.13 1'11. 12':) 1]. BI) ** 

** = significant at P = 0.01 

NS = not significant at P = 0.05. 
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Figure 2.2. Effect of plant growth regulator Cerone on seed 

infection by FusariUIn species in four cultivars of spring 

wheat, in samples of machine harvested seeds. Each bar 

represents the mean percent of seed infection. Bars wi th 

different letters are significantly different according to 

orthogonal contra st tests (P=O.Ol). 
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2 • 5. DISCUSSION 

The average seed infection detected in samples from 

machine harvested seeds was higher than in samples from hand 

harvested seed. The difference might due ta the small number 

of seeds in the hand harvested samples. The number of hand 

harvested seeds was around 200 seeds, a much smaller numbûr 

compared to one kg or more seeds for machine harvcstcd 

samples. Therefore, the discussion is ma iri] y based on the 

results from machine harvested seeds. 

The dominance of species of Fusarium graminearum, P. 

sporotrichioides, F. poae, and F. equiseti as the causal 

organisms of fusarium head blight (scab) in this survey was 

similar with those reported by Duthie et al. (1986), except 

that F. avenaceum was not detected. Martin et al. (1991) also 

found similar results, but F. equiseti was not detectcd in 

their work. 

Among the predominant species, F. sporotrichioides 

contributed the highest level of average infection (10.~%), 

followed by F. graminearum (6%). F. poae and F. equisel.i 

contributed 3.5% and 1% respectively. The lower infection by 

F. graminearum (6%) does not mean that the pathogcn is not 

important as the causal agent of fusar ium hcad bJ i (Jht of 

wheat. Dutnie et al. (1986) stated that seed infections of 4% 
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are significant to the diseases of wheat. The 6% level of seed 

infection would resul t in infection of 3.42% to 4.20% of 

tj 11 er bases. 

The higher seed infections detected in cultivars Columbus 

and Max may due to the dwarf habit of these cultivars. Data 

from Western Bread Wheat Co-operative in 1978 and 1979 showed 

that the average height of Columbus was 82 cm (Anonymous, 

1980), while data from Maritime-Quebec Co op spring Tests in 4 

years (1982-1985) showed that the average height of Max was 

89.50 cm (Anonymous, 1987). The average height of cultivar 

Messier, on the other hand, is relatively taller (97 cm) than 

both cultivars (Anonymous, 1987). Our results agree with 

Mesterhazy (1991) who reported that t)n~ possible factor of 

resistance to fusarium he ad blight is tall ~lants. 

The effect of the plant growth regulator Cerone on the 

seed infection was inconsistent. A significant difference was 

only observed in Columbus, in which 11% of the seeds were 

infected by Fusarium spp. in Cerone treatment, but only 3% in 

the treatment without Cerone. The inconsistent result of 

Cerone, which can release ethylene, on plant diseases has also 

been reported by other authors. Archer and Hislop (1975) have 

stated that ethylene can either increase or decrèase plant 

susceptibility ta fungal infection. The effect of Cerone on 

seed infection of wheat by Fusarium spp. is still unclear. 
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Therefore, further study is needed on the effect of Cerone and 

other plant growth regulators on fusarium head blight 

incidence of wheat. 
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PREFACE TO CHAPTER 3 

In Chapter 2 it was found that four predominant species 

infecting the seeds of spring wheat cultivars were Fusarium 

graminearum, F. sporotrichioides, F. poae, ana F. equiseti. 

The plant growth regulator Cerone only increased seed 

infection on cultivar Columbus. However, the effect of Cerone 

on seed infection of wheat by Fusarium species was still 

unclear. The following chapter, Chapter 3, was designed to 

determine the effect of the growth regulators Cycocel and 

Cerone, and nltrogen fertilizer on fusarium head blight under 

greenhouse conditlons. In these experiments, F. graminearum, 

a princjpal causal agent of fusarium head blight, was applied 

to cultjvar Max, a susceptible cultivar widely grown in 

Quebec. Each table and figure is presented on the page 

following the first referral to it. 



III. THE INFLUENCE OF PLANT GROWTH REGULATORS AND NITROGEN 

FERTILIZER ON FUSARIUM HEAD BLIGHT INCIDENCE OF WHEAT 

UNDER GREENHOUSE CONDITIONS 

3.1. ABSTRACT 

41 

Hard red spring wheat cultivar Max growing under greenhouse 

conditions was treated with the plant growth regulators 

Cerone, Cycocel, or without at a rate equivalent to the 

recornrnended rates in the field and at appropr iatc Zi1dok::i 

growth stages in winter 1990, and treated either with or 

wi thout Cerone and ni trogen ferti lizer in w inter 1 C) (n. 'l'hesC' 

experiments were conducted to investigate the el1ect 01 qrowth 

regulators and nitrogen appl ication on the di sease proCJrC!i~; ot 

Fusarium graminearum. At anthesis, heads were inocu Ldtcd w i tll 

a suspension of macroconidia (9000/ml), which hnd been ~;hown 

previously to cause around 50% disease, and covercd wi th 

plastic bags for 48 hours. Disease rat ings, based on th(~ 

nurnber of infected spikelets per head, were assesscd ovcr the 

next three weeks. Area under the disease proqrcss curvc 

(AUDPC) was calculated and statistica 1] y ana 1 yzcd. 1 n two 

trials, there was no significant ditferencc in dj~e~se 

progress between the treatments wi th and w i thout growth 

regulators. No significant dlffercnces were also observud in 

disease progress among treatments vii th and wi thout Cerone, 

nitrogen, or their interactions in two trials. 
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3.2. INTRODUCTION 

Fusarium head blight, one of the major diseases of wheat 

(Triticum aestivum L.) in Canada is caused mainly by Fusarium 

graminearum Schwabe, the conidial state of Gibberella zeae 

(Schw.) Petch (Sutton, 1982). It can constrain yield as much 

as 50 percent (Jones and Clifford, 1983). Higher los ses can 

occur when the fungus produces mycotoxins durinq the 

colonization of the seed. Contaminated seeds are unfit for 

human and animal consumption (Sutton, 1982). Moreover, Tuite 

et al. (1990) reported that the ability of infected seeds to 

germinate is decreased. 

Nitrogen fertilization has been associated with the 

development of diseases inci ted by Fusarium species (Huber and 

Watson, 1974). Maric (1981) has stated that nitrogen 

application increased fusarium head blight incidence of wheat. 

Martin et al. (1991) also found similar increases in the 

incidence of seed infection of wheat and barley by Fusarium 

spp. in plots with supplementary nitrogen. However, Teich and 

Hamilton (198~) found no significant difference in head blight 

incidence between normal and extra ni trogen fertilizer levels. 

Plant growth regulators, 

trimethylammonium chloride] 

such as CCC [( 2 -chloroethyl) 

and ethephon [( 2 -chloroethyl) 

phosphonic ac id], have been used to reduce lodg ing, a negati ve 
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effect of heavy nitrogen fertilization (Dahnous et al., 1982). 

The use of plant growth regulators, however, IldS been common ly 

associated with increased disease (Griffiths, 1981). Bockmann 

(1968) reported that CCC increased fusarillm head bl ight 

incidence of wheat, while Martin et al. (1991) reported ,Hl 

increase in seed infection by Fusarium spp. after ethephon 

applic9tion. Michniewicz and Czerwinska (19g1), however, in 

their in vitro studies reported that ethephon i nh i b i ted the 

growth of Fusarium culmorum, a causal agent of fusarium he ad 

blight. 

Most studies on the effect of plant growth regulators on 

the incidence of fusarium head blight of wheat were condllcted 

in the field with nùtural infections. 'T'he objective of the 

current study was to determine the effcct of nitrogen 

fertilizer and plant growth regulators on fusari um hCild bl jght 

incidence of spring wheat under greenhouse condjtions, with 

the inoculum applied directly to the heads. 

3.3. MATERIALS AND METHODS 

3.3.1. Inoculum density test 

Preparation of plants. The seeds of cultivar Max were planted 

in plastic pots 12 cm diameter previously filled with ~o 
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percent peat med i um (Pro-Mix C, Premier Peat Co.) and 50 

percent pasteurized greenhouse soil. Each pot was planted with 

threc secds, and placed on a temperature-controlled growth 

bench at 22" C. After two weeks, one uniform plant was left in 

each pot, and the pots were then transferred into the 

greenhouse. 

preparation of conidia suspension. A 6-mm2 agar sI ice from the 

middLe ot a 5-day-old PDA culture of an isolate of Fusarium 

graminearum (isolate 7) was placed in a 1000 ml f lask 

containlng 500 ml of carboxymethylcellulose (CMC) medium 

(Cappellini and Peterson, 1965). The flask was then placed on 

the shaker for about 7 days. The conidia produced were 

harvested by filtering the suspension through two layers of 

sterile muslin clotho The conidial density was determined by 

using n haemocytometer. 

Inoculation of plants. A calibration experiment was first 

conducted to determine the vol ume of spore suspension that 

would be deposlted on each head. In this experiment, heads 

were un if onnly sprayed for fi ve sec wi th a known concentration 

of conidia and the heads were placed in a flask with 99 ml of 

sterile water. The flasks were agitated on a rotary shaker for 

three minutes, and the suspens ion was di l ution plated on 

Fusarium selective medium. From this test, it was established 

that approximately 70 ~l of suspension was deposited on each 



head. At anthesis, the main stem head of the plëlnt wat-; 

inoculated with inoculum density of 0, 20, 66, 200, 660, 2000, 

6666, or 20000 conidia per head, which was equivdlent ta 0, 

278, 926, 2778, 9258, 27778, 92583, or 277778 conidii1/mJ, 

using an artist's air brush (Badger-350). Tho heads wcro thon 

covered with plastic bags and incubated at room tcmpcrëlturc 

(22-24"C) for 48 hours. The bags were thon removed, ,1Ild tlw 

plants were placed in a greenhouse (16-2 5"C) w i th 1(, hours ol 

light, supplemented by sodium va pour lamps. Oisease incidence 

was determined by counting the number of infocted spikelet~ 

per head each day. 

Experimental design and data analysis. 'l'he exper i menti11 de!-; i qn 

was a randomized complete block design with 12 replici1tes. A 

polynomia 1 regress ion was used to descr ibe the in f l uenc(! oJ 

inoculum density on disease incidence according to the 

statistical Analysis System (SAS Institutc, ]98~). 

3.3.2. Plant growth regulators 

The seeds were planted in the same manner as in the> 

previous experiment. At approximately Zadoks growth staqe 

(ZGS) 31, when the first node was detectdble (Z(ldoJr~; (!t. al., 

1974), 8 plants were sprayed vIi th Cycoce l (cyrlnamid Can,j(ld 

Inc., Markham, Ontar io) a t the rate of 1. 20 kq / ha in 3 -1~.J /, 

using an automatic spray chamber (Incom l nt., Hn~;r~iJ rch 
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lnstrument Mfg. Co. Ltd., Guelph, Ontario). The plants were 

transferred to the greenhouse and arranged on the bench. At 

approx imately ZGS 39-45 when the f if th node was detectable 

until the boots were swollen, 8 more plants were sprayed with 

Cerone at the rate of 480 g/ha in 345 L. Eight untreated 

plants acted as controls. The plants received a 20-20-20 NPK 

commercial fertilizer (Peters, W. R. Grace Co.) every other 

week and were watered daily. 

At anthesls, the plants were inoculated by spraying the 

main stem heé1d uSlng an artist's air brush containing a 

conidial suspension wlth a concentration of 9000 conidia/ml 

dnd one drop of Tween 20. The heads were immediately covered 

with plastic bags with wet paper towels in them to maintain 

high humidity. The plants were then kept at room temperature 

(22-24" C) for 48 hours. The bags were then removed, and the 

plants were plé'lced in a greenhouse under the conditions 

described in the previous section 'Inoculation of plants'. 

During the three weeks after inoculation, the disease 

incidence was assessed by counting the percentage of infected 

spikelets per head. 

The exper i ment was arranged in a randomi zed complete 

block design with 8 replicates. The experiment was conducted 

twice. Disease progress curves of the treatments were compared 
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by calculating the area under the disease progress curve 

(AUOPC). The AUOPC was estimated as: 

Il 1 

AUDPC = ~ Ci.'---±-.Y'II) (t"l - t,) 
2 

in which n is the number of ûssessment times, y is disease 

incidence, and t is time of assessment (Campb~ll and M~ctdcn, 

1990) • 

The AUOPC was ana lyzed accord ing to the stélt i st i Cc) 1 

Analysis System (SAS Institute, 1985). An F-test was uscd ta 

determine the significance of the variation caused by 

treatments (Steel and Torrie, 1980). A protected Jc~st 

significant difference (L80) test at the O.O~ level ot 

signi f icance was carr ied out to compare the ct i t tercnCCf; dmonq 

treatments. 

3.3.3. Nitrogen fertilizer and Cerone 

The seeds of cultivar Max were plélntcd in pJd~;tic pot~; 

previously filled with soU as previously dcscrib(~d. /':dch fHJt 

was planted with three seeds. After tv/o wccJ.:~;, one: un i furm 

plant was left in each pot. S ixteen plants 'v/(.;rc f crt J l i z(~d 

with ammonium nitrate in the form of 14-0-0 at the rdtc of 140 

kg N/ha or approximately 0.034 9 IJ/plant. Another 10 pli.lnt~; 
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were not given ammonium nitrate. At 39-45 ZGS, 16 plants (8 

unfertilized and 8 fertilized plants) were sprayed with Cerone 

at the rate of 480 g/ha in 345 L using an automatic spray 

chamber. The other 16 plants were untreated with Cerone. 

The plants were inoculated in the same manner as in the 

plant growth regulator experiment previously described. The 

plants were given no additional fertilizer in the course of 

the experjment. The experiment was conducted twice. The data 

ol?tained were analyzed in the same way as the previous 

experiment. 

3.4. RESULTS 

3.4.1. Inoculum density test 

The incidence of fusarium head blight increased wi th 

increasing inoculum density (Figure 3.1). Fifty percent 

disease incidence level was obtained when the plants were 

inoculated wi th a conidial suspension of 666 conidia/head, 

which was equivalent to 9258 conidia/ml. The polynomial 

equation of the regression was of the form: 

y 0.227 + 0.00024X - 0.0000000089X1 
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where Y is arcsin transformation of disease incidence and X is 

the log (inoculurn density + 1) transformatIon. 

3.4.2. Plant qrowth requlators 

AlI inoculated heads with inoculum density of 9000 

conidia/ml showed the syrnptoms of fusariurn he ad blight ~ days 

and 6 days after inoculation in experiments 1 dnd 2 

respectively. The disease incidence ranged from S8% to 100\ in 

experiment l, with an average of 86%, and from 1ï% to 100% in 

experiment 2, with an average of 68%. 

There were no significant differences observed in the 

disease progress of fusarium head blight among treatmcnts wjth 

Cycocel, Cerone, or without growth regulators in experimcnt 1 

(Figure 3.2 and Table 3.1). Similar rcsults were ~Jso observ~d 

in experiment 2 (Figure 3.3 and Table 3.1). 

3.4.3. Nitroqen fertilizer and Cerone 

The syrnptoms of fusariurn head blight were first observed 

11 days and 6 days after inoculation in experiments 1 and / 

respecti vely. Oisease incidence ranged from 27% to 86% j n 
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experiment 1, with an average of 56%, and from 26% ta 80% in 

experiment 2, with an average of 59%. 

Nitrogen fertilizer in the form of ammonium nitrate and 

Cerone application did not influence the disease progress of 

fusarium head blight and no interactions were found among the 

main effects in either experiment (Table 3.2). 
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Figure 3.1. Effect of inoculum density of Fusarium gramincarum 

on the incidence of fusarium head blight. 
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Figure 3.2. The effect of growth regulators on the disease 

progress of Fusarium graminearum, experirnent 1. 
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Figure 3.3. The effect of growth regulators on the discasG 

progress of Fusarium graminearum, experiment 2 
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Table 3.1. Effect of growth regulators on the area under the 

disease progress curve of fusarium head blight 

Source of variation df Mean square F 

Experiment 1 

Repl icate 7 5129.159 0.82 NS 

Treatment 2 651.407 0.10 NS 

Error 14 6273.592 

Experiment 2 

Replicate 7 25855.783 1. 87 NS 

Treatrnent 2 10060.724 0.73 NS 

Error 14 13791.923 

NS = not significant at P = 0.05 



Table 3.2. Effect of a plant growth regulator and nitrogen 

fertilization on the area under the disease progress curvc of 

fusarium head blight 

Source of variation df Mean square F' 

-- ------- --

Experiment 1 

Replicate 7 27753.624 1.79 N" .> 

PGR 1 7149.453 0.1}6 NS 

N 1 23848.624 l . ~)4 NS 

PGR*N 1 900.298 0.06 Nt' ,) 

Error 16 15520.225 

Experiment 2 

Replicate 7 22847.418 0.9" NS 

PGR 1 141. 693 0.0] NS 

N 1 4772.160 O.?O N(' . ) 

PGR*N 1 427.41::; 0.0;'> N(' .J 

Error 16 23671.591 

---- --- -- ------ - ---

NS = not significant at P = 0.05. 
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3.S. DISCUSSION 

Hard red spr ing wheat cul ti var Max is susceptible to 

tusarium head blight. A survey in Quebec in spring 1990 

indicated that the highest percentage of infected spikelets by 

Fusarium graminearum was noted on cultivar Max (Devaux, 1991). 

Nej ther of the plant growth regulators used signif icantIy 

increased the disease progress of F. graminearum. This finding 

does not concur w i th those reported by Bockmann (1968) in 

which CCC application increased the susceptibility of wheat to 

infection by Fusarium culmorum. Further, Bockmann suggested 

that CCC application, which can short en the plant, can favour 

development of the disease through three possible ways. In 

shortened plants, there lS a shorter distance for the spore to 

trdve t [rom the soi l to the ear 1 there is a more humid 

microclimatic condition near the soil surface, and the plant 

deve lopment is prolonged thereby extending the susceptible 

stage of infection. Martin et al. (1991) also proposed similar 

hypothcses exp la ining the increase in seed infections as a 

resul t of ethephon appl ication. The non s ignif icant difference 

in disease progl"eSS after Cycocel and Cerone treatments in our 

work may have resulted from the inoculation method, in which 

inoculum was sprayed directly to the head at the most 

susceptible stage (anthesis). The condition in the greenhouse, 
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with 48 hours of uninterrupted wetness after inoculation also 

favoured the rapid development of severe disease. 

The use of ammonium nitrate in this work was based on 

Teich (1987), who reported that fusarium head blight incidencr 

was higher when wheat was fertilized w i th ammonium nitrate 

rather than urea. However, our resuJts showed that nitrogcn 

application did not significantly increase tusclriuJn heild 

blight incidence. These results agree with Teich and Hamilton 

(1985), in which no significant difference in head bl iqht 

incidence was observed with different levels of ni trogen 

fertilizer. 

There were no significant differences observed in the 

disease progress of F. graminearum when inoculum was appJied 

to the head in the greenhouse condition. J/owever, other 

authors found different results in the f ielù from ndturrll 

infections. Therefore, it is worthwhile to study the ef fect 01 

growth regulators on fusarium head blight incidence ln th!! 

field with different methods of artificial inoculations. 
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PREFACE TO CHAPTER 4 

The results of Chapter 3 showed that none of the plant 

growth regulators influenced the disease progress of F'llsarilllll 

graminearllm in tr ia ls conducted under control lod greenhousc 

conditions. Nitrogen fertilization aiso did not affect th<:.> 

progress of the disease. The macroconidia of F'. grêlmj nearum 

were applied directly to the heads. The fol lowing chi1pter, 

Chapter 4, was designed to investigate the effnct of plant 

growth regulators and nitrogen fertilizatian on the incidence 

of fusarium head blight wlth different metJl0ds of artil ici,ll 

inoculation and different types of inoculum in the lield. Th0 

plots were inoculated with macroconidia of F. gramilJearllll1 or 

with Fusarium-colonized corn (ascospores of GibbereIla zeac). 

The coloni zed corn was used because i t more c] o~;r~ 1 y 

approximates the natural epidemiology ot th1s d1sea~;c in 

Eastern Canada. Each table and figure 15 presented on th(~ pclqf> 

following the first referrai ta it. 
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IV. THE EFFECT OF GROWTH REGULATORS AND NITROGEN FERTILIZER 

ON FUSARIUM HEAD BLIGHT OF WHEAT IN THE FIELD 

4.1. ABSTRACT 

'rhe effect of the growth regulators Cerone and Cycocel on head 

blight of spring wheat cultivar Max was tested in irrigated 

fleld trials inoculated with Fusarium graminearum in 1991 in 

Quebec, and in 1992 in ontario. The effect of nitrogen 

fertilization was also testeà in the 1991 trial. In 1991, a 

dry year, there were no symptoms of head bl ight, but the 

incidence ot seed infection ranged from 2 to 20 ~ o 

... 
ih 

treatments where heads were inoculated wi th macroconidia of F. 

graminearum. Cycocel treatments had the highest incidence of 

infection, but were not significantly different from the non-

treated control (E = 0.06). No significant differences were 

observed in the incidence of seed infection between treatments 

with or without nitrogen. In 1992, plots were inoculated with 

macroconidia sprayed on the heads or with Fusarium-colonized 

corn appl ied in the rows. Three weeks after appl ication, 

mature perithecia were found on the colonized corn. The 

incidence of spikelet infection ranged from 2-4 % in the non-

inoculated treatments to 7-22 % in the inoculated treatments, 

and the average incIdence of seed infection ranged from 12-31 

in the non-inoculated treatments to 74-85 ~ o in the 

inoculateo treatments. Cycocel consistently increased disease 
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only in treatments with colonizeL corn applied to the rOWR. 

Cycocel also increased the incidence of seed infection in the 

non-inoculated treatments. Growth regulators had no effect on 

disease when heads were inoculated direct ly w i th mùcroC'onid ia. 

4.2. INTRODUCTION 

Production of high quality wheat is the major concern in 

most wheat-producing countries. Quality of wheat can be 

restricted by the presence of fusarium head bl ight, which can 

cause inferior quality and low grade of groin, dlld cnn 

produce mycotoxins hazardous to humans and livestock (Sutton, 

1982; Sydenham et al., 1989; Teich, 1989). 

Fusarium graminearum Schwabe, the conictial statc 01 

Gibberella zeae (Schw.) Petch, is the principal spccjcs 

associated with fusarium head blight of wheat in Ci1nadil 

(Sutton, 1982). In Quebec, the pathogen has infected (1]) of 

the cultivars surveyed, with the highest infection (~.2%) on 

cultivar Max (Devaux, 1991). 

Cultural practices have been associated with differcnccs 

in incidence of fusùrium head blight of vJheat (Teich and 

Hamilton, 1985). Marie (1981) and Martin cL al. (1~91) 

reported that nitrogen fertilization can i ncrenr;e the 
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incidence of tusarium head b1ight. Growth regulators, used to 

reduce lodging, a negative effect of high nitrogen 

ferti lization, have a1so been shown to increase plant diseases 

(Bockmann, 1968; Griffiths, 1981; Martin et al., 1991). 

The most susceptible stage of the plant for infection by 

F. graminearum is at the time of anthesis (Cook, 1981), which 

lasts on1y for about 3-5 days (Cook and Veseth, 1991). 

Macroconidia and ascospores produced on plant debris are the 

main source of inoculum (Sutton, 1982; Wiese, 1977), but 

ascospores are more common than macroconidia in humid climates 

(Cook, 1981; Reis, 1988). Ascospores are discharged from 

perithecia and main1y dispersed by wind (Sutton, 1982). 

Most studies concerning the effect of growth regulators 

on fusarium head blight incidence were conducted in the field 

with natural infection. In those studies, it was not known 

whether the form of inoculum was macroconidia or ascospores. 

The object ive of the present work was to investigate the 

effect of plnnt growth regulùtors and nitrogen ferti1ization 

on the incidence of fusarium head blight with different 

methods of arti f icia1 inoculation and different types of 

inoculum in the fle1d. 



4.3. MATERIALS AND METHODS 

4.3.1. 1991 experiment 

Field studies were conducted using hard red spring wheat 

cultivar Max in a fine sandy loam soil at Mdcdonald Campus of 

McGill University in Ste-Anne-de-Bellevue, Quebcc. 'l'he 

experiment was a 3 x 3 x 2 factorial nrrclnged Ln cl r,lndomi/.cd 

split-split plot design with four replicates. The mdin plots 

were inoculation treatments, the sub-plots were growth 

regulator treatments, and the sub-sub plot!'; worc rd trogcn 

treatments. Each plot was 3.8 m long, with li rows spaccd 10 

cm apart. Plots were seeded using a tractor secder at cl rate 

of 450 seeds/m2 • 

The plots were treated wi th Cycocel at a rate of 1. /. 

kg/ha at Zadoks growth stage (ZGS) ]1 (Zadoks et al., ]974) 

when the first node was detectable, Cerone at the rate of 4AO 

g/ha at ZGS ]9-45 when the firth node Wi:tS detectable untll tlw 

boots were swollen, or no plant (jrowth reguJator. 'l'he plot:; 

were either fertilized with ammonium nItrate at the rate of 

140 kg N/ha a week after seeding or were not ferti 1 izcd. The 

plots were inoculated wi th macroconid ia ot F. rJ ramirmarum 

isolate 7 with a conidial density of 6 x 10' conidia/ml ilt 

anthesis, a week after anthesis, or vlithout inoculdtion. Th(! 

plots were irr igated VI i th a lawn spr inr: 1 er for ] ~J m i nut(~f; 
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every two hours during the day, cturing the two weeks aiter 

i noculatlon. 

Disease assessment was carried out by plating out 100 

seeds from each plot on petri dishes containing 'half-strength 

PDA + peNB', a selective medium. This isolation medium was 

developed for the rapld sporulation of Fusarium spp., and 

contcl i ned potato dextrose broth (PDB) (Di fco Laborator ies, 

Detroit, Michigan, USA), 12.0 9 (1/2 strength); agar, 20.0 g; 

pentachloronitrobenzene (PCNB), 1. 15 9i chloramphenicol, 0.5 9i 

per Jitre of distilled water. Seeds were surface disinfested 

as descr ibed in section 2.3. The seeds on the medium were 

lncubëlted élt room temperature (22-24"C) for five days. 

Identificdtion of F. graminearum was based on Nelson et al. 

(1983). The petri dishes were kept in a cold room (10 UC) to 

inhibit the growth of the pathogen until colonies could be 

identi f ied. The numbers of seeds infected by the pathogen were 

counted, and expressed as a percentage of the total number of 

f'.eeds. 

The data obtained were analyzed according to the 

statistical Analysis System (SAS lnstitute, 1985). An F-test 

was uscd ta determine the significance of the variation caused 

by treatments and their interactions (Steel and Torrie, 1980). 

A least slgnificant difference (LSD) test at the 0.05 level of 
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signif icance was carr ied out to compare the Li if f('ronce!."; .1monq 

treatments. 

4.3.2. 1992 experiment 

A field experiment was conducted to determine the cl 10ct 

of the growth regulators Cerone and Cycocel with dillcn'nt 

methods of artificial inoculation. This expcnnlC'llt Wd:~ 

conducted in a sandy loam soi l ùt Centra l Exper i m('nLl l F,u'm in 

Ottawa, ontario. The field tr la] s were conducted tt1C' I-e bPl'(lll~;C 

of the superior irrigation and mist ~,y~,tc~m, p,1rt 01 é1n 

existing Fusarium nursery plot for l~Vd l Uél t inq cu 1 t i Vell­

res istance. The exper iment was a 3 x 3 t élctor J c11 cl r r,)nfj('d in 

a split plot design with four replicùtor;. '['he m,lin plob; won' 

inoculation treatments, and the sub-plots wcre qrowth 

regulator treatments. Each plot was 3 m lonq, w i th H row~; 

spaced 23 cm apart. The plots were not f 0rt III zod w i th 

ni trogen since the ni trogen content of the so i l It/d~, hi <lh (1 (J(J 

kg N /ha). The plots were treated w i th herbic 1 de' Bromoxyn il, 

common name: Buctrll-M, (Rhone Poulenc Cï\nildd Ine., 

Missisauga, ontario) to control wecds. 

The plots were treated with Cycocel, Corone, or ItJithout 

plant growth regula tor in the Si1me mélnne r rl~; th(~ 1 (J ') 1 

experiment. The plots were inoculatod by ~;pray i ne) the h(~illJ~. 

using a backpack sprùyer containjng macroconjcjid It/lth (j 
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conid i a l densi ty of 6 x 10~ conidia/ml at anthesis on July 20, 

] 992, by spreading Fusarium-colonized corn ( ascospore 

inoculation) in the rows at ZGS 31 on June 10, 1992; or were 

not inoculated. F. graminearum isolate DAOM 178148 

(Biosystcmatics Research Centre, Agriculture Canada, ottawa) 

was used in this field trial, since it produced more abundant 

perithecia than isolate 7, which was used the previous year. 

The Fusarium-colonized corn was produced by inoculating 

autoclavcd corn kernels in jars with 10 ml of macroconidial 

suspension of F. graminearum. The macroconidial suspension was 

produced in a 100 ml f lask containing 500 ml of 

carboxymethylcellulose (CMC) medium (Cappellini and Peterson, 

1965). The jars were incubated in an Incubator (20"C) under 

Jong-wave UV and fluorescent lamps for about two months. The 

colonized corn kernels were br ok en down before spreading them 

in the rows. Each plot recelved two jars of corn (500 g). 

After three weeks in the field, the corn kernels were covered 

with purple-black perithecia of Gibberella zeae, which 

contained mature asci and ascospores. 

The plots were irrigated using an automatic mist system 

from 6 am to 8 pm everyday for 30 second every five minutes 

(2.7 gal/hr emitter) after macroconidia inoculation until the 

disease was assessed. The mist system was equipped with a 

sensor- that turned off the system under wet conditions such as 

rain. 
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The disease was assessed on August 5, 1992 by cOlll1ting 

the number of infected spikelets per head. Fifty heéld~; Wl'rl' 

chosen randomly from the middle of edch plot. Disc~se 

assessment was also conducted by plating out 100 seeds (rom 

each plot on '1/2 strength PDA + PCNB medium' ~s describeo 

previously in the 1991 experiment. 

The data obtained were ana lyzed in the same ma nnvr cl!-; 

previously described in the section '1991 cxperimont'. 

Orthogonal contrasts were used to test the trcatment 

differences within the treatment interaction. 

4 • 4. RESULTS 

4.4.1. 1991 experiment 

Summer 1991 was a dry year. During the two-wcek period 

after inoculation (6 July-20 July), there WilS only ] 1 mm of 

rain, with high temperatures (above -~O"C durinq the later pdrt 

of tha t per iod). Symptoms of fusar i um hCdd bl i qht werr! not 

observed in the fie Id, but the inc idence of ~;L'cd 1 n f L'ct i on 

ranged from 2 to 20% in treatments where hOnds 'vlerr: j nnClJ 1 ilted 

with macroconidia. 
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No signif lcant di f ferences were observed between 

treatrnents w i th or w i thout ni trogen (Table 4. 1). Cycocel 

treatrnents had the highest incidence of seed infection, but 

were not significantly different from the non-treated control 

(P=O.06) (rrabJe 4.1). The only significant difference was 

observed in inoculation treatments, where non-inoculated 

treatments were significantly lower than inoculated 

treatrnents, but no significant differences were observed 

between the inoculation experiments regardless the time of 

inoculation (Figure 4.1) 

4.4.2. 1992 experiment 

This year was much wetter than 1991. During July, 

rainfall was approximately 150 % of the normal average. In the 

Fusariwll-co 1 on lzed corn treatrnents, mature peri thecia were 

found three weeks after application. Incidence of spikelet 

infection (reading from the symptoms) ranged from 2-4 % in the 

non-inocu lated treatments to 7-22 % in the inoculated ones. 

The average incidence of seed infection ranged from 12-31 % in 

the n0I1-1 noculated treatments to 74-85 % in the inoculated 

treê\ tmentt:;. 

81gni tîcant differences in the incidence of spikelet 

i nt ect ion werc observed arnong inoculation and growth regulator 
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significant treatments 

interaction between inoculation and growth reglliator 

treatments. orthogonal contrasts showed a hlgher incidence 01 

spikelet infection in treatments with growth reguldtors, 

compared to non-growth regulator treatments when the plots 

were inoculated wi th Fusarium-colonized corn (F i qure 4.2) . 

Significant differences were also observed in th0 

incidence of seed infection among i noclllêlt i on and q rowth 

regulator treatments (Table 4.3), but no i nterùct iotu; wen' 

detected between Inoculation and growth regulator trc~tments. 

Therefore, the incidence of seed infection data Wêlr; averiHJ0d 

over inoculation and growth regulator tre~tments, il nd 

presented in Table 4.4 and Figure 4.3. Cycoce l lncrcé1scd sccd 

infectIon compared ta the non-treated 

treatments Inaculated with infected 

contro l, 

corn. 

but on 1 yin 

Cycocel 

increased seed infection in the non-inocuJilted trcé1tment. 

There \-lere signHicant differences in pldnt hClqht 

between growth regulator treatments (Tilb le ". ç», IJUt. no 

interact ions were detected between growth requ 1 rltor illld 

inoculation treatments. Therefore, the plclnt he 1 ght ddtd v.Jcrr~ 

averaged over growth regulator treatments, and therp. vld~; rl 

trend that the higher the plants the 10wer the i ne ujr~n<:(~ nI 

seed infection (Table 4.6). 
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Table 4.]. Effect of growth regulators, nitrogen fertilizer, 

and time of inoculation on the incidence of seed infection by 

F. graminearum in the 1991 field experiment 

Source of variation df Mean square F value 

Hepl i cate 3 117.789 9.73 ** 

1 nocu lation 2 555.280 45.86 ** 

H*Inoculation 6 40.151 3.32 ** 

PGR 2 35.889 2.96 NS 

Jno*PGR 4 11.066 0.91 NS 

Nitroqen 1 0.084 0.01 NS 

lnoTN 2 35.167 2.90 NS 

PGI<*N 2 14.011 1.16 NS 

Ino*PGR*N 4 10.945 0.90 NS 

Error 42 12. 108 

---------

** signi f icant at P=O.Ol 

NS not s igni f lcant .J.t:. P=0.05 
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Figure 4.1. Effect of time of inoculation on the incidence ot 

seed -infection by F. gramine:'lrum in the ]991 field experimunt. 

Bars with the same letters are not significantly di f tprent 

according to LSD tests (P=O. 05). Anthesis :: inol'ulatud at 

anthesis. Aft. anth. = inoculated one week a f ter anthes ü;. Ilon-

ino = non-inoculated. 
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Table 4.2. Effect of growth regulators and rnethod of 

inoculation on the incidence of spikelet infection by F. 

graminearum in the 1992 field experirnent 

Source of variation df Mean square 

Replicate 3 47.920 

Inoculation 2 426.056 

R*Ino 6 17.944 

PGR 2 10.302 

Ino*PGR 4 12.581 

Error 18 1.860 

* = significant at P=0.05 

** = significant at P=O.Ol 

F value 

25.76 ** 

229.04 ** 

9.65 ** 

5.54 * 

6.76 ** 

--- -- -- ----i 
1 
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Figure 4.2. Effect of growth regulators and method of 

inoculation on the the incidence of spikelet infection by F. 

graminearum in the 1992 field experiment. Bars with the same 

letters are not significantly different according to 

orthogonal contra st tests (P=O.05). Non-ino = non-inoculated. 

Inf. corn = rows inoculated wi th F. graminearum-colonized 

corn, that later produced perithecia and ascospores. Head ino 

= heads inoculated with macroconidia of F. graminearum . 

• 
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Table 4.3. Effect of growth regulators and method 01 

inoculation on the incidence of seed infection by F. 

graminearum in the 1992 field experiment 

Source of variation df 

Replicate 3 

Inoculation 2 

R*Ino 6 

PGR 2 

Ino*PGR 4 

Error 18 

* = significant at P=0.05 

** = significant at P=O.Ol 

Mean square 

181. 148 

14155.750 

76.454 

401.583 

65.833 

34.491 

NS not significant at P=0.05 

F value 

------~------- - --

5.25 ** 

410.42 ** 

2.22 NS 

11. 64 ** 

1 .9 j NS 

----~-- ---- -
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Table 4.4. The incidence of seed infection by F. graminearum 

averaged over growth regulators and method of inoculation in 

the 1992 field experiment 

Growth regulator Incidence (%) 

Cycocel 

Cerone 

No PGR 

65.417 ail 

58.083 b 

54. 000 b 

Inoculation Incidence (%) 

Inf. corn 81.083 al) 

Macroconidia 76.833 a 

Non-ino 19.583 b 

1) = Figures in the same column followed by the same letters 

are not significantly different according ta LSD tests 

(P=O. 05) • 
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Figure 4.3. Effect of growth regulators and method of 

inoculation on the incidence of seed infection by F. 

graminearum in the 1992 field experiment. Bars with the sarne 

letters are not significantly different according to 

orthogonal contra st tests (P=O.05). Non-ino = non-inoculated. 

Inf. corn = rows inoculated with F. graminearum-colonized 

corn, that la ter produced perithecia and ascospores. Head ino 

= heads inoculated with macroconidia of F. graminearum. 
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Table 4.5. Effect of growth regulators and methods of 

inoculation on plant height in the 1992 field experiment 

Source of variation df 

Replicate 3 

Inoculation 2 

R*Ino 6 

PGR 2 

Ino*PGR 4 

Error 18 

* = significant at P=0.05 

** == significant at P==O.Ol 

NS == not signif icant at P=O. 05 

Mean square F value 

32.259 4.92 * 

18.325 2.80 NS 

11.830 1.81 NS 

1040.337 158.80 ** 

3.206 0.49 NS 

6.551 
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Table 4.6. Effect of growth regulators on plant height and the 

incidence of seed infection in the 1992 field exper iment 

Growth regulator 

No PGR 

Cerone 

Cycocel 

LSD 

Plant height (cm) 

90.194 ail 

77.947 b 

71.922 c 

2.195 

Incidence (%) 

54. 000 b l , 

58.083 b 

65.417 é'\ 

5.037 

1) = Figures in the same column followed by the same Jetters 

are not significantly different according ta LSD tests 

(P=O. 05) 
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4.5. DISCUSSION 

Nitrogen fertilizer did not affect the incidence of 

fusarium head blight of spring wheat in the 1991 field trial. 

The results of this work agree with those reported by Teich 

and Hamilton (1985) who found t~at nitrogen level (normal or 

extra dose) did not influence head blight incidence. The form 

of ni trogen used in our work was ammonium nitrate. Teich 

(1987) reported a higher incidence of fusarium head blight 

when wheat was fertilized with ammonium nitrate rather than 

urea. other forrns of ni trogen may have different resul ts. 

None of the growth regulators used influenced the 

incidence of fusarium head blight in the 1991 field 

exr~r iment. These resul ts do not concur wi th those reported by 

Bockmann (1968), who found that CCC increased head blight 

incidence, and by Mùrtin et al. (1991), who reported similar 

increases w i th ethephon both under condition of natural 

inoculation. The authors suggested that increases in fusarium 

head bl ight a fter pla' .::. growth regulator application mal due 

to the reduct ion of plant height, which can cause changes in 

the microclimate of the canopy. The changes in microclimate 

may favour the development of the pathogen in plant debris. 

Growth regulators may also pro long the susceptible stages of 

the plants to the Fusar iurn infection. The non-signif icant 

effect of Cycocel and Cerone on fusarium he ad blight incidence 
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of wheat in our results may have seen due to the method of 

inoculation, in which macroconidia were dlrectly appJied to 

the heads at anthesis, the most susceptible stage of the 

plants (Cook, 1981; Sutton, 1982). This method of inoculation 

would override the effects of plant architecture and 

microclimate. 

In 1992, the field plots were inoculated with 

macroconidia or with Fusarium-colonized corn, from which 

ascospores were ejected. Ascospores of Gibberella zeae may 

have a more important role in causing head blight ot wheat 

than do macroconidia (Cook, 1981). Reis (1988) trapped spores 

above soil cultivated with wheat, and found that 98 % were 

ascospores and 2 % were macroconidia. Our observations showed 

that macroconidia and ascospores can cause a greatcr than ICI 

% incidence of fusarium head blight on wheat plants in th(~ 

field. The method of inoculation using Fusarium-colonizcd corn 

more closely approximates the natural epidemiology of this 

disease in Eastern Canada (Sutton, 1982), and should be more 

extens i vely used in cul ti var resistance tria ls. 1'h is method j s 

easy, and does not require extensive technical facilities or 

exotic media to produce the inoculum. 

The plant growth regulators Cerone and Cycocel 

significantly increased the incidence of spikelet infection 

when the Fusarium-colonized corn was applied in the rows, but 
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no effect was observed when the heads were sprayed with 

macroconid ia. The plant growth regulators may increase the 

incidence of spikelet infection by F. graminearum as a result 

of the reduction in plant height (Mesterhazy, 1991), so that 

the distance required for spores to travel was shorter. This 

work has nhown that growth regulators significantly decreased 

the plant height, and there was a trend that the shorter the 

plants the higher the disease incidence. 

Cycocel but not Cerone significantly increased the 

incidence of seed infection and only in treatments inoculated 

with colonized corn. This finding concurs with those reported 

by Bockmann (1968), in which CCC (Cycocel) application 

increased the susceptibility of the plant to Fusarium 

infection. This increase in disease incidence may result from 

the effect of Cycocel on plant height and the prolongation of 

the susceptible stages of the plant. 

The increase of fusarium head blight incidence by growth 

regulators in treatments wi th colonized corn (ascospores) 

suggest3 that managing plant debris as a source of inoculum 

will be very important in reducing fusarium head blight 

incidence of wheat in crops treated with plant growth 

regulators or when dwarf cultivars are used. 
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V. GENERAL DISCUSSION AND CONCLUSIONS 

Intensive cereal management (leM) systems have been used 

successfully to increase the yield and to improve the quality 

of wheat (Frederick and Marshall, 1978). One of the important 

strategies in this management practice is a heavy ni trogen 

fertilization. since high levels of ni trogen fert 1 li ?oé\t ion 

have been associated with increasing lodging intensity 

(Pumphrey and Rubenthaler, 1983), it ls necessé\ry to i1pply 

plant growth regulators as anti-Iodg ing agents (Dahnolls et 

a1., 1982). However, Martin et al. (1991) reportcd thélt 

supplementary nitrogen and a plant growth reglllé\tor can 

increase the incidence of seed infection by FusArium spccies. 

Fusarium head blight 15 one of the most destruct ive 

diseases of wheat in Canada (Sutton, 1982). In the (jrst part 

of this report, it was found that four predomjni'lnt spccies 

colonizing the heads of wheat were Fusarium sporotrichioides, 

F. graminearum, F. poae, and F. equiseti. Tt was aiso noted 

that the plant growth regulator Cerone increased the incidence 

of seed infection only on cul ti var Columbus, il semidwart 

cultivar. These finding5 agree with those reported by 

Mesterhazy (1991), in which taller plants were more 

susceptible ta fusarium head blight than the shorter ones. 
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Studies on the effect of growth regulators and nitrogen 

fertilization on fusarium head blight incidence conducted in 

this report were made using cultivar Max, a susceptible 

cultivar widely grown in Quebec (Devaux, 1991), with F. 

graminearum, the major causal agent of fusarium head blight 

(Cunfer, 1987; Sutton, 1982). 

In 

nitrate) 

greenhouse 

did not 

trials, 

influence 

nitrogen application (ammonium 

the disease progress of F. 

graminearum. Simi lar resul ts have been reported by Teich and 

Hamilton (1985). No significant effect on the disease progress 

was also observed in either Cycocel or Cerone treatments. 

These results did not concur with those reported by Bockmann 

(1968) and Martin et al. (1991). The lack of significant 

differences in this experiment may due to the method of 

inoculation, in which macroconidia were sprayed directly onto 

the heads at anthesis, the most susceptible stage of the plant 

to F. graminearum infection. The conditions in the greenhouse 

with 48 hours of uninterrupted wetness after inoculation were 

very favourable for the development of high levels of disease. 

In 1991, a dry year, no symptoms of head blight were 

observed in the field, but the incidence of seed infection 

ranged from 2 to 20% in the inoculated plots. The highest 

incidence was observed in Cycocel treatments, but this was not 

significantly different from the non-treated control (P=0.06). 
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Nitrogen fertilization also did not affect the incidence of 

seed infection. Martin et al. (1991) suggested that the pldnt 

growth regulator may increase disease incidence as a result of 

reduction in plant height. Reduction in plant l1eight can 

increase the density of the canopy, which in turn can cause 

changes in microclimate that favour the development of the 

pathogen. Shorter plants also decrease the distance that 

spores must travel from the plant debris to the heads. Since 

the macroconidia were applied directly to the heads in our 

exper iment, this method would overr ide the effect of plant 

architecture and microclimate. 

In 1992, both Cycocel and Cerone increased the spikelet 

infection, but only in the Fusarium-colonized corn treatments 

in which the inoculum was ascospores rel eascd from sexua 1 

structures formed on the colonized corn. The plélnt qrowth 

regulators may increase spikelet infection due to the 

reduction in plant height, so that the distance of ascospore 

travel from the colonized corn to the heads was shorter. 

Shorter heads may encounter a higher load of ascospores. Thjs 

experiment showed that growth regulators siqnificantly 

decreased the plant helght and there was a trend that the 

shorter the plant the higher the disease incidence. Mcsterhazy 

(1991) stated that shorter plants were more susceptible to 

fusarium head blight. Only Cycocel increased seed infection in 

the colonized corn treatments. This finding agrees with those 
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reported by Bockmann (1968), in which Cycocel application 

increased the susceptibility of the plant to Fusarium 

infection. The higher incidence of seed infection may result 

from the effect of Cycocel on the prolongation of the 

susceptible stages of the plant and on the reduction of plant 

height. 

The increased incidence of fusarium head blight in plants 

treated wi th growth regulators in treatment with colonized 

corn Duggests that managing plant debris as a source of 

inoculum will be very important in reducing fusarium head 

bl ight incidence of wheat. Breeding of resistant cultivars 

should stress the shortening of the susceptible stage of the 

plants (anthesis), while dwarf varieties should be evaluated 

in the light of their possible increased susceptibility to F. 

graminearum. Finally, the inoculation method using Fusarium­

colonized corn should be used more extensively in cultivar 

resistance trials, since it more closely approximates the 

naturaJ epidemiology of this disease. This method is easy, and 

does not require extensive technical facilities or exotic 

media to produce inoculum . 
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