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FOREWORD

This thesis consists of eight parts. The first part is a general overview of the problem, the

review on the previous work on the thesis topic and the goals of this research. Part two,

three, four, five, six, and seven are the body of this thesis presented as complete

manuscripts covering the entire research project. Part eight is a general discussion and

conclusion of the whole manuscripts.

The general thesis format has been approved by The Faculty of Graduate Studies

and Research of McGill University and following the condition outlined in the "Guideline

Conceming Thesis Preparation", section B, "Manuscripts and Authorship", which

are as fol1ows:

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.

- Manuscript-style thesis must still confonn to aIl other requirements explained in the

Guidelines Concerning Thesis Preparation.

- Additional material (procedural and design data as weil as descriptions of equipment)

must be provided in sufficient detail (e.g. in appendices) to allow clear and precise

judgement to he made of the important and originality of the research reported.

- The thesis should he more than a mere collection of manuscripts published or to be

published. It must include a general abstraet, a full introduction and literature review and a

final overall conclusion. Connecting texts which provide logical bridge between different

manuscripts are usually desirable in the interest of cohesion.

Ali the work reported here was the responsibility of the candidate. The research was

conducted under the supervision of Dr. Suha J.-Hare, Department of Plant Science,

Macdonald Campus of McGill University. For consistency and convenience, ail

manuscripts follow the same fonnal
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AB8TRACT

Selection of effective antagonists against Rhir.octonia 60lani (AG-3), the

causal agent of Rhizoetonia disease of potato

M. Sc. Nasreen Z. Kabir Plant Science
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RJùzoctonia solani (AG-3), the causal agent of Rhizoctonia disease of potato, overwinters

as sclerotia on potato tubers. To develop a biocontrol strategy based on the prevention of

the sclerotial germination, an isolation of microorganisms colonizing sclerotia of infected

potatotubers (cultivars Norland, Atlantic and Souris), was conducted. A total of 259 soil

fungi and 36 bacteria were isolated. The fungal and bacterial communities isolated from the

different varieties of potato were fairly uniforme No differences were detected in the types

of identified genera among different potato fields. In vitro screening was used to select

effective antagonistic fungi against Rhizoctonia solani. Fifty fungal isolates were selected

in order to cover ail identified genera and potata variety and examined for their ability to

inhibit gennination of sclerotia which were incubated with the test fungus for 14 days.

Twenty-four (24) fungal isolates were retained based on their ability to reduce sclerotial

viability by more than 50% as compared with 100% viability of untreated sclerotia These

24 isolates were further examined for their ability to proteet Table beet seedlings against the

pathogen in greenhouse soils. Based on their ability to proteet Table beet seedlings from

Rhizoctonia infections and to increase the nomber of secondary roots and root length

isolates, F2, FIl, FI32, FI58, and F258 were screened and test their efficacy to increase

beet seed germination in field soils. Of the five isolates, 4 isolates had a seed germination

rates between 42%-67%, whereas germination rates in soil infected by R. solani alone was

30%. Genera were identified as species of Pestalotia (F2), Penicillium (FIl), Gliocladium

(F132, and FI58), Trichoderma (F258). Dual-interaction technique was used 10 examine
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with light microscopy for their ability to parasitize hyphae of R. solani on agar media. F2,

FIl, Fl32 showed strong antagonistic' activities; they grew toward ~. solani hyphae,

penetrate and colonized host hyphae. Substrate-agar plate eXPeriments of extracellular

enzymes (ECE) produced by selected mycoparasites were canied out to demonstrate

mycoparasitic and saprophytic ability of antagonists. Chitinases, B-I,3-g1ucanases,

cellulases, and proteases were secreted by antagonists F2, FIl, and Fl32 when grown on

minimal synthetic medium containing R. solani cell wall fragments. Pronounced activity of

œil walllytic enzymes (chitinase, glucanase, cellulase, and protease) activity from liquid

cultures of three selected antagonists were compared favourebly with those produced

directlyon agar plate. These mycoparasites were especially effective in reducing sclerotial

germination and controlling Rhizoctonia disease of potata in field soils under growth

chamber conditions.
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RÉSUME

Sélection d'antagonistes efOcaces contre Rhi%oclonia rolani, le vecteur de

la' maladie de Rhizoctonia affectant la patate.

M. Sc. Nasreen Z. Kabir Plant Science

( ...

v_..•.
·\f

RhizoClonia solani (AG-3), qui cause la maladie de Rhizoctonia affectant les pommes de

terre, passe l'hiver sous la forme de sclerotes sur les tubercules. Pour développer une

stratégie de biocontrôle contre la germination des sclerotes, nous avons isolé des

microorganismes qui colonisent les sclerotes des tubercules de pommes de terre infectées

des cultivars Norland, Atlantic et Souris. Un total de 259 champignons du sol et de 36

bactéries ont été isolés. Les communautées fongiques et bactériennes étaient relativement

uniformes pour chaque variété de pommes de terre. L'échantillonage des genera identifiés

pannis les différents champs de patates étaient identiques. Une sélection in vitro a été

utilisée afin de choisir un antagoniste efficace contre Rhizoctonia solam.· Cinquante (50)

isolats fongiques ont été choisis et leur capacité à inhiber la germination des sclerotes ayant

été incubées avec l'isolat pendant quatorze jours a été testée.Vingt-quatre (24) isolats

fongiques ont été retenus selon l'habilité à réduire de plus de 50% la viabilité des sclerotes.

Ces isolats ont ensuite été testés en serre pour vérifier leur capacité à protéger les semences

de bettraves de tables contre l'agent pathogène. Les isolats F2, FIl, F132, Fl58 et F258

ont présenté la meilleure protection contre les infections de Rhizoctonia et de plus ont accru

le nombre de racines secondaires et la longueur des racines. Ces isolats ont été testés pour

leurefficacité a augmenter la germination des semences de bettraves dans un sol provenant

du champs. Les isolats ont été identifié au genre en tant qu'espèces de Pestalolia (F2),

PeniciUium (Fil), Glioc1JJdium (F132 et FlS8) et Trichoderma (F258). Sur les cinq

isolats, quatre ont donné un taux de germination des semences de bettraves entre 42% et

VIn



67%t comparé au taux de germination de 30% dans les sols infeetés par Rhizoctonia solani

uniquement. En utilisant une méthode relativement facile et rapide de sélection sur plaque

d'agar optimisée pour la détection individuelle d'enzymes extracellulaires, trois

antagonistes (F2 t FIl et F132) ont démontré une activité prononcée d'amylases t cellulases,

chitinases, glucanases, lipases, mannases, pectinases et protéases. Des courbes temporelles

de l'activité des cellulases, chitinases, glucanases et protéases ont été produites pour F2 t

FIl et F132 en utilisant une méthode calorimétrique. Une technique d'interaction

réciproque a servi à observer par microscopie leurs habilités à réduire la croissance et à

parasiter R. solani sur un médium d'agar. F2 t FIl et Fl32 ont démontré une grande

activité antagoniste: ils ont poussé vers les hyphes de R. solani pour infecter et coloniser les

cellules de l'agent pathogène. Ces isolats ont été particulièrement efficaces pour réduire la

germination des sclérotes sur les pommes de terre dans un sol provenant du champs et en

conditions contrôlées.
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CHAPTER 1.

GENERAL INTRODUCTION AND REVIEW OF LITERATURE

1.1 General introduction

Potato Solanum tuberosum L. is considered one of the world's most important

staple food crop producing more dry matter and protein per hectare than major cereal crops

(Harris, 1992). Compared with cereal crops, its production exceeds that of barley,

sorghum t millet, rye, and oat. In Canad~ the total cultivated area under potato production

is 144,700 hectares, producing 3,78,400 tons/ha. In the province of Québec alonet 25,000

hectares of agriculturalland (soil type loamy sand and peat) are cultivated annually with

early (Superior, Atlantict Norland) and late (Kennebec) potato varieties, producing 25

tonslha with a total commercial value of $200 million (Canadian Potato Production, 1995;

1996).

Potato is confronted with a wide range of 'pathogens wherever it is grown.

Worldwide losses of potato due 10 diseases such as bacterial soft rot (Erwinia carotovora

Dye), verticillium wilt (VerticUliumalbo-atrum Reinke & Bertheir and V. dahliae Kleb.),

common scab (Streptomyces scabies Thaxter) and Jate blight (Phytopthora injestans

(Mont.) de Bary) are important In potato growing regions of Canada incJuding the

province of Québec, potato is a host of several fungal and bacterial diseases (Hooker,

1981)t one of which severelyaffecm the production and yield causing annual damage of $4

million (Banville, 1989). This disease is collectively known as Rhizoctonia disease of

potato (stem canker and blackscurf). The causal agent of this disease is the soilbome

fungusRhizoctoniasolani Kühn belonging to the anastomosis group AG-3 (Otrysko and

Banville. 1992; Demirci and Dôken, 1993).

The government of Québect Ministère de l'Agriculture, des Pécheries, et de

l'Alimentationt currently recommends treatment with fungicides throughout the growing

season for control of Rhizoctonia disease (CPVQ, 1987). Because application of fungicides

1



can have deleterious effects to the environment and agro-ecosystems, it is desirable to find

a non-chemical method to help control R. solani so that the number of fungicide

applications can he reduced.

1.2 Review of literature

1.2.1 Biology and pathology of Rhizoctonia .olani

Rhizoctonia solani KhUn (Teleomorph: Thanatephorus cucumeris (Frank) Donk)

has long been recognized as a destructive pathogen on a wide variety of economically

important agricultural crops (Dodman and Flentje, 1970; Weinhold et al., 1982). Several

researchers now recognize R. solani as a complex of species which cao he oost delimited

on the basis of their hyphal fusion i.e., anastomosis (Andersont 1982; Ogoshi, 1987;

Balali etal., 1995). In general, these groups of species share the following c~aracteristics:

(i) multinucleate cells, pale to dark brown pigment, rapidly growing mycelium of relatively

large diameter with branching near the distal septum of hyphae, (ii) formation of monilioid

cells which are barrel-shaped cells, chains of these cells aggregate 10 produce vegetative

resting structure, the sclerotia, (iii) sclerotia are usually of uniform texture and of varying

size and shape, and (iv) lack of conidia or sexuaI spores.

1.2.2 Selerotia

Principally, sclerotia are composed of compact masses of monilioid cells. Truly

black sclerotiaare not characteristic of R. solani (AG-3). The basic color of mature sclerotia

is brown. Sclerotia are generally superficial but they may a1so fonn inside host tissue.

Sclerotial fonnation in nature is rather common in Many hasts, potato tubers being the oost

known, and infested potato tubers with sclerotia are considered the major source of

inoculum of Rhizoctonia disease (Frank and Leach, 1980). The impact of the disease on

tuber production is a very important consideration in reaching disease management
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1.2.3 Anastomosis group (AG-3)

Pathologists and mycologists rely on the anastomosis grouping (AG) system for

identifying and grouping similar isolates of R. solani into a specifie AG. This identification

method is based on anastomosis between hyphae of isolates grown on solid culture media.

To date, Il anastomosis groups designated as 1 to Il are recognized (Carling and Leiner,

1986; Ogoshi, 1987; Ogoshi etal. , 1990). AG-3 is a homogeneous group with no known

sub-groups or interspecific groups (ISO). Isolates of AG-3 grow more slowly and

generallyare more tolerant ta cool temperature than other AOs of R. solani. There is

conclusive evidence that isolates of Rhizoctonia solani belonging to anastomosis group

AG-3 are the major pathogens causing both lesions on the potato plant (stem canker) and

sclerotial infestation of tubers (blackscurf). Although AG-3 is the most common group

isolated from potato (Bandy et al., 1988; Demirci and Doten" 1993 ~ Bains and Bisht,

1995); isolatesbelonging to either AG-l, AG-2-1, AG-2-2, AO-4, AG~5 or AG-9 can be

occasionally isolated from potato or soil where potatoes were grown. These groups exist as

saprophytes and cause no damage to pltatoes.

1.2.4 Rhizoctonia disease of potato

Stem canlœr and blackscun are two phases of Rhizoctonia disease; affecting patato

wherever it is grown (Banville, 1989; Read et al., 1989; Hide etal., 1992; ).

Stem canter phase: The potato plants are infected with R. solani from mycelium either in

the soil or from sclerotia on the tubers. However, significant source of stem canker

inoculum is derived from sclerotia which are borne on seed tubers (Baker and Martinson,

1970). Penetration of plants by R. solani may he accomplished in a number of ways:

tbrough the cuticle and epidermis, through natural openings such as lenticels and through

wounds (Dodman and Feintje, 1970). The stem or sprout rot of patato provides an

excellent example of the occurrence of the disease. Severe infection occurs mostly on

underground parts often causing girdling and collapse of stems and stolons. The disease
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delays shoot emergence, decreases the number of stems and increases variation in stem

height, and leads to stolon and sprout pruning (Hide et al., 1985; Read et al., 1989). In

addition to the above symptoms, initiation of tubers and development of foliage are delayed

and number of aerial tubers is increased.

Blackscurf: The oost known symptom of Rhizoctonia disease is the appearance of sclerotia

on the surface of petato tuOOrs. Dean (1994) described the symptom as "the dirt that won't

wash~off". This description cornes from the fungal masses (sclerotia), which serve as

ovenvintering vegetative structures (Hooker, 1978). Infections originating from sclerotia

cause increases in the number of malfonned cracked tubers, the production of aerial tubers,

and alteration in size and distribution of tubers. Ail these symptoms lead to lower

marketable yjelds (Weinhold etai., 1982; Otrysko and Banville, 1992).

1.3 Control

1.3.1 Cbemical control

In Many patato prcxluction areas including Canada and U.S.A., patato growers are

advised 10 either (i) plant seed that is blackscurf free, (ii) plant in Pathogen~freesoils, (iii)

prevent the introduction of disease, (iv) practice crop rotation, or (v) use fungicide seed

treatment. The efficiency of soil treatments with various fungicides under laboratory,

greenhouse and field conditions is a limited protection against the pathogen (Leach and

Murdoch, 1985; Stevenson etal., 1986; Platt, 1989). Severity of Rhizoctonia disease is

substantially decreased by treating the seed tubers with organo-mercury compounds

(Graham, 1960), fonnaldehyde (Weinhold etal., 1978), meneb (Blaszczak et d., 1978),

thiabendazole, benomyl, iprodione, oxathin (Biehn, 1969; Humphreys-Jones, 1977) and

with tolclofos-methyl or pencycuron (Oxley and Lang, 1987). Seed piece treatment with

2.5% benomyl was found 10 he as effective as a Il kg/ha PCNB (pentachloronitrobenzene)

soil treatment for Rhizoctonia disease control (Davis, 1973). On the other band, soil

treatmenl with thiabendazole» iprodion or benodanil (as wettable powders al 12 kg a.i.lha),
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decreased both stem canker and blackscurf (Hide and Cayley, 1982). But wherever

blackscurf was severe, none of the treatments controlled the disease (Biehn, 1969).

Although severa! fungicides are effective in controlling disease, growers' concem about

toxicity and the increasing costs of pesticides on the market has limited their use in disease

control (Whipps, 1992). In addition, the need for an alternative to chemical disease control

arises because of environme~talproblems associated with the use of chemica1 pesticides.

Thus, there is an increased interest in the application of biological control agents (BCA) to

control plant pathogens with beneficial advantages to the consumer and the environment.

Pathologists are beginning to pUrPQsefully involve biological control programs for plant

diseases.

1.4 Biologieal control

There are mainly two different approaches to biocontrol that are widely used. The

first approach is based on the implementation of cultural practices to control disease, such

as crop rotation, burlal residues, f100ding, fertilization to elevate or lower pH, and

suppressive soil (Palti, 1981; Davis etal., 1993) and the second is based on using naturally

occurringanlagonistic microorgamsms (Chet etal., 1981; Cook, 1988). Cook and Baker

(1983) defined the second approach of biocontrol as "the reduction of the amount of

inoculum or disease producing activity of a pathogen aceomplished by or through one or

more organisms other than man". These microorganisms include fungi, bacteria, virus,

nematodes, protozoans which cao control fungal pathogens (Burge, 1988).

1.4.1 Enhaneement and Introduction of antagonists

Due 10 the complex nature of Rhizoctonia solani infections and tyPe of invasion,

Rhizoctonia disease of potato is bard 10 control with any one means of control (Frank and

Wilson, 1972). An economical and non-polluting method of reducing this disease incidence

and the pathogen's saprophytic activity in the soil is crop rotation (Honeycutt etal., 1996).
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Several reports indicated that rotation with cornt wheatt oat or other grains reduced

Rhizoctonia disease incidence on various crops including potato (Frank and Murphy, 1977;

Specht and Leach, 1987). SoUs with a two-year rotation of oat-potato had the lowest

incidence of disease on the stemst rootst and tubers of potatot while plots or soils without

rotation practices (control) bad the highest pathogen activity and the greatest disease

incidence (Honeycutt et al., 1996). Another effective integrated approach is crop rotation

combined witb green amendments: This resulted in significant suppression of R. solani

inoculum due to increased populations of antagonistic hacteria, actiDomycetes and fungi

(Linderman, 1970; Specht and Leach, 1987). In one study, it was found that high

populations of actinomycetes suppressed R. solani because of their ability to produce

antibiotics (Reddi and Rao, 1971). In anotber study, high populations of Trichoderma spp.

was associated with suppression of R. solani (Liu and Baker, 1980). When Trichodenna

species were combined with varions management practicest the efficiency of Trichodenna

was improved to control this patbogen (Lewis and Papavizas, 1980). However, when the

two methods were combined, there was generally less disease than when they were used

alone. In Québec, R. solani inoculum can be minimized, but not completely eradicated by

using fungus-free seed tubers combined with a 3-year crop rotation with buckwheat and

winter rye (Banville, 1989).

1.4.2 Suppressive soli

The tenu "suppressive soils" describes certain soils that are inhospitable to sorne

pathogens (Schippers, 1992). Suppressive soils have been shown 10 subsequently decrease

disease incidence. This type of soil has been effective in controlling damping-off of radish

caused by R. solani belonging to AG-4 (Liu and Baker, 1980). After successive cultures of

radish and cucumber, high nombers of Trichoderma harzianum Rifai propagules were

found ~n infested soil, rendering it suppressive to R. solani. To date, suppression to

Rhizoctonia solani (AG-3) on potato has not yet been demonstrated. A naturally

6



~
I'
1;'::.

,;... ,
~ '1.

(~.,
.,:.~

suppressive soil against R. solani was shawn ta bave a high population of Triclwderma

species including T. hamatum (Bonord.) Bainier.T. hamatum is a necrotrophic

mycoparasite, causing lysis of hyphae of R. solani (Chet and Baker, 1981).

1.4.3 Introduction of antagonists for biologieal control of R. ,olani

The second approach of biological control cao he achieved with the introduction of

antagonists. This approach is mainly a means to retard the production of the Pathogen's

inoculum. Several microorganisms including bacteria and fungi have been shown to he

effective antagonists of Rhizoctoniasolani AG-3 (Roy, 1989). Recently, Turban (1990),

screened several soil fungi belonging to the genera Botryotrichum, Coniothyrium, Dicyma

for their ability ta parasitize hyphae ofR. solani.

Trichoderma and Gliocladium spp. are two fungal genera which have been

exhaustively studied for their biocontrol potential (Beagle and Papavizas, 1984; Papavizas,

1985). Within the Trichoderma genus, species such as T. harzianum Rifai, T. hDmatum

(Bonard.) Bainier, and T. viride Pers. Fr. have demonstrated excellentantagonisticactivity

against R. solam. This activity bas been related to mycoparasitism and lor antibiosis as two

mechanisms of biocontrol (Cbet, 1987). T. harzianum, the Most commonly studied species

was tested with varYing degrees of success against Rhizoctonia damping-off of beans,

tomatoes, eggplants, and beets (Hader etal., 1979). It was round tbat T. harzianum in

combination with T. hamatum directly attacked and was capable of lysing mycelia of R.

solani. Also under field conditions, T. harzjanum significandy increased the yield of beans

and decreased disease incidence. These two isolates were shown to produce cell wall

degrading enzymes namely, 8--1,3 glueanases and chitinases.

The genus Gliocladium contains Many mycoparasitic species whicb are considered

good biocontrol agents against soil-bome pathogens. G. virens J.H. Miller, J.E. Giddens,

& A.A. Foster successfully controlled Rhizoctonia damping-off of cotton seedlings and

root rot of white bean (Tu and Vaartaja, 1981; Howell, 1982; Howell and StiPall0vic,

7



( ,:,
","
.~, f

1995). Production of the antibiotics gliotoxin and glovirin by the biocontrol fungus G.

virens has been associated with its efficacy as a biocontrol agent of seedIing diseases

incited by R. solani (AG-4).

Another antagonist that shows promise as an effective biocontrol agent against

Rhizoctonia disease of patato, is the recently isolated obligate mycoparasite, Verticillium

biguttatum (Jager and Velvis, 1985; Boogert, 1989; Morris et al., 1992). First isolated

from tuber-borne sclerotia in the Netherlands by Jager et al. (1979), this mycoparasite was

shown to quickly establish itself on the host fungus by colonizing the sclerotia, and killing

the moniliod cells (Velvis and Jager, 1983). The efficiency of V. bigunatwn in reducing the

incidence of stem and stolon canker, was demonstrated in vitro and in soils amended with

V.. bigunatum singly or in combination with the free living nitrogen-fixing bacteria,

Azotobacterchrococeum Beijerinck (Meshram and Jager, 1983). Another potentially good

mycOPal"aSiteof R. solani is the newly discovered fungus, Stachybotrys elegans (Pidopl.)

W. Gams, (Benyagoub, 1993). S. elegans was able 10 attack sclerotia and hyphae of R.

solani isolates belonging to all AGs. Viability of treated sclerotia with conidial suspension

S. elegans significantly decreased compared with untreated controls. S. elegans was also

shown 10 parasitize inter- and intracellularly sclerotial and hyphal cells thus rendering the

hast cells non viable (Benyagoub et al., 1993). Recent results proved that the cell-wall

degrading enzymes chitinases and glucanases are involved in the process of

mycoparasitism (Tweddell etal., 1994, 1995).
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1.5 Hypothesis

Until now t no indigenous and potential biocontrol agent against Rhizoctonia sola"i

(AG-3) on patato have been documented in Québec. Therefore, we made a collection of

microorganisms isolated from field-grown sclerotia on potato grown in different regions of

Québec. We hypothesized that the reduction in sclerotial viability of R. solani (AG-3) can

he successfully achieved by the introduction of antagonists cohabiting the same niche as the

pathogen. We focused our efforts exclusively on the destruction of sclerotia since theyare

considered the major source of inoculum in the soil.

1.6. Objectives

To accomplish this, our specific objectives were 10:

(1) isolate and identify soil microorganisms from tuber-borne sclerotia of Rhizoctonia

solani, (2) evaluate their effectiveness in rendering the hyphae and sclerotia non-viable

under in vitro conditions, (3) study the mechanisms iDvolve in the sclerotial gemtination

inhibition of R. solani by selected antagonists, (4) study the ability of selected antagonists

to produce lytic enzymes under induced conditions and evaluate their competitive

saprophytic ability and (5) evaluate the efficiency of selected anlagonïsts in controlling the

developmentof Rhizoctonia disease under growth chamber conditions.

9



CHAPTER 2.

ISOLATION OF MICROORGANISMS FROM TUBER-BORNE

SCLEROTIA AND THEIR EFFICACY TO INHIBIT SCLEROTIAL

GERMINATION OR REDUCE VIABILITY OF RHlZOCTONlA SOLANl

2.1 Introduction

Sclerotia are the means by which a viable state is maintained by Many fungi in the absence

of a suitable host or of conditions favouring active growth (Coley-Smith and Cooke,

1971). The fungus R. solani (AG-3) survives in soil in the fonn of thick-walled Mycelium

associated with organic debris and in the fonn of sclerotia on potato tubers (Boosalis and

Scharen, 1959). The dense cellular contents, pigmentation and rather impermeable walls of

the sclerotial cells makes them resistant to adverse environmental conditions. They are

considered as a main source of inoculum for Rhizoctonia dis~ase of potato incited by

fungus R. salani (AG-3) (Frank and Leach, 1980).

In addition to their importance as the primary source of inoculum, sclerotia accumulate

relatively high concentrations of carbohydrates, fats, and proteins during growth which

provide good nutritional niche for microorganisms in the soil. Consequently, soil

organisms with potential value in biological control cao be easily selected by their ability to

colonize and degenerate living sclerotia (Naiki and Vi, 1972). These microorganisms cao

he isolated by direct hyphal isolation technique (Warcup, 1960), or using the baiting

technique (Dos and Dhingra, 1982). Fungi frequendy isolated from sclerotia of Sc1erotinia

spp., and Rhizoctonia spp., are Triclwderma spp., Gliocladium spp., Coniohrium spp.,

and Penicillium spp. (Zazzerini and Tosi, 1985; Schmiedeknecht, 1993). Of these,

Gliocladium and Trichoderma killed a very high percentage of sclerotia and significandy

'reduced the intensity of the dîsease. To date, DO work bas been carried out to study the

antagonistic activity of microorganisms isolated from sclerotia of R. solani ( AG-3) in

Québec.

10



Based on the above studies, we hypothesized that pltential antagonists are present on

sclerotia and should provide a large diversity of genera thereby increasing the chance of

finding potential biocontrol isolates. Therefore, our objective was to isolate and identify the

microorganisms present on sclerotia isolated from potato varieties grown in Québec soil.

They were identified by means of spore morphological characteristics and tested for their

potential as biocontrol agents. Species of Alternaria, Cladosporium, Fusarium,

Gliocladium, Penicillium, Pestaloti4, Pythium, Trichoderma, and Verticillium were most

frequently isolated in this study. They were evaluated for their antagonism in vitro against

R. solani.
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2.2 Materials and Methods

2.2.1 Varletles of potato

Blackscurfinfected potatoes (Solanwn tuberosum L.) were collected from two different

potato growing regions of Québec and from one region of Prince Edward Island (PEI) .

Four potato varieties were screened: Atlantic and Norland (Baie comeau, Québec), Souri

(L'Assomption, Québec) and Mouraska (PEI). Ten (10) potatoes heavily infested with

sclerotia were selected from each variety per region except for the variety Norland, in

which 13 infested potatoes were selected.

2.2.2 Isolation technique

A total of 100 sclerotia per pltato variety per region were removed with a sterile

scalpel. Sclerotia were placed in petri plates containing Potato Dextrose Agar (PDA), and

Nutrient Agar (NA) to isolate fungi and bacteria, respectively (see Appendices AI a,b). To

isolate Trichodenna and GUocladium, the selective media of Elad et al. (1981c) was used

(Appendices AIl). To isolate inter- and intracellular colonizers, sclerotia from Mouraska

and Atlantic were surface sterilized using 1% sodium hypochlorite solution, then crushed

and placed on appropriate selective media (Appendices AI & AIl). Irrespective of the type

of culture media used, a total of six sclerotia per medium-plate were cultured. Ail plates

were incubated at room temperature in complete darkness except for those containing

selective media Sclerotiacultured on Trichodermaand Gliocladiwn selective medium were

incubated in a controlled incubatoral 240C.

Daily observation and isolation of various microorganisms growing from the cultured

ungerminated sclerotia was carried out. To ensure a pure culture of the microorganisms,

three 10 four consecutive sub- culturing had to he carried out The final sub-culturing of

fungi was carried out on full-strength PDA plate without antibiotics and plates were

incubated at 240C for 2 weeks. To obtain pure bacterial cultures, the final sub-culturing
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was done on full strength Nutrient Agar without antibiotics at 370C for 24-48 hours.

Isolated fungi were identified ta the genus level (Table 2) according ta their phialide and

spore morphology (Raper and Thorns, 1948; Barron, 1972; Domsch, 1980; Nelson, 1983;

Barnett and'Hunter, 1987). Ail funga! isolates were stored on either oat-soil or PDA slants

at 40C (Appendices AllI a,b), while the bacterial isolates were stored on Nutrient broth

medium in vials al -800C (Appendices AV).

2.2.3 Selected fungal isolates and culture conditions

Since it is practically impossible ta test all isolated microorganisms for their

pathogenicity on the sclerotia of R. solani, we limited the number of isolates to 50. These

isolates were carefully chosen ta ensure non-biased selection and ta cover all identified

genera isolated from ail potato varieties (Table 3). They were tested for their ability to

inhibit sclerotial gennination.

The pathogen R. solani (AG-3) and all selected Cungal isolates (Table 3) were

maintained al 240C on PDA. For the pathogenicity test, laboratory-grown sclerotia of R.

solani were produced on PDA in petri dishes at 240C and were harvested from the agar

surface after 5-8 weeks using a sterile scalpel and placed in sterile petri dishes.

2.2.4 The viability test of R. ,olani selerotia

Ten uniform-sized sclerotiaof R. solani (3-5 mm diam.) were placed on the surface of

PDA which was overgrow~with Mycelium of a one-week-old colony of one of the selected

fungal isolates. The cultures were incubated al room temperature in complete darkness for

14 days. Untreated sclerotia served as the control. The viability of R. solani sclerotia was

estimated after 14 days by placing them on water agar for 24 hours at room temPerature,

and hyphal germination was deteeted using a stereo microscope ( x 40). Three replicate

plates and total of 30 sclerotia were used for each isolate. The sclerotia were classified

according to the method of Velvis et al. (1988). The data were first subjected to log
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transformation and treatment means were statistically analyzed using the student numan

kuels (SNK) test (Steel and Tonie, 1980).

2.2.5 Assay procedure

The sclerotia were classified according to the number of outgrowing hyphae: 0, 1

5, 6-10, 11-25, and> 25 hyphae. The percent sclerotial viability (%SV) was calculated

according to the fonnulaofVelvis etai. (1988): %SV = [(I-5)xl + (6-10)x2 + (l1-25)x3 +

(>25)x4 ]/4 x lOOrrS (TS = total scleroûa). The maximum value of V is 100.
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2.3 ResuUs

2.3.1 Collection of microorganisms from sclerotia

A total of36 bacterial isolates were obtained from three varieties of potatoes: Nine

from Atlantic, 11 from Norland, and 16 from Souri. Forty-four (44%) of them were

identified as Gram-p:>sitive or Gram-negative (Table 1). A total of 259 fungi were isolated

from tuber-borne sclerotia, among which 7 fungi were isolated from sclerotia that were

surface sterilized and crushed. Ninety-three (93) funga! isolates originated from Atlantic,

95 from Souri, 61 from Norland, 7 from Mouraska, and 3 from an unknown variety. Out

of these, 147 isolates grew on the Trichoderma and Gliocladium selective medium. Eighty

six (86%) of the total isolates were identified to the genus level (Table 2). The most

common genera were: PenicilUum spp. (44%), Gliocladium spp. (22%), Triclwderma spp.

(7%), Fusariumspp. (5.8%), Pythium spp. (4%), and sorne others namely Zygorrhyncus

spp. (1.15%), Cladosporium spp. (0.78%), Verticillium spp. (0.78%), Alternaria spp.

(0.39%), and Pesta/otiaspp. (0.39%). The total percentages were calculated from the total

number of isolates of a given genus divided by the total number of isolates found;

multiplied byone hundred.

2.3.2 Effect of fungal isolates on R. ,olani

Of the 50 fungal isolates tested in dual cultures, most isolates proved to he active

antagonists and sorne strongly inhibited the germination of sclerotia (Table 3). Unless

stated otherwise, the selected funga! isolates which proved to he active against R. solani

sclerotia will he referred ID hereafter as antagonists.

Microscopie examination of individual sclerotia showed that the antagonists grew

profusely and completely colonized the sclerotia. In sorne instances, due to heavy

colonization by the antagonists, the sclerotia lost their color and disintegrated. More than

50% of the isolates caused a significant reduction in sclerotial viability (Table 3). Among
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the 50 isolates tested, fifteen completely inhibited sclerotial germination, rendering them

non-viable (%V= 0). These belonged to Trichoderma (7 isolates), Gliocladium (4 isolates),

Pestalotia (1 isolate), Pythium (1 isolate), Fusarium (1 isolate) and Verticilliwn (1

isolate) species. Nineteen other isolates did not cornpletely kill the sclerotia but significantly

reduced their viability by 36% - 97%. The rnajority of these isolates belonged ta

Gliocladium (7 isolates), andPenicilliwn (5 isolaœs) followed by Fusarium (3 isolates),

and unidentified (4 isolates). The rest of the isolates including sorne that were not identified

had no effect on sclerotial viability. In most cases, the pathogenicity of isolates within the

genus varied significantly. For instance, seven isolates of Trichodenna (F138, F218,

F137, F250, F258, F233, F231) killed 100% of the sclerotia, whereas the other isolates

(F236, F230, F256, FI48) did not affect sclerotium gennination. Similarly, 4 isolates of

Gliocladium (F251, F6, F76, F139) killed all the sclerotia whereas the rest varied in their

pathogenicity (Table 3).
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Table 1: Bacteria isolated from tuber-borne sclerotia of three different potato varieties*

Bacteriadesignation number

Potato varieties

Souri Identification Atlantic Identification Norland Identification

li,:

B2S0(4)NA+ sc NI B6AT(3)NA+sc NI B17NO(l)NA+sc NI
B3S0(2)NA+sc G~cocci BSAT(I)NA+sc G-coœi B18NO(2)NA+sc NI
B5S0(2)NA+sc G+rod BIOAT(4)NA+sc NI B20NO(I)NA+sc NI
B7SO(l)NA+sc NI BllAT(6)NA+sc NI B23NO(6)NA+sc G+rod
B36S0(1O)NA+sc G+rod Bl2AT(4)NA+sc NI B4NO(6)NA+sc G+rod
B38S0(S)NA+sc G~cocci BlSAT(2)NA+sc NI B24NO(4)NA+sc NI
B39S0(6)NA+sc NI B16AT(8)NA+sc G+rod B25N0(6)NA+sc G+rod
BlS0(6)NA+sc NI B19AT(7)NA+sc NI B26N0(8)NA+sc NI
B40S0(6)NA+sc G+rod B21AT(lO)NA+sc NI B27NO(7)NA+sc NI
B42S0(4)NA+sc NI B31NO(S)NA+sc NI
B46S0(7)NA+sc G+rod B32NO(7)NA+sc G+rod
B47S0(7)NA+sc G+rod

•...

B48S0(7)NA+sc NI
B49S0(4)NA+sc G+rod
BSOSO(S)NA+sc G+rod
B51SO(lO)NA+sc G+rod

* Bacterial isolation were carried out at room temperature.

NA =Nutrient agar with appropriate antibiotic (cychlohexamide 100 mg IL of medium).

8 =Designated number of bacteria ; Sc =Sclerotia ; SO =Souri, AT =Atlantic, NO =Norland.

NI =Not Identified; G- = Gram-negative, G+ = Gram-positive.
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Table 2: Fungal isolates recovei"ed from tuber-borne sclerotia and identified to the genus

level*

Isolate No. Genus Isolate No. Genus
FI8 AT (6) PDA+ sc '1 F45 NO (6) PDA+ sc Fusoriwn
F25 AT (4) PDA+ sc '1 F54 sa (3) T&G sc Fusarium
F26 NO (3) PDA+ sc '1 FS5 sa (3) T&G sc Fusorium
F28 NO (10) PDA+sc '1 F96 MO (7) PDA+StscC Fusorium
F29 NO (9) PDA+ sc '1 FI46 sa (5) PDA+ sc Fusariwn
El NO (7) PDA+ sc '1 Fl49 sa (9) PDA+sc Fusorium
E6 NO (9) PDA+ sc '1 FI50 sa (6) PDA+ sc Fusorium
F43 NO (9) PDA+ sc '1 F216 sa (5) PDA+ sc Fusoriwn
F44 NO (7) PDA+ sc '1 F232 sa (8) PDA+ sc Fusorium
F46 NO (7) PDA+ sc '1 F240 sa (6) PDA+ sc Fusorium
F52 sa (2) T&G sc '1 FI60 AT (5) PDA+ sc Gliocladium
F62 AT (2) PDA+ sc ? F162 AT (2) PDA+ sc Gliocladium
F80 AT (1) PDA+ Stsc '1 FI66 AT (10) PDA+ sc Gliocladium
F86 AT (3) PDA+ sc '1 FlS8AT(2)T&G sc Gliocladium
F87 AT (6) PDA+ stsc '1 FI68 AT (2) T&G sc Gliocladium
F97 NO (6) PDA+ sc '1 Fl7S AT (2) T&G sc Gliocladium
FI02 NO (8) T&G sc ? FI77 AT (8)T&Gsc Gliocladium
Fl12 sa (3) T&G sc ? ES NO (3) PDA+ sc Gliocladium
Fl41 SO (10) PDA+ sc ? F7 sa (3) PDA+ sc Gliocladium
FI91 AT (7)T&G sc '1 FI9 AT (5) PDA+ sc Gliocladium

(f;~" F201 sa (10) PDA+ sc '1 E3 AT (10) PDA+ sc Gliocladium
F208 NO (6) PDA+ sc '1 E9 NO (3) T&G sc Gliocladium
F235AT (lO)T&G sc '1 F56 sa (2) T&0 sc Gliocladium
F246 NO (6) PDA+ sc ? FM AT (8) PDA+ sc Gliocladium
F257 NO (11) T&G sc " F68 AT (l0) T&G sc Gliocladium
F258 NO (10) T&0 sc ? F74 AT (9) PDA+ sc Gliocladium
F67 NO (10) PDA+ sc " F76 SO(3)T&Gsc Gliocladium
Fl40 sa (8) PDA+ sc ? F78 NO (4) T&O sc Gliocladium
F65PDA+ sc ? F81 NO (7) PDA+ sc Gliocladium
FI03 NO (4) T&G sc " F83 NO (7) PDA+ sc Gliocladium
FIl3 sa (1) T&G sc '1 F84 sa (3) PDA+ sc Gliocladium
FI71 AT (2)T&G sc '1 F88 NO (4) T&G sc Glioclodium
F204 AT (8) T&0 sc " F89 SO(l)T&Gsc Gliocladium
F220 AT (7) T&G sc '1 F90 NO (4) T&O sc Glioclodium
F98 AT (2) T&0 sc " FlœAT(7)T&G sc Gliocladium
FI53 sa (6) PDA+ sc " FI18 AT (2)T&G sc Glioclodium
F253 sa (6) PDA+ sc A1temIlIia FI33 AT (3) PDA+ sc Gliocladium
F136 sa (8) PDA+ sc Clodosporium FI30 AT (8) T&0 sc Glioclodium
Fl40 sa (8) PDA+ sc Cladosporium F132 NO (8) T&G sc Glioclodium
F239 sa (6) T&G sc Fustlrium FI34 AT (5) PDA+ sc Gliocladium
F4 AT (5) PDA+ sc Fusarium F139 sa (8) PDA+ sc Glioclodium
F8 sa (1) PDA+ sc Fusarium Fil AT (2) PDA+ sc Penicillium
FI7 sa (7) PDA+ sc Fusarium F12 AT (2) PDA+ sc Penicillium

Cf 82 sa (3) PDA+ sc Fusarium FI3 AT (5) PDA+ sc Penicillium"
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F167 AT (S) T&G sc Gliocladium FIO AT (5) PDA+ sc Penicillium• F170 AT (8) T&G sc Gliocladium FIS AT (6) PDA+ sc Penicillium,>.,
"'f':7'

Fl73 AT (S)T&G sc Gliocladiwn FI6 SO (2) PDA+ sc Penicillium
F179 sa (5) T&O sc Gliocladiwn F20 NO (1) PDA+ sc Penicillium
FlSOAT (7)T&O sc Gliocladiwn F21 AT (4) PDA+ sc Penicillium
Fl83 AT (2) T&0 sc Glioclodium F22 SO (2) PDA+ sc Penicillium
FI88 sa (1) T&O sc Glioclodiwn F23 NO (1) PDA+ sc Penicillium
FI89 NO (4) T&0 sc Gliocladium F24AT (7) PDA+ sc Penicillium
FI90 SO (1) T&G sc Gliocladium F30 NO (7) PDA+ sc Penicillium
1'221 sa (5) T&G sc Gliocladiwn F40 NO (3) T&G sc Penicillium
1'225 SO (1) T&O sc Gliocladiwn F41 NO (3) T&G sc Penicillium
1'227 AT (3)T&0 sc Gliocladiwn F47 NO (7) PDA+ sc Penicillium
1'228 sa (7) T&0 sc Gliocladium F49 sa (2) T&G sc Penicillium
F237 AT (2)T&G sc Gliocladium FSI AT (5) PDA+StscC Penicillium
F238 sa (5) T&0 sc Gliocladiwn F53 AT (l0) T&G sc Penicillium
F243 SO (4) T&O sc Gliocladium F58 AT (l0) PDA+ sc Penicillium
F248 SO (6) T&G sc Gliocladium F60 AT (9) PDA+ sc Penicillium
F249 sa (6) T&0 sc Gliocladium F61 MO (4) PDA+StseC Penicillium
F2S1 SO (9) T&0 sc Gliocladium F63 AT (6) PDA+ sc Penicillium
F2S2AT (7)T&G sc Glioclodium F66 NO (4) PDA+ sc Penicillium
F2S4 sa (10) PDA+ sc Gliocladiwn F69 AT (3) PDA+ sc Penicillium
F259 sa (6) T&0 sc Gliocladium 1470 AT (10) T&G sc Penicillium
F109 AT (7)T&G sc Gliocladiwn 1471 AT (l0) T&G sc Penicillium
FI10 NO (4) T&G sc Gliocladium 1472 SO (3) T & 0 sc Penicillium

(1: FI28 AT (7) T&G sc Gliocladium F73 AT (10) T&G sc Penicillium
~I F6 AT (5) PDA+ sc Glioclodium 1475 SO (2) T&G sc Penicillium..~,'I.

1'223 sa (7) T&0 sc Gliolcadium Fï1 NO (3)T&G sc Penicillium
F2 AT (1) PDA+ sc Pestalotia F8S SO (3) PDA+ sc Penicillium
FI AT (9) PDA+ sc Penicillium 1'91 SO (1) T&G sc Penicillium
F3 AT (9) PDA+ sc Penicillium F92 SO (1) T&G sc Penicillium
F5 AT (4) PDA+ sc Penicillium F93 NO (4) T&0 sc Penicillium
F9 AT (5) PDA+ sc Penicillium F94 SO (1) T&G sc Penicillium
FIOI NO (4) T&G sc Penicillium F99 AT (1) PDA+ sc Penicillium
FI04AT (2)T&G sc Penicillium FlOO NO (8) T&0 sc Penicillium
F116AT (2)T&G sc Penicillium FI06 AT (2) T&G sc Penicillium
FIl7 AT (S)T&Gsc Penicillium FI07 AT (7) T&G sc Penicillium
FI19 AT (8)T&G sc Penicillium FI14 NO (4) T&O sc Penicillium
Fl20AT (2)T&G sc Penicillium FilS MO (1) PDA+ sc Penicillium
F121 AT (5) T&G sc Penicillium Fl9S AT (7) T&G sc Penicillium
FI22 SO (3) T&G sc Penicillium FI96 AT (5) T&G sc Penicillium
FI23 NO (4) T&G sc Penicillium Fl97 AT (8) T&G sc Penicillium
Fl24 NO (8) T&0 sc Penicillium FI98 NO (8) T&G sc Penicillium
FI27 AT (7) T&G sc Penicillium FI99 NO (8) T&G sc Penicillium
Fl29 sa (1) T&G sc Penicillium 10200 AT (5) T&G sc Penicillium
Ft31 NO (8) T&G sc Penicillium F226 NO (6) PDA+ sc penicillium
Fl37 SO (8) PDA+ sc Penicillium F229 SO (7) T&G sc Penicillium
Fl42 SO (7) T&G sc Penicillium F241 sa (4) PDA+ sc Penicillium
Ft44 SO (7) T&G sc Penicillium F247 sa (6) PDA+ sc Penicilliumcr F145 SO (7) T&0 sc Penicillium F260 sa (1) T&G sc PenicilliumOc,.
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F152 sa (5) T&0 sc Penicillium 14'261 sa (6) PDA+ sc Penicillium

t F1S4 sa (6) PDA+ sc Penicillium 14'205 sa (5) PDA+ sc Penicillium
'~" .

FI5S AT (10) T&G sc Penicillium F48 sa (2) T&O sc Prenicillium
FI56 AT (2) T&O sc Penicillium FI43 sa (7) T&G sc Pythium
FIS7 sa (3) T&0 sc Penicillium F95 MO (4) PDA+StscC Pythium
F161 AT (10) T&G sc Penicillium FI47 SO (4) PDA+ sc Pythium
FI63 NO (4) T&0 sc Penicillium 1"217 NO (11) T&O sc Pythium
FI64 NO (8) T&0 sc Penicillium 1"218 NO (11) T&O sc Pythium

Fl65,NO (8) T&0 sc Penicillium FSO MO (7) PDA+StscC Pythium
F169 AT (5)T&Osc Penicillium F57 sa (2) T&G sc Pythium
FI72 AT (5)T&Gsc Penicillium F79 MO (1) PDA+StscC Pythium
Fl74 AT (S)T&Gsc Penicillium FI25 sa (S) T&G sc Pythium
Fl76 AT (5)T&Gsc Penicillium F126 sa (S) T&G sc Pythium
FI78 NO (6) PDA+ sc Penicillium FI35 NO (4) T&G sc Trichodermtz
FI81 AT (7)T&Gsc Penicillium F138 sa (8) PDA+ sc Trichodermtz
FI82 AT (7)T&Osc Penicillium FI48 sa (9) PDA+ sc Trichodermtz
Fl84 AT (7) T&0 sc Penicillium FISI AT (8) T&G sc Trichodermtz
FI85 AT (7) T&0 sc Penicillium F159 NO (3) T&0 sc Trichoderma
FI86 AT (7) T&O sc Penicillium mo sa (8) T&G sc Trichodermtz
FI87 NO (4) T&0 sc Penicillium F231 NO (12) T&G sc Trichodermtz
FI92 sa (10) PDA+ sc Penicillium F233 sa (8) T&G sc Trichodermtz
Fl93 sa (10) PDA+ sc Penicillium F234 sa (6) T&G sc Trichoderma
FI94 sa (8) PDA+ sc Penicillium F236 sa (8) T&G sc Trichodermtz
F202 sa (5) PDA+ sc Penicillium F242 NO (11) T&G sc Trichodermtz

e· F203 sa (6) PDA+ sc Penicillium F244 SO (8) PDA+ sc Trichodermtz
F206 sa (1) T&G sc Penicillium F245 NO (12) T&G sc Trichodermtz
F207 AT (8) T&0 sc Penicillium F2SO NO (12) T&G sc Trichodermtz
F209 SO (8) T&0 sc Penicillium F2SS sa (8) PDA+ sc Trichoderma
F210 AT (8) T&G sc Penicillium F2S6 NO (12) T&G sc Trichodermtz
F211 SO (5) PDA+ sc Penicillium F42 NO (9) PDA+ sc Trichodermtz
F212 sa (10) PDA+ sc Penicillium F59 MO (2) PDA+StseC Verticillium
F213 sa (5) PDA+ sc Penicillium F14 sa (3) PDA+ sc Verticillium
F214 AT (8) T&G sc Penicillium F27 NO (8) PDA+ sc Zygorhynchus
F2IS sa (5) PDA+ sc Penicillium FlOS sa (8) PDA+sc Zygorhynchus
F219 AT (7) T&G sc Penicillium F37 Zygorhynchus
F222 sa (4) T&G sc Penicillium
F224 sa (4) T&G sc Penicillium

*Sclerotia were incubated at room temperature.

F =Fungal number proceeding; No. in bracket = Designated potato; MO =Mouraska; AT

=Atlantic; NO =Norland; sa =Souri; Sc =Sclerotia; StscC =Sterile crushed sclerotia;

Stsc = Sterile not crushed sclerotia. PDA+ = Potato Dextrose Agar with antibiotics

(Chlorampheniool and Novobiocin 100mg ILof medium); Non identified isolates indicated

as ('}); T&0 =Trichoderma and Gliocladium medium.

C\!..
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Table 3: Antagonistic activity offungal isolates against sclerotium viability of Rhizoctonia

solani*

Isolate No. Vlâble Isolate No. viâbleGenus Genus
sclerotia sclerotia

(%V) (%v)
F217NO Pythium lOOâ** F7 Gliôc/âtlium 23def
F236S0 Trichoderma lOOa Fl58AT Gliocladium 21def
F230S0 Trichoderma looa F32S0 ? 20def
FI02NO ? lOOa F67NO ? 20def
F256NO Trichoderma lOOa FSSO Fusariwn 12def
F202NO Penicilüwn lOOa FI1NO Penicillium 12def
F48S0 Pythum lOOa f20NO Penicillium 7ef
FS6S0 Gliocladium lOOa F216S0 Fusariwn Sf
F57S0 Pythium l00a F130AT Gliocladium Sf
F24AT ? l00a Fl89NO Gliocladium 3f
Fl50S0 Fusarium looa F231NO Trichoderma Of
F225S0 ? lOOa F233S0 Trichoderma Of
Fl98NO Penicillium l00a F251S0 Gliocladium Of
FI48S0 Trichoderma l00a F4AT Fusariwn Of

Cl F39NO Gliocladium 93a F138S0 Tric1wderma Of
t.:.... FI80S0 Gliocladium 71ab f218NO Trichoderma Of).-",'

F1ŒAT Gliocladium 64b F6AT Gliocladium Of
F88NO Gliocladium 53bC F147S0 Pythium Of
F78NO ? 4100 F250NO Trichoderma Of
FI46S0 Fusarium 36dce F76S0 Gliocladium Of
F93NO PeniciUium 35cde F137S0 Trichoderma Of
F132NO Gliocladium 31cdef F2S8NO Trichoderma Of
F5AT Penicillium 28cdef F139S0 Gliocladium Of
F6S ? 28cdef F2AT PestaJotia Of
FS3AT PeniciUium 23def F42NO Verticilüum Of

Control R. solani l00a

* Experiment was carried out at room temperature for 14 days of incubation. Three

replicate plates were used for each isolate and 10 sclerotia were seeded per replicate.

** &ch number represents the Mean of 30 sclerotia. Data were log transfonned and Mean

values followed by the same letter within the column do not vary significantly from each

other according to student numan kuels (SNK) test (P i!: 0.05).

? = Unidentified isolate.

Cl
%SV = [(l-5)xl + (6-10)x2 + (11-2S)x3 + (>25)x4 ]/4 x l00rr8 (TS =Total sclerotia).
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2.4 Diseussion

The resuIts of this study represents to our knowledge the first report on the

diversity of fungal populations naturally occuring on tuber-borne sclerotia isolated from

Québec soils. The hyphal isolation method described by Warcup (1966) proved to be

effective for studying the ecology of organisms associated with sclerotia. Our collection of

microorganisms contained different fungal genera which were previously reported by

others as antagonistic microorganisms including sorne mycoparasites which drastically

affected the viabilityof R. solani sclerotia (Naiki, 1986). These fungi include TrlcJwderma

spp., Gliocladium spp., and VerticiUium spp. (Naiki and Vi, 1972).

Several methods assessing sclerotial germinability of antagonists have been

described (Dos and Dhingra, 1980; Naiki, 1986), among which the sclerotial viability

index method (Velvis et d., 1988) has been successfully used to assess pathogenicity and

aggressiveness of antagonists. Using this technique, we were able 10 show that most of the

fungi exploited sclerotial tissue ofR. solani and significantly decreased their germinability.

One interesting finding of this collection of fungi is the similarity of fungi isolated from

sclerotia originating from different pltato cultivars, suggesting that potential antagonists

might have the same efficiency in different potato fields.

Among the organisms tested, Trichodema spp., Gliocladium spp., PeniciUium

spp., Pestalotia spp., and Fusarium spp. were more virulent than others. They were able

to decompose and destroy the sclerotial cells and consequently, are effective mycoparasites.

Mycoparasitic fungi require an intimate association between host and parasite before

infection cao be initiated. Such parasites May penetrate hosts with small pegs, coiling

around or growing adjacent to the host mycelium (Kuter, 1984; Elad etal., 1987).

Trichoderma and GUocladium species have been recorded as parasites of R. solani hyphae

(Tu and Vaartaja 1981; Elad et al., 1983b; Papavizas, 1985). There was a great reduction in

the viability ofR. solani hyphae when sclerotia were introduced ta the PDA culture plates

of Trichoderma or Gliocladium. In their presence, however, sclerotia failed to germinate.
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They parasitized both mycelium and sclerotia of the host fungus and sporulated profusely.

Lytic enzymes which may partially digest the host cell walls and make penetration easiert

were probably responsible for the reduction in sclerotial viability. Many studies have

demonstrated that destruction of sclerotial cells of Rhizoctonia and Sclerotinia by selective

antagonists has been attributed to the action of 8-1,3-g1ucanases and chitinases (TUt 1980;

Dos and Dhingra, 1982; Elad et al., 1983a; Papavizast 1985; Z8zzerini and Tosit 1985),

thereby causing soft rot, and penetration. Benhamou and Chet (1996) rePOrted that B~1,3

glucanases is the key enzyme involved in the destruction of sclerotial cell wall of R. solani

and other pathogenic fungi by sPecies of Tric1wderma and Gliocladium (Tu 1980;

Manoch~ 1990) who had tested several Trichoderma isolates for theirvaried aggessiveness

against sclerotia ofR. solani and Sclerotiniasclerotiorum (Lib.) de Bary, respectively.

Although many isolates in this study manifested a killing potential near to that of

those virolant antagonists, marked differences were also observed among isolates

belonging to the same genus. These observations suggest that variation in the susceptibility

of sclerotia may he attributed to difference in parasitic abili ty by the same genus. Our

results are in agreement with thase ofNaiki (1986) and Dos and Dhingra (1980).

Since certain isolates of Trichoderma, Fusarium, PestoJotiat Gliocladium. Pythium.

and VertkilUum proved pathogenic to R. solani AG-3, these fungi will he further tested for

theirpathogenicitytoR. solani on beet seedlings in order to screen for the best biocontrol

agent
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CHAPTER 3.

THE EFFECT OF SELECTED ANTAGONISTS ON SEVERITY OF

DISEASE CAUSED DY RHIZOCTONIA SOLANI ON TABLE BEET

SEEDLINGS IN GREENHOUSE AND FIELD SOILS

3.1 Introduction

Fungal isolates which demonstrated great ability 10 colonîze and kill sclerotia of R. solani

(see Table 3) were retained for further testing. In the preceding chapter t we screened

numerous fungal isolates of Trichodenna spp. t Gliocladium spp. t Penicillium spp.,

Pestalotia spp., Pythium spp., and Fusarium spp. for their ability to inhibit sclerotial

germination of Rhizoctonia solani. In this section, we will investigate the use of these

antagonists to control R. solani on seedlings under greenhouse and field soil.

Saprophytic and pathogenic activity ofR. solani cao be assayed using lettuce, carrot

or table beet seeds (Papavizas etal., 1975; Grisham and Anderson, 1985). In this study,

initial experiments were conducted using seeds including carrot, lettuce, table beets and

radish to evaluate the disease severity of our R. solani isolate (AG-3). Table beet seeds

were the most susceptible to infection by AG-3 and therefore, they were used as the "bost"

seed to observe the pathogenic activity of R. solani grown in soils amended with the

antagonists.

The purpose of this study was to evaluate the previously screened antagonists for

their ability to proteetTable beets against R. solani onder greenhouse and using field soils,

since the anticipated results from these eXPeriments will more or less reflect naturaI

conditions.
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3.2 Materlals and Methods

3.2.1 Selected antagonlsts

A total of 24 antagonists (Table 4) selected from the previous experiment were tested

against R. solani on beet seed1ings. The selection of these antagonists was based on their

ability 10 significantly reduce orcompletely inhibit sclerotial genninability (Table 3).

3.2.2 Culture conditions

Ali antagonists were maintained on PDA medium except for isolate F216 (Fusarium spp.)

which was grown on Synthetic Nutrient-poor Agar (SNA) media (Neimberg, 1976;

Appendices BI). Ail plates were incubated at 240C for 8 days. Sclerotia of R. solani were

produced on PDA in petri-dishes for 5-8 weeks at room temperature. Unifonn sized

sclerotia (3-S mm diam.) were cut from the agar surface layer using a sterile scalpel.

3.2.3 The effect of antagonlsts agatost R. 80lani on beet seedlings

(1) Greenhouse sail:

The composition of the green- house soil was 113 black earth, 1/3 peatmoss, and 113 sandy

loam. The soil was sieved and autoclaved on 3 consecutive days for 45 minutes al 121°C.

Portions (lOg) of the soil perreplicate-plate (60 x 20 mm diam. petri plates) were amended

with spore suspension of each of the 24 antagonists. Triplicate plates were used for each

antagonist. Spores were gently scraped from the surface of the plate using a sterilized glass

rad, suspended in sterile water, and added at a rate of 1 x 1()6 spores/lOg of soil. After one

week of incubation al room temperature, 10 laboratory-grown sclerotia were buried in the

inoculated soil for one week al room temperature. Each petri plate recieved 10 beet seeds

which were previously surf~sterilizedwith 20% sodium hypochlorite solution. Ali plates

were incubated al room temperature. Soil treated with sterile double-distilled water and

containing R. solani sclerotiaalone served as contrais. The effect of R. solam on table beet

seedlings was assayed using the modified method described by Papavizas and Davey
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(1962). After 5 days of incubation, the seedlings were recovered on a kitchen sieve,

washed for 5 minutes in running tap water, transferred to petri plates (5 seedlings per plate)

containing ID ml of water agar (2% agar) and incubated for 48 hours. Seedlings grown in

amended and non-amended soUs, were examined for damping-off and rot symptoms

caused by R. solani. The seedling's tap root length and the number of secondary roots

were estimated on table beet seedlings grown in greenhouse soil only. Data were analyzed

via a l-way anova by the Duncan's multiple range test. Potential antagonists which

demonstrated high activity were retained and the same experiment was repeated using field

soil.

2) Field soil:

Sandy loam soil was collected from the Horticulture Farm in Macdonald Campus, Ste

Anne-de-Bellevue, Québec. Soil samples were collected at a 15 cm depth at different

locations. The soil was sieved and thoroughly mixed. The experiment was conducted in

petri plates (60 x 20 mm), each containing 20g of sieved field soil. Bach treatment was

carried out in four replicates. Each replicate plate was amended with spores of eacb of

these 6 selected antagonists (F2, FIl, F132, FI58.. F216, and F258) and added at a rate of

Ixl06 sporesl20g of soil. One week after incubation at room temperature, 10 unifonn-sized

sclerotia were buried in each plate and incubated for an additional one week. Non-amended

sail infested with R. solani sclerotia served as a control. Ten (10) table beet seeds were

then sown in each plate. The effeet of the above six antagonists on R. solani survival was

measured by determining % seed germination after 6 days of incubation. The data were

subjected 10 log transformation and statistically analyzed via a l-way anova by the Least

significant difference (LSD) test
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3.3 Results

3.3.1 Effeet of antagonists on disease severity in Table beet seedlings

grown in greenhouse soU infested with R. ,olani

Of the 24 antagonists selected, only F2, FI58, F216, and F258 were effective in increasing

the number of secondary roots of table beet seedlings compared with the control (Table 4).

FIl and F132 were generally Jess effective than the control, others had little or no effect. In

the control treatment, R. solani significandy reduced the number of secondary roots. There

were no significant differences qbserved in the root length of Table beet seedlings planted

in soil amended with the antagonists and inoculated with R. solani compared with the

control treatment. Amended soils with any one of the following six antagonists F2, FIl,

FI32, F158, F216, and F258 slighdy increased root length as compared with the control

treatment. The above antagonists were further tested in vivo conditions using field soil.

3.3.2 Survival of antagonists in field soil

Although there was a slight decrease in population nombers of ail antagonists except for

F2, after 2 and 4 days of incubation, the antagonists were present at deteetable population

levels in non-treated and treated soils with sclerotia (Fig.1). Before the introduction of

sclerotia to the soil at 0 day survival of antagonists of F2, Fil, F132, F158, and F258

were determined to he 3.1xl04, 3.lxlQ4, 2.7xl04, 4.2xIQ4, and 3.2xl04. respectively.

After the introduction of sclerotia 10 the soil al 6 days and further incubated for another 7

days, the population of antagonists of F2, FIl, F132, FI58, and F258 were estimated to

he 4.7xlQ4, 4.5xl04, 4.2xl04, 4.lxlQ4, and 3.8xl04. respectively. There was a slight

difference in survival among the 5 antagonists. Several factors, including experimental

errors may have influenced in population numbers of antagonists before addition of

sclerotia al 0-6 days of incubation. After this period there were no significant differences in

population numbers ofeach antagonist at 6-14 days of incubation.
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3.3.3 Effeet of antagonists on beet seeds germination in field soil infested

with R. solani

The ability of isolates F2, FI58, F2S8, FIl, and F132 to increase germination of table beet

seeds in field soil was examined (Table 5). Applying the spores of each antagonist as a

suspension to the soil that was incubated for one week prior to soil inoculation with

sclerotia, significantly increased % seed germination (Table 5). In field soil infested with

R. solani only (control), the germination rate remained at 30%, whereas, the germination

rates in soils amended with F2, FI58 and F258 increased 2- fold.
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Table 4: Erfect of antagonists on colonization of table beet seedling roots*

Antagonists No. of secondary roots** Tap root length (cm)**

( ,: ...
~."

.... ~.,..
.'

FlAT
FISSAT
F258NO
F216S0
F67NO
F23INO
Fl38S0
F5AT
Fl47S0

. FI48S0
FI30AT
F20NO
F234S0
F4AT
FI46S0
Fl32NO
FI lAT
FI39S0
F76S0
F7S0
Fl37S0
F8S0
F218NO
F42NO
Control (AG-3)

86a***
76ab
64abc
64abc
59abc
44bcd
524bcd
52bcd
54bcd
54bcd
53bcd
47bcd
49bcd
55bcd
424dc
40dc
38dc
36dc
42dc
38dc
4ldc
32dc
30d
Oe
43dc

40a
37ab
32abc
34abc
28abc
32abc
31abc
31abc
31abc
28abc
28abc
26abc
31abc
26abc
31abc
38ab
36abc
26abc
26abc
35abc
24bc
26abc
2Ic
Od
27abc

*Experiment was conducted using greenhouse soils amended with inoculum of each

antagonist (lxl()6 spores/lOg of soil) and ten sclerotia of R. solani. Three replicates per

treatment and ten beet seeds per replicate were planted.

** Beet seeds were recovered after 5 days of incubation al 240C and examined for the

effect ofR. solani on number of secondary roots produced and tap root length. Values are

means of three replicates.

*** Mean values followed by the same letters within the same column do not vary

significantly from each other according 10 Duncan's multiple range test (P ~ 0.05).
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Figure legend

Figure 1. Survival ofantagonists before and after addition of R. solani sclerotia in the field

soils. Mean values of three replicates presented as a line graph. Original spore suspension

was lxl06/ml; propagule density assessed by dilution plating (dilution rate was 10-2).

Plates were incubated at room temPerature for 3 days. Formula for colony-forming unit

(c.f.u.)/ml is = No. of colonies x l/aliquot xI/dilution factor (aliquot was O.5ml).
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Table 5: Effeet of antagonists on % germination of table beet seeds grown in natural soUs

* Experiment was conducted using field soil amended with spores of the antagonists and

sclerotia of R. solani incubated for 7 days at room temperature. Four replicate plates per

treatment and ten Table beet seeds per replicate were sown.

** Data were log ttansfo~ed for analysis; Mean values followed by the same letters within

the column do not vary significantly from each other according to Least significant

difference test (P ~ 0.05).
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3.4 Discussion

We realize that in vitra screening in the laboratory for biological control agents effective

against soil borne plant pathogen is a simplistic approach to understanding a small sector of

a biological system in disease control. The soil screening procedure used in this study with

natural soil provided an effective means of determining which antagonist was most suitable

forbiocontrol of R. salani. Since tuber-borne inoculum is responsible for the stem canker

phase of the Rhizoctonia disease:. isolates that reduced sclerotium viability (Table 3) might

he expected to reduce disease incidence and severity of R. salani on table beet seedlings as

welle In our first screening test using greenhouse soil, only some of the antagonists (total

24) that caused a significant reduction in sclerotial viability, increased number of secondary

roots and tap root length of seedlings. When the same antagonists were tested in natural

field soils, only isolate F258 provided better control of Rhizoctonia damping off than

isolates F2:. F132 and FIl (Table 5). This variation is expected:. because biological entities

are influenced by Many physical and biological factors of the soil such as texture, pH:. and

moisture(Eladetal., 1980; Marshall:. 1982):. and competition.

It is oCten assumed that a biological control agent should he able to establish itself in

the sail and only then could interact with the pathogen in such a way that disease is

reduced. For example, the number and heigbt of stunted barley plants caused by R. solani

infections increased significandy when placed in soil preincubated for 24 bouTS with the

mycoparasite Verticüliwnbiguttatum(Morris etal.:. 1993). The time at which the inoculum

of a biocontrol agent was added ta soil in relation to the time R. salani was added is also

important in establishing biocontrol effectiveness. Bad etal. (1980) showed tbat the longer

the pathogen was in contact with the biocontrol fongus before planting a susceptible crop,

the more successful was the biocontroI. In our study:. preincubation of the biocontrol

agents one week prior to the application of R. solani was sufficiently long to allow

gennination of spores, byphal elongation and production of conidia and as weil:. securing

good control of R. salani. Reduction in the ability of Rhiz.octonia salani to colonize table
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beet seedlings may he attributed to antagonism. In our experiments, we believe that any

reduction that the biocontrol agents produced was May be due to sorne type of parasitism.

These selected biocontrol agents were able to degrade and parasitize sclerotial ceUs (Table

3). Parasitism relies on lytic enzymes for the degradation of cell walls of pathogenic fungi.

For example, chitinases and 8-1,3-glucanases are important fungus-controlling enzymes

due to their ability to degrade the funga] cell wall components, chitin and B-l,3-g1ucan

(Henis and Chet, 1975; Schroth and Hancock, 1981). Microorganisms capable of

producing and excreting chitinases (Ordentlich etal., 1988; Sivan and Chet, 1989; lober

and Chet, 1991) and glucanases (Fridlender etal., 1993) have been shown to he efficient

biooontroi agents. In biocontrol experiments carried out under greenhouse conditions, B

1,3-glucanases and chitinases-producing bacteria identified as Pseudomonas cepacia

Burkhoder (Fridlender et al., 1993) decreased the incidence of diseases caused by R.

solanf, Sclerotium Tolfsii Sace. and Pythium ultimum Trow. by 85%, 48% and 71%

respectively. This bacteria caused partial degradation of the pathogenic Congal hyphae.
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CHAPTER 4.

EVALUATION OF ANTAGONISTS FOR THEIR ABILITY TO

PARASITISE RHIZOCTONIA SOLANI

4.1 Introduction

A biocontrol agent may act against pathogens by using one or more of the following

mechanisms: competition, antibiosis, parasitism as weil as activating host defense

mechanisms (Papavizas and Lumsden, 1980; Sequeria, 1983). Severa! fungi and bacteria

have been reported to he effective antagonists of Rhizoctoniasolani (Roy, 1989). Among

these, are species of Tric1wderma (Chet, 1987), VerticiUium (Boogert etal., 1989; Morris

etal., 1992), Laetisaria(Lewis and Papavizas, 1992), Stachybotrys e/egans (Benyagoub et

fi., 1994), Acrophialophora and Neucosmospora (Turhan and Turhan, 1989). The above

mentioned antagonists are known to control R. solani thr~ugh their mycoparasitic action.

This is characterized by (i) appressed growth, (ii) contact, (Hi) coiling of antagonist hyphae

around the hast hyphae and (iv) penetration of hast ceUs through mechanical and enzymatic

action and subsequent utilization of the host cytoplasm (Sivan and Chet, 1989; Benyagoub

etai., 1994).

In this section, the course of parasitism by the antagonists F2, FIl, F132, and F258

of hyphal cells of R. solani was studied using Iight microscopy. The choice of these

antagonists was based on the results obtained from previous experiments. These four

isolates were shown te have a strong antagonistic activity against sclerotia of R. solani in

vitro.
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4.2 Materials and Methods

4.2.1 Organisms culture eonditions

The four antagonists, Pestalotia spp. (isolate F2), Trichodenna spp. (F258), Penicilliwn

spp. (FIl), Gliocladiwn spp. (F132), and their host R. solani (AG-3) were maintained on

PDA at 24°C for one week.

4.2.2 Hyphal-Hyphal interaction

To obtain interaction sites of hyphae, the dual-culture slide technique (Benygoub et

al., 1994) was used. Briefly, a cellophane membrane was autoclaved, and placecl on the

surface of microscope slide (2.5 x 7.5 cm) coated with 2% PDA. Two one-week-old agar

disks, one bearing the antagonist and the other with Mycelium of R. solani were placed on

the cellophane membrane, at opposite ends. Cellophane with 2% PDA culture slides

inoculated with either the host or the mycoparasites alone served as control. Ali culture

slides were incubated at 240C for 7-14 days. The experiment was repeated once. The

mycoparasites and their host grew towards each other and their hyphae intermingled. For

light microscopy, strips of cellophane (1.5 cm2) cut from the zone of the intenningled

hyphae of both the parasite and its host 7-14 days after contact, and from the growing

margin of pure cultures of either host or mycoparasites (controls) were stained with 1%

(v/v) lactophenol cotton blue. Slides were examined and representative ones were

photographed with Zeiss phase-contrast and Nomarski interference-contrast light

microscopy.
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4.3 Results

4.3.1 Light mieroseopy observations

In pure or dual cultures, cells of Pestalotia (Fig. 2A), Gliocladium (Fig. 3A), and

Penicillium (Fig. 4A-4B) could he easily distinguished From those of R. solani (Fig. 2B)

by the diameter of their hyphae and profuse production of conidia which arise from

phialides. After 7 days ofcontact, mycelial samples taken from the interaction zones of dual

cultures of ail antagonists, except for Triclwderma spp. (F258), showed directed growth

towards R. solani hyphae, close contact and coiling around R. solani cells (Figs. 2C, 3B,

40). In the case of Trichoderma spp. (F258), hyphal-hyphal interaction did not take place.

The hyphae of the antagonists as weil as those of R. solani overgrew and crossed each

other (Data not shown). Upon contact aU three antagonists were able to penetrate the

hyphae of R. solani at different locations on the œil wall (Figs. 2C, 3C, and 4C). Only

mycoparasite F2 produced short globular structure resembling appresoria. These were

formed at the end of side branches (Fig. 2C arrow) and made contact with the surface of

the cells. ln the case of FI32 and FIl, penetration of host ceUs was observed in

unspeciaIized hyphal branches (Figs. 3C and 4C-D). In some instances, dissolution of R.

solani œil walls al the point ofcontact with the hyphae of the mycoparasite was noticeable

(Fig. 3C, arrow). After penetration, the hyphae of all mycoparasites grew inside the host

hyphae and colonized other adjoining ceUs through dolipore septa (Fig. 20, 3D, 4C).

Colonized ceUs of R. soltmi appeared empty and devoid of cytoplasm (Fig. 4C) compared

with non-colonized ceUs (Fig. 2B). In ail of the host-mycoparasite combinations no visible

inhibition zone was ObselVed; confirming that antibiosis is not involved but parasitisme
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Fig. 2. Light microscopy of Rhizoctonia solani and Pestalotia spp. interaction sites.

Materials stained with lactophenol cotton blue.

A. Showing hyphae of mycoparasite (arrow HY), dark brown conidia (c) on PDA with 2-3

appendages (A) inset .(Bar =SO}4m). B. 7 days-old culture of R. solani hyphae (H) with

cytoplasm, served as control. (Bar=5O}4m). C. Showing invasion of a host hyphae (H) by

hyphae of mycoparasite (M). Growth of mycoparasite towards its host, producing short or

peg-like structure (P) and penetrate the host hyphae (Bar=l00}lm). D. Internai colonization

of mycoparasite from one septum (S) to another observed. (Bar =SOJ4m).
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Fig. 3. Light micrograph ofRhi'l.octonîasolani-GUocladium spp. interaction sites.

A. Showing hyphae (HY), phialides (arrow PH) of mycoparasite and conidia (C) on PDA,

served as control. (Bar = SOJlm). B. Hyphae of mycoparasite (arrow M) adjacent ta the

host hyphae (H) and growing a10ng with il. (Bar = SOpm). C. In response to the

penetration by mycoparasite (M), cytoplasm of R. solani hyphae digested. (Bar =SOj4m).

D. The hyphae of the mycoparasite which grew inside (arrow) the host hyphae and

colonized the neighboring ceUs through the septa (S). (Bar = SOpm)
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Fig. 4. Light micrograph of Rhizoctoniasolani-Penicilliulnspp. interaction sites.

A. Host hyphae (H) cytoplasm became irregular by the invasion of mycoparasite hyphae

(M) (Bar =5OJlm). B. Hyphae of mycoparasite alone (HY) and phialides (PH) indicating

as control. C. Penetration and intercellularparasitism (arrow) by mycoparasite on a hyphae

of R. solani as seen in the light microscope. (Bar=5O}'m).

D. Invasion of a host hyphae (H) by short lateral branches or penetration peg (P) of

mycoparasite. (Bar =.5O}lm).
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4.4 Discussion

Antagonists F2, Fil, and F132 are destructive mycoparasites of R. solani. The interaction

between these 3 mycoparasites and Rlùzoctonia solani is characterized by (a) contact and

appressed growth, (b) loose coiling, (c) penetration of the hast hyphae and internai growth

in vitro. These observations suggest the involvement of parasitism followed by Iysis rather

than antibiotic production. This mode of parasitism is similar to previously described

necrotrophic mycoparasites of R. solani such as Trichoderma harzianum Rifi (Elad et al.,

1981 a,b; Elad etai., 1987; ), T. hamatum (Chet etai., 1981) Pythium nunn (Lifshitz et

li., 1985), Verticillium bigunatum (Boogert et al., 1989), and Stachybotrys elegans

(Benyagoub, 1993).

For a rnycoparasite to he effective and to be considered a successful biological

control agent, it should he effective against resistant structures of plant pathogens (Baker

and Cook, 1974). Our previous results (Table 3) clearly demonstrated that F2, FIl, and

F132 were able to exploit sclerotial tissues of R. solani and significantly decreased their

germinability as indicated by the decreased viability of parasitized sclerotia. In addition,

when they were tested against R. solani on table beet seeds, an increased number of

secondary roots and length of tap roots of beet seedlings as weil as increased % of seed

germination were also observed. ACter directed growth and contact, the mycoparasites

dissolved the cell wall, through which infection peg-like structures entered the host cell

wall. Physical contact followed by penetration of infection pegs through pores bas a1so

been described for Trichoderma spp. (Elad et al., 1983a, b), Verticillium bigunatum

(Boogert etal., 1989) on R. solani, and S. elegans (Benyagoub et al., 1993).

Obviously, wall thickness of melanized sclerotial ceUs did not provide an effective

barriers 10 these mycoparasites. Evidence obtained from light microscopy suggest that

enzymatic processes are involved and PreSumably play the major mie in the mycoparasitism

of R. solam. Apparently, a variety of extracellular, inducible walllytic enzymes might play

an important role for the parasite ta initiate infection. In our results, dissolution of the cell
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walls at the penetration sites suggest that presumed enzymatic activity of the mycoparasites

was limited to these sites rather than generalized, leaving the host cell walls intact with the

cell contents destroyed. A similar mechanism is also reported in parasitism of R. sola"i by

Triclwderma spp. (Elad et al., 1983 a; b) and of R. solani by Stachybotrys elegans

(Benyagoub et al., 1994). The penetration of R. solani cells by S. elegans causes a

disruption and eventual disintegration of the host cytoplasm. The host's disintegrated

cytoplasm provides evidence that the cytoplasm has been chemically altered due ta the

intracellularcolonization of hyphae ofS. elegans. Based on these results, it seems plausible

to assume that a similar process takes place in the parasitic action of R. solani by Pestalotia

(F2), Gliocladium (F132), and Penicillium (FIl).
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CHAPTER 5.

DETECTION OF EXTRACELLULAR ENZYMES (ECE) PRODUCED DY

SELECTED ANTAGONISTS, ON SOLID MEDIA

5.1 Introduction

Previously, isolate F2, Fil, and FI32 were shown by light microscopy to be destructive

mycoparasites of Rhizoctonia solani in vitro. The invasion eventually resulted in

degradation, disintegration and Iysis of the host hyphae and implicated the involvement of

enzymatic activity. However, the mode of action of mycoparasites is not yet completely

elucidated, but extraeellular œIl wall degrading enzymes more specifically chitinases, and

glucanases, (Tweddell et al., 1994; Di Pietro et al., 1993), lipases (Chet, 1987), and

proteases (Chiu and Tzean, 1995) have been implicated. These hydrolytic enzymes are

important in host infection and breakdown of organic matter (Hoitink and Fahy, 1986). It

has been demonstrated that Trichoderma spp. and other mycoparasites for example,

Pythium nunn, Serralia sp., Stachybotrys elegans, and Streptomyces spp. possess one or

more of the above enzymes which are necessary to attack the major fungal cell wall

components, chitin and glucan (Lilley and Bull, 1974; Elad et al., 1985; Benhamou and

Chet, 1996; Benyagoubetal., 1996).

Comparisons of fungi on the basis of enzyme production are very time consuming.

They require growing the fungus in a culture medium, assaying the mycelium as weil as the

culture filtrates for enzyme production. Altematively, the use of solid media permits the

rapid screening of large populations of fungi for the absence or presence of specific

extracellular enzymes (ECE) (Hankin and Anagnostakin, 1975; Donly and Day, 1984).

When fungi are grown on solid media, extracellular enzymes diffuse into the agar around

the colony. If appropriate substrate is incofPOrated in the medium, presence of the enzyme
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activity can he seen as a lysiszone of degraded substrate around the fungal colony which

can he easily measured (Hankin and Anagnostakin, 1975).

In this section, we investigated the production of several ECE by six selected

antagonists for biocontrol of R. solani, using a relatively easy and rapid agar plate

screening method for individual ECE.

48



5.2 Materials and Methods

5.2.1 Seleeted antagonists: The fungal isolates, F2 (Pestalotiaspp.), FIl (Penicillium

spp.), F132 (Gliocladium spp.), F216 (Fusarium spp.), F158 (Gliocladium spp.), and

F258 (Trichoderma spp.) were retained to study their production of extracellular enzymes

when grown under specifie substrate. To comPare the ECE production of the above fungi

with another established mycoparasite, S. elegans has been chosen in this study.

5.2.2 Media: Ail tests were made on prepoured plates (7-1OmI) containing a specifie

substrate. Plates were inoculated with a PDA plug containing mycelial growth of one of the

above antagonists. Plates were incubated at room temPerature for 4 to 6 days. The

determination of enzymatic activity under optimized conditions is described below and is

a1so summarized in Table ( 6).

5.2.3 Peetolytie aetivity: This medium contained SOOmI of minerai salts solution, Ig

of yeast extract, 15g of agar, Sg of pectin (citrus or apple), and SOOml of distilled water;

pH 7.0. The minerai salts solution contained per liter: (NH4>2S04, 2g; KH2P04, 4g;

Na2HP04' 6g; FeS04'7H20, 0.2g; CaCI2' Img; H3BO:3, 10Jlg; MnS04, 10Jlg; ZnS04'

70Jlg; CUS04' SOJ'g; MoÛ], 10J'g, pH 7 or 5 as needed. To detect pe~tate lyase

production, the pH of the medium was adjusted to 7.0, while for the production of

polygalacturonase activity, the pH was adjusted to 5.0. Plates were incubated for 4-5 days

and then flooded with a 1% (w/v) aqueous solution of hexadecyltrimethylammonium

bromide (Fisher Scientific Nepean, Ontario). This reagent precipitates intact pectin in the

medium and clear zones developing around a colony indicates degradation of the pectin.

5.2.4 Amylolytie aetivity: This medium contained Difco Nutrient Agar plus 0.2% of

soluble starch, pH 6. After 4 days of inoculation the plates were flooded with an iodine

solution (Appendices CI) and a yellow zone around a colony indicated amylolytic activity.
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5.2.5 Lipolytic activity: The medium described by Sierra (1957) was used to detect

production of lipolYtic enzymes. Sorbitan monolaurate (Tween SOt Fisher Scientific Co.)

was used as the lipid substrate. This medium contained per liter: Difco peptonet lOg; NaCt

5g; CaC12.2H20t O.lg; agar, 20g, pH 6. The Tween 80 was sterilized separately by

autoclaving for 15 min. and lml was added per lOOml of sterile and cooled agar medium.

Lipase degradation of Tween 80 results in the deposition and formation of insoluble

crystals of the calcium salt of lauric acid liberated by the enzyme, visible as white

particulate concentric rings of white" flakes.

5.2.6 Proteolytic activity: This enzyme was detected using a medium containing

gelatin as the protein substrate (Manual ofmethods for pure culture sludy of bacleria ,

1951). The medium consisted of Difco Nutrient Agar plus 0.4% gelatin, pH 6. An 8%

solution ofgelatin in water sterilized separately and added to the nutrient agar at rate of Sml

peT l00ml of medium. After 4-S days of incubation, the plates were Oooded with an

aqueous saturated solution of ammonium sulfate. Large clear halos around the colonies

indicated degradation of the substrate.

5.3 Determination of chitinases, glueanases, cellulases and mannases

activity

5.3.1 Media

Chitinases aetivity: Chitinase activity was determined with a medium composed of

SOOmI of mineral solution (described under pectolytic activity), SOOmI of distilled water,

0.02% of yeast extract, 15g of agar, and 2.4% of purified chitin (poly-N-acetyglucosamine

from crab shells, Sigma Chemica1 Co., St Louis, Mo.) as described by Campbell and

Williams (1951).
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Glucanases activity: Plate assay for determining the activity of glucanases using the

same medium described under chitinase activity but substituting 0.5% (w/v) laminarin for

chitin was prepared.

Cellulases activity: 0.25% w/v of Carboxymethylcellulose (CMC) containing plates

were prepared using the same medium for chitinase but substituting CMC for chitin.

Mannases activity: Yeast a-mannan 0.5 (w/v) containing plates were prepared using

the same medium for chitinase but substituting yeast a-mannan for the chitin.

5.3.2 Assay procedure

Ali plates (contain chitin, glucan, CMC, and yeast a-mannan) inoculated with antagonists

were incubated at room temperature for 4-6 days and then flooded with 1% congo red

solution in water. The stain was removed after 30 min. and plates were destained with lM

NaCI in buffer A (Appendices CIl) solution for 15 min. (Hagerman et al., 1985). Clear

zones developing in the opaque agar around the colonies indicated the degradation of the

substrate. Plates which were not flooded with anyof the stains described above, served as

the control.

5.3.3 Measurement of the Iytic zone diameter

Triplicate plates were used for each enzyme. The actual diameter of the lytic zone was

mesured and mean values of the lysis zone for each fungus were recorded. The experiment

was repeated twiœ and the data of two separate experiments were pooled and statistica1ly

analyzed using the student noman kuels (SNI{) test.
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5.4 Results and Discussion

In this study, seven potential biocontrol fungi were grown on solid media to induce ECE

production. The term enzyme production here is intended to Mean both synthesis of the

enzyme by the fungus and activity of the enzyme in the medium arter it is produced. The

data presented in Table 7 showed that various enzymes produeed by fungi can easily he

detected and measured by the lysis zone on solid media and as well it demonstrates the

usefulness of sueh media in surveys for fungi able ta produee specifie enzymes (Hankin

and Anagnostakis, 1975). Our results showed that some fungi such as, isolates F2, FIl,

F132, and F216 produced 7-8 enzymes out of 9, while others produced few or none under

our test conditions (S. elegans, Fl58, and F258).

The CMC-containing plates were used to deteet cellulases. CMC is cellulose modified

to a soluble fonns by the addition of carboxymethyl groups. Congo red binds CMC (Wood

and Fulcher, 1978; Beguin, 1983) and forms a complex which is red at acidic pH. F2,

F132, and F216 were the ooly isolates which produced cellulases. Among them, F132

produced significant amounts of cellulases (Table 8). High cellulase production by soil

fungi is an important attribute of a biocontrol agent. In a study conducted by Ahmad and

Baker (1987) and Foster el al. (1983), the production of cellulases by Trichoderma

harzianum isolate was shown 10 he positively correlated with their competitive saprophytic

ability and their ability to he successful rhizosphere competent.

The detection of chitinases, 8-l,3-g1ucanases and a-I,3-mannases were favored by

media containing solid chitin, laminarin and yeast a- mannan respectively. In our study,

F2, Fil, and F132 produced significant amounts of 8-1,3-g1ucanases, chitinases, and

mannases. Ali isolates except for F2S8 produced amylases. Isolate F2 produced the largest

halos on amylase medium (Table 8).

The varions grades of Tween are suitable for measuring lipase activity of

microorganisms (Sierra, 1957). In this study, the formation of lipase by 6 out of 7 fungal

isolates was demonstrated by adding water soluble Tween 80 10 nutrient medium. Around
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the colonies with lipolytic activity, there appears a very visible halo which is due ta

crystallization of the calcium salt of the fatty acid liberated by lipolysis. Lipase production

was not detected in isolate F216 (Table 7 & 8).

In the absence of proteolytic activity, the plates are uniformly colored white. Proteases

degrade the substrate to peptides which are not precipitated, so the activity is usually

indicated by clearing. The ooly isolate which did not produce protease is F258 (Table 7 &

8). Since bath enzyme synthesis and activity are pH dependent, media for the detection of

pectinases were tested at pH values from 5 to 7. Microorganisms produce two major types

of pectolytic enzymes, pectate lyases and polygalactorunases (Bateman and Miller, 1966).

Lyases are usually characterized by a1kaline pH optima, whereas polygalactorunases have

more açid optima The extracellular pectic enzymes, PQlygalactorunase and pectate lyase are

active al pH 5 and pH 7, respectively (Hankin and Anagnostakis, 1975). The high activity

at pH 5 and the lack of, or decrease in pectolytic activity, at pH 7 suggest that

polygalactorunase are the major pectolytic enzymes produced by our test fungi on solid

media (Table 8). Media at pH 7 will not detect galactorunase and those at pH 5 will not

detect the lyase.

Of the seven antagonists, five were shown to he producers of polygalactorunase but

not pectate lyase. Four isolate (F2, FIl, F216, and FI58) were weak producers, but

isolate F132 produced the largest halos (Table 8). Isolate F258 and S. elegans did not

produce any pectic enzymes. None of the fungi tested except for F216, were able to

produce pectate lyase under o~r conditions (Table 8).

In this study, the mineral medium containing pectin and yeast extract was used to

detect a wide variety of pectolytic microorganisms (Hankin and Sands, 1975). They

provide useful tools in screening potential fungi or pectolytic soil organisms. In all these

connections, the mineral medium with pectin and yeast extract is especially useful in

enumerating such organisms.
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Most of our test fungi were able 10 produce cellulases, amylases, pectinases, lipases,

and mannases suggesting that they have good saprophytic competitive ability in sail. In

addition, they were good producers of cell wall degrading enzymes specifically, chitinases

and B-l,3-glucanases. Based on our results, selection of biocontrol agent candidates based

on theirECEactivities would thus favor F2, Ftl and Fl32 showing high enzyme activity

and most importantly, for cell walllytic enzyme production.

Although, the substrate-agar plate screening method is semi-quantitative, it is relatively

easy and rapide This method would allow rapid surveys of the enzymatic capabilities of soil

fungi and faeilitate recognition of individual isolates that produee specifie extracellular

enzymes. For quantitative estimation of the above BeE, colorimetrie assays are essential.

In the proceeding section, we have estimated quantitatively the amounts of chitinases,

glueanases, eellulases,. and proteases secreted by antagonists F2, FIl, and F132 in

synthetie media supplemented with the appropriate carbon source.
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Table 6: Screening conditions for the detection of extracellular enzymes (ECE) on

substrate-agar plate*

Enzyme

8-Glucanases

6-1,3-Glucanases

Chitinases

6-1,4
endoglucanases

Proteases

Pectinases

Lipases

Amylases

Substrate (%w/v)

Yeast a-mannan
(0.5)

Laminarin (0.5)

Chitin (2.4)

Carboxymethylcellul
-ose CMC (0.25)

Gelatin (0.4)

Apple pectin (0.5)

Sorbitan
monolaurate (v/v

TweenSO)

Soluble stearch (0.2)

Incubation
conditions

1

2

3

1

1

3

2

1

Reagents
for visuaiization
Congo red**

Congo red

Congo red

Congo red

1%
Hexadecyltrimethyla
-mmonium bromide
(30 min.)

Saturatedammonium
sulphate soin.
(2hrs.)

Precipitates of
calsium crystal salt'

Iodine solution
(15min.)

*Experiment was conducted al room temperature (RT).

** Congo red staining at room temperature for 30 min. and destanined for 15 min. with

buffer A solution.

1- Incubated al RT for 4-6 days.

2- Incubated al RT for 4 days.

3- Incubated at RT For 4-5 days.
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Table 8: Detection of Iylie zones produced by e"tracellular enxymes (ECE) of selected antagonists on substrate+Agar plate*

Enzymes deteeted

Antagonists Mannase Olucanase Chitinase Cellulase Lipase Polygalctorunase Pectate Iyase Protease Amylase

Pestalotia spp. 2.3b*** 2.3bc 2.Sd 2.2b l.&b I.Ode O.Ob 2. le 4.&
(F2)**
PenicilUum spp. 1.6b lia 3.6c O.OC l.7ab 3.3b O.Ob S.Sb 2.Sbc
(FIl)
Gliocladium spp. 5.1a 3.0b 4.6b 7.4a l.Sbc S.2a O.Ob 7.4a 2.7bc
(FI32)
Gliocladium spp. 2.6b O.OC 2.6d O.OC 1.3dc 3.2b O.Ob 6.tb l.7dc
(FlS8)
Fusarlum spp. 2.4b 2.6bc 3.3c l.8b O.Oc l.x l.2a 8.Sa 3.3abc

(F2t6)
Trichoderma spp. O.Oc O.Oc O.Oc O.Oc l.9a O.Od O.Ob O.Od O.Od
(F2S8)
S. elegans O.OC 4.6b S.7a O.Cd 1.2b O.OC O.Ob 9. la 1.9c

* Experiment was condueted al room temperature. Numbers represent the lysis zone diameter measured in

cm. Triplieate plates were used for each enzyme.

** Number of designated fungal isolate.

*** Data of two seperate experiments were pooled and mean vaiues followed by the same letter within the

colomn do not vary significantly from each otheraccording to SNK test (P:$ 0.05).
)
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CHAPTER 6.

QUANTITATIVE MEASUREMENT OF CHITINASES, 8-1,3

GLUCANASES, CELLULASES, AND PR"OTEASES PRODUCED DY

SELECTED ANTAGONISTS

6.1 Introduction

Microorganisms capable of Iysing other organisms are widespread in natura! ecosystems

(Whipps, 1992). An ideal biocontrol agent would be the one that employs multiple defense

strategies against pathogens. One defense strategy is mycoparasitism which denotes the

parasitation of one fungus by another (Butler, 1957). Mycoparasites usually attack and

invade their hosts by short lateral branches via appressoria and concomitantly produce eell

wall-lytic enzymes, such as chitinases, cellulases, glucanases, and proteases (Elad et al.,

1985; Chet, 1987; ). The chitinolytic (Lorito etal., 1993) and glucanolytic (Rapp, 1989;

Loritoetal., 1994; Tweddell etal., 1995; Chiu and Tzean, 1995) enzymes or eombination

of these produeed by the mycoParaSites usually act synergistically rather than alone. The

invaded fungal hasts hyphae are usually lysed and destroyed (Tweddell etal.., 1994; Chiu

and Tzean, 1995; Benyagoub et 01., 1996). Thus, lytie enzymes are suggested to he a

major mechanism responsible for biocontrol (Di Pietro et al., 1993). Due to devastating

effects, sorne mycoparasites for example, Triclwderma (Chet, 1987) and GUocladium

(Howell, 1982) have been extensively and successfully used for biocontrol of a wide range

of plant pathogens ineluding Rhizoctonia solani by their capabilities of produeing

hydrolytic enzymes (Howell, 1982).

In the previous section, we tested selected antagonists for the production of a range of

extracellular enzymes including chitinases, cellulases, S-1,3-g1ucanases and proteases on

solid media The agar plate screening method showed tbat the fongal isolates, F2, Fil, and

F132 produced pronounced chitinases, cellulases, glucanases, and proteases activities.
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These results lead us to assume that these enzymes are responsible for the mycoparasitic

events in our previous study. In this section, the detection and quantitative production of

these enzymes by F2, FIl, and F132 whieh were previously grown on purified cell walls

of R. salani, were confirmed using weil established colorimetrie methods.

59



c

6.2 Materials and Methods

6.2.1 Organisms and culture conditions

The antagonists F2J F132J FIl were selected from agar plate assay experiment. They were

maintained on PDA agar slan18, while R. salani (AG-3) was maintained on sterile oat

seeds. The cat seeds and agar slants served as stock cultures.

6.2.2 Preparation of R. solani (AG-3) eell wall

R. salani œIl wall fragments were prepared by the method of Chet etal. (1967) with sorne

modifications. Erlenmeyer flasks (250ml) containing 100ml of potato dextrose broth

(Difco) were incubated with one plate of homogenized agar containing R. solani mycelia

previously grown on PDA for 7 days. The inoculated flasks were incubated at 240C for 14

days and shaken at 110 rpm. The mycelium was then collected by filtration through

Whatman no. 1 filterpaper, washed with sterile water. Freeze-dried mycelium was ground

into powder using liquid nitrogen and suspended in O.OSM of acetate buffer pH 4.5. The

suspended solution was centrifuged at 20,000 x g for 30 min. al 40C; then sonicated 3

times at40C for 10 min. in order to break down the cell walls, and recentrifuged for 30

min. Ten ml (10) of borate buffer (O.OSM, pH 8.8) was added 10 the centrifuged cell walls

and homogenized for 1 minJ then autoelaved at 1210C for 10 min. and centrifuged al

15,000 x g for 30 min at 40C. The supematant was collected through 0.45}1m millipore

membrane and discarded. The R. solani purified œil walls were freeze~dried and stored it al

-2()OC until further use. Protein concentration was determined by the method of Bradford

(1976) using bovine serum albumin (BSA; Sigma, Chemical Co. St~louis Mo. USA) as the

standard curve; protocol provided by the Bio-Rad assay (BioRad Laboratories Richmond,

CA, USA). Glucanases, proteases, chitinases activities were estimated with glucose

oxidase reagent (Sigma, Chemical Co.), the AzocoU method (CalBiochemJ San Diego, CA)

and N-acetyl glucosamine (Ressig etai., 1955) methods respectively.
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6.3 Conditions for enzyme production

Fungal growth was carried out on minimal synthetic medi um (MSM; see

appendices DI) supplemented with the appropriate carbon (0.5mg cell wall of R.. solanilml

of MSM) and nitrogen sources (NH4NÛ3; Img/mi of MSM). For cellulase activity, the

. nitrogen (NH4NO:3) and carbon (cellulose: Sigmacell type 20 from Sigma) sources were

incorporated at a rate of 1mg/ml. Flasks (25Oml) containing 40 ml of culture media were

inoculated with lml of lxlQ6 conidial suspension of each of the above mentioned

antagonists. Ail inoculated flasks were placed on a rotary shaker (11Orpm/min.) at room

temperature for 2, 4, 6, and 8 days. Flasks containing culture media without carbon source

served as control. Triplicate flasks per enzyme were harvested after 2, 4, 6 and 8 days of

growth of each antagonists for each enzyme assay. Culture filtrate from each flask was

collected by filtration through a nylon mesh cloth and freeze-dried and stored al -8QOC.

6.3.1 Estimation of 8-1,3-glueanases and ehitinases activity

8-1,3-glucanases and chitinases activities were estimated with slight modifications

according to the method of Elad et al (1982). B-1,3-glucanases activity was assayed by

monitoring the release of free glucose, using glucose oxidase reagent (Sigma) according to

the manufacture's recommendations. The culture filtrates were rehydrated with O.lM citrate

buffer, pH 4.7. The reaction mixture, which contained 200 of rehydrated culture filtrate

and 1.6mg of soluble laminarin. Ali tubes were incubated at 4()OC for lh and the reaction

was stopped by boiling 3 min. Five ml of color reagent was added ta 0.5 ml of reaction

mixture and incubated at370C for 30 min. B-l,3-glucanases activity was read by Beckman

spectophotometer (DU® 640) at 425 wavelength and specific activity was expressed as

pmoles 1milligram of protein 1hour.

Chitinases activity was assayed according to the method of Ressing et al. (1955).

The culture filtrates were rehydrated with O.2M phosphate buffer, pH 5.6 and the reaction

mixture contained 2ml of rehydrated culture filtrate and 10mg of chitin. The reaction

61



mixture was incubated at 370C for lhour, and residual chitin was removed by low speed

centrifuged for 3 min (Rotar type 4180). One-hundred microliter (100}d) of borate buffer

was added to O.Sml of supematant of reaction mixture and the reaction was stopped by 3

min bailing. Finally, 2ml of dimethyl-amino-benzaldehyde (DMAB; appendices OH) color

reagent was added. Ail tubes were incubated for 20 min. at 370C and activity was read by

spectophotometer at 585 wave length. Chitinase activity was expressed as l'molesl

milligram of protein 1hour.

'.3.2 Estimation of Proteases activity

Quantitative proteases activity was assayed by the Azocoll method (CalBiochem).

The culture filtrates were rehydrated with 2.Sml of Azocoll solution. The reaction mixture

was incubated at 37°C for IS min. After cooled down in ice, the reaction mixture was

collected by filtration through Whatman no. 1 paper and the activity was read at 520 wave

length using Beckman spectophotometer. Proteases specifie activity was expressed as

J4moles 1milligram of protein 1hour.

'.3.3 Estimation of Cellulases activity

Cellulases activity was estimated, with slight modification, according to the method

of Ghose (1987). The activity was assayed by the release of reducing sugars estimated by

the dinitrosalicylic (ONS; appendices DIlI) acid method (Miller, 1959) using glucose as the

standard. The culture filtrates were rehydrated with O.OSM citrate buffer, pH 4.8. The

reaction mixture, which contained 0.5 ml of rehydrated culture filtrate and 0.5 ml of a 2%

(w/v) carboxymethylcellulose solution was incubated at 370C for two hours and the

reaction was stopped by boiling. Cellulase specifie activity was expressed as j.4moles 1mg

protein 1hoUT.
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6.4 Results

6.4.1 Enzymatie aetivity in control treatment

The addition of purified cell walls of R. solani as carbon source caused a

progressive increase of chitinases, B-l,3-glucanases, cellulases, and proteases activities in

the culture media than in control treatment containing no carbon source. Irrespective of the

mycoparasites tested, the production ofextracellular enzymes significantly varied with time

(Fig. 5-8).

6.4.1.1 Production of chitinases

When mycoparasites F2, FIl, F132, and F258 were grown in liquid culture

enriched with R. solani œil wall as carbon source, they ail produced varions amounts of

chitinases. Fil produced significantly high amounts of chitinases followed by F2, F132,

and F258 (Fig.5). The yield of chitinases produced by FIl and F2 in the medium

significantly increased up to 11.66 and 8.25 (Jlmoles/mg of protein Ihour) after 6 days of

growth, respectively. Significantly lower activities of chitinases produced by F132 and

F258 were detected aCter 6 days of growth. No significant overall difference in enzyme

activity was deteeted after 2, 4, 6, and 8 days of growth.

6.4.1.2 Production of B-l,3-glucanases

The time course of 8-1,3-glucanases is shown in Figure (6). The highest activity of

glucanases was produced by FIl followed by Fl32 and F258. Maximum amounts of 8

l,3-glucanases were produced by FIl, F132, and F2 aCter 6 days of growth on cell walls

of R. solani. On the other band, F258 showed high activity of glucanases production al4

days of incubation.
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6.4.1.3 Production of proteases

There was a significant increase in proteases activities produced by F2, FIl, and

Fl32 after 4 days of growth (Fig. 7). F258 had high activity at 4 days but it decreased

sharply at 6 and 8 days of incubation. The secretion of proteases by F2 and Fl32 was more

or less constant after 2, 4, 6, and 8 days of growth. Similar and higher amounts of

proteases were produced by F2, and FIl followed by F132.

6.4.1.4 Production of cellulases

In the case of FIl and F132, the Period of incubation had no effect on the

production of celJulases. F2 had significantly higher activity of cellulases at 8 days of

growth compared to that produced at 2, 4, and 6 days. F132 was the highest producer of

cellulases in aIl of the incubation periods followed by FIl and F2 (Fig. 8).

In summary, among the four antagonists tested, F2, FIl, and F132 produced

appreciable amounts of one or more extraeellularenzymes. Although isolate F258 was able

to produce chitinases, glucanases, and proteases under induced conditions, the amounts

were minimal compared with those detected in F2, FIl, and F132.
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Figure legend

Figure 5. Time course of chitinases production by antagonists F2, F132, FIl, and F258

on MSM media containing Rhizoctonia solani cell wall as carbon source (0.5 mg/ml).

Specifie activity values represent the mean of net specific activity of3 replicates. Net values

were obtained by subtracting specifie activity values of control from treatment values. Mean

values followed by the same letter within the column do not vary significantly from each

other according to Duncan's multiple rang test (P s 0.05).
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Figure legend

Figure 6. Time course of 1,3-B-glucanases production by antagonists F2, F132, FIl, and

F258 on MSM media containing R. solani cell wall (0.5 mg/ml) as carbon source. Specifie

activity values represent the mean of net specifie aetivity of 3 replicates. Net values were

obtained by subtracting specifie aetivity values of control from treatment values. Mean

values followed by the same letter within the column do not vary significantly from each

other according to Duncan's multiple range test (P :s 0.05).
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Figure legend

Figure 7. Time course of proteases activity by F2, F132, FIl, and F258 on MSM media

containing R. solani cell wall (0.5 mg/ml) as carbon source. Specifie activity values

represent the mean of net specifie activity of 3 replicates. Net values were obtained by

subtracting specifie activity values of control from treatment values. Mean values fol1owed

by the same letter within the column do not vary significantly from each other according to

Duncan's multiple range test (P :S 0.05).
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Figure legend

Figure 8. Time course of cellulases (endo-l,3-8-endoglucanase) production by F2, F132,

and FIlon MSM media containing cellulose (Sigma cell Type 20) as carbon source (1

mg/ml). Specifie activity values represent the mean of net specifie activity of 3 replicates.

Net values were obtained by subtraeting specific activity values of control from treatment

values. Mean values followed by the same letter within the column do not vary significandy

from each other according to Duncan's multiple rang test (P :S 0.05).
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6.5 Discussion

Lysis by hydrolytic enzymes excreted by microorganisms is a well-known feature of

mycoparasitism. Chitinases, and 6-1,3-g1ucanases are especially important fungus

controlling enzymes due to their ability to degrade the fungal cell wall components (Henis

and Chet, 1975; Schroth and Hancock, 1981; Eladetal., 1985; Ordentlich, 1988; Tweddell

etai., 1994; Benyagoub etal., 1996). In this study, ail mycoparasites (F2, FIl, and F132)

except F258 were able to produce significant amounts of cell-wall degrading enzymes in

the presence of R. solani eeU wall fragments than in medium eontaining no carbon source

(control).The enzymes production was favoured by acidic pH and the presence of

ammonium nitrate as the nitrogen source incorpomted into the medium.This result suggests

that, prior 10 infection, hydrolytic enzymes are constitutively present in the fungus in small

amounts. The accumulation of these enzymes have been shown to appear following

invasion of the pathogen (Ye etai., 1989). Acidic pH was also reported to be an important

growth parameter in the production of chitinases and B-l,3-g1ucanases by fungal

mycoparasites such as, Trichoderma harzianum (Elad et al., 1982) and S. elegans

(Tweddell etai., 1994) and by thermophilic actinomycete Streptomyces sp. (Lilly and Bull,

1974).

Chitinases and 8-1,3-glucanases are the Most investigated and weil established lytic

enzymes in the biologjcal control of plant diseases (Lilly and Bull, 1974; Elad et al.• 1982;

Tweddell etal., 1994; Chiu and Tzean, 1995). Trichoderma harzianum (Elad etai., 1982),

S. elegans (Benyagoub et al., 1994) and Schizophyllum commune Fr. (Chiu and Tzean,

1995) activelylysedR. solani mycelium. They were found toliberate chitinases and 2-1,3

glucanases for the hydrolysis of chitin and g1ucan, the major structural element of the cell

walls of Many fungi (Wessels and Sietsma, 1981).

Several studies have shown that chitinolytic enzymes together with B-glucanases or

cellulases, are the enzymes most frequently considered in biocontrol (Chet, 1987; Elad et

li., 1985; Lorito et al., 1993). For example, a combination of chitinases and 8-1,3-
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glucanases strongly inhibited fungal growth and lysed the mycelium of the pea pathogen

Fusarium oxysporum Schechtend. f. sp. pisi (J.C. Hall) (Mauch etai., 1988). Microscopie

observations showed that growth inhibition by these hydrolases is due to swelling and lysis

of the hyphal tips. Thus, the two hydrolases (chitinases and glucanases) clearly have an

antifungal potential when adminsted together.

Cellulases, may play a major role in mycoparasitic and saprophytic ability. Chiu

and Tzean (1995) showed that cellulases (endo-8-1,4-glucanase) produced by

Schizophyllum commune Fr. were capable of hydrolyzing cell walls of R. solalli,

Fusariummoniliformae J. Sheld. and other fungi. This group of enzymes May have a

synergistic effeet with chitinases and glucanase~ in the dissolution of R. solani cel) walls.

The combination of these enzymes were also shown to induce a high release of protoplasts

from young Mycelium of R. solani (Hashiba and Yamada, 1982). On the other hand, the

amount of cellulase production was found directly correlated with competitive saprophytic

ability and rhizosphere- competent (Ahmad and Baker, 1987).

Sorne other Iytic enzymes such as proteases and lipases ~ave been claimed to play

sorne roles in fungal ceU wall degradation or mycoparasitic interactions. Kobayashi and

Barrad (1996) isolated a bacterial isolate N4-7 which produced lipases and proteases, and

inhibited the growth of Magnaporthepoae in vitro, the causal agent of summer patch

disease of turfgrass. In another study, proteases purified from T. harzianum caused

inhibition of spore gennination as weil as hyphal elongation ofBotrytis cinera (Schirmbock

etal., 1994).

In this experiment, compared with other isolates, F258 (Trichoderma spp.) did not

perform as weil in culture filtrates. In both substrate +agar plate assay and culture filtrates:.

the enzymatic activities of F258 detected was the same as in the control treatments. We

have found that isolate F2 (Pestlllotia spp.), FIl (PeniciUiwn spp.):. and F132

(GUocladium spp.) produced appreciableamounts ofextracellularenzymes and parasitized

R. solani hyphae. In previous sections, they were a1so round to be inhibit sclerotial
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germination (0%, 12%, and 32% sclerotial viability occured respectively; see Table 3) and

increased beet seed germination (Table 5). Therefore, we can assume that, the availability

of a large supply of extracellular enzymes by our test fungi (F2, FIl, and F132), which are

responsible for mycoparasitic action and May provide or consequently will increase

Rhizoctonia disease control efficacy of potato by combining lytic enzymes with

Rhizosphere competence.

To date, no work have been done on antagonism between Pestalotia spp. (F2),

Penicillium spp. (FIl) and with R. solani. Pestalotiaramulosa was shown to produce the

compound ramulosin which has antimycotic proPerties (Benjamin and Stodola, 1960) and

was also round to inhibit Pythium ultimum. However, the mode of action of lhis

compound is not known (Domsch and Gams, 1968). Although Penicillium is one of the

most thoroughly investigated genera of fungi, very little is known of the interaction

between PenicilUum species and other soil fungi. In one study, Penicillium spp. have been

isolated from sclerotia of Sclerotium cepivorum Berk. the pathogen of onions and were

shown 10 be antagonistic 10 mycelial growth of the Pathogen (Moubasher etai., 1970). Il

was found that they frequently produce metabolites and cause inhibitory effects upon S.

cepivorum.

Ail of the above findings suggest that our isolates (F2, FIl, and F132) seem to

belong to a group of biocontrol agents which possess high chitinases, 8-1,3-glucanases,

celluIases and proteases activity. Therefore, F2, FIl, and F132 were selected as effective

biocontrol agents of R. solani in patate under controlled conditions.
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CHAPTER ?

EVALUATION OF THE EFFICACY OF SELECTED MYCOPARASITES IN

CONTROLLING THE DEVELOPMENT OF RIDZOCTONIA DISEASE OF

POTATO UNDER CONTROLLED CONDITIONS

7.1 Introduction

Rhizoctonia disease limits profitable production of potato (Solanum tuberosum L.),

throughout the world (Hide etal., 1992). The pathogen forms sclerotia which are resistant

to drought, heat, and fungicides and may remain viable in the soil for Many years (Coley

Smith and Cooke, 1971; Coley-Smith, 1979). These sclerotia can act as inocula for the

infection of the underground shoots, producing a stem canker phase of the disease in which

stems May he girdled by dark, sunken lesions. The surfaces of newly produced potato

tubers can be heavily contaminated by sclerotia (blackscurf) (Otrysko etal., 1988; Banville,

1989). Black scurf is more of a problem where potatoes are grown repeatedly on the same

land. R. solani itself do not reduce the yield of potato but decrease the quality by formation

of sclerotia (Hide etal., 1973).

Biocontrol of R. solani by treatment of seeds or soils with antagonistic fungi or

bacteria has sometimes been successful. Merriman and co-workers (1974) were able to

reduce symptoms ofRhizoctonia solani in wheat, substantially by inoculating the seed with

Streptomyces griseus or Bacillus subtilise In cotton, Howell and Stipanovic (1979)

obtained effective protection against R. solani by treating the seeds with Pseudomonas

fluorescens. In laboratory studies, Harman et a. (1980) successfully controlled

Rhizoctonia infection of pea and radish by inoculating seeds with Trichoderma hamatum.

In the Netherlands (Jager and Velvis, 1985) and Great Britain (Morris et al., 1992), the

newly discovered sclerotium-inhibiting mycoparasite Verticülium biguttatum was shown to
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suppress patata blackscurf disease. They found that inoculation of seed with V. biguttatum

was effective in reducing the amount of sclerotia on tubers harvested.

In this section, we investigate the efficacy of the fungal mycoparasites F2, F132, and

FIl to control and reduce Rhizoctonia disease of patato under controlled conditions.
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7.2 Materials and Methods

7.2.1 Inoculum production

RJùzoctonia solani (AG-3)

R. solani (AG-3) was maintained on sterilized oat-kemels, and the sclerotia of R. solani

were produced on PDA plates as described previously (see section 2.2.3.).

Mycoparasites

Isolates F2, FI32, and FIl were revived from PDA slants and grown on plates of PDA at

240C for 3 days (primary plates). Mycelial dises from primary plates were then used to

inoculate new plates of PDA from which conidial suspensions were prepared after 7 days

of growth at 240C. Suspensions were prepared by gendy detaching the conidia from the

surface of agar into sterile distilled water (DW) using a glass hockey stick. The crude

suspensions from the plates were first sieved through two layers of cheese- cloth,

centrifuged at ooסס2 g for 5 min. and re-suspended in sterile DW. This procedure was

repeated 3 times. The concentration of the conidial suspension was measured with a

hemocytometer and adjusted to Ixl06 conidialml according to Boogert (1989).

7.2.2 Collection of Soli

Sandy loam sail was obtained from the experimental Horticultural Farm of Macdonald

campus. The procedure of sail sampling is described in section 3.2.5. Samples of soils

were sieved (5 mm mesh screen) and stored in paper bags for 3-4 weeks at 40C until

further use.

7.2.3 Source of potato seed tuber

Clean potato seed tubers were supplied by Mc. David Jennings, Agricultore Canada,

Corner Brook, NewFoundland. These seed tubers were produced from tissue cultured

patata plants of the variety Mirton Pearl. The tubers were left to sprout in daylight for 4

weeks.
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7.2.4 Experimental design

The experiment was conducted in four replicate pots (15cm diam.) containing

approximately 6.50g soils. Each pot was inoculated with conidial suspension at the rate of

lxl06 conidialml of each fungus. Fungal inocula had been thoroughly incorporated by

hand mixing according to the procedure of Morris et li. (1993). Ail pots were incubated in

a growth chamber for 2 days at 250C. After 2 days of pre-incubation, each pot was

inoculated with R. solani. The inocuium consisted of a homogenized 9 cm-PDA-agar plate

containing 7-days old colony of R. solani plus 80 sclerotia (3-Smm diam.). Mixing was

done in order to achieve maximum contact between the target fungus and the mycoparasite.

Two control treatments were included: (i) diseased control consisted of soil amended with

R. solani (AG-3) only and (ii) healthy control consisted of soil amended with water only.

Two previously sclerotia- free sprouted potato seed tubers were planted in each pot.

Treatments were ananged in a randomized complete block design, pots were placed in a

growth chamber for 5 weeks and watered daily to maintain sufficient soil moisture. The

growth chamber was maintained at 250C, with a 15-hours light time. To maintain nutrient

status in each pot, soil fertilizers of N, P, K (20:20:20) were applied 2 weeks after planting

potato seeds.

7.2.5 Sampling procedure

The plants were harvested by gently shaking off the adhering soil of each plants per pot.

Roots were recovered by repeated washing under running tap water. Root and shoot dry

weights of each plant were determined after drying al 650C for 2 days. Weight of healthy

and newly fonned tubers were also determined.

7.2.6 Assay procedure

Disease severity was estimated 5 weeks after planting. The severity of stem and stolon

canker was estimated by evaluating each underground stem and stolon on a scale of 04,
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where 0 = healthy, no lesioD, 1 = cankers on one stolon, 2 = cankers on two or more

stolons but less than half of them, 3 =cankers on more than half of the stem and stolon but

not affecting ail, and 4 =lesions on ail stolons and stems (Escande and Echandi, 1991).

The number of sclerotia on the newly fonned tubers and mother tubers were estimated

separately. At harvest time, plant height, root and shoot dry weights were also measured

for each plant.

7.2.7 Statistieal analysis

The growth chamberexperiment was conducted in a complete black design. Bach treatment

combination was replicated four times, and the entire experiment was a total of 20

observations. The data for number of sclerotia were subjected to log transfonnation and the

mean values for dry weight of mots and shoots, plant height, and fresh weight of new

tubers were seperated with Least significant difference (LSD) test (P ~ 0.05).
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Results

7.3.1 Rhizoctonia disease severity index on stems and stolons

Compared with the control (AG-3), isolate FIl, and FI32 proved to he more effective in

protecting the plant from stolon and stem canker than isolate F2 (Table 9). Healthy control

(water only) showed no disease development whereas, high disease severity and higher

number of aerial stolons (a typical symptoms of Rhizoctonia disease) were detected in the

control treatment in which soil was amended with R. solani (AG-3).

7.3.2 Selerotium indices oC the barvest

The effect of the mycoparasites F2, FI32, and FIlon blackscurf is shown in Table 9. The

occurrence of black scurf on mother tubers caused by R. solani was reduced by 100%,

99%, and 93% by F2, F132 and Fil, respectively. On daughter tubers, 93%, 80%, and

100% disease reduction occurred in soils amended with F2, FI32, and Fil, resPeCtively.

In diseased control treatments, black scurf was present on bath mother and daughter

tubers. In healthy contraIs that were amended with water ooly, sclerotia were absent in

mother and daughter tubers.

7.3.3 Effects of mycoparasites on Rhizoetonia disease development 0 f

potato

When tubers were planted in soil amended with mycoparasites and R. solani, there was a

significant increase in dry weights of shoots and roots (Table 10). However, there was no

significant difference in plant height and fresb weigbt of new tubers. Although statistically

not significant, the fresh weight of tubers recovered from soil amended with Fil and R.

solani were high. This is not surprising since these tubers were sclerotia free (Table 10).
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Table 9: Effects of mycoparasites on disease severity and sclerotial formation on patato

tubers under growth chamber conditions*

Treatment Disease index (DI)** Aerial stolon No. of sclerotia***

Stolon Stem Mother Daughter

F2+AG-3 0 1 0 O.Ob O.25b

FI32+AG-3 0 0 0 O.l25b O.75b

FIl +AG-3 O' 0 0 O.75b O.Ob

Control (AG-3) 2 2 3 IO.Oa 3.7Sa

Control (water) 0 0 0 O.Ob O.Ob

* Experiment was conducted under controlled conditions with field soil inoculated with

spore suspension (lxl()6 spores/ml) of each mycoparasite and with sclerotia and Mycelium

of R. salani. Four replicate pots were used per treatment and two potata seed tubers planted

in each pot. Ali pots were incubated al 250C for 5 weeks.

** The data represent the severity of the disease expressed on a scale 0-4, wheret 0 = no

disease and 4 = Killed.

*** Data were subjected 10 log transformation and Mean values within the column followed

by the same letter do not vary significantly from each other according ta LSD test (P ~

0.05).
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Table la: Effects of mycoparasites on dry weight of roots and shoots, plant height and

fresh weight of new tubers*

Treatment

F2+AG-3

F132 +AG-3

FIl + AG-3

Control (AG-3)

Control (water)

Dry weight (g)

Root Shoot

0.39a** 2.2ab

0.39a 3.Oa

0.4Oa 2.4ab

O.25b l.4c .

0.38a 2.0bc

Plant height

10.000

10.81a

9.75a

10.12a

11.18a

Fresh weight of new

tubers

Il.8b

ll.lb

21.7a

18.3ab

13.1b

* Experiment was conducted under controlled conditions with field soils inoculated with

spore suspension (lxl()6 spores/ml) of each mycoparasite and with sclerotia and mycelium

of R. salani. Four replicate pots were used per treatment and two tubers planted in each

pol Ali pots were incubated at 2SoC for 5 weeks.

** Mean values followed by the same letter within the column do not vary significantly

each other aceording 10 Least significant difference test (P ~ 0.05).
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7.4 Discussion

To assess the ability to control and proteet patato plants from Rhizoctonia stem and stolon

canker, the three mycoparasites, F2, F132, and FIl were chosen on the basis of their

efficacy of sclerotial inhibition, production of a range of extracellular enzymes of their

saprophytic and mycoparasitic ability, mode of parasitism, and increased genninabilityof

table beet seeds. Significant level of protection of potato plants from Rhizoctonia disease

were achieved with mycoparasites isolates F2, F132, and FIl in field soils artificially

infested with R. solani (AG-3).

When applied as a spore susPension (1()6 conidialml), each mycoparasite reduced

Rhizoctonia canker severity compared with diseased control (AG-3) treatment. Data in

Table (9) indicated that the inocula of the 3 mycoparasites depressed sclerotial formation

significantly. The number ofsclerotia in the control was much higher than other treatments

when patato seeds were planted in soil. In addition, these rnycoparasites were also found ID

he effective in reducing sclerotial viability as shown in table 3. These results agree with

those of Velvis and Jager (1983) who demonstrated that liberal seeding of natural soil with

Verticillium biguttatum inhibited fonnation of sclerotia

In sorne biocontrol systems, using Trichoderma and Gliocladium species to control

Rhizoctonia diseases in lettuce, growth stimulation of lettuce has been recorded (Coley

Smith etai., 1991; Lynch etal., 1991 and Maplestone etai., 1991). In our system, none of

the mycoparasites demonstrated an increase plant height. However, mycoparasite FIl

showed increased fresh weight of new tubers compared 10 bath contrais. Similarly, neither

the UK V. biguttatum isolate Vbl nor the Duteh isolate M73 stimulated an increase in

healthy plant height On the other band, there was a significant increase in dry weights of

shoots and roots compared with controls (AG-3). Our findings indicate that the growth

chamber evaluation method was useful to identify isolates with potential in controlling R.

solani in agricultural practice. Other tban heing able to proteet plants against disease,

biocontrol agents should provide a long-lasting protection similar to that of chemical
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treatments and should be non-pathogenic to other crops (Heikki and Lynch, 1995). In this

study, the success of the mycoparasites against R. solani is believed to be based upon : (i)

reduction of sclerotial formation on tubers (ii) prevent canker severity on stolons and stems

(iii) increase shoots and roots dry weight and (iv) increase fresh weight of new tubers.
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CHAPTER 8.

GENERAL DISCUSSION AND CONCLUSION

In the eastem provinces of Canada. Rhizoctonia disease of potato is the most common

disease (Platt etai.• 1993). The saprophytic stage of the pathogen Rhizocto1Ùa solani (AG

3) occurs when the fungus overwinters as sclerotia on potato tubers or as mycelium in the

soil and infect the plant. The disease is controlled by fungicides. but concerns about the

risks that synthetic fungicides pose 10 the environment and human health have increased the

urgency for more research into non-chemical methods of crop production. Therefore. other

approaches of disease control have to be studied. Cultural control for example. crop

rotation, flooding. fertilization are alternative methods but theyare not sufficient alone ta

control Rhizoctonia disease of PQtatoes. Biological control is attractive as a potentially

powerful tool which can he used in combinations with other methods to control the disease.

This study was undertaken 10 screen and select antagonists indigenous to Québec soil in the

hope to find sorne that cao be used as effective biocontrol agents ofR. solani.

Effectiveness of sc:reening criteria

Concepts and approaches for screening or developing biocontrol agents appear to vary

greatly in vitro and in vivo. Depending on the objectives and whether biological relevancy

has been considered in experimental designs. the screening procedures have to be weIl

studied. Our first objective was to obtain a collection of a wide nomber of species which

were in close contact with the pathogen in order to increase the probability of finding

potential biological control agents. This collection of fungi was the basis of our future

studies, in the developmeot of biocontrol agents for R. salani. The organisms were

identified to the geous level ooly. Those that have demonstrated excellent biocontrol

abilities will be identified in the future to the species level.
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Our overall experimental set up or screening criteria involved a methodical

approach. The primary screening test of antagonists was directed towards sclerotial

viability which was successful sinee inhibition of sclerotial germination is considered the

basic criteria of biological control (Papavizas and Lumsden, 1980). The results of this

revealed that more than 50% of the tested fungi significantly inhibited sclerotial

germination, bringing the numberof fungi down to 24 potential antagonists. Among these,

6 isolates proteeted table beet seedlings from Rhizoctonia damping-off and root rot, and

sorne of them even increased seed gennination. Another criterion that we tested was the

survival of these antagonists in natural soils. Our results from population studies suggest

that the introduced antagonists survived and can he maintained at a certain carrying capacity

when applied at a population density of lxl()6spores/ml,in field soils.

Another criteria that we investigated was the mechanisms of control of selected

isolates F2, FIl, and F132 which were identified as species of Pestalotia, Penicillium, and

Gliocladium respectively, as well as their ability to produce cell wall hydrolytic enzymes.

We have found that the correlation between sclerotial inhibition and mode of action can he

partly explained by the ability of fungal isolates ta produce hydrolytic enzymes. Using light

microscopy studies, antagonists were proved ta be myooparasites of R. solani, and the

following sequence of events were observed (i) contact, (H) formation of appresoria, (ii)

penetration, and (iv) intracellular colonization of hast hypbae. This led us to believe that

mycoparasitism is the principal mode of action between the antagonists and their host

Rhizoctonia solani. To further substantiate our hypothesis, our oost pathogen-suppressing

isolates, F2, FIl, and F132 produced significant amounts of œil wall degrading enzymes

such as chitinases, B-I,3-glucanases, cellulases, proteases, and in tum, they effectively

inhibited in vitro sclerotial germinationof R. solani.

FinallY, the efficacy of these mycoparasites to control Rhizoctonia disease was

carried out in field soils artificially infested with R. solani. As eXPeCted, the mycoparasites

reduœd the severity of Rhizoctonia symptoms in potato which strong!y suggests that F2,



FIl, and F132 may he promising biological control agents for Rhizoctonia disease of

potatoes.

In summary, the sequence of our operations resulted in selecting suitable

antagonists which were able to control the target disease. However, the last resort would he

to add other criteria, such as their temperature growth range, their sensitivity to the

environment, and their pathogenicity to the other crops.

Further perspective

Extending our biocontrol studies from controlled environme~tal conditions to natural

condition is essential in order to enhance our understanding of the interaction between the

antagonists and the pathogen. Detailed field studies will not only provide us with realistic

information but also identify how best we cao integrate these biocontrol agents iDto cultural

practices. Success in the future will probably result from use of a combination of

antagonists with cultural practices that could effectively inhibit the target organisme

88



9. REFERENCES

Ahmad, J.S. and Baker, R. (1987). Competitive saprophytic ability and cellulolyticactivity

of rhizosphere-competent mutants of Triclwderma hanianum.
Phytopathology 77: 358~362.

Anderson, N.A. (1982). The genetics and pathology of RhizoctoniasoÙlni. Annual Review

of Phytopathology 20: 329-347.

Bains, P.S. and Bisht~ V. S. (1995). Anastomosis group identify and virulence of

Rhizoctonia solani isolates collected from potato plant in Alberta, Canada.

Plant Disease. 79: 241-242.

Baker, K.F. and Cook, R.J. (1974). Biological Control of Plant Pathogens. San

Fransisco: Freeman, CA. 433 pp.

Baker, R. and Martinson, C.A. (1970). Epidemiology of disease caused by Rhizoctonia
solani. In: Rhizoctoniasolani Biology and Pathology. Ed. by Parmeter, J.

R. Jr. The American Phytopathological Society, Berkely, Califomia, 172

188 pp.

Balali, G.R., Neate, S.M. and Scott, E.S. (1995). Anastomosis group and pathogenicity

of isolates of Rhizoctonia solani from potato crops in Southem Austmlia.

Plant Pathology 44: 1050-1051.

Bandy, B.P., Zanzinger, D.H. and Tavantz, S.S.M. (1988). Isolation of anastomosis

group of Rhizoctonia solani from potato soils in Main. Phytopathology 74:

1220-1224.

Banville, G.J. (1989). Yield losses and damage 10 potato plants caused by Rhizoctonia
solani KUhn. American Potato Journal 66: 821-834.

Barnett, H.L. and Hunter, B.B. (1987). Illustrated Genera of Fungi Imperfecti. 4th ed.

Macmillan Publishing Co., New York, 218 pp.

Barron, G.L. (1972). The Genera of Hypomycetes From Soit The Williams and Wilkins

Co., Waverly Press, Ine. Baltimore, 364 pp.

Bateman, D.F. and Miller, R.L. (1966). Pectic enzymes in tissue degradation. Annual

Review of Phytopathology 4: 119-146.

Beagle-Risaino, J.E. and Papavizas G.C. (1984). Biological Control of Rhizoctonia Stem

Canker and Black Semfof Potata. Phytopathology 75: 560-564.

Beguin, P. (1983). Detection of cellulase activity in POlyacrylamide gels using congo red

stained agarreplicates. Analytical Biochemistry 131: 333-336.

89



Benhamou, N. and Chet, L (1996). Parasitism of sclerotia of Sclerotium rol/sU by

Tric1wderma harzianum: Ultrastructural and Cytochemical Aspects of the

Interaction. Biochemistry and Cell Biology 86 (4): 405-416.

Benjamin, C.R. and Stodola, F.H. (1960). Ramulosin, a CloHl4Û3 compound produced

by the fungus Pestalotiaramulosa. Nature 188: 662-663.

Benyagoub, M. (1993). Etudè in vitro de L'antagonisme du Stachybotrys elegans vis-à-vis

du Rhizoctonia solani (AG-3). M.Sc. Thesis, Université lavaI, Ste. Foy,

Québec, Canada.

Benyagoub, M., Jabaji-Hare, S.H., Banville, G. and Charest, P.M. (1994). Stacl1ybotrys
elegans: a destructive mycoparasite of Rhizoctonia solani Kühn.

Mycological Research 98: 493-505.

Benyagoub, M., Jabaji-Hare, S.H., Chamberland, H. and Charest, P.M. (1996).

Cytochemical and immunocytochemical investigation of the mycoparasitic

interaction between Stachybotrys elegans and its host Rhizoctonia solani

(AG-3). Mycological Research 100: 79-86.

Biehn, W.L. (1969). Evaluation of seed and soil treatments for control of Rhizoctonia

seurf and Verticil1ium wilt of patato. Plant Disease Reporter 53: 425-428.

Blaszczak, W., Weber, Z., Glebcyznski, E. and Kulczak, L. (1978). Control of patato

rhizoctonsis (Rhizoctoniasolani K.) by disinfection of the tubers. Roczniki

nauk rolniczych. scurf and 'Verticillium wilt of potatoes. Plant Disease

Reporter 53: 425-427.

Boogert Van den, P.H.J.F. (1989). Colonization of roots and stolons of potato by the

myeoparasitic fungus Verticillium bigunatum. Soil Biology and

Biochemistry 21: 255-262.

Boogert Van den, P.H.J.F., Reinartz, H. t Sjollenma, K.A. and Veenhuis, M. (1989).

Microscopie observations on the interaction of the mycoparasite Verticillium

bigutt6tUm with Rhizoctonia solani and other soilbome fungi. Antonie Van

Luweenhoek 56: 161-174.

Boosalis, M.T. and Scharent A.L. (1959). Methods for microscopie detection of

Aphanomyces euteiches and Rhizoctonia solani and for isolation of

Rhizoctonia solani associated with plant debris. Phytopathology 49: 192

198.

Bradfordt M.M. (1976). A rapid and sensitive method for the quantitative of microgram

quantities of protein utilizing the prineiple of protein-dye binding. Analytical

Biochemistry 72: 248-254.

90



~~., ..

( ..

Burge, M.N. (1988). The Scope of Fungi in Biological Control Systems. Ed. by Burge,

M.N. Manchester Univ. Press, Manchester, 1-8 pp.

Butler, E.E. (1957). Rlùzoctonia solani as a parasite of fungi. Mycologia 49: 354-373.

Campbell, L.L. and Williums, O.B. (1951). A study of the chitin decomPQsing

microorganisms of marine origin. Journal of General Microbiology 5: 894

905.
Canadian Potato Production (1995, 1996). Agriculture Division Statistical Bulletin.

Statistics Canada.

Carling, D.E. and Leiner, R.H. (1986). Isolation and characterization of Rhizoctoniasolani

and binucleate Rhizoctonia solani like fungi from aerial stems and

subterrannean organs of patato plants. Phytopathology 76: 725-729.

Chet, 1. (1987). Trichoderma-Application, mode of action, and PQtential as biocontrol

agent of soilbome plant pathogenic fungi. In: Innovative Approaches to

Plant Disease Control. Ed. by Chet, 1. New York: John Willy and Sons.

137-160 pp.

Chet, I. and Baker, R. (1981). Isolation and biocontrol potential of Trichodermahamatum

from soil naturally suppressive to Rhizoctonia solani. Phytopathology 71:

286-90.

Chet, 1., Harman, G.E. and Baker, R. (1981). Triclwdenna hamatum: Hs hyphal

interactions with Rhizoctonia solani and Pythium spp. Microbial Ecology 7:

29-38.

Chet, 1., Henis, Y. and R. Mitchell. (1967). Chemical composition of hyphal and

sclerotial walls of Sclerotium rolfsii Sace. Canadian Journal of

Microbiology 13: 137-141.

Chiu, S.G. and S.S. Tzean (1995). Glucanolytic enzyme production by Schizophyllum

commune Fr. during mycoparasitism. Physiological and Moleeular Plant

Pathology 46: 83-94.

Coley-Smith, J.R. (1CJ79). Survival of plant-pathogenie fungi in soil in the absence of host

plants. In: Soil-bome Plant Pathogens. Eds. by B. Schippers and W.

Gams, Academie press, London, 39-57 pp.

Coley-Smith, J.R. and Cooke, R.C. (1971). Survival and germination of fongal sclerotia

Annual Review of Phytopathology 9: 65-92.

Coley-Smith, J.R., Ridout C.J., Mitchell, C.M. and Lynch, J.M. (1991). Control of

bottom rot disease of lettuce (Rhizoctonia solanz) using preparations of

Triclwderma viride, T. harzianum or tolclofos-m-methyle. Plant Pathology

40: 359-66.

91



Conseil des productions végétales du Québec (CPVQ, 1987). Légumes protection. Agdex

250/605. Ministère de l'Agriculture, des Pêcheries, et de l'Alimentation du

Quebec, 112 pp.

Cook, R.J. (1988). Management of the environment for the control of pathogens. In:

Biological Control of Pest, Pathogens and Weeds. Eds. by R.K.S. Wood

and M.J. Way, The Royal Society, London, 61-71 pp.

Cook, R.J. and Baker, K.F. (1983). The Nature and Practice of Biological Control of

Plant Pathogens. The American Phytopathological Society, St. Paul, MN.

6Op.

Davis, J.R. (1973). Seed and soil treatments for control of Rhizoctonia and Blackleg of

patato. Plant Disease Reporter 57: 803-806.

Davis, J.R., Sorensen, L.H. and Schneider, A.T. (1993). Effects of cover-crop treatments

following two consecutive years of patato cropping. In: Biological and

Cultural Tests for Control Plant Diseases. Volume 10, The American

Phytopathological Society, St. Paul. MN.
Dean, B.B. (1994). Managing the Potato Production System. Ed. by Dean, B.B. An

Imprint of the Haworth Press, Ine. 110 pp.

Demirci, E. and Dt>ken, M.T. (1993). Anastomosis groups and pathogeneeityof

Rhizoctoniasolani Kühn isolates from potatoes in Erzurum, turkey. Journal

of Turkish Phytopathology 22: 95-102.

Di Pietro, A., Lorito, M., Hayes, O.K., Broadway, R.M. and Harman, G.E. (1993).

Endochitinase from Gliocladium virens: isolation, eharacterization, and

synergistie antifungal aetivity in combination with gliotoxin.

Phytopathology 83: 308-313.

Dodman, R.L., and Flentij, N.T. (1970). The meehanisms and physiology of plant

penetration by Rhizoctonia solani. In: Rhi1.octonia solani Biology and

Pathology. Ed. by J. R. Jr. Panneter, The American Phytopathological

Society, Berkely, California, 149-160 pp.

Domsch, K..H. (1980). Compendium of soil fungi. Volume 1. Academie press, Ine. New

y ort, 859 pp.

Domsch, K..H. and Gams, W. (1968). Die bedeutung vorfruchtabhaegiger verschiebungen

in der bodenmikroflora.2.Antagonistiseh einfluesse aufpathogene

bodenpilze. Phytopathologische Zeitschrift 63: 165-176.

Donly, B.e. and Day, A.W. (1984). A servey of extracellular enzymes in smut fungi.

Botanical Gazette 145: 483-486.

92



.,"'.',

Dos Santos, A.F. and Dhingra, 0.0. (1982). Pathogenicity of Triclwderma spp. on the

sclerotiaof Sclerotiniasclerotiorum. Canadian Journal of Botany 60: 472

475.

Elad, Y., Barak, R. and Chet, I. (l983a). Ultra structural studies of the interaction between

Trichoderma spp. and plant pathogenic fungi. Phytopathologische

Zeitscheift 107: 168-175.

Elad, Y., Chet, I. and Henis, Y. (1981c). A selective medium for isolation and counting of

Trichodermaspp. from soil. Phytoparasitica 9: 59-67.

Elad, Y., Chet, I. and Henis, Y. (1981a). Biological control of Rhizoctonia solani in

strawberry fields by Trichodermahllnianum. Plant and Soil 60: 245-254.

Elad, Y., Chet, I. and Henis, Y. (1982). Degradation of plant pathogenic fungi by

Trichoderma harzîanum. Canadian Journal of Microbiology. 28: 719-725.

Elad, Y., Chet, 1. and Katan, J. (1980). Triclwdermahaniamun: A biocontroJ agent of

Sclerotium rolftii and Rhizoctoniasolani. Phytopathology 70: 119-121.

Elad, Y., Chet, 1., Boyle, P. and Henis, Y. (l983b). Parasitism of Trichoderma spp. on

Rhizoctoniasolam and Sclerotium rolfsii-Scanning electron microscopy and

fluorescence microscopy. Phytopathology 73: 85-88.

Elad, Y., Hader, Y., Hader, E., Chet, I. and Henis, Y. (1981b). Biological control of

Rhizoctonia solani by Trichoderma harzianum in carnation. Plant Disease

65: 675-671.

ElOO, Y., Lifshitz, R. and Baker, R. (1985). Enzymatic activity of the mycoparasite

Pythium nunn during interaction with host and non-host fungi.

Physiological Plant Pathology 27: 131-148.

Elad, Y., Sadwosky, Z. and Chet, 1. (1987). Scanning electron microscopical observations

of early stages of interaction of Trichoderma luJrzianum and Rhizoctonia

solani. Transactions of the British Mycologica1 Society 88: 259-263.

Elad, Y., Barak, R. and Chet, I. (l983a). Ultra structural studies of the interaction between

Trichoderma spp. and plant pathogenic fungi. Phytopathologische

Zeitschrift 107: 168-175.

Escandi, A.R. and Echandi, E. (1991). Evaluation of binucleate Rhizoctonia-Iike fungi for

protection of cucumber seedlings from Rhizoctonia solani. Phytopathology

78: 1558.

Foster, R.C., Rovira, A.D. and Cock, T.W. (1983). Ultrastructure of the Root-Soil

Interface. American Phytopathological Society, St Paul, MN. 157 pp.

Frank, J.A. and Leach, S.S. (1980). Comparison of tuber borne and soil borne inoculum

of the Rhizoctonia diseases of potato. Phytopatbology 70: 51-53.

93



Frank, J.A. and Murphy, H.J. (1977). The effeet of crop rotations on the Rhizoctonia

disease of potatoes. American Potato Journal 54: 315-322.

Frank, J.A. and Wilson, D.R. (1972). Evaluation of three inoculation methods used to

screen potatoes for resistance to Rhizoctonia solani. Plant Disease Reporter

56: 348-351.

Fridlender, M., Inber, J. and Chet, I. (1993). Biological control of soilbome plant

pathogens by a °B-l,3-glucanase producing Pseudomonas cepacia. Soil

Biology and Biochemistry 25: 1211-1221.

Ghose, T.K. (1987). Measureme of cellulase activities. International Union of Pure and

Applied Chemistry 59: 257-268.

Graham, D.C. (1960). Control of Rhizoctoniasolani on patato by disinfection of seed

tubers with organa-mercury compounds. European Potato Journal 3: 80-89.

Grisham, M.P. and Anderson, N.A. (1983). Pathogenicity and host specificitY of

Rhizoctonia solam isolated from carrots. Phytopathology 73: 1564-1569.

Hader, Y., Chet, I. and Henis, Y. (1979). Biological control of Rhizoctonia solani

damping-off with wheat bran culture of Trichoderma harzianum.
Phytopathology 69: 64-68.

Hagerman, A.E., Deborah, M.B. and McClure, A.L. (1985). Plate assay for determining

the time of production of proteases, cellulases, and pectinases by

gennination fungal spores. Analytical Biochemistry 151: 334-342.

Hankin, L. and Anagnostakis, S.L. (1975). The use of solid media for deteetion of enzyme

production by fungi. Mycologia 67: Sg]-607.

Hankin, L. and Sands. D.C. (1975). Pectolytic microorganisms, chapter 3. In:

Compendium of Microbiological Methods for the Examination of Foods.

Ed. by A.A. Kraft, Amer. Pub. Health Assac., Washington, D.C.

Harman, G.E." Chet, I. and Baker, R. (1980). Trichodennahamatum effects on seed and

seedling disease induced in radish and pea by Pythium spp. or Rhizoctonia

solani. Phytopathology 70: 1167-1172.

Harris, P.M. (1992). The Potato Crop. The scientific Basis For Improvement. Ed. by

Harris" P.M. 2nd edition, Champman and Hall, New York, 162-213 pp.

Hashiba, T. and Yamada, M. (1982). Formation and purification of protopfasts from

Rhizoctonia solani. Phytopathology 72: 849-858~

Heikki, M.T.H. and Lunch, J.M. (1995). Biological Control Benefits and Risks.

Cambridge; New York, USA: Cambridge University press.

Henis, Y. and Chet, I. (1975). Microbiologica1 control of plant pathogens. Advances in

Applied Microbiology 19: 85-111.

94



()

i." ..'.~\
j,!~'

( ,;.,
~"

Hide, G.A. and Cayley, G.R. (1982). Chemical techniques for control of stem canker and

black scurf (Rhizoctonia solani) disease of potato. Annals of Applied

Biology 100: 10'>116.

Hide, G.A., Hirst, J.M. and Stedman, O.J. (1973). Effects of blackscurf (Rhizoctollia

solani) on potatoes. Annals of Applied Biology 74: 139-148.

Hide, G.A., Read, P.J. and Hall, S.M. (1992). Stem canker (Rhizoctonia solanl) on three

earlyand three main crop patata cultivars: Effects of seed tuber size on

growth and yield. Annals of Applied Biology 120: 391-403.

Hide, G.A., Read, P.J. and Sandison, J.P. (1985). Stem canker (Rhizoctoniasolanl) of

main crops potatoes. II. Effects on growth and yield. Annals of Applied

Biology 106: 422-423.

Hoitink, H.A. and Fahy, P.C. (1986). Basis for the control of soilborne plant pathogens

with composts. Annual Review of Phytopathology 24: 93-114.

Honeycutt, C.W., Clapham, W.M. and Leach, s.s. (1996). Crop rotation and N

fertilizati~n effects on growth, yield, and disease incidence in potato.

American Potato Journal 73: 45-62.

Hooker, W.J. (1978). The Rhizoctonia disease of potato: Description and introductory

observation in Michigan. American Patato Journal 55: 55-56.

Hooker, W.J. (1981). Compendium of Potata Diseases. The American Phytopathological

Society, St. Paul, MN, 53 p.

Howell, C.R. (1982). Effects of Gliocladium virens on Pythium ultimum, Rhizoctonia

solani and dampping-off of cotton seedlings. Phytopathology 72: 496.

Howell, C.R. and Stipanovic, R.D. (1979). Control of Rhi'loctonia solani on cotton

seed1ings with Pseudomonasfluorescens and with an antibiotic produced by

the bacterium. Phytopathology 69: 480-482.

Howell, C.R. and Stipanovic, R.D. (1995). Mechanisms in the biocontrol of Rhizoctonia

solani-induced cotton seedling disease b y Gliocladium virens.
Phytopathology 85: 469-472.

Humphreys-Jones, D.R. (1977). Fungicidal treatment of seed potato tubers for the control

of stem canker Rhizoctoniasolani. Proceeding of the 1977 British Crop

Protection Conference Pest and Diseases, 485-490 pp.

Inber, J. and Chet, I. (1991). Evidence that chitinase producing by Aeromonas caviae is

involved in the biological control of soil-bome plant pathogens by this

bacterium. Soil Biologyand Biochemistty 23: 973-978.

Jager, G. and Velvis, H. (1985). Biological control of Rhizoctoniasolani on potatoes by

antagonists.4. Inoculation of seed tubers with VerticiUium biguttatum and

95



other antagonists in field experiments. The Netherlands Journal of Plant

Pathology 91: 49-63.

Jager, G., Ten Hoopen, A. and Velvis, H. (1979). Hyperparasites of Rhizoctonia solani in

Dutch patato fields. The Netherlands Journal of Plant Pathology 85: 253

268.

Kobayashi, D.Y. and EI-Barrad, N.E.H. (1996). Selection of bacterial antagonists using

enrichment cultures for the control of summer patch disease in Kentucky

bluegrass. Current-Microbiology 32: 106-110. (abstract).

Kuter, G.A. (1984). Hyphal interactions between Rhizoctoniasolani and sorne Verticillium

species. Mycologia 76: 936-940.

Leach, S.S. and Murdoch, C. W. (1985). Evaluation of thiabendazole and

pentaehloronitribenzene for control of the Rhizoctonia disease complex on

white potato (Solanum tuberosum L.). American Potato Journal 62: 459

469.

Lewis, J.A. and Papavizas, G.C. (1980). Integrated control of Rhizoctonia fruit rot of

cucumber. Phytopathology 70: 85-89.

Lewis, J.A. and Papavizas, G.C. (1992). Potential of Laetisariaarvalis for the biocontrol

ofRhizoctoniasolani. Soil Biologyand Biochemistry 24: 1075-1079.

Lifshitz, R., Dupler, M., Elad, Y. and Baker, R. (1985). Hyphal interactions between a

mycoparasite, Pythium nunn and several soil fungi. Canadian Journal of

Microbiology 30: 1482-1487.

Lilley, G., and Bull, A.T. (1974). The production of 8-1,3-g1ucanase by a thermophilic

species of Streptomyces. Journal of General Microbiology 83: 123-133.

Linderman, R.G. (1970). Plant residue decomposition products and their effects on host

roots and fungi pathogenic 10 roots. Phytopathology 60: 19-26.

Liu, S. and Baker, R. (1980). Mechanism of biological control in suppression to

RhizoClonia solani. Phytopathology 70: 404-412.

1..orito, M., Harman, G.E., Hayes, O.K., Broadway, R.M., Tronsmo, A., Woo, S.L.

and Di Pietro, A. (1993). Chitinolytic enzymes produced by Trichoderma

Juuzianum: antifungal activity of purified endochitinase and chitobiosidase.

Phytopathology 83: 302-307.

Lotrito, M., Hayes, O.K., Di Pietro, A., Woo, S.L. and Harman, G.E. (1994).

Purification, characterization and synergistic activity of glucan 1,3-8

glucosidase and an N-acetyl-8-glucosaminidase from Trichoderma
hmzïanum. Phytopathology 84: 398-405.

96



C'"::;
..

(
',1;",'";1-
\,;,

Lynch, J.M., Wilson, K.L., Ousley, M.A. and Whipps, J.M. (1991). Response of lettuce

to Trichodenna treatment. letters in Applied Microbiology 12: 59-61.

Manocha, M.S. (1990). Cell-eell interaction in fungi. Zeitschrift fUr Pfianzenkrankheiten

und Pflanzenschutz 97: 655-669.

Maplestone, P.A., Wipps, J.M. and Lynch, J.M. (1991). Effeet of peat-bran inoculum of

Triclwderma species on biocontrol of Rhizoctoll;a solani in lettuce. Plant

and Soil136: 257-63.

Marshall, O.S. (1982). Effeet of Trichoderma harzianum seed treatment and Rhizoctonia

solani inoculum concentration on damping-off of snap bean in acidic soils.

Plant Disease 66: 788-789.

Mauch, F., Mauch-Mani, B. and Baller, T. (1988). Antifungal hydrolyses in pea tissue.

II. Inhibition of fungal growth by combinations of chitinase and 8-1,3

glucanase. Plant Physiology 88: 939-942.

Merriman, P.R., Priee, R.D. and Baker, K.F. (1974). The effect of inoculation of seed

with antagonists of Rhizoctonia solani on the growth of wheat. Australian

Journal of Agricultural Research 25: 213-218.

Mesbram, S.U. and Jager, G. (1983). Antagonism of Azotobacterchroococcum isolates to

Rhizoctoniasolani. The Netherlands Journal of Plant Pathology 89: 191

197.

Miller, G.L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing

sugar. Analytical Chemistry 31: 426-428.

Morris, R.A.C., Coley-Smith, J.R. and Whipps, J.M. (l992). Isolation of mycoparasite .

VerticiUium biguttDtum from sclerotia of Rhizoctoniasolani in the United

Kingdom. Plant Pathology 41: 513-516.

Morris, R.A.C., Coley-Smith, J.R. and Whipps, J.M. (1993). Effects of the mycoparasite

Verticillium biguttatum on barley stunt disease control caused by

Rhizoctonia solani anastomosis group 8 in a model system. Plant Pathology

42: 915-922.

Moubasher, A.H., Elanghy, M.A. and Megala, S.E. (ICJlO). Fungi isolated from sclerotia

of Sclerotium cepivorum and from soil and their effects upon the Pathogen.

Plant and Soil33: 305-312.

Naild, T. (1986). Differences in susceptibility of sclerotia of Rhizoctoniasolanî Kühn 10

Trichoderma spp. Soil Biology and Biochemistry 18: 551-553.

Naiki, T. and Ui, T. (1972). The microorganisms associated with the sclerotia of

Rhizoctoniasolani KUhn in soil and their effect on the viability of the

pathogens. Mem. Fac. Agne. Hokkaido Univ. 8: 252-265.



Neirnberg7 H.!. (1976). Untersuchungen über die morphologische und biologische

Differenzierung in der Fusariwn-Sektion Liseola. Mitteilungen Biologische

Bundesantalt Land-/Forstwirtschaf~Berlin-Dahlem 169: 1-117.

Nelson7 P.E., Toussoun, T.A. and Marasas, W.F.O. (1983). Fusarium Species: An

Illustrated Manual for Identification. The Pennsylvania State University

Press, 193 pp.

Ogoshi7A. (1987). Ecology and pathogenicity of anastomosis and interspecific groups of

Rhizoctoniasolani Kühn. Annua! Review ofPhytopathology 25: 125-143.

Ogoshi, A'7 Cook7 R.J. and Bassett, E.N. (1990). Rhizoctonia spp. and anastomosis

groups causing root rot of wheat and barley in the Pacific North West.

Phytopathology 80: 784-788.

Ordentlich7A., Elad, Y. and Chet, I. (1988). The role of chitinase of Serratiamarcescens

in biocontrol ofSclerotium rolfsii. Phytopathology 78: 84-88.

Otrysko, B.E. and Banville, G.J. (1992). Effect of infection by Rhizoctoniasolani on the

quality oftuhers forprocessing. American PotatoJoumal69 (10): 645-652.

Otrysko, B.E., Banville, G.J. and Asselin7A. (1988). Influence du degré de dépendance

des tuberculesfils de pommes de terre vis-à-vis de la plante-rnére sunleur

infestation par Rhizoctonia solani. Potato Research 31: 617-625.

OxIeY7 S.J.P. and Lang, R.W. (1987). Abstracts of the IOth triennial conference of the

European Association of Potata Research. 331-332 pp.

Palti, J. (1981). Cultural Practices and Infections Crop Diseases. Berlin: Suringerverlag,

243p.

Papavizas, G.C. (1985). Trichodenna and Gliocladiwn: biology, ecology and potential for

biocontrol. Annual Review of Phytopathology 23: 23-54.

Papavizas, G.C. and DaveY7 C.B. (1962). Isolation and pathogenicity of Rhizoctonia

saprophytically existing in sail. Phytopathology 52: 834-840.

Papavizas7 G.C. and Lumsden7 R.D. (1980). Biological control of soilbome fungal

propagules. Annual Review of Phytopathology 18: 389-413.

Papavizas, G.C., Adams, P.B'7 Lumsden7 R.D'7 Lewis7 J.A'7 Dow, R.L., Ayers, W.A.

and Kantzes, J.O. (1975). Ecology and epidemiology of Rhizoctoma solam

in field soil. Phytopathology 65: 871-877.

Pla~ H.W. (1989). Potata growth and tuber production as affected by inoculation of eut

and whole seed with Rhizoctonia solani (AG-3) and the use of seed

treatment fungicides. American Potato Joumal66: 365.378.

Platt, H,W.7 Canale, F. and Gimenez, G. (1993). Effects of tuber-borne inoculum of

Rhizoctoniasolani and fungicidal seed potato treatment on plant growth and

98



Rhizoctonia disease in Canada and Uruguay. American Patata Journal 70:

553-559.

Raper~K.B. and Thoms~C.H. (1948). A manual of the Penieillia The Williums and

Wilkins Co.~ Waverly Press, Ine. Baltimore~ 875 pp.

Rapp, P. (1989). 1~3-8-glucanase, 1~6-8-glucanase and 8-glucosidase activities of

sclerotium glucanicum: Synthesis and Properties. Journal of General

Microbiology 135: 2847-2858.

Read~ P.J., Hide, G.A.~ Frimager, J.P. and Hall, S.M. (1989). Growth and yield of

potatoes as affected by severity of stem canker (Rhizoctonia solani ). Potato

Research 32: 9 -15.

Reddi, G.S. and Rao, A.S. (1971). Antagonism of soil actinomycetes ta sorne soil-bome

plant pathogenic fungi. Indian Phytopathology 24: 649-657.

Reissig~ J.L., Strominger, J.L. and Leioir~ I.F. (1955). A modified colorimetrie method

for the estimation of N-acetylamino sugars. Journal of Biological Chemistry

27: 959-966.

Roy, A.K. (1989). Biological control of Rhizoctonia solani. In perspectives in plant

patho.logy. Eds. by V.P. Agnihorti, N.Singh, H.S. Chaibe, U.S. Singh &

T.S. Dwived, Today & Tomorrow·s Printers and Publishers; New Delhi,

391-407 pp.

Schippers, B. (1992). Prospects for management of natural suppressiveness to control

soilbome pathogens. In: Biological Control of Plant Diseases. Eds. by E.

C. Tjamos~ G. C. Papavizas, and R. J. Cook, Plenum Press, New York,

21-34 pp.

Schirmbock, M., Larito, M., Wang, Y.L., Hayes, C.K., Arisan-Atac~ 1., Scala, F.,

Harman, G.E. and Kubicek, C.P. (1994). Parallel fonnation and synergism

of hydrolytic enzymes and peptaibol antibioties, molecular mechanisms

iDvolved in the antagonistic action of Trichoderma harzianum against

phytopathogenic fungi. Applied and Environmental Microbiology 60: 4364

4370.

Schmiedeknecht, G. (1993). Biological control of Rhizoctonia so/Qni Kühn on potatoes by

microbial antagonÎsts. Archives of Phytopathology and Plant Protection 28:

311-320.

Schroth, M.N. and Hancock, J.O. (1981). Selected topies in biological control. Annual

Review of Microbiology 35: 453-476.

Sequeira, L. (1983). Mechanisms of induced resistance in plants. Annual Review of

Microbiology 37: 51-79.

99



Sierra, G. (1957). A simple method for the detection of lipolytic activity of micro

organisms and sorne observation on the influence of the contact between

cells and fatty substrates. Antonie van leeuwenhock Ned. Tijdschr. Hyg.

23: 15-22.

Sivan, A. and Chet, I. (1989). Degradation of fungal eell walls by lytie enzymes of

Trichoderma 1ulrzianum. Journal of General Microbiology 135: 675-682.

Society of American Bacteriologists. (1951). Manual of methods for pure culture study of

bacteria. McGraw-Hill, New York, Loose leaf., n.p.

Specht, L.P. and Leach, s.S. (1987). Effects of crop rotation on Rhizoctonia disease of

white patato. Plant Disease 71: 433-437.

Steele, R.G.O. and Torrie, J.H. (1980). Principles and procedures of statistics. A

Biometrical Approach. McGraw..HiIl, 633 pp.

Stevenson, W.R., Stewart, J. and Sanderson, P. (1986). The effect of thiabendazole seed

piece treatment on Monona potatoes in Wisconsin. American Patato Journal

63: 191..205.

Tu, J.C. (1980). Gliocladium virens, a destructive mycoparasite of Sc1erotinia

scœrotiorum. Phytopathology 70: 670-674.

Tu, J.C. and Vaartaja, O. (1981). The effect of the hyperparasite (Gliocladium"virens) on

Rhizoctoniasolani and on Rhizoctonia ooot rot of white beans. Canadian

Journal of Botany 59: 22-27.

Turhan, G. (1990). Further hYPerparasite of Rhizoctonia solani Kühn as promising

candidates for biological control. Zeitsehrift fur Pflanzenkrankheiten und

Pflanzenschutz 97: 208-215.

Turhan, G. and Turhan, K. (1989). Suppression of damping-off of pepper caused by

Pythium ultimum Trow and Rhizoctonia solani Kühn by sorne new

antagonists in cornparison with Trichoderma hanianum Rifai. J.

Phytopathology 126: 175-182.

Tweddell, R., Jabaji-Hare, S. and Charest, P.M. (1994). Production of chitinases and Li

1,3-g1ucanases by Stachybotrys elegans, a mycoparasite of Rhizoctonia

soIani. Applied and Environmental Microbiology 60: 489-495.

Tweddel1, R., Jabaji-Hare, S., Goetghebeur, M., Charest, P.M., and Kermasha, S.

(1995). Purification and Partial Characterization of 8-1,3-glucanase

Secreted by the Mycoparasite Stachybotrys elegans. Bioscience,

Biotechnologyand Biochemistry S9: 2223-2227.

Velvis, H. and Jager, G. (1983). Biological control of Rhizoctoniasolani on potatoes by

antagonists. 1. Preliminary experiment with Verticillium biguttatum a

100



sclerotium inhibitory fungus. The Netherlands Journal of Plant Pathology

89: 113-123.

Velvis. H., Boogert Van den, P.H.J.F. and Jager, G. (1988). Role of antagonism in the

decline ofRhizoctoniasolani inoculum in sail. Soil Biology and

Biochemistry 21: 125-129.

Warcup, J.H. (1960). Methods for isolation and estimation of activity of fungi in soil. In:

The ecology of soil fungi. Eds. by Parkinson, D. and Waid, J.S. Liverpool

University Press, Uverpool, 3-21pp.

Weinhold, A. R., Bowman, T. and Hall, D.H. (1978). Rhizoctonia disease of potatoes in

Califomia. American Potato Joumal55: 56-57.

Weinhold, A.R., Bowman, T. and Hall, D.H. (1982). Rhizoctonia disease of potato: effect

on yield and control by seed tuber treatment. Plant Disease 66: 815-818.

Wessels, J.G.H. and Sietsma, J.H. (1981). Fungal cell walls: a summery. In a Tanner,

FA laewus, oos, Encyclopedia of Plant Physiology, New Series, Vol. 13B.

Springer, NY, 352-394 pp.

Whipps, J.M. (1992). Concepts in mycoparasitism and biological control of plant diseases.

In: New Approaches in Biological Control of Soil-Borne Diseases. Eds. by

Jensen, D.F., Hockenhull, J. and Fokkema, N.J. IOBC/WPRS Bulletin

lCJC.12JXVIl (International Union ofBiological SCiences), 54-59 pp.

Wood, P.J. and Fulcher, R.G. (1978). Interaction sorne dyes with cereal B-glucans. Cereal

Chemistry 55: 952-966.

Ye, X.S., Pan, S.Q. and Kuc, J. (1989).. Pathogenesis related proteins and systemic

resistance ta blue mold and tobacco mosaic virus induced by tobacco mosaic

virus, PeronspoTa tabacina and aspirine Phytopathological and Molecular

Plant Pathology 35: 161-175.

Zazzerini t A. and Tosi, 1... (1985). Antagonistic activity of fungi isolated from sclerotia of

Sclerotiniasclerotiorum. Plant Pathology 34: 15421

101



10. APPENDICES

AI a. Medium to isolate fungi:

Half-strength of Potato Dextrose Agar (PDA) supplemented with the antibiotics,

chloramphenicol and novobiocin at the rate of l00ppm IL.

AI b. Medium to isolate bacteria:

Half-strength of Nutrient Agar (NA) with the antibiotic, cyclohexamide at the rate of

lOOppmlL.

AIl. Selective media ofTric1wdenna and Gliocladium

Chemical GIL

MgS04.7H20 0.2

(~/
K2HP04 0.9

)1,'01

KCL 0.15

N}-4NC>.3 1.0

Glucose 3.0

ChloramphenicoI 0.25

PCNB 0.20

Rose bengal 0.15

Agar 20.0

H20 l000m1

Autoclave at 1210C for 20 mio. Pour ioto plates when culture medium is cooled to 45

55°C. This medium cao he stored for 1-2 months at4oC.
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AllI a Qat-soil technique:

Sieved pasteurized soil was used to store fungi. The soil was kept for 24 hours to dry.

Grounded oot meal (w/w ) was added to the soil. Half of a glass test tube was filled. Pour

6 ml distilled water in each tube. Use cotton plug ta close mouth of tube. Autoclave all

tubes for 45 min. on a 3 consecutive days. A small agar piece of fungal culture (0.5-0.8 cm

diam.) placed on top of the soil in the tube using sterile scalpel. Copper sulphate sealant

(Appendix AIV) was used to seal cotton plug of each test tubes. Ail tubes were stored at

4°C.

Alli b. PDA slant

Potato dextrose agar (PDA) was poured into test tubes in slanting position. A fungi bearing

plug was inoculated onto the slanting agar area surface in the tube. After growing the whole

area of PDA slan1, sterile minerai oil was poured in the tube, close cap and parafilm il. AlI

tubes were stored al 40C.
~..,.~.

AIV. Copper sulphate sealant

Ingredients:

Copper sulphate (CU2S04) 2g

Gelatin lOg

Distilled water lOOml

Procedure:

- Heat distilled water

-addCu2S04

- add gelatin

- pour into petri plates

- name cotton in tubes

( - dip iota sealant
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- apply cigarette paper

- flame extra paper

- wipe with kimwipes

Store copper sulphate sealant plates at 4°C and use il.

AV. Sodium-glycerol (NaGly) media to store bacteria at -SOOC:

1000 ml distilled water

8 g nutrient broth

20% glycerol in H20 (v/v)

Procedure: Placed enough of this medium (about 1.25 ml) in a bacterial storage vial to fill it

60% full. Autoclave it for 20 min. Bach vials was inoculated with a loop of bacterial

colony. The vial was vortexed for 30 seconds and keep stored at -SOOC. To use the stored

cultures, touch (rob) an autoclaved Q-tips to the top of the frozen medium and streak

normal1y on nutrient agar plate.

BI. Synthetic Nutrient-poor Agar (SNA) media

Chemical

KH2P04

Glucose

Sucrose

Bacto Agar (Difco)

H20

GIL

1.0

1.0

0.5

0.5

0.2

0.2

20.0

lOOOmI

Autoclave at 1210C for 20 min. Place pieces (1 cm2) ofsterile filter paper (Whatman no. 1)

onto the agar surface since this helps to induce more spores of Fusarium spp.
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CI. Iodine solution

Iodine O.3g

Potassium iodide (KI) l.Sg

Water lOOmI

Dissolve on hot plate with magnetic stirrer. Store at room temperature.

CIl. Buffer A

Ingredients: 0.05 M Na2HP04 solution (add 13.40 gm IL. of double distilled water)

0.01 M citric acid solution (add 1.25 gm/SOO ml of DDW)

Procedure: To make buffer A al pH 6.3

citricacid

Adjust the pH at 6.3 and store al 40C.

1 M Nad in buffer A :

Buffer A

NaCI

DI. Minimal synthetic media (MSM)

Chemical

KCL

200 ml

220 ml

100 ml

5.844 gm (molecular weight of NaCL is 58.44)

GIL

0.2

0.9

0.2

0.002

0.002

lOOOml

Adjust the pH at 6.3. For nitrogen source add Nt4NÛ3 1 mg/ml.

105



DII. Dimethylaminobenzaldehyde (DMAB) color reagent

Stock solution:

p-dimethlaminobenzaldehyde 8g

glacial acetic acid 70 ml

concentrated HeL 10 ml

Mix 1 vol. of stock solution with 9 vol. of glacial acetic acid immediately before use. Stock

solution can he stored at 40C.

DIlI. DNS reagent

3,5 Dinitro salicylic acid 7.49 gm

NaOH

Na-K tartarate

Phenol

Na meta bisulphate

13.98 gm

216.10gm

5.37ml

5.86gm

(";".~i.....

Dissolve 3,5 Dinitro salicylic acid and NaOH, then add Na-K tartarate, phenol and Na Meta

bisulphate.
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TEST TARGET (QA-3)
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