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- FORKWORD 

This thesis is submitted in the form of original papers 

suitable for journal publications. The first section i9 a 

general introduction presenting the theory and previou9 

knowledge on this tapie. The next three sections represent the 

body of the thesis (each are a complete manuscript). The last 

section is a general discussion and a synthesis of the major 

conclusions. This thesis format has been approved by the Fflcu 1 ty 

of Graduate Studies and Research, MeGill University, and followa 

the conditions outlined in the Guidelines Concerning Thesis 

Preparation, seetioh 7 "Manuscripts and Authorship" which are aR 

follows: 

"The candidate has the option, subject to the approval of 
the Department, of including as part of the thesis the text of 
an original paper, or papers, suitable for submission to learned 
journals for publication. In this case the thesis must still 
conform ta aIl other requirements exp1ained in Guidelines 
Concerning Thesis Preparation. Additional material (experimental 
and design data as weIl as descriptions of equipment) must be 
provided in sufficient detail ta a110w a clear and precise 
judgement to be made of the importance and originality of the 
research reported. The abstract, full introduction and 
conclusion must be included. and where more than one manuscript 
appears, connecting texts and common abstracts, introduction and 
conclus )ns are required. A Mere collection of manuserlpta 18 
not acceptable; nor can reprints of published papers be 
accepted. 

While the inclusion of manuscripts co-authored by thl' 
candidate and others i8 not prohibited by McGill, the candidate 
18 warned to make an explicit statement on who contrlbuted to 
such work and to what extent, and Supervisors and others wf Il 
have to bear witness to the accuracy of sueh clalms before the 
Oral Committee. lt shou1d a1so be noted that the task of the 
External Examiner 15 made much more difficult in such cases, and 
it is in the Candidate's interest to make authorship 
responsabilities perfectly clear. 

The text of this section should be cited in full in the 
introduction of any thesis to which lt applies." 

iii 



( 
Although aIl the work reported here is the responsibility 

of the candidate, the project was supervised by Dr. A.K. Watson, 

Department of Plant Science, Macdonald College of McGill 

University. The three manuscripts are co-authored by both Dr. 

A.K. Watson and Dr. R.D. Reeleder. For consistency and 

convenience, aIl manuscripts follow the same format. The copies 

that will be sent to the respective journals, however, will 

follow the requirements of each journal. The first, second, and 

third manuscripts are being submitted to the Canadian Journal of 

Microbiology, Canadian Journal of Plant Pathology, and Weed 

Science, respectively. 
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ABSTRACT 

M. Sc. Louise Morin Plant Science 

DEVELOPHEBT OF TBE FIELD BIBDWEED BIODERBICIDE; PBOMOPSIS 
COBVOLVULUS : SPORE PRODUCTIOB ABD DISEASE DEVELOPMENT. 

Phomopsis convolvulus Ormeno, a foliar pathogen of field 

bindweed, is a good candidate to be developed as a bioherbicide. 

Large numbers of infective propagules were produced in shake-

flask liquid fermentation with modified Richard's (V-8) medium 

and in solid-substrate fermentation with pearl barley grains. In 

complex liquid media, pycnidium-like structures were observed. 

Most conidia stored at -70°C remained viable and virulent for at 

least six months. 

ln contro lIed environment studies, a minimum of 18 hr of 

dew was required for severe disease development on !noculated 

plants. The addition of gelat!n, Sorbo TM, or BOND TM to the 

inoculum did not enhance the disease under various leaf wetness 

periods. A continuous dew period of 18 hr was superior to the 

cumulative effect of three interrupted 6 hr dew periods. 

Secondary inoculum was produced on diseased plants placed under 

moist conditions for 48 hr or more. 

In greenhouse experiments, seedlings at the cotyledon and 

3- to 5- leaf stage were severely diseased and killed when 

inoculated with 109 conidia/m2 • This inoculum density adversely 

affected the regenerative ability of 4 wk old seedlings and 

established plants, but few plants were killed. Inoculation of 

the healthy regrowth from plants previously inoculdted with the 

fungus resulted in much less disease symptoms than expected. 
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RESUME 

M. Sc. Louise Morin Phytologie 

DEVELOPPEMENT D'UN BIOHERBICIDE (PHOMOPSIS COHVOLVULUS) POUR LA 
REPRESSIOH DU LISERON DES CHAMPS: PRODUCTION DES SPORES ET 
DEVELOPPEMENT DE LA MALADIE. 

Phomopsis convolvulus Ormeno, un pathogêne foliaire du 

liseron des champs, possède les charactéristiques essentielles 

pour l'élaboration d'un bioherbicide. Une grande quantité de 

propagules infectieuses sont produites dans un milieu de culture 

liquide (solution Richard modifiée [V-a]) et sur la surface de 

grains d'orge perlés. Dans les milieux liquides complex, on peut 

observer des structures ressemblant à des pycnidies. La plupart 

des conidies congelees à -70 o e demeurent viables et virulentes 

pour au moins six mois. 

Les études en environnement contrôlé démontrent qu'une 

période minimum de 18 hr de rosée est nécessaire, après 

l'inoculation, pour initier des infections sévères sur les 

plantes. L'addition de gélatine, de SORBO ou de BOND ne favorise 

pas l'infection par le pathogêne sur des plantes exposées à 

différentes périodes de rosée. Les effects sur la maladie d'une 

période de rosée continue de 18 hr sont supérieurs aux effects 

cumulatifs de trois périodes interrompues de rosée de 6 hr. Des 

pycnidies et des conidies (inoculum secondaire) sont produites 

sur des plantes malades placées sous des conditions humides pour 

48 hr ou plus. 

Dans la serre, les plantules de liseron des champs 

(cotyledons seulement ou 3 à 5 feuilles) inocul~es avec une 

densité de 109 conidies/m2 développent des sympt8mes foliaires 
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sévères et meurent rapidement. Cette même densité d'inoculum 

réduit la capacité des plantules agées et celle des plantes 

établies à développer de nouvelles pousses des racines, mats, 

seul un faible taux de mortalité est observé. La repousse des 

plantes ayant déjà été inoculées avec le champignon développe 

beaucoup moins de sympt8mes de la maladie suite à une deuxleme 

inoculation. 
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1. GENERAL INTRODUCTION 

General principles of biological control of veeds. 

The presence, abundance, and distribution of plants depend 

on the climatic, edaphic, and biotic conditions that favor or 

suppress plant reproduction and spread (Andres 1977, 1981, 

Huffaker 1957, Wilson 1964). Agricultural practices intended to 

optimize crop production affect the microenvironment and often 

alter the plant community equilibrium resultlng in serious weed 

problems. Intentional and accidentaI introduction of particular 

plant species into varlous areas of the world has led to 

greater aggressiveness and abundance of these plants, which have 

become economically important weeds (Andres ~ al., 1976). The 

disturbance, reduction, or absence of natural enemies associated 

with certain cultural practices and areas outside of a plant's 

natural distribution seriously limit the stress exerted on the 

new weed community (Andres, 1977). 

Biological control of weeds refers to the deliberate use of 

exotic or native natural living enemies that attack, impair, and 

sometimes kill specifie noxious weeds. This control measure 

reinforces natural stresses and offers a long-term suppression 

of the weed at an acceptable and subeconomic population level 

(Andres 1977, Huffaker 1957, Schroeder 1983, Wapshere 1982). 

Huffaker (1957) comments that biological control has 
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generally been eonsidered when other weed control measures were 

ineffieient in eontrolling highly troublesome weeds. 

The use of biotic agents to control weeds has received 

inereasing attention sinee the nineteenth century and 

particularly sinee World War II (Pemberton 1981, Schroeder 

1983). The first reported successful example of biological 

control of a weed took place in India in 1863 when a South 

Ameriean insect Dactylopius ceylonieus Green was introduced ta 

control the introdueed cactus weed, Op~ntia vulgaris Miller 

(Tyran 1910, cited by Pemberton 1981). In the early 1980's, it 

was estimated that 166 biological control projeets against 64 

different weed species have taken place in 41 countries. The 

( United States, Canada, and Australia are the leaders in terms of 

numbers of projects (Pemberton, 1981). 

According to Schroeder's (1983) terminology, biologieal 

weed control Is divided into three different approaches: 

classical, conservation, and augmentation. The classieal method 

is the most frequently employed and involves the introduction 

and establishment of one or several natural enemies from the 

weed's native range into the region where an exotie weed has 

beeome noxious. The conservation method, not widely used, 

involves the manipulation of the environment to promote and 

inerease the effeet of existing bioeontrol agents in a 

partieular area. The basis of the third strategy, the 

( 
! 

augmentative approach, is the periodical release or . 
redistribution of native natural enemies to enhanee their effeet 



-

-

3 

on the target weed. The classical and augmentative tactlcs have 

also been termed inoculative and inundative strategies, 

respectively (Wapshere 1982). 

Biological control of weeds based on the classical approclch 

ls a slow ecological process and ls usually restricted to 

undisturbed areas where the introduced natural enemies have a 

better chance to become established in the new environment 

compared to disturbed habitats (Andres, 1977). On the other 

hand, the augmentative approaeh is considered a technologiea1 

response to a partieular weed problem (Wapshere, 1982). 

Under various agrieultural aetivities vertebrate 

herbivores, fish, phytophagous insects, mites, nematodes, 

parasitie plants, or plant pathogens have been evaluated and 

used as biocontrol agents (Andres 1977, Huffaker 1957). 

Arthropods have been widely and suceessfu11y employed as naturaI 

enemies in biological weed control programs. Julien et al. 

(1984) reported that out of a total of 499 worldwide releases of 

natural enemies of weeds, 488 involved insects. The great 

diverslty of insects, the eonspicuous damage they cause, their 

high rate of reproduction, and the ease of manipulation are sorne 

reasons explaining their predominance in the classical approach 

of biologieal control (Andres 1981, Schroeder 1983). 

Successful weed biocontrol projects involving the use of 

Insee ts ine l ude the co n t ro l of ~unt ia spp. by the in t rod ueed 

Cactoblastis moth in Australia (Haseler, 1981), Lantana camara 

L. by Teleonemia scrupulosa StaI. also in Austral1a (Harley !:..!. 
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al., 1979), Hyperlcum perforatum L. by the beetle Chrysollna 

quadrigemina (Suffrian), and Senecl0 jacobaea L. by the European 

moth Tyr.ia jacobaea L. ln the U.S.A. and Canada (Harris, 1974). 

The augmentative approach has not been extenslvely used with 

insects because of the difflculties of mass-rearing and storage 

(Wapshere, 1982). 

Durlng the past two decades plant pathogens have recelved 

more attention as potential biocontrol organims. Wilson's review 

in 1969 stimu1ated research involving plant pathogens to control 

weeds. The successful introduction of the rust Puccinia 

chondrillina Bubak & Syd. to control skeleton weed (Chondrillina 

juncea L.) in Austral1a (Hasan & Wapshere 1973) and Phragmldium 

violaceum (Schutz) Wint. for the control of Rubus sp. in Chile 

(Oehrens, 1977) represent examples of initial programs involving 

plant dlsease ln the classical biological control strategy. 

Plant pathogens, however, have been mainly employed following 

the augmentative approach, whieh ls often termed the 

bioherbieide taetie (Templeton & Smith, 1977). 

Biologieal eontro! of weeds is weIl doeumented and severa! 

detailed reviews have been published over the past thirty years 

(Huffaker 1957, Wilson 1964, Andres & Goeden 1971, Andres & 

Bennett 1975, Andres ~ al. 1976, Andres 1977, 1981, Batra 1981, 

Wapshere 1982, Schroeder 1983, Hokkanen 1985). 

The bioberbieide strategy of biologieal control of veeds. 

Under natura1 conditions severa! diseases of weeds remain 

endemic beeause of slight environmenta! constraints (Charudattan 
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1985, Holcomb 1982) or limited amounts of initial inocu1um to 

initiate infection (Templeton ~ al. 1979, Temp1eton & 

Trujillo 1981) or both. In the bioherbicide strategy, these 

epidemiologica1 constraints can be compensated for by massive 

inoculations of the pathogenic microorganisms in a way similar 

to chemical herbicides (Mortensen, 1986). 

Many fungal pathogens, particularly the Deuteromycetes, are 

suitable for inundative use as opposed to other plant pathogens. 

Many fungi do not require wounds or insect vectors to penetrate 

and infect plant tissue, they are often highly host specific, 

and they mllitiply rapidly by produc!ng stable infective 

propagules that can be stored easily (Templeton 1982 a, 

Scheepens & van Zon 1981). Mass-production of inoculum of the 

se1ected pathogen, formulation, and application of large num~ers 

of infective propagules at the appropriate time for infecti0n 

represent the main steps involved in the bioherbicide tactic 

leading to disease epidemics on the target weed population 

(Schroeder 1983, Charudattan 1985). When fungi are employed, 

Templeton et al. (1979) have been using the term mycoherbicide 

to characterize this strategy. 

Potential candidates to be used as microbial herbicides 

should preferably be indigenous pathogens, highly virulent, 

genetically stable, relatively host specific, easily produced in 

vitro, and efficient in reducing weed infestations over a wide 

range of environmental conditions (Daniel et al. 1973, TeBeest 

1985, Templeton & Smith 1977). 
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Three main 8teps are commonly followed in bioherbicide 

research: discovery, development, and deployment (TeBeest 1985, 

Temp1eton 1982 b). The discovery phase requlres literature and 

herbarium searches of previously reported diseases on the target 

weed as weIl as field surveys at various times during the 

growing sesson in an attempt to collect, isolate, and identify 

promising biocontrol agents. Prior to the development phase, it 

is essentlal to ascertain the pathogenicity of the isolated 

organism using Koch's postulates and to patent the use of the 

specifie pathogen (Saliwanchik, lS86). Subsequently, efficient 

methods for the production of virulent propagules are developed 

(Churchill, 1982), epidemiology studies are conducted under 

controlled environment conditions (TeBeest ~ al., 1978), and 

early efflcacy testing ls initiated in the greenhouse. The final 

deployment stage primarily deals with the development of an 

efficient formulation (Quimby & Fulghan !S86, Walker & Connick 

1983), the evaluation of interactions with pesticides and 

surfactants (Khodayari & Smith 1988, Klerk ~ al. 1985), and the 

large-scale testing of the potential bioherbicide on the target 

weed under field conditions. Registration, large-scale 

production, marketing, and commercialization of the biological 

product are subsequently considered (Bowers 1982, Scher & 

Cas tagno 1986). An impor tan t part of the comme rc ia 1 i za t i on 

process is the patent protection for the prospective 

bioherbicide (Saliwanchik, 1986). Templeton (1982 b) emphasized 

that cooperation between the scientists of the public and 

private sector is essential to accelerate pr~gress and success 
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with bioherbicides. 

Biological weed control with mycoherbicides is a relatively 

young science. Only two fungal ~~~hogens have been developed and 

registered as marketable bloherbi~ides in the United States. A 

short-lived liquid formulation of chlamydospores of the s01l­

borne fungus Phytophthora palmivora (Butl.) Butl. was registered 

under the commercial name DEVINETM in 1981. This mycoherbicide 

is extremely effective in control11ng m1lkweed vine (Morrenia 

odorata [H.& L.] Lindl), a serious weed of Florida citrus 

orchards (Ridings !.!. al., 1978). Kenney (1986) reported that 95 

to 100% control of the weed was still observed 6 to 8 years 

after the first and only application of DEVINETM. 

COLLEGOTM, a dry spore formulation of an anthracnose­

inducing fungus Colletotrichum gloeospori01des (Penz.) Sace. 

f.sp. aeschynomene, was registered in 1982 as a bioherbicide for 

northern jointvetch (Aeschynomene virginica L.) control in rice 

(Oryza .!.!.!,iva L.) and soybean (Glycine ~ [L.] Merr.) (Smith 

1986, TeBeest & Templeton, 1985). It has been successfully 

marketed and excellent (90%) control of the weed is achieved 

when the product ls used properly (Bowers 1986, Templeton 1986). 

Several other potential bioherbicides have been 

investigated and could be registered in the near fùture, such 

as: Colletotrichum malvarum Braun & Casp. for the control of 

prickly sida (Sida spinosa L.) in ri ce and soybean fields 

(Kirkpatrick !.!. al., 1982); Colletotrichum gloeosporioides f.sp. 

jussiaeae on winged waterprimrose (Jussieae de~urrens [Walt.] 

D.C.) in rice (Boyette ~ aL, 1979); Cercospora rodmanii Conway 
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on the aquatic weed waterhyacinth (Eichhornia crassipes [Mart.] 

Solms) (Charudattan 1986, Conway 1976); Alternaria cassiae 

Jurair & Khan on sicklepod (Cassia obtusifolia L.) (Walker & 

Boyette 1985, Walker & Riley 1982); ~letotrichum coccodes 

(Wallr.) Hughes on velvet1eaf (Abutilon theophrasti Medik.) in 

soybean and corn (Zea mays L.) (Gotlieb ~ al. 1987, Wymore et 

.!.!.:. 1988); Colletotrlchum gloeosporioides f.sp • .!!!!.!.!.!!. on round-

leaved mallow (Mal.!.!!. pusilla Sm.) (Mortensen 1988). 

The biology aud coutrol of ConvolvuluB arvensis L. 

Convolvulus arvensis L. (field bindweed, smal1-flowered 

morning glory, wild-morning g10ry, liseron des champs [Alex et 

~, 1980) probably originated in Western Asia or Europe 

(Frankton & Mu11igan 1974, Rosenthal 1983). lt was introduced 

and reported ln North America as early as 1739 (Wlese & 

Phillips, 1976) and was weIL established by 1900 (Maw, 1984). lt 

18 an important noxious weed throughout the world except in the 

tropics (Frankton & Mulligan, 1974), and Is mostly found in 

temperate regions between latitudes 60° north and 45° south 

(Holm ~ aL, 1977). Field bindweed infestations are encountered 

in most states of the United States, partlcularly ln the west 

and midwest (Phillips 1978, Meyer 1978) and in most Canadian 

provinces (Alex, 1982). This weed Is mainly prevalent atong 

roadsides, in pastures, and cultivated lands (Frankton & 

Mulligan, 1974). 

This perennial plant is included in the list of Class 1 

Prohibited Noxious Weed Seeds of the Canadlan Federal Seeds Act 
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(Weaver & Riley, 1982). It has been ranked the fourteenth most 

important weed in the United States (Jansen, 1972) and the 

twelfth most important weed on a worldwide basis (Ro1m et al., 

1977). Recently, Convolvulus arvensis was considered by the 

members of the Weed Science Society of America as one of the 25 

major weeds needing tncreased research emphasis (McWhorter & 

Barrentine, 1988). 

Field bindweed belongs to the family Convolvulaceae. It is 

a creeping or twining perennial herb with an extensive root 

system. The leaves have the following major botanical 

characteristics: long-petioled, alternate, simple, glabrous or 

finely pubescent, ovate-oblong to saggitate, entire margin, 2-5 

cm long. The botanica1 formula is K(S) C(S) A(S) G(2) (Hickey & 

King, 1981). The small pinkish-white funnel-shaped flowers and 

the two bracts attached to the peduncle are distinguishing 

characteristics of the species which is often confused with 

other members of the family, particularily Calystegia sepium 

(L.) R. Br. commonly named hedge bindweed (Weaver & Riley, 

1982). The flowers are bisexual, usually self-incompatible 

(Mulligan & Findlay, 1970), borne singly or in pairs on long 

pedunc1es, and associated with five glabrous green sepals. The 

three-angled pear-shaped seeds (3-5 mm long) are brownish-gray, 

have a rough texture, and are produced in a two-valved capsule 

(Weaver & Riley, 1982). Hickey & King (1981) give a complete and 

good morpho1ogica1 description and Kennedy & Crafts (1931) 

published an excellent anatomica! study of Convo1vulus ~ensis. 
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The 8urvival of field bindweed is assured by sexual and 

vegetative reproduction. Seed production i8 variable but can be 

abundant (Roberts ~ aL, 1982) and is estimated to be 

responsib1e for introduction of the weed in a new area (Weaver & 

Riley, 1982). Dormant field bindweed seeds may remain viable for 

more than 20 years (Timmons, 1949). The aggressiveness and 

competitive abi1ity of this weed is primarily due to its 

ramified root system which favors rapid co1onization and 

spreading of the infestation. 

The weediness of Convolvu1us arvensis Is highly troub1esome 

for agriculture. Estab1ished plants compete wlth crop species 

for 1ight, water, nutrients, and dramatica1ly reduce the 

aval1ab1e moisture in the soi1 (Wiese & Phi1lips 1976, Weaver & 

Riley 1982). During the dry summer months, yie1ds of crops are 

significantly reduced (up to 75%) by heavy infestations 

(Phi111ps 1967, Schweizer et al. 1978). ln Ca1ifornia, the 

adverse effect of field bindweed ln terms of yleld losses have 

been estimated to be more than 25 million dollars annua1ly 

(Rosentha1, 1983). 

Eradication of field bindweed is extremely difficult 

principally because of its well-deve10ped root system that can 

spread horizontally up to 8 m from the parent plant in one 

growing season sending new shoots from endogenous buds (Best 

1963, Swan & Chancellor 1976). Root biomass density and 

carbohydrate reserves can be gradually decreased with frequent 

and intensive cultivation (PhiI1ips, 1961) and effective control 

may be achieved in an average of 3-5 years (Derscheid et al. 
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1970, Wiese & Rea 1959). Combination of competitive crops 

(winter wheat, perennial forages) with tillage and application 

of postemergence herbicides may result in effective long-term 

suppress~on of established populations (Derscheid et al. 1970, 

Phillips 1967, Russ & Anderson 1960, Wiese & Rea 1959). 

Excellent control is obtained on young seedlings by a 

single application of phenoxy herbicides(Muzik, 1970) but aIder 

plants generally survive by sending up shoots from root buds 

(Ogg 1975, Wiese & Lavake 1985). lt may require two or more 

herbicide applications to obtain acceptable control of these 

plants (Anonymous, 1987). Application of systemic herbicides 

should coincide with maximum plant metabolic activity, allowing 

rapid movement of the chemical to the root system (Wiese & Rea, 

1962). In Canada, several herbicides are available and 

recommended for the control of field bindweed: 2,4-D (severa1 

formulations), 2,4-DB [4 (2,4-dichlorophenoxy) butanoic acld}, 

MCPA [(4-chloro-2-methylphenoxy) acetic acid), dicamba [3,6-

dichloro-2-methoxybenzoic acid), bentazon [3-(1-methylethyl)­

(1H)-2,1,3-benzothiadiazin-4(3H)-one 2,2-dioxide), and mecoprop 

[ (±) -2-(4-chloro-2-methylphenoxy) propanoic acid] for use in 

field crops and glyphosate [(N-phosphonomethyl) glycine] and 

MCPB [4-(4-chloro-2-methyl phenoxy) butanoic acid] in orchards, 

vineyards and non-crop areas (Anonymous, 1987). 

Differences in susceptibility of field bindweed biotypes to 

2,4-D (Whitworth 1964, Whitworth & Muzik 1967) and ta glyphosatc 

(DeGennaro & WeIler, 1984 a.) have been reported. These biotypes 

were demonstrated to have morphological and reproductive 
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differences (OeGennaro & WeIler, 1984 b.). Their variable 

responses to 2,4-0 were apparently not correlated to 

morphological characteristies but rather to a physiologieal 

differences at the eell level (Whitworth & Muzik, 1967). 

Recently, a few growth regulators have been observed to improve 

herbicide efficieney in controlling this perennial in greenhouse 

and growth cabinet experiments. Field trials, however, were 

inconclusive (Lym & Humburg, 1987). 

Rosenthal (1985) stated that conventional methods used for 

field bindweed control are not very effective in suppressing 

infestations and are particular1y expensive. In California, this 

weed is more prevalent now than 20 years ago despite the 

intensive control programs (Rosenthal, 1983). Considering the 

seriousness of Convolvulus arvensis as a weed and the problems 

associated with traditional control methods, bio1ogieal control 

has been considered a promising alternative to control and limit 

the spread of this pest. 

In the early 1970's, a biological control program against 

field bindweed was established in North America. The classica1 

approach was considered and a search for natural enemies of the 

weed was initiated in the European Mediterranean region 

(Rosenthal, 1981). Several insects, and a few mites and fungi 

were found associated with Convolvulus arvensis and its close 

relatives. The most studied species were the insects Galeruca 

rufa Germ. (Rosenthal & Carter, 1977), Tyta luctuosa Denis & 

( 
Schiff. (Rosenthal, 1978), and Spermophagus sericeus Geof. , and 

the ga1l mite Aceria convolvuli Nal. (Rosenthal & Buckingham, 
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1982). These organisms were responsible for serious damage on 

the target weed but were not adequately host-specifie because 

they fed and reproduced on the economically important sweet 

potato species and/or other native species of the genera 

Convolvulus and Calystegia (Rosenthal !.!. al., 1983). Another 

insect, Noctuelia floralis Hb., from Pakistan (Baloch, 1977) 

demonstrated great potential as a biocontrol agent because of 

its feeding habits on field bindweed roots (Rosenthal & 

Buckhingham, 1982). Until recently, host specificity testing of 

this insect was still under way in the United States (Rosenthal, 

1985). 

North American surveys on the native natural enemies 

attacking Convolvulus and Calystegia spp. have reported several 

insects exerting some degree of damage on these plants 

(Balsbaugh ~ al. 1981, Mohyuddin 1969, Rosenthal ~ al. 1983). 

Their effect, however, seemed ta be localized, Insufficient, and 

too late in season to significantly reduce the infestations (Maw 

1984, Rosenthal 1985). 

A few fungal pathogens infecting field bindweed have been 

suggested as potential canditates for use within the scope of 

classical biocontrol but none of them, however, have been 

extensively studied: the rust Puccinia convolvuli (Pers.) Cast. 

and the powdery mildew Erysiphe convolvuli (De) St-Amans (Hasan, 

1974); Alternaria tenuissima (Kunz. ex Pers.) Wilt. (Rosenthal & 

Buckingham, 1982); Tecophora seminis-convolvulus (Dezm.) Lioro - (Rosenthal et a!., 1983). 
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The first research program involving the inundative 

biocontrol strategy (bioherbicide) on field bindweed was 

initiated in Quebec in 1984. A foliar fungal pathogen, Phomopsis 

convolvulus Ormeno, was isolated from lesions on field bindweed 

leaves and initial studies indicated the remarkable potential of 

this fungus for development as a bioherbicide (Ormeno-Nunez, 

1987). 

The genus Phoaopsis. 

The fungal species belonging to the genus Phomopsis cause a 

wide variety of disease symptoms (blight, rot, wilt, leafspot, 

canker) on several economically important plants (Westcott, 

1979). This genus is classified in the order Sphaeropsidales of 

the class Coe10mycetes (Deuteromycotina) (Hawksworth et al. 

1983, Sutton 1977). In the mycological literature approximate1y 

400 taxa have been described in Phomopsis (Sut ton, 1980). The 

absence of lectotype species for the genus Phomopsis causes 

severa1 taxonomic difficulties and a revision of the genus is 

required (Sut ton, 1980). Most Phomopsis species are anamorphs 

(the imperfect or asexual stages) of Diaporthe sp., a member of 

the Ascomycetes (Ascomycotina) (Hawksworth ~ a1., 1983). 

Typical features of the genus Phomopsis include the dense 

floccose whitish Mycelium, the pycnidial conidiomata, the 

production of two types of conidia (Muntanola-Cvetkovic ~ al., 

1985), and the presence of honey-colored cirrhi under humid 

conditions. Sut ton (1980) described the genus Phomopsis as 

follows: 
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MYCELIUM immersed, branched, septate, hyaline to pale 
brown. CONIDIOMATA eustromatic, immersed, dark to dark­
brown, separate or aggregated and confluent, globose, 
ampulliform or applanate, unilocular, ll'ultilocular or 
convoluted thick walled; walls of brown,thick or thin­
walled textura angularis, often somewhat darker in the 
upper region, lined by a layer of smaller-celled 
tissue. OSTIOLE single or several in complex 
conidiomata, circular, often papillate. CONIDIOPHORE 
branched and septated at the base and above, 
occasionally short and only 1-2 septate more frequently 
multi-septate and filiform, hyaline, formed from the 
inner cells of the locular walls. CONIDIOGENOUS CELLS 
enteroblastic, phlalidic, determinate, integrated, 
rarely discrete, hyaline, cylindrical, apertures apical 
on long or short lateral and main branches of the 
conidiophore, collarette, channel and periclinal 
thickening minute. CONIDIA of two basic types but ln 
some species with intermediates between the two (C- or 
Gamma-conidia), A- or Alpha-conidia hyaline, fusiform, 
straight, usaally biguttulate (one guttule at each end) 
but sometimes more guttules, aseptate; E- or Beta­
conidia hyaline, fi1iform, straight or more often 
hamate (hooked at the apex), eguttu1ate, aseptate. 

Several species of Phomopsis are the causal agents of 

diseases of ornamental plants, and horticultura1, orehard, and 

field crops. Agrios (1978) eonsidered Phomopsis as one of the 

most common imperfect fungi causing fruit and general diseases 

on plants. The diversity of Phomopsis spp. reported to incite 

various plant disease is vast. Some of the important plant 

diseases associated with Phomopsis are: The Diaporthe/Phomopsis 

disease complex of soybean including pod and stem blight, and 

seed decay caused by Phomopsis sojae Lehm. (Diaporthe 

phaseolorum [Cke. & Ell.] Sace. var. sojae [Lehm.] Wehm.) 

(Hepperly & Sinclair, 1980) and stem canker induced by Diaporthe 

phaseolorum (Ck. & Ell.) Sace. var. caulivora Ath. & Cald. and 

its Phomopsls asexual state (Backman ~ al., 1985); the 

5unflower stem disease incited by Phomopsis helianthi Munt.-
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Cvet • .!:.!. al. (Diaporthe helianthi Munt.-Cvet. et al.) 

(Miha1jcevic .!:.!. al., 1982); the juniper blight induced by 

Phomopsis juniperivora Hahn. affecting several coniferous 

species in nurseries (Punitha1ingam & Gibson, 1973); the black 

root rot of greenhouse cucumber caused by Phomopsis 

sclerotioides van Kest. (Punithalingam & Ho11iday, 1975); the 

cane and leaf blight of grape induced by Ph~mopsis viticola 

(Sace.) Sace. (Willison et al., 1964); the stem canker and fruit 

rot of blueberries caused by Phomopsis vaccinii (Mi11ho1land & 

Daykin, 1983); the tuber dry rot of sweet potato in storage 

induced by Phomopsis batatis Hart. & Field (Harter & Field, 

1912); the stem and pod blight of lupins caused by Phomopsis 

leptostromophormis (Kuh.) Bud. which ls responsible for the 

poisoning of sheep that eat the infected plants (Ortazewski & 

WeIl, 1960). 

A Phomopsis species was recently observed to produce 

distinctive fo1iar damage in the form of leafspots or. 

anthracnose 1esions on field bindweed plants. Sinee no previous 

record of Phomopsis infecting Convolvulus arvensis was found and 

on the basis of morphologieal characteristics and pathogenieity, 

the fungal pathogen was identified as a new species Phomopsis 

con vol vu 1 us Orme no (Ormeno-Nunez, 1987). In Ormeno-Nunez' s 

initial study, the etiology of the disease, the general 

conditions for disease development, and the host-range of the 

pathogen were established in an attempt to evaluate its possible 

use as a mycoherbicide. The results published by Ormeno-Nunez et 
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al. (1988) indicated that Phomopsis convolvulus can cause severe 

necrosis and blighting, and can significantly reduce the growth 

of field bindweed. The disease was most severe on seedlings when 

plants were inoculated with conidial suspensions of 5 X 10 6 

conidia/ml or more and subjected to a minimum of 12 hr of leaf 

wetness at 20° C. This report indicated that this fungal 

pathogen is as virulent as other fungi being investigated as 

bioherbicides and further assessments of the feasibility of 

developing and using Phomopsis convolvulus to control field 

bindweed were encouraged. 

The research presented here built upon the previous 

knowledge and further ascertained the potential of Phomopsis 

convolvulus as a mycoherbicide. A more practical approach, using 

known rates of infective propagules instead of inoculation to 

runoff, was considered because it allows an easier translation 

of laboratory and greenhouse results to the field. The main 

objectives of this project were to evaluate various systems to 

mass-produce virulent spores, to determine the viabillty of the 

spores under various conditions of storage, to complete studies 

on the biology of the pathogen and thereby define more 

accurately the optimum conditions for infection and disease 

development, and to maximize disease expression on field 

bindweed seedlings and established plants to achieve efficient 

weed control • 
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II. CORIDIA PRODUCTION OF PBOKOPSIS CONVOLVULUS, A POTENTIAL 

BIOBERBICIDE FOR FIELD BINDVEED CONTROL. 

INTRODUCTION 

Field bindweed (Convolvulus arvensis L.) is an important, 

troublesome, perennlal weed in many agricultural areas of the 

world as weIl as most Canadian provinces (Weaver & Riley, 1982). 

A foliar pathogen of field bindweed, Phomopsis convolvulus 

Drmeno was lso1ated in 1984 (Drmeno-Nunez, 1987) and is being 

investigated as a possible bioherbicide. Controlled environment 

and greenhouse studies have demonstrated that Phomopsis 

convolvulus has great potential for use as a biologiea! 

herbicide because it iB effective in reducing field bindweed 

growth and it ls highly host specifie. 

As with other bioherbicides, large amounts of Infective 

propagules of thls fungus are required for its use as a 

bioherbicide. Production methods for large quantities of spores 

should be economical, relatively simple, require no special 

equipment or handling, and the inoculum produced should retain 

its viability for long storage periods (Hildebrand & McCain, 

1978). Several methods and media have been used ta produce 

sufficient amounts of inoculum of various fungi studied or used 

as bioherbicides. Liquid cultures in shake flasks or small 
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fermentation vesseis supported sporulation in vitro of 

Colletotrichum ~loeosporioides (Penz.) Sace. f.sp. 

aeschynomene (Daniel ~ al., 1973), Colletotrichum coccodes 

(Wallr.) Hughes (Wymore ~ al., 1988), and Fusarium solani App. 

& W r. f. s p • eue u r bit ace a e S n y d • & Hans. (B 0 Y e t te!:.!. ~!.!.' 1 9 8 4 ) 

in modified Richard's medium with V-8 juice. This technique has 

been used for myce1ium production of Alternaria macrospora Zimm. 

and ~ cassiae Jurair & Khan which was induced to sporu1ate 

under controlled environmental conditions (Wa1ker, 1980, 1982). 

Amended natura1 solid substrate diffusates (Hildebrand & McCain, 

1978) and cornmeal-soyflour-sucrose liquid (Walker & Riley, 

1982) have a1so been used as media. 

Inexpensive agricultural products such as wheat, barley, 

and soybean are commonly screened for economic production of 

microbia1 pesticides (Miller & Churchill, 1986). Cornmeal/sand 

medium has been used to produce fungus-infested granules of 

Fusarium s.Jlani f.sp. cucurbitae (Boyette!:! al., 1984). 

In addition to the production of large quantities of viable 

spores for biological control, optimum conditions for storage of 

spores must also be determined for a biocontrol pathogen (Soper 

& Ward, 1981). Various storage techniques for bioherbicideG have 

been reported: wet (Daniel ~ al., 1973) and dried spores 

(Wa1ker, 1980) at approximately 4°c, air-dried spores in plastic 

bags at room temperature (Hildebrand & McCain, 1978), {reeze-

dried spores in liquid nitrogen at -IODe (Walker, 1980), pellets 

{ 
of mycelium-sodium alginate-clay (Walker & Connick, 1983), and 

dry granules of vermiculite-mycelium-spores in plastic bags at 
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4°C (Walker, 1981). 

Field testing of P. convolvulus as a potentia1 bioherbicid~ 

for the control of field bindweed requires large quantities of 

inoculum. The agar plate technique deve10ped by Ormeno-Nunez 

(1987) was appropriate for initial experiments but it was time­

consuming and expensive to pro duce inocu1um for larger-scale 

experiments. It was then necessary to improve spore production 

methods. The objectives of this study were to evaluate solid 

agriculturai products and commonly used comp1ex or defined 

liquid media for spore production of Phomopsis convolvulus and 

to evaluate the effectiveness of various short-term and 10ng­

term storage techniques of conidia. 

MATERIALS ABD METRODS 

Seed i.noculum preparation. Stock cultures of the original 

single-conidium isolate of ~ convolvulus were established on 

potato carrot agar slants in smali glass vials, and were 

maintained under mineraI oil at 4°C (Tuite, 1969). Smal1 pieces 

of mycelium from the stock culture were transferred to fresh 

potato dextrose agar (PDA) in petri dishes (9 cm diameter). 

Plate cultures were incubated at room temperature (approK. 21°C) 

with 12-14 hr of fluorescent light for 5-7 days. Agar disks with 

mycelium (6 mm diameter) from the margin of these young colonies 

were used to seed liquid media in sorne experiments. 
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Some cultures growing on PDA Were incubated under 

conditions described above for 45-60 days until the appearance 

ot conidial drop lets oozing from pycnidia embedded in the 

mycellal mat. The surface of each colony was then flooded with 

5-10 ml of sterile deionized water and flushed several times 

with this water uslng a 5 ml sterile syringe (Bec ton-Dickinson, 

Rutherford, NJ). This technique allowed removal and suspension 

of most conidia. Fifty to fort y single droplets of this conidial 

suspension were deposited on petri plates containing 15-20 ml 

half strength PDA (12 g/L potato dextrose broth, 15 g/L Difco 

Bacto agar and 100 mi/L of bindweed decoction) (Ormeno-Nuuez ~ 

al., 1988). After 2-3 wk incubation at room temperature conidia 

had germinated and produced smaii colonies with little mycelial 

growth but ~xtensive production of pycnidia from which conidia 

in mucilaginous matrix were extruding. Agar disks (6 mm 

diameter) from these circular pycnidial areas were used to seed 

liquid media in some experiments. 

In the solid substrate fermentation experiments and in some 

treatments of liquid fermentation experiments, conidia 

suspensions were used to aeed the growth media. Half strength 

PDA plates covered with pycnidia and conidia were flooded and 

flushed with 10-15 ml sterile deionized water using a syringe. 

Conidial density was determined with the aid of a 

haemocytometer, adjusted to the desired density with sterile 

water, and 1 ml of this conidial suspension was used to seed 

media. 
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Phomopsis convolvulus produces two types of conidia in 

culture, alpha- and beta-conidia. Alpha-conidia are biguttulate, 

oblong amerospores and beta-conidia are filiform stylospores 

(Ormeno-Nunez, 1987). In the present experimental work, the term 

conidium(a) refers exclusively to the alpha-conidia because 

beta-conidia fail to germinate and are not considered to be part 

of the infection process (Ormeno-Nunez, 1987). 

Assessment of germination. Drop1ets (50 )11) of conldla 

suspensions (2 X 105 conidia/ml) in deionized water and in 

0.017. potato dextrose broth were placed on 1.5% water agar dlsks 

(20 mm diameter), allowed to air dry for 5-10 min, covered with 

a cover-slip, and incubated in petri dishes in the dark at 24 G C 

for 24 hr. Prior to observation, germlnating conidia were kil1ed 

and stained with lactophenol-cotton blue stain (Tuite, 1969). 

Conidia were considered ;0 have germlnated when the length of 

the germ tube was greater than the width of the conidium. Each 

treatment replicate had two sample units (agar dlsks) for each 

conidial suspension. Using a compound microscope at SOOX 

magnification, several random fields of view were observed per 

sample unit until a total of 100 conidla were assessed for 

germination. 

Patbogenicity test. Field bindweed seeds (Valley Seed Co., 

Fresno, Ca) were washed under warm running tap water for 2-3 hr 

and soaked in deionized water for approximately 24 hr. Imbibed 

seeds were germinated on moist fil ter papers ln glass Petri 
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dishes at 24°C for 24-36 hr in the dark (radicle 5-10 mm in 

length). Germinated seeds were sown in potting medium (Pro-Mix 

BX, Premier Brands, Inc., New Rochelle, NY) in 10-cm plastic 

pots (4 seeds/pot) and grown in controlled environment chambers 

(23/l8°C day/night temperature, 15-hr photoperiod, 250 uEm-2 s -

1). Three- to five-Ieaf stage plants (thinned to 3 plants/pot) 

were inoculated with conidia from the various experiments at a 

density of 10 9 conidia/m 2 using a spray cbamber (Research 

Instrument Manufacturing Co. Ltd, Guelph, Ontario) with a full 

cone nozzle (TG 0.7), 200 kPa air pressure, a speed of 0.85 kph, 

and a spray volume of 500 L/ha. Plants were incubated in a dark 

dew chamber (Percival, Model E-54UDL, Boone, Iowa) for 24 br at 

20°C and subsequently transferred to growth cabinets at the 

original conditions. Disease severity was evaluated 1 wk after 

inoculation using a rating system based on a scale from 0 to 4 

where o· no visible symptoms and 4 :::0··75% necrosis (Ormeno­

Nunez ~ al., 1988). Dry weight of above-ground biomass was 

determined 2 wk after inoculation by cutting the plants at soil 

level and drying living tissue in paper bags for 4-5 days at 

60°C. 

Solid substrate fermentation. The following agricultural 

products: pearl barley grains, flax seeds, oat bran, wheat bran, 

green lentils, and field bindweed foliage, were screened as 

solid substrates for ~ convolvulus conidia production. For each 

substrate, 10 g of the substrate were moistened with 20 ml of 
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deionized water in a 250 ml Erlenmeyer flask and autoclaved for 

17 min (100 KPa and 120°C). Flasks of cooled medium were shaken 

by hand and seeded with 1 ml of a suspension of 107 conidia/ml 

under aseptic conditions. lnoculated flasks were incubated on a 

laboratory bench at room temperature for 15 days. Flasks were 

shaken by hand every 2-3 days during the first week of 

incubation to pre vent aggregation of solid particles and to 

improve aeration (Mudgett, 1986). Conidia from solid media were 

harvested by adding 50 ml of deionized water to each flask, 

shaking the flasks on a rotary shaker at 250 rpm for 5-10 min, 

and pouring the contents through a soil sieve (250 um, Fisher 

Scientific) lined with two layers of cheesecloth. Conidia 

production was determined with the aid of a haemocytometer and 

percent germination of the conidia was evaluated as above. 

Additional experiments were designed to maximize conidia 

production in solid substrate fermentation using pearl barley. 

General methodology followed the previously described procedures 

unless otherwise indicated. Production of conidia for a second 

harvest was evaluated by performing the first harvest under 

sterile conditions, washing the substrate three times with 

sterile water, incubating the flasks for an additional 2 wk and 

performing the second harvest. Conidia production and percent 

germination were assessed as above. 

Long-term viability and virulence of the conidia produced 

over time with the pearl barley system were assessed. Pearl 

barley grains seeded with conidia were maintained on the 

laboratory bench for 16 wk. Every 2 wk during this period, 
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conidia from 4 replicate flasks were harvested to evaluate their 

germinability and pathogenicity. 

The pearl barley production system was ~ptimized by 

determining the moisture content and quantit) of grains needed 
, 

for maximum production of conidia. Ten and tw~\-!nty g of pearl 

barley substrate, moistened with 10, 20 or 30 ml of deionized 

water were tested in a factorial design. PercEnt moisture 

content of the grains after autoclaving was evaluated on a wet 

welght basls uslng the following formula: (g H20 / g wet pearl 

barley) X 100. Various conidial densitles of llquid seed culture 

inoculum (lOS, 10 6 , 10 7 and 10 8 conidia/ml) were evaluated for 

their effect on final production of conidia. 

Liquid feraentatlon. The shake-flask technique using a rotary 

shaker (250 rpm) was used to screen various complex and defined 

liquid media for submerged production of conidia of P. 

convolvulus. Three sources of seed inoculum (6 mm diameter agar 

disk with mycelium eut at the margin of a ~ convolvulus colony, 

6 mm diameter agar disk with pycnidia and conidial matrix, and 1 

ml of 107 eonidia/ml suspension) were used to seed 250 ml 

Erlenmeyer flasks containing 100 ml of the following sterile 

liquid media: modifled beef peptone medium (lOg dextrose, 4 g 

nutrlent broth, Il g Bacto-peptone, 1000 ml H20), Tochinai 

solution (10 g peptone, 0.5 g KH 2 P04, 0.Z5 MgS04· 7H20, 20 g 

maltose, 1000 ml H20), Richard's solution (10 g KN03, 5 g 

KHZP04, 2.5 g MgS04· 7H20, O.OZ g Feel3, 50 g sucrose, 1000 ml 
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H2 0) (Tuite, 1969), half strength PDB solution (12 g potato 

dextrose broth, 1000 ml H20), Czapek dox solution (35 g of 

Czapek dox broth, 1000 ml ( 2 0) and modified Richard's (V-8) 

medium (Walker, 1980). lnoeulated flasks Were ineubated on a 

rotary shaker for 2 wk under laboratory conditions as descrLbed 

previously. Suceessful medium/seed inoculum combinations were 

determined by microscopie examination of liquid media for the 

presence of conidia. 

Only the combinations, in which conidia were produced in 

large amounts, were harvested by filtration through the solI 

sieve and cheesecloth (as described above). The fungal material 

(hyphae and pycnidia) remaining on the cheesecloth and inside 

the flask was rinsed with 50 ml of water. Conidia production was 

determined with the aid of a haemocytometer. The conidia1 

suspension was centrifugùd with a gravit y force of 6300g for 10 

min., the supernatant was dicarded, and the conidia pellet was 

resuspended in water prior to the germination test. 

Liquid fermentation with Richard's (V-8) medium was further 

investigated. The optimum density of liquid seed culture 

inoculum (lOS, 10 6 , 10 7 , and 10 8 conidia/ml) was determined 

following the previously described procedures. The effects oE 

modifications of Richard's (V-8) medium recipe (omission of V-8 

juice or increased KN0 3 content from 10 to 50 g per liter) on 

final production of conidia were also evaluated. ln thes~ tests 

the liquid media were seeded with agar disks covered with 

pycnidia. Conditions of incubation and harvesting procedures 

were similar to the previous experiments • 
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( Overall coaparison of conldla production aethods. Liquid and 

solid substrate fermentation methods to produce ~ convo!vu]us 

conidia were compared to the agar plate method used by Orme no-

Nunez (1987). Richard's (V-8) liquid, pearl barley grains, and 

half strength PDA plates were seeded with the same conidial 

suspension (107 conidia/ml) (harvested from half strength PDA 

plates) using the methodology described for each method. 

Germinabi1ity and pathogenicity of conidia produced were 

evaluated. 

Cold storage of conidla suspended ln vater. One month after 

pearl barley grains were seeded with !.:.. convalvulus, conidia 

were harvested with sterile deionized water (see above 

( procedure). lnoculum density was determined with the aid of a 

haemocytometer and adjusted to 2 X 107 conidia/ml with sterile 

water. l'wenty sterile test tubes (16 X lS0mm, Kimax brand, 

Fisher Scientific) with screw caps were filled with 10 ml of the 

conidial suspension and stored in a refrigerator at 4°C. Four 

replicate test tubes were randomly selected every day for 5 

consecutive days. Germinability and pathogenicity of conidia 

were evaluated. 

Law ~emperature storage of co ni dia. Twa weeks after pearl barley 

grains were seeded with ~ convolvulus, conidia were harvested 

vith a 10% (v/v) sucrose solution and the conidial density vas 

adjusted to 2 X 108 conidia/ml by adding more sucrose solution. 

One ml aliquots of this suspension were distributed to ninety-
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six 4.5 ml plastic cryovials (Simport Plastics, Beloeil, 

Quebec). Half of the cryovials were placed in a freezer at -lODC 

and the remaining ones were frozen at -lO°C in an ultracold 

mechanical freezer. Once a month for 8 months (or less if frozen 

conidia lost their viability), four replicate vials were 

selected at random from each freezer. Conidia-sucrose 

suspensions were thawed at room tempe rature and densities were 

adjusted to 2 X 107 conidia/ml with deionized water to test 

germination and pathogenicity of the conidia. 

Data analyses. A completely randomized design with 3 or 4 

replicates was used for aIl experiments. AlI experiments were 

performed twice. Count and percentage data were transformed with 

logarithmic, square root, or arcsin transformations (Steel & 

Torrie, 1980) prior to an analysis of variance (ANOVA). Data 

were subjected to polynomial regression when appropria te. 

Results were pooled after testing for homogeneity of variances 

using Bartlett's test (Steel & Tort'ie, 1980) and also when no 

significant difference due to the experiment was detected. 

Differences of treatment means were established with a Fisher 

protected LSD test (01.=0.05) (Steel & Torrie, 1980). Disease 

ratings were compared by the Kruskal-Wallis one-way analysis of 

variance by ranks followed by a multiple-comparison procedure to 

evaluate differences between treatment means (Daniel, 1978). 
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( R.ESULTS 

Solid substrate fermentation. Prelimary experiments indicated 

that various agricultural products such as barley, wheat, and 

oat straw or soybean seeds allowed extensive mycelial growth but 

no conidia were produced (S. Monette, personal communi ca t ion). 

Other solid substrates promoted conidia production to various 

extents (Table 1). Pearl barley grains produced the maximum 

number of conidia per gr~m of substrate. This may be due to its 

large surface area, structure retention, and lack of particle 

agglomeration in which vegetative mycelial growth was restricted 

and large numbers of pycnidia were produced. Moistened small oat 

bran particles and flax seeds with a sticky coating aggregated 

( at the bottom of the flasks, reducing the surface area available 

for development of pycnidia. These solid media as well as green 

lentils allowed more mycelial growth than wheat bran, field 

bindweed foliage, and pearl barley grains. The structure of the 

field bindweed foliage was partly disintegrated by excess water 

and autoclaving, and this appeared to restrict fungal growth. 

Conidia produced on these solid substrates were viable with 

maximum germination in water occurring with conidia produced on 

oat bran and pearl barley with significantly (0(=0.05) lower 

germination of conidia produced on other substrates (Fig. 1). 

When conidia were suspended in 0.01% PDB prior to the 

~ermination test, no significant differences (0( =0.01) were 

·f 
~ 

detected between conidia produced on the various substrates. 
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....,.. Table 1. Effect of various solid media on quantity of conidia 

produced by ~ convolvulus after 15 days growth at room 

temperature. y 

Solld Conldla 1 

subatrate 8 of product 

X 108 

pearl barley grains 4.8 a z 

oat bran 1.5 b 

lenti1 seeds 1.5 b 

flax seeds 1.3 b 

.".. wheat bran 1.4 b 

"_J" 

field bindweed foliage 0.3 c 

y Results are from pooled experiments. 

z Means fo11owed by the same letter in a column are not 

significantly different at 0(=0.05, according to the LSD 

tes t • 

-
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Figure 1. Germination of conidia produced on different solid 

media (24 hr incubation at 24°C). Bars represent mean % 

germination of 3 replicates (2 sample units/rep) of 100 conidia 

in "20 d?2~) or in 0.01% PDB (II). For germination ln water, 

bars over which the same let ter appears are not significantly 

different at 0(=0.05, according to the LSD test. There was no 

significant (0( =0.01) difference for germination in 0.01% PDB. 

Results are from pooled experiments. 
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The pearl barley production system was demonstrated to be 

very efficient in terms of number and quality of the conidia 

produced, and was further investigated. Distinct immature 

pycnldia, covering the surface of pearl barley grains, were 

observed 3 to 4 days after seeding with conidia. Small 

concentrated drop lets of water-soluble mucilage (conidial 

matrix) containing large numbers of conidia appeared at the 

ostioles of pycnidia approximately 10 days after seeding 

(Fig.2A). 

Two harvests of conidia from the pearl barley system 

permitted the recovery of large numbers of viable conidJa (Table 

2). The first harvest, performed after 2 wk of incubation, 

produced the higher yield of conidia. The second harvest yielded 

one-tenth the number of conidia obtained from the first harvest, 

but this was still considered to be a high level of production. 

The conidia produced in mucilagenous matrix by pycnidia on 

the surface of pearl barley grains remained viable for up to 8 

wk after seeding of the solid substrate (Fig.3). Subsequent ly, a 

slight but significant (P=O.0001) decrease in germinabillty was 

observed in both experiments, which corresponded to a 

significant (P=O.0001) increase in dry weight of above-ground 

biomass of inoculated field bindweed in one experiment. This 

increase in dry weight of follage was associated with a 

significant (0<=0.01) decrease in disease ratings (Appendix A, 

Table 1). 
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Figure 2. Production of conidia on solid substrate and in liquid 

culture. A:Mature pycnidia of Phomopsis convolvulus covering the 

surface of pearl barley grain. Dense conidial matrix is oozing 

out from pycnidial neck (arrow). Bar equals 1 mm. B to F: Growth 

of the fungus and development of pycnidium-like structures under 

submerged conditions in modified Richard's (V-8) medium. Bar 

equals 100)lm for Band C, and equals 50).lm for D, E, and F. B: 

Mycelial strands produced 48 hr after seeding liquid medium with 
'j 

conidia. C: Young pycnidium-like structures appearing after 72 

hr (arrows). D: Pycnidium-like structures extruding newly 

produced conidia (arrow) after 72 hr. E: Mature pycnidium-like 

structures after 96 hr. F: Large pycnidium-like structure full 

of conidia after 168 hr. 
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Table 2. Production of conidia on pearl barley grains. w 

Harves~ x 

1 

2 

Conidia 1 

g. of pearl barley 

grains X 10 8 

7.10 Y 

0.78 

w Results are from pooled experiments. 

Gerainatlon 

of conidia in 

0.01% PDB (%) 

98.94 z 

99.50 

44 

x Harvest 1 = first harvest of f lasks, 2 wk after seeding the 

solid substrate with conidia. Harvest 2 = second harvest of the 

original flasks, 2 wk after the first harvest. 

y Significant difference between treatments at 0.=0.05, according 

to the F-test. 

Z No significant difference between treatment atO<=0.05, 

according to the F-test. 
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Figure 3. Viability and virulence of !:.:... convolvulus conidLl 

produced on pearl barley grains over time. Experiments were not 

comblned because a significant difference (P=-O.OO7) and no 

homogeneity of variance~ were found for % germination and dry 

weight data, respectively. Similar trends, however, were 

observed for both experiment. Results from one experiment are 

presented. The dashed line ( --- ) represents germination in 

0.017. POB, and the solid line (-) represents the dry weight 

of above-ground biomass of field bindweed. Regression parameters 

for % germination data were estimated following arcs in 

transformation. In the regresslon equations Y .. percent 

germination or g of above-ground biomass and x .. no. of weeks. 

F-statistics for both model were highly significant (P=O.OOOl). 

Data points represent means of 4 replicates (2 sample 

- units/replicate) for both dependant variables. 
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A combination of 20 g pearl barley grains and 20 ml H20 in 

the 250 ml flask system produced the maximum number of conidia 

(Table 3). Production of pycnidia was closely related to the 

volume of the flask occupied by the grains and the grain 

moisture content. Low moisture content (31%, 20 g grains + 10 ml 

water) restricted growth and sporulation and high moisture 

content (72%, 10 g grains + 30 ml water) caused the grains to 

become gummy and to aggregate, resulting in extensive mycclial 

growth and limited conidia production. 

The optimum seed culture inoculum densities to seed pearl 

barley grains were 10 7 ar.d 108 conidia/ml (Fig. 4). Lower 

densities significantly (PQO.0001) reduced the final yield of 

conidia. 

Liquid fermentation. Complex media composed of a naturai plant 

substrate and defined chemicals (modified Richard's [V-8], half 

strength PDB), supplied essential nutrients in a balance which 

favored maximum production of conidia for those media tested 

(Table 4). Defined liquid media composed of commercially 

available chemicals, such as Richard's solution and Czapek Dox, 

allowed mycelium formation but resulted in poor sporulation. 

Peptone-based complex media like modified beef peptone and 

Tochinai solution did not support sporulation under submerged 

liquid conditions. 

Agar disks with pycnidia and conidial suspensions provided 

initial seed inoculum in the form of individual conidia 
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Table 3. Moisture content and production of conidia for two 

quantities of pearl barley grains moistened with three different 

volumes of water in 250 ml Erlenmeyer flasks. x 

Quantlty of 

pearl barley 

grains (g) 

10 

20 

Voluae of H20 (al) 

10 20 

Conidia 1 flask X 108 

6.0 a Y (46)Z 

0.4 a (31) 

7.1 a (64) 

12.0 b (47) 

x Results are from pooled experiments. 

30 

3.4 b (72) 

6.4 c (58) 

y Means followed by the same letter in a row are not 

significantly dlfferent at 0(==0.05, according to the LSD test. 

Z Percent moisture content of pearl barley grains after 

autoclaving. 
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Figure 4 Effect of quantity of conidia used to inoculate pearl 

barley grains on the final production of conidia. Data points 

represent means of 6 replicates. Regression parameters were 

estimated following square root transformation of the dependant 

variable. In the regression equatlon Y = no. of conidia and x = 

log of seed culture inoculum density. F-statistic for the model 

was highly significant (P=O.OOOl). Results are trom pooled 

experiments. 
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Table 4. Effect of various liquid media and types of inoculum on 

production of conidia by !=.. convolvulus. y 

Liquid 

aedla 

modified 

Kyeeliua 

agar dislt 

Richard's (V-8 ) ++ z 

Richard soIn. 

modified 

beef peptone 

Tochinai soIn. 

half strength PDB 

Czapek dox 

Type of aeed inoculua 

Pycnldia 

Agar dlslt 

+++ 

++ 

+ 

Conidia 

suspension 

(107 conldla/.l) 

++t-

t 

t- .. 

1-

y Resulta are from pooled experiments. 

z Microscopie observation of media 2 wk after seeding! Index 

of conidial density; - = no conidia present; + .. few conidia; 

++ = some conidia; +++ = many conidia. 
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germinating readily and forming small colonies when seeded in 

the nutritive solutions. Seed inoculum consisting of hyphae 

resulted ln the formation of a dense hyphal pellet. 

Modified Richard's (V-8) medium seeded with conidial 

suspensions or seeded with agar disks covered with pycnidia 

supported maximum production of conidia (Table 5). Dark, pear­

shaped structures (Fig.2C,E) externally similar to pycnidia 

produced on solid substrates were observed 3 to 4 days after 

seeding complex liquid media (without peptone) with seed 

inoculum consisting of mature pycnidia or conldia. When Mycelium 

was used to seed modified Richard's (V-8) medium, pycnidium-like 

structures first appeared on the surface of the hyphal pellet 

after 7 days. 

Blastospores or binary fission spores were not observed. 

Conldia were produced in the pycnidium-like structures, extruded 

from the ostioles and released into the surrounding medium (Fig. 

20). No significant differences ( -0.05) were found between 

germination (in H20 or POB) of conidia produced in half strength 

POB and modified Richard's (V-8) media seeded with various types 

of seed inoculum. For these combinations, average values for 

germination in H20 and PDB ranged from 79 to 92% and 94 to 98% 

respectively. 

A negative relationship (P=O.OOOl) was demonstrated between 

seed culture inoculum density and the yield of conidia in 

modified Richard's (V-8) liquid culture (Fig.5). Use of modified 

Richard's medium without V-8 juice resulted in a seven fold 

reduction in numbers of conidia produced (Tctble 6). Decreasing 
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Table 5. Quantities of conidia produced in the Buccessful 

combinat ions of liquid medium/type of seed inoculum. x 

Type of seed inoculua 

Liquid 

aedia 

modified 

Richard's (V-8) 

half strength PDS 

Myceliua 

agar disk 

0.38 d Y 

z 

Pycnidia 

agar disk 

Conldia 1 .1 X 10 6 

7.17 a 

3.31 bc 

x Results are from pooled experiments. 

Conidla 

suspension 

(10 1 conidia/a1) 

4.98 ab 

2.08 c 

y Means followed by the same letter are not signlficantly 

different at ~=O.OS, according to the LSD test. 

Z No conidia were produced in this treatment. 
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Figure 5. Effect of seed culture inoculum density on the total 

production of conidia in 100 ml of Richard's (V-a) liquld 

medium. Data points represent means of 6 replicates. Regression 

parameters were estimated using the square root transformation 

of the dependant variable. In the regression equation Y = no. of 

conidia and x = log of seed culture inoculum density. F-

statistlc for the mode! was highly sign1ficant (P=O.OOOl). 

Results are from pooled experiments. 
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Table 6. Effect of modifications of the Richard's (V-8) 

liquld medium on final production of conidia. x 

Modified Richard's 

aediua reclpe 

standard recipe 

+ V-S, C:N y = 1:1 

modified recipe 

+ V-S, C:N = 1:5 

modified recipe 

- V-S, C:N = 1:1 

x Results are from pooled experiments. 

Conidia 1 

al of aediua 

X 106 

7.29 a Z 

0.00 b 

0.87 c 

53 

y C:N = carbon:nitrogen ratio; for 1:5, KN0 3 content in the 

medium was increased S-fold. 

z Means fo110wed by the same letters in the c01umn are not 

significantly different at ~=0.05, according to the LSD test. 
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the carbon to nitrogen ratio (from 1:1 to 1:5) in modified 

Richard (V-8) medium inhibited sporulation when measured after 2 

wk incubation. Pycnidium-like structures, however, were present 

in the high C:N ratio medium. 

Coaparison of conidia production aetbods. Conidia produced in 

submerged culture were morphologically similar to conidia 

produced on solid media (pearl barley and half strength PDA 

plate). Viabilities of the conidia produced on agar and in liquid 

culture (modified Richard's [V-8] medium) were similar (Table 

7). Germination of conidia produced on pearl bar1ey grains was 

slight1y lower ( -0.05) than in other production systems. No 

differences in pathogenicity, however, were detected. 

Storage of cooidia. Conidia in water were stored in a 

refrigerator at 4 DC for 2 to 3 days without any adverse effect 

r on germinability, but storage for up to 5 days reduced 
, 

germinability (Fig.6). This gradual loss of conidia viability 

after 3-5 days storage at 4°C was correlated with a significant 

(P=O.OOOl) decrease in disease incidence in one experiment 

(Table 8). In the second experiment, storage of conidia for 5 

days did not cause a significant decrease in disease incidence. 

No conidia were observed to germinate during the co1d periode 

Low-temperature (-lODC) storage in 10% suc rose solution 

reduced germinability and subsequent disease development (Table 

( 9). Conidia frozen at -lODC in suc rose for 30 days were not 

viable in germination tests. The infrequent 1esions produced on 
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Table 7. Comparison of methods to produce conidia of P. 

convolvulus. v 

55 

Media Conidia 1 

plate or flaslt 

X 109 

Geraination 

of cODidia 

iD 0.01% PDB 

Disease 

ratiog v 

Dry veight of 

above-ground 

bioaass (g) 

half 

strength 

PDA plate 0.38 a x 99.2 a x 3.8 Y 0.03 

pearl 

barley 

grains 6.91 b 96.8 b 3.5 0.08 

modified 

Richard's 

(V-S) 

liquid 0.25 a 99.3 a 3.6 0.06 

v Results are from pooled experiments. 

w Ratings: 0 ~ no visible symptoms; 1 = < 25% necrosis; 

2 .. 25%-507. necrosis; 3 = 51-757. necrosis; 4 .. > 757. necrosis. 

x Means followed by same letter in the same column are not 

slgnlficantly different at 0;"0.05, accordlng to the LSD test. 

y No significant difference among treatments at the 0.15 

experlment-wise error rate, according to the Kruskal-Wa11is 

one-way analysis of variance by ranks. 

z No signiflcant dlfference among treatments at 0/.=0.05, 

according ta the F-test. 

z 
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Figure 6. Effect of short-term cold (4°C) storage in water on 

germinability of P. convolvulus conidia. Experiments were not 

combined because a signiflcant dlfference (P=O.OOOl) was 

detected. First and second experiments are represented by ----

and ,respectively. Data points represent means of 4 

replicates with 2 sample units each. Regression parameters were 

estimated following arcsin transformation of the dependant 

variable. ln the regression equations Y = percent germination 

and x :::r no. of days. F-statistic for the model of each 

experiment was highly significant (P=O.OOOl). 
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Table 8. Effect of short-term cold (4°C) storage in water on 

pathogenicity of P. convolvulus conidia. 

Disease rating x 

DuratioD of 

storage (days) Exp 1 Exp 2 

0 4.0 Y 4.0 a z 

1 4.0 3.8 ab 

2 4.0 4.0 a 

3 3.8 2.9 ab 

- 4 4.0 1 • 5 b 

.... 
5 3.7 1.0 b 

x Ratings : 0 = no visible symptoms; 1 = <25% necrosis; 

2 = 25%-50% necrosis; 3 = 51%-75% necrosis; 4 = > 75% necrosis. 

y No significant difference among treatments in the co1umn at 

the 0.15 experiment-wise error rate, according to the Kruskal-

Wallis one-way analysis of variance by ranks. 

Z Means followed by the same let ter in the column elre not 

significantly different at the 0.15 experiment wise error rate, 

according to the Kruskal-Wallis one-way analysis of variance by 

ranks followed by a multiple-comparaison procedure. 

-
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( Table 9. Effect of 10w-temperature (-IODe) storage on P. 

convo1vu1us conidia suspended in 10% sucrose solution. w 

Duratloo of Geralnatioo of Disease Dry weight of 

8torage cooidia io 0.01% ratiog Y z above-ground 

(days) PDB (%) x bio_ass (g) x 

Exp l Exp 2 Exp l Exp 2 Exp 1 Exp 2 

o 98.5 98.9 3.9 4.0 0.02 0.00 

30 0.0 0.0 1.0 1.2 0.68 0.23 

( w Experiments were not combined because variances were not 

homogenous for parametric data. 

x Significant difference among treatments at 0(=0.05, 

8ccor~ing to the F-test. 

y Ratings: 0 ::: no visible symptoms; 1 = <25% necrosis; 

2 "" 25%-50% necrosis; 3 = 51%-75% necrosis; 4 = > 75% necrosis. 

Z Significant difference among treatments at ~:::O.05, according 

to the Median test. 

{ 
l 
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field bindweed plants w~re probably due to the few conidia thal 

survived the cold treatment or thawing process. Low-temperature 

storage at -70°C and subsequent thawing at room temperature 

reduced germination in PDB after 5-6 months (Fig.7). No 

slgnificant differences (0(=0.05) in pathogenicity, however, 

were detected among these conldia stored at -70°C. 

DISCUSSION 

Several methods to produce ~ con~olvulus conidia were 

discovered. Solid agar substrate fermentation used by Ormeno­

Nunez ~ al. (1988) is time eonsuming and expensive, and was 

abandoned for large-seale production of eonidia for field 

studies. Solid substrate fermentation utilizing crude 

agricultural commodities Is commonly used for mass production of 

spores which can be used to transform organic compounds 

(Mudgett, 1986) and for mlcrobial insecticides (Soper & Ward, 

1981). Natural solid substrates pretreated by pearling (grinding 

off of the outer portions of kernel), crushing, or steaming are 

preferred over untreated natural substrates. These pretreatments 

make chemical constituents more accessible and the physical 

structure more favorable for myeelial penetration (Mudgett, 

1986). Differences ln availability of nutrients, moisture 

content, surface area, vitamins and other growth factors lDay be 

responsible for the variable sporulation response of ~ 

convolvulus on the solid media tE'sted. Previous studies on P • 

convolvulus indicated that solid agar media rich in 

1 
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Figure 7. Effect of low-temoerature (-70°C) storage on P. 

convolvulus conidia suspended in lOi. sucrose solution. 

Experiments were not combined because variances were not 

homogenous. First and second experiments are represented by----

and ,respectively. Data points represent means of 4 

replicates with 2 sample units each. Regression parameters were 

estimated following arcsin transformation. In the regression 

equations Y ::1 percent germination and x = no. of months. F-

statistic for the model of each experiment was highly 

significant (P=O.OOOl). 

( 
... 
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carbohydrates (e.g. PDA) greatly enhance vegetative growth while 

low carbohydrate media (e.g. half strength PDA) support limited 

mycelial growth followed by rapid differentiation into pycnidia 

(Ormeno-Nunez, 1987). Limited diffusion of nutrients on solid 

materials is known to favor differentiation and sporulation of 

some fungi (Mudgett, 1986). 

Germination in water of ~ convolvulus conidia produced on 

the various 801id media was differe~t. Cochrane (1966) suggested 

that during fungal growth and sporulation, the accumulation of 

reserve materials in conidia differed depending on the type of 

medium involved. Also, various amino acide carried over from the 

growth medium may lower the requirement for exogenous nutrients. 

Low germination of conidia in water c~mpared to 0.017. POB was 

not surprising since some of the relatively short-lived 3sexua1 

spores of the Fungi Imperfecti often require exogenous carbon, 

nitrogen, or other compounds (Cochrane, 1966). 

The conidia yield from one flask containing 10 g of pearl 

barley at 64% moisture content (at time of seedlng) W33 equal to 

the yield of approximately 18 agar pliltes. Pearl bar1ey grains 

covered with P. convolvulus pycnidia yie1ded 5 to 7 X 108 

conidia/g of substrate. This result was superior to Fusarium 

solani infested-cornmeal sann granules which produced 1.6 X 107 

pro pa guI e s / g 0 f s u b s t rat e ( Boy e t t e e t~, 1 9 8 4 ) • 

Most conidia of P. convolvulus produced ln pycnidia on the 

surface of pearl barley grains were viable for at least 4 

months. The muci1agenous matrix extruded from pycnidia during 
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the release of conidla May be responsible for this prolonged 

conldla survival. Louis & Cook (1983) demonstrated the adverse 

effect of drylng on matrix-free spores of Sphaerellopsis fllum 

(8iv-Bern:Fr) Sutton. The same phen,)menon was observed with 

spores of Colletotrlchum gramlnicolll (Ces.) Wlls. which 

completely lost their viability wlthin 48 hr when exposed to low 

relative humidities after removal of the matrix (Nicholson & 

Moraes, 1980). These authors suggested that spore matrlx has a 

role in protection of spores against desiccation. 

The pralanged survival of P. convolvulus conidia produced 

on pearl barley suggests the potentlal for application of 

pycnldia-bearing pearl barley grains to the field in a manner 

slmilar ta mycelial-vermieulite and mycelial-alginate granules 

of Phyllostieta sp. proposed by \Jalker (1981) and Walker & 

Conniek (1984). Walker (1983) suggests that such granular 

formulations are suitable because pycnidia (and possibly also 

the conidial matrix) would help protect the conidia from adverse 

environmental conditions. ~ convolvulus pycnidia formed on 

pearl barley surface were shawn ta produce conidia over an 

extended period of time (about one month), with a peak of 

production at 2 wk after seeding of the substrate. This 

characteristlc May be favorable under field conditions, allowing 

multiple releases of conidia over tiwe. 

Production of conidia on solid substances is time 

consuming, labor intensive, prone to contamination, and May be 

uneconomical (Te8eest, 1985, Thomas et aL, 1987). Submerged 



63 

production techniques are favored since the expertise and 

technology are available, and because scale-up of the process i5 

relatively easy (Churchill, 1982). Some fungi investigated as 

potential mycoherbicides, however, Buch as Cercospora rodmanii 

Conway (Kenney ~ al., 1976) and Alternaria spp. (Walker, 

1981,1982), do not sporulate in liquid culture. Other fungi like 

Colletotrichum spp. produce few true conidia but abundant binary 

fission spores and blastospores under submerged c~lture 

conditions (Churchill, 1982). The latter types of spores are 

often reported to be more labile, unstable, and difficult to 

preserve even though they are infectious (Kenney et al. 1976, 

Van Winkelhoff & McCoy 1984). Formation of pycnidium-1ike 

structures by ~ convolvulus in complex liquid medi~ (half 

strength PDB and modified Richard's [V-8]) was surprislng, and 

countered the widespread belief that pycnidial fungi had an 

absolute requirement for soltd attachment for formation of 

fruiting bodies and abundant conidia production. 

Culture media made from plant materiais are rarely 

deficient in complex organic eompounds, sueh as vitamins. 

Hildebrand & MeCain (1978) explain that the various effeets of 

naturai plant diffusates on chlamydospore formation of Fusarium 

oxysporum Schl. t.sp.cannabis Noviello & Snyder is probably 

related to their different nutritional composition. Possibly for 

the same reason, addition of V-8 juiee in modified Richard's 

solution was responsible for extensive growth of ~ eonvolvulus. 

In this medium, myeelial differentiation deereased and no 



64 

( conidia were extruded from pycnidia (2 wk after seeding of 

medium) when the nitrate concentration was increased (C:N ratio 

changed to 1:5). The importance of the carbon/nitrogen ratio for 

Optimum production of some fungi has been discussed by several 

researchers (Churchill 1982, Soper & Ward 1981, Thomas ~ ~ 

1987, Van Winkelhoff & McCoy 1984, Vezina ~ al. 1965). Peptone, 

a comp1ex nitrogen source, did not favor production of ~ 

convolvulus conidia in liquid culture. Media containing peptone, 

neopeptone, tryptone, or yeast extract have prevented conidia 

production of the entomopathogenic fungus Beauveria bassiana 

(Bals) Vuil!. (Thomas ~ aL, 1987). Blastospores, however, were 

produced in these liquid media. Thomas ~ al. (1987) reported 

( that a carbon to nitrate ratio of 5:1 promoted conidiation in B. 

bassiana. This finding differs from P. convolvulus which 

produced low numbers of conidia in defined liquid media with 

Bucil a high C:N ratio (Richard's solution, Czapek Dox). 

The yield of Phomopsis conidia in modified Richard's (V-8) 

medium was 10-100 times 1ess than other submerged cultures of 

fungi investigated as bioherbicides (Boyette ~ al. 1984, 1979, 

Wymore et al. 1987, Churchill 1982). Virulence and germinability 

of the submerged conidia, however, was comparable to conidia 

produced on solid substrates. 

Adjustment of inoculum size for maximum submerged 

sporulation of filamentous fungi is suggested by Vezina et al. 

(1965). They reported that increased inoculum size allows the 

( highest sporulation of Septomyxa affinis (Sherbakoff) 
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Wollenweber in modified Czapek's solution. In the present study 

the opposite was observed. Using a high density of conidia to 

seed liquid cultures adversely affected the subsequent yield of 

conidia. Large numbers of germinating spores (per ml of medium) 

may have rapidly depleted carbon source and thus lowered the C:N 

ratio, resulting in inhibition of pycnidia formation as 

discussed earlier. Excessive production of secondary metabolltes 

by fungal mycelium, low oxygen exchange, and unfavorable pH are 

other possible explanations for reduced conidiation. 

P. convolvulus conldia suspended in water can be stored at 

4°C for about the same period (2-4 days) as the northern 

jolntvetch pathogen, Colletotrichum gloeosporioldes f.sp. 

aeschynome (Daniel ~ al., 1973). Hydrated conidia are belleved 
.... 

to be more metabo1ica1ly active (Thomas et aL, 1987) and 

dep1etion of nutrient reserves to sustain conidia1 metabollsm 

may be responslb1e for limited survival in water at 4°C. 

Pro1onged survival of most conidia frozen at -70°C was probably 

due to the balanced effects of the cryoprotective agent 

(sucrose), and rapid rate of cooling of the mechanlcal freezer 

(1 to 2°C/min) that preventedintracellular ice formation and 

restricted conidia dehydration (Mazur, 1968). 

Several methods and media have been described to produce 

sufficient quantities of P. convo] vulus conidia. Submerged 

11quid culture offers significant avantages over so1id subc;trate 

fermentation for future industria1 scale-up. Optimization o( 

nutrient balance, pH, temperature, and aeration of the 11quld 
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( Wollenweber in modified Czapek's solution. In the present study 

the opposite was observed. Using a high density of conidia to 

seed liquid cultures adversely affected the subsequent yield of 

conidia. Large numbers of germinating spores (per ml of medium) 

may have rapidly depleted carboD source and thus lowered the C:N 

ratio, resulting in inhibition of pycnidia formation as 

discussed earlier. Excessive production of secondary metabolites 

by fungal mycelium, low oxygen exchange, and unfavorable pH are 

other possible explanations for reduced conidiation. 

P. convolvulus conidia suspended in water can be stored at 

4°C for about the same period (2-4 daye) as the northern 

jolntvetch pathogen, Colletotrichum gloeosporioides f.sp. 

( aeschynome (Daniel ~ al" 1973). Hydrated conidia are belleved 

to be more metabolically active (Thomas ~ a1., 1987) and 

depletlon of nutrient reserves to sustain conidial metabolism 

mdy be responslble for limited survlval in water at 4°C. 

Prolonged survival of most conidia frozen at -70°C was probably 

due to the balanced effects of the cryoprotective agent 

(sucrose), and rapid rate of cooling of the mechanical freezer 

(1 to 2°C/min) that prevented intracellular ice formation and 

restricted conidla dehydration (Mazur, 1968). 

Several methods and media have been described to produce 

sufficient quantities of P. convolvulus conidia. Submerged 

liquid culture offers significant avantages uver solid substrate 

( . 
fermentation for future industrial scale-up. Optimization of 

nutrient balance, pH, temperature, and aeration of the liquid 
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fermentation process will probably improve spore yields. Low­

temperature storage of conidia was adequate and permits 

preparation in advance of inoculum to be used in large field 

expe riment s • 
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CONNECTING TEXT 

A large quantity of infective inoculum is a primary 

requirement for studies of the potential of an organLsm to hp 

used as a bioherbicide. Various systems to produce Phomopsis 

convolvulus inoculum were developed and they permitted the 

completion of several large experiments on the effect of the 

fungus on Convolvulus arvensis. 

To complete the work of Ormeno-Nunez (1987), more rescarch 

was required to describe precisely the main environmental 

factors affecting the initiation, development, and severity of 

the disease on field bindweed plants. The presence of Eree water 

and the amount of inoculum were primarily considererl since they 

represent the major limiting factors of Most bioherbicides under 

natural conditions. The great importance of leaf wetness 

duration in the epia~miology of the disease was emphasized dnd 

severa! experiments were designed to evaluate its Impact on 

disease expression. 
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III. EFFECT OF LEAF WETNESS AND OTHEK LEAF SURFACE FACTORS ON 

PHOKOPSIS CONVOLVULUS INFECTION AND DISEASE DEVELOPKENT ON FIELD 

BINDWEED. 

INTRODUCTION 

Field bindweed (Convolvulus arvensis L.) is a noxious and 

economica11y important weed associated with 32 different annual 

and perennial crops in more than 44 countries (Holm ~ al., 

1977). An extensive, long term program involving traditional 

( control measures is usually required to reduce populations of 

field bindweed to acceptable levels (Derscheid ~ al. 1970, 

Weaver & Riley 1982). Since the early 1970'8, considerable 

interest in biological control of fielu bindweed has developed 

in North America (Rosenthal, 1981). Recently a foliar pathogen, 

Phomopsis convolvulus Ormeno, was reported to incite leaf spots 

and anthracnose lesions on field bindweed and demonstrated great 

potential for use as a bioherbicide (Ormeno-Nunez ~ aL, 1988). 

The optimum conditions for infection and disease development 

were estab1ished under controlled environments by Ormeno-Nunez 

et al. (1988). A minimum of 12 hr of free water on the fo1iage 

at 20°C was necessary to allow extensive disease development on 

( plants inoculated with 5 X 106 spores/ml or more. 
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Severa1 constraints on a disease may retard or suppreS8 Hn 

epidemic. Unfavorable environmental conditions, the genetie 

makeup of host and pathogen, and/or the amount of inoculum 

present may restrain disease development (Holcomb, 1982). Nearly 

aIl pathogens of above-ground parts of plants require a film 01 

free moisture on the plant surface at ear1y stages of infection 

(Colhoun, 1973). The presence of free water during P. 

convolvulus conidia germination, elongation of germ-tube, 

appressoria formation, and penetration is essentia1 for symptom 

development. Further investigations were required to improve, 

extend, and supplement the work of Ormeno-Nunez ~ al. (1.988). 

The study presented here describes more accurate1y the 

relationship between moist conditions and this particu1ar 

disease of field bindweed. 

An understanding of the epidemio1ogy of disease is 

essentia1 to manipulate pathogens for the biological control of 

weeds (Holcomb 1982, Tebeest 1985). The main purpose of this 

research was to determine the effect of moist conditions on 

sporulation of !:.. convolvulus on diseased field bindweed plants. 

Effects of short wet periods interrupted by dry periods and the 

influence of inoculum density and spray additives under variouB 

periods of leaf wetness on disease expression were also studicd. 

MATERIALS AND HETHODS 

lnocului'll production. Small pieces of agar with mycelium from the 

stock culture (single-conidium isolate of ~ convolvulus grown 
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on potato carrot agar slants in small vials and maintained under 

mineraI oil at 4°C) (Tuite, 1969) were transferred to fresh 

potato dextrose agar (PDA) in Petri dishes (9 cm diameter). 

Plate cultures were incubated at room temperature (approx. 210C) 

with 12-14 hr of fluorescent light for 45-60 days. Cultures at 

this stage had an abundance of conidial droplets oozing from 

pycnidia embedded in the mycelial mat. Using a 5 ml sterile 

syringe (Becton-Dickinson, Rutherford, NJ), the surface of each 

colony was flushed several times with 5-10 ml of sterile 

deionized water until most conidla werc removed and suspended in 

water. Fort y to fifty single drop lets of this conidial 

susp~nsion were deposited on half strength PDA plates (12 g/L 

potato dextrose broth, 15 g/L Difco Bacto agar and 100 mi/L of 

bindweed decoction) (Ormeno-Nunez !.! al., 1988). Plates were 

sealed with Parafilm R (American Can Company; Greenwich, CT) and 

incubated for 2-3 wk at room cemperature. After this period, 

numerous pycnidia developed and produced large masses of conidia 

in mucilagenous matrix. These plates were flooded and flushed 

with 10-15 ml sterile deionized water using a syringe. One ml of 

this conidia suspension was used to seed 10 g of pearl barley 

grains moistened with 20 ml of H2 0 in a 250 ml Erlenmeyer flask 

and autoclaved for 17 min (100 kPa and 120°C). After 2 wk 

incubation at ambient conditions, conidia were harvested by 

adding 50 ml of deionized water to the flask, shaking the flask 

on a rotary shaker at 250 rpm for 5-10 min., and pouring the 

contents through a solI sieve (250 um, Fisher Scientific) lined 
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with two layers of cheesecloth. lnoculum density was determined 

with the aid of a haemacytometer and adjusted to the desired 

density with water. 

Plant production. Field bindweed seeds (Valley Seed Co., Fresno, 

CA) were washed under warm running tap water for 2-3 hr and 

soaked in deionized water for approximately 24 hr. Imbibed seeds 

were germinated on the surface of moist filter papers in glass 

Petri dishes at 24°C for 24-36 hr in the dark. Four germinated 

seeds (radicle 5-10 mm in length) were sown ln potting medium 

(Pro-Mix Bx, Premier Brands, Inc. New Rochelle, NY) ln 10-cm 

plastic pots and grown in controlled envlronment chambers 

(Conviron, Model E-15, Controlled Environments, Winnipeg, Man.) 

(23/18°C day/night temperature, 15-hr photoperlod, 250 uEm- 2s-

1 ). After 6-9 days plants were thlnned to three seedlings per pot. 

General inoculation procedures and data collection. Three- to 

five-Ieaf stage plants were inoculated wlth conldia suspended in 

0.1% (w/v) gelatin solution (unless otherwise indicated) at the 

various densities specified for each experiment, using a spray 

chamber (Research Instrument Manufacturing Co. LTD, Guelph, 

Ontario) with a full cane nozzle (TG 0.7), 200 kPa air pressure, 

a speed of 0.85 kph, and a spray volume of 500 L/ha. Plants were 

i n c u bat e d i nad a r k d e w cha m ber a t 2 0° C (P e r c 1 val, M 0 deI E-

54UDL, Boone. Iowa) for the desired period of time and 

subsequently transferred to a growth cabinet at the original 

conditions. 
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Disease severity was evaluated 1 wk after inoculation using 

a rating system based on a scale from 0 to 4 where 0 = no 

visible symptoms and 4 = >75% necrosis (Ormeno-Nunez ~ aL, 

1988). Seedling mortality and dry weight of above-ground biomass 

and roots were determined 2 wk after inoculation. Seedling 

mortality was evaluated by determining the number of individual 

plants that were completely necrotic, did not show any regrowth, 

and had a discolored and damaged hypocoty1. Dry weight of above-

ground biomass was determined by cutting the plants at the soil 

level and drying living tissue in paper bags for 4-5 days at 

60°C. Root biomass was determined by soaking the root masses in 

water for approximately 5 min., washing them with running water, 

and drying them in paper bags for 4-5 da ys at 60°C. Disease 

rating and mortality were evaluated for each plant and results 

were pooled and averaged for each pot. Dry weight of foliage and 

roots were recorded as total weight per pot. 

Effect of .oist conditions on sporulation of !!.. convoI vulus on 

infected leaves. Thirty-two pots of field bindweed seedlings 

were inoculated with 109 conidia/m 2 , placed in the dew chamber 

for 18 br and incubated for 6 days in the controlled environment 

chamber. Pots were then covered with small plastic bags to 

provide a humid environment around the infected plants. Every 

day for 7 days, 4 replicate pots were selected randomly. Three 

he8vily infected leaves of similar size were removed from each 

pot, placed in a vial, and soaked in 3 ml delonized water for 5 
1 

1 

1 
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min. The vials vere lightly shaken by hand before an aliquot of 

the water was sampled. The number of conidia present in the 

water vas determined vith the aid of a haemacytometer. 

Effeet of inoculum density and leaf vetness duratioo 00 disease 

development. Field bindveed seedlings were inoculated with 0, 

106, 10 7 , 10 8 , 10 9 , and 1010 conidia/m 2 , placed in the dew 

chamber for 6, 12, 18, and 24 hr, incubated in the growth 

cabinet, and assessed for disease severity, mortality, and dry 

weight of above-ground biomass and roots as described above. 

Cumulative effect of short wet periods ioterrupted by dry 

periods 00 disease development. Field bindweed scedllngs were 

inoculated with 109 conidia/m 2 and subjected to one of the 

fo1lowing wet/dry regimes: 1) 0 hr leaf wetness period (LWP). 2) 

6 hr LWP, 3) 6 hr LWP, 18 lir dt y period (OP), and 6 hr LWP (6 + 

6), 4) 6 hr LWP, 18 hr DP, 6 hr LWP, t8 hr DP, and 6 hr LWP (6 + 

6 + 6), 5) 18 hr LWP. The wet period (in dark dew chamber) 

corresponded to the presence of free water on the foliage and 

the dry period was either at 80-83% ambient air relative 

humidity (RH) or 97-100% RH. Two small humidity chambers covered 

with transparent plastic bags were p1aced in one growth cabinet 

and provided two different environments during the dry periode 

For the 97-100% RH environment the plastic tray in the chdmber 

was filled with deionized water and the plastic bag was tightly 

closed. For the 80-83% RH environrnent, the plastic bag was lett 

open and the tray empty. An electronic psychrometer (Model 90, 
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Yellow Springs Instrument Co" Yellow Springs, Ohio) was used to 

measure relative humidity in each chamber once a day. After the 

3-day period, plants were removed from the humidlty chambers and 

placed in the same growth cabinet for the remaining li-day 

incubation periode Disease severity rating, mortality, and dry 

weight of above-ground biomass and rcots were assessed. 

Effect of var~ous addit~ve8 and leaf wetness durations on 

d~8ea8e de"elopaent. Field bindweed seedlings were inoculated 

with conidia suspensions (109 conidia/m 2 ) mixed with three 

additives at two concentrations: 1 and 2% (w/v) gelatin (BOH 

Chemicals, Torento, Ont.), 20 and 30% SORBO TM (v/v) (64% 

- sorbitol, Atkemix Inc., Brantford, Ont.), and 0.74 and 1.48 L/ha - BOND TM (carboxylatE'd synthetic latex, Loveland Industries Inc., 

Loveland, Colorado). Following inoculation, plants were 

subjected to 12, 14, 16, or 18 hr of leaf wetness in a dew 

chamber and incubated in the growth cabinet until assessment of 

disease severity, mortality, and dry weight of above-ground 

biomasse 

Data analy8~s. A completely randomized design with 3 or 4 

rep1icates per treatment was used for aIl experiments. AlI 

experiments were performed twice. Numbers of conidia recovered 

from infected leaves and mortality data were transformed wtth 

the square root and arcsin transformation, respectively, prior 

to analysis (Steel & Torrie, 1980). Factoria1 experlments were 
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analyzed wlth a factorlal analysi8 of variance (ANOVA) 

considerlng the effect of each factor individually and their 

interaction. Polynomial regression analysis was performed when 

appropriate on the parametric data. Experimental results for the 

two trials of each experiment were n~t poo1ed because 

homogeneity of variances using Bar1ett's test was not observed 

(Steel & Torr:fe, 1980), or a sign1ficant difference due to the 

experiment was detected, or both. Results from OGly one 

experiment are presented when a similar trend was observed in 

the other. Differences between treatment means were establlshed 

vith a Tukey's W test (o{=O.05) (Steel & Torrie, 1980). Disease 

ratlngs were compared by the Kruskal-Wallis one-way analysis of 

variance by ranks followed by a multiple-comparlson procedure to 

evaluate differences between treatment means or by the Median 

test for two Independant samples (when appropriate) (Daniel, 

1978). 

RESULTS 

Conidia production on diseased field bindweed leaves. Pycnidia 

and newly produced conidia vere detected after 2 daya on heavily 

diseased field bindweed plants placed under moist conditions 

(Fig. 2a). The number of conidia washed from the leaves 

increased with increaslng length of the moist period and reached 

a plateau in one experimenL but continued to Increase in the 

( 
othe r expe rime n t (Fig- 1). f.!. con vo 1 vu 1 us did not produce 

pycnidia on diseased plants in the absence of additional moist 
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convolvulus on infected leaves. Experiments were not combined 

because variances were not homogenous. First and second 

experiments are represented by ---- and --- respectively. Data 

points represent means of 4 replicates with 3 sample units each. 

Regression parameters were estimated following square root 

transformation. In the regression equations Y = no. of conidia 

per leaf and x = no. of days. F-statistic for the model of each 

experiment was highly significant (P=O.OOOl). 



80 

Figure 2. Effect of leaf wetness and inoculum density on disease 

expression on field bindweed. A. Pycnidia produced on a diseased 

field bindweed plant incubated for 5 days under moist 

conditions. Bar equals 500 pm. B. Type of lesions observed on 

plants inoculated with 10 7 conidia/m 2 and subjected to 18 hr 

leaf wetness. C. Heavily infected plant Inoculated with 10 9 

conidia/m
2 

and subjected to 18 hr leaf wetness. D. Non-

inoculated (control) field bindweed seedlings (right) and 

seedlings inoculated with 10 9 conidia/m2 and subjected to an 18 

hr leaf wetness (left). 
-



Ct 



{ 

{ 

. * 

82 

periods. A few pycnidia, however, were sometimes observed on 

diseased plant parts (bases of stems, lower leaves) in contact 

with the moist potting medium. 

Effect of inoculua density and leaf vetness duration on disease 

developaent. On field bindweed seedlings, ~ convolvulus 

symptoms differed depending on the inoculum density, leaf 

wetness duration, or both. When low inoculum densities (106 and 

10 7 conidia/m2) were applied to plants, a few, scattered, smal1 

lesions (lmm diameter) were observed on leaves within the first 

week after inoculation (Fig. 2B). Short leaf wetness periods 

(<:12 hr) resulted in the same type of symptoms. A high inoculum 

density (l09 conidia/m2) and a long leaf wetness period (>18 

hr) were ideal conditions for the development of numerous 

pinpoint les10ns covering leaves, stems, and petioles and 

causing extensive bllghtlng and necrosis on the plants (Fig. 

2C) • 

In controlled environment stud1es, 109 conldia/m2 was the 

optimum inoculum density since it caused maximum disease of 

field bindweed seedlings subjected to 12 hr leaf wetness period 

or more after inoculation (Table 1, Figs. 2D. 3). A higher 

inocu1um density (1010 crnidia/m2) did not improve the efficacy 

of ~ convo1vulus. This result May have been due to technical 

difficulties caused by the presence of a large amount of the 

thick mucilagenous matrix in the conidia suspension, which was 

difficult to apply with the full cone agricultural nozzle and 

resu1ted in une ven coverage. An extended leaf wetness period 
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table 1. Effect of lest wetnes8 durstion and inoculus denaLty on dll1e.ee severlty 

and lIIortallty of field blndweed. w 

Leaf vetne •• dur.tlon (br) 

laoculu. 6 12 18 2ft 6 12 18 24 

deaai ty 

(los conidia/.2 ) Dise.se ratias K HortaUt,. (X) ,. 

uninoculated 0.0 ale Z 0.0 ale 0.0 a/e 0.0 ale 0 0 0 a 
control 

6 0.0 a/e 0.0 a/e 0.2 a/e 0.6 ale a 0 0 0 

7 0.0 a/e 0.4 abl ef 1.2 ab/f 1.4 ab/f 0 0 0 0 

8 0.0 a/e 1.3 abl ef 2.4 ab/f 3.2 ab 1 f 0 0 8. ) 1 Il. ~ 

9 0.1 ale 1.8 b/ef 3.9 b/f 3.8 b/f 0 0 8).0 83.0 

10 0.1 a/e 2.1 bief 3.5 b/f 4.0 blf 0 0 58.0 100. U --
W Experiments were not eombined beeause variances were not hOl1logenou8 for parame( rie 

data. 5iml1ar reBU 1 ts, howe ver, were observed for both experlments. Resu 1 ts f rom IInp 

experiment are preaented. 

x Ratlngs: 0 - no visible symptoms; 1 - <251. necrosls; 2 • 25%-501. neerosls; 

3 - 511.-751. necrosls; 4 a >75% necrosls. 

y For mortallty data, Inoculum densltles of 0,10 6 ,10 7 conldla/m 2 and leaf wrtne~. 

duratlons 6 and 12 hr were not Included ln the analyst .. bpcause no varl.~ncr Wo1'1 

detected over aIl levels of eaeh factor for eaeh treatment. No slgnlflcant 

dlfferenee (P a O.0708) between 18 and 24 hr leaf wetness duratlons wa., nbserv .. d .'!ld 

a slgnlflcant (P-O.OOOI) effeet was detected among the levela of lnoculum denslty 

tested, accordlng to the '-test. 

z Heans followed by the same letter ln a column (a,b) or ln a row (l',f) are not 

slgniflcantly dlIferent at the 0.10 and 0.15 experlment-wlse error ratf.' 

respectlvely, accordlng to the Kruskal-Wailis one-way anslysls of variance by rankq 

followed by a multlple-comparlBon procedure. 
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Figure 3. Effect of leaf wetness duration and inoculum density 

on field bindweed. Experiments were not combined because 

variances were not homogenous. Similar trends, however, were 

observed for both experlments. Results from one experiment are 

presented. Data points represent means of 4 replicates. 

A) Dry weight of above-ground biomass versus inoculum density at 

4 levels of leaf wetness duration. There was no significant 

e f f e c t 0 f 6 h r 1 e a f we t n e s s p e rio d (----.. ) 0 ver allie v e 1 s 0 f 

inoculum density. Regression equation for 12 br leaf wetness 

period (- - - ): Y :II 1.56 - O.14x, for 18 hr ( ........... ): Y :1 5.16 

- 1.09x + 0.06x 2 , and for 24 hr (--- ): y .. 4.97 - l.06x + 

0.06x 2 where Y = g of above-ground biomass and x :1 log of 

inoculum density. F-statist1c for the model of each level of 

leaf wetness period was significant (P=O.OOOl). 

8) Dry weight of above-ground biomass versus leaf wetness 

duration at 6 levels of inoculum density. There was no 

significant effect of control 0 conidia/m 2 (---- ) and 1noculum 

den s i t Y 0 f 1 0 6 con i dia / m 2 (_.- ) 0 ver aIl lev e 1 s 0 fIe a f 

wetness periode Regression equatlon for inoculum density of 10 7 

con i dia / m 2 (_ - - ): Y :1 O. 7 3 - O. 0 2 x, for l 0 8 con i dia / m 2 (.-___ •. 

): Y :: 0.68 - 0.03x, for 10 9 conidia/m 2 ( .......... ): Y :: 1.18 -

a.llx + 0.Olx 2 , and for 1010 conidia/m 2 ( ): Y :: 0.92 -

a.08x + O.002x 2 where Y :II g of above-ground biomass and x = hr 

of leaf wetness. F-statistic for the model of each level of 

i no cul u m den s i t Y wa s sig nif i ca n t ( P <0.00 1 ). 

-
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Figure 3. Continued 

C) Dry weight of roots versus inoculum density at 4 levels of 

1eaf wetness duration. There was no significant effect of 6 hr 

1 e a f we t ne s s p e rio d ( ______ 1 ) 0 ver al 1 1 e v el s 0 fin 0 cul u m 

density. Regression equation for 12 hr leaf wetness period 

(- - - ): Y • O. 2 4 + O. 0 2 x , for 1 8 h r (........... ): Y - O. 1 9 -

O.02x, and for 24 hr ( ): Y = 0.25 - 0.03x where Y .. g of 

roots and x = log of inoculum density. F-statistic for the model 

of each level of leaf wetness was highly significant (P=O.OOOl). 

D) Dry weight of roots versus leaf wetness duration at 6 leveis 

of inoculum density. There was no significant effect of control 

o conidia/m 2 (----) and inoculum density of 10 6 conidia/m2 

( _._) 0 ver a 1 Ile v e Iso fIe a f we t n e s s p e rio d • Reg r e s s ion 

equation for inocu1um density of 10 7 conidia/m 2 (---): y = 

0.1 4 - 0.003 x, for 10 8 con i dia / m 2 ( ------ ): Y = O. l 9 - 0.01 x + 

O.0003x 2 , for 10 9 conidia/m 2 ( .......... ): Y = 0.19 - O.02x + 

O.0003x 2 , and for 1010 conidia/m 2 ): Y = 0.11 - O.005x 

whLre Y = g of roots and x = hr of leaf wetness. F-statistic for 

the model of each level of inoculum density was highly 

significant (P<O.OOl). 
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after inoculation enhanced disease development on plants 

inoculated with 107 conidia/m2 or more. The effect of 18 and 24 

hr leaf wetness periods on disease severity and mortality of 

field bindweed was not significantly different (Table 1) and the 

reduction in dry weight of above-ground biomass and roots was 

quite similar (Fig. 3). There were no significant effects of 

6 hr leaf wetness duration or inoculum density of 106 conidia/m2 

for any dependant variables measured. 

Cuaulatl ve vet periode interrupted by dry perf.ods. A continuous 

wet period (CWP, 18 hr) reduced significant1y (~=0.05) dry 

weight of above-ground biomass compared to Interrupted wet 

periods (IWP, 6 + 6; 6 + 6 + 6) (Table 2). No significant 

differences were detected between means of dry weight of roots 

for the IWP and 18 hr CWP treatments, although values for lWP 

were much larger. Inocu1ated seedlings subjected to the IWP 

treatment developed much less severe disease symptoms than 

seedlings treated with 18 hr CWP. A CWP of 18 hr was 

significantly different from 6 hr except for disease severity 

and dry welght of roots when the ambient relative humidity (RH) 

during the dry period was 100%. IWP were not significantly 

different from a single 6 hr wet period treatment for aIl 

de pendant variables measured. ln general, a wet period of only 6 

hr was too short and did not provide sufficient moisture for 

extensive disease deve1opment. 

High air relative hUillidity (100%) during the dry period 

slightly enhanced the disease. Significant differences in dry 
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Table 2. Effect of cumulative short wet periods interrupted by dry periods on 

development of ~ convolvulus di.ease on field bindveed. U 

vet/dr,/ Diaea.e Mortalit,/ JI Dry velght of Dry veight of 

ratios y v (Z) aboye-g round roots (g) '/ 

(br) blo .... (g) Y 

A.bieot relatlye hu.idit,/ duriog dr,/ period (%) Z 

80 100 80 100 80 100 80 100 

0 0.0 a 1.0 * 0 0 1.14 0.72 ** O.)) ,~ 0.14 ••• a a a Il 

6 0.6 a 1.4 ab* 0 0 1.04 ab 0.34 b*"'· 0.25 ab 0.07 ab··· 

6 + 6 l .0 ab 1.2 ab 0 0 0.71 ab 0.54 ab 0.17 bc n.OB .1 h • 

6 + 6 + 6 l • 1 ab 1.7 ab 0 0 0.61 b 0.37 b O. \5 bc 0.07 ab· 

18 4.0 b 4.0 b 22.2 33.3 0.03 c 0.05 c 0.03 c 0.01 b 

u Experiments vere not combined because variances were not homogenoua for parametrlc d~ta. 

Similar trends, hovever, were observed for bath experiments. Results trom one exp~rlment 

are presented. 

v Ratings: 0 - no visible symptoms; 1 - <25% necrosis; 2 - 25%-507. nccroslq; ) .517.-757. 

necrosis; 4 - >75% necrosis. 

v Heans followed by the same letter ln a column are not slgnlflcantly dlffcrent lt thl! 

0.15 experiment-wise error rate. according ta the Kruskal-Wa lli6 one-way ana \Y'llo, of 

variance by ranks followed by a multlple-comparison procedure. 

x No signlficant difference between treatments at çj., -0.05, accordlng to the F-tcst 

y Heans followed by same let ter in a column are not sign1flcantly dlfferent.1t ·-~~0.05. 

according to Tukey's ",/ test. 

Z For cach dependant parametrie variable, mean values between 80 and 1007. RU for eRch 

WU/dry regime differ signiflcantly (0(-0.05*, C<-O.Ol", 01--0.00\"*) accordlng to th!' F-

test on simple effects of RH. For dlsease ratings, mesn values betveen 80 and 100r. RU 

dUfer significantly at 0/..-0.05*, according to the Hedian test. 
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weight of roots were observed for the control, 6 hr CWP and IWP 

treatments. Reduction in dry weight of above-ground biomass and 

increase in disease severity between 80% and 100% RH was only 

significant for the control and 6 hr CWP. There was no effect of 

RH during the dry period following an 18 hr CWP. 

Effect of inoculua density and additive. None of the additives 

tested enhanced disease development on Convolvulus arvensis. Dry 

weight of above-ground biomass of seedlings inoculated with a 

conidial suspension mixed with gelatin or SORBO TM and subjected 

to a short 12 hr leaf wetness period was only slightly reduced, 

as shown by the high y intercept of their regression lines (Fig. 

4). The steep slopes of the regression lines of gelatin and SORBO 

TM, however, indicate that their adverse effect on disease 

rapidly disappeared as the leaf wetness period increased. The 

same phenomenon was observed with the disease severity ratings 

(Table 3). 

For the control, mOl"tality of the weed increased as the 

leaf wetness period was extended (Fig. 5). The rate of increase 

was lower for the additive treatments. Mortality for gelatin and 

SORBO TM treatments was significantly lower than the control. An 

increased leaf wetness period had no significant effect on the 

highest concentration treatment of gelatin and SORBO TM, which 

resulted in the lowest percent mortality of the weed. BOND TM 

had no significant effect and was comparable to the control for 

aIl variables measured. 
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Figure 4. Effect of leaf vetness duration and additive on dry 

veight of above-ground biomas8 of field bindweed. Experiments 

vere not combined because variances were not homogenou9. Slmilar 

trends, however, were observed for bath experiments. Results 

from one experiment are presented. The relationship betwepn lcaf 

vetness period and each additive ls represented with a 

regression line. Slnce there was no sign1flcant (P-O.0906) 

interaction between leaf vetness period and additive, comparlson 

among additives vas performed on the mean values averaged over 

aIl levels of leaf wetDess perlod. Additive treatments (lines) 

assoclated vith the same let ter have means that are not 

significantly different at 0(-0.05, accordlng ta Tukey's W test. 

The various treatments are represented as follows: control 

(water) - (Y .. 0.21 - O.Dlx); geiatin 1% --- (Y .. 0.51 -

0.03x) and 2% --- (Y • 0.5i - 0.03x); SORBO TM 201. --- (Y .. 

0.53 - O.03x) and 30% - .. (Y • 0.58 - 0.03x); BOHO TM 0.74 L/ha 

(Y s 0.31 - 0.02x) and 1.48 L/ha ........ (Y .. 0.25 -

O.Olx). ln the regresslon equatlons Y • g of above-ground 

blomass and x .. hr of leaf wetness. 
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Table 3. Effect of leaf wetness duration and additive on disease 

severity on field bindweed. x 

Leaf wetness period (hr) 

12 14 16 18 

Additive Rate Disease rating Y 

control (water) 2.5 able Z 3.8 a/ef 4.0 a/f 4.0 a/f 

BOND TM 0.74 L/ha 2.2 ab/e 2.8 ab/ ef 4.0 a/f 3.9 a/f 

BOND TM 1. 48 L/ha 2.7 ale 3.5 ab/ef 3.9 a/f 3.9 a/f 

Gelatin 1% 1.5 b/e 3.0 ab/ef 3.8 a/f 3.7 a/f 

Gelatin 2% 1.5 b/e 3.1 ab/ef 3.6 a/f 3.7 a/f 

SORBO TM 20% 1.6 able 3.0 ab/ef 3.5 alf 3.9 a/f 

SORBO TM 30% 1.8 ab/e 2.2 bIef 3.6 a/f 3.3 a/f 

x Experiments were not combined and results from one experiment 

are presented. 

y Ratings: 0 = no visible symptoms; 1 = <25% necrosis; 

2 = 25%-50% necrosis; 3 = 51%-75% necrosisj 4 = >75% necrosis. 

Z Means followed by the same let ter in a column (a, b, c) or in 

a row (e, f) are not significantly different at the 0.30 and 

0.15 experiment-wise error rate respectively, according to the 

Kruskal-Wallis one-way analysis of variance by ranks followed by 

a multiple-comparison procedure. 
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Figure 5. Effeet of leaf wetness duration and additi e on 

18 

mortality of field bindweed. Experimenta were not eombincd bccause a 

9ignif1cant difference (exp * leaf "etness; P-O.0140) was detected. 

Similar trends, however, were observed for bath experiments. Results 

tram one experiment are presented. The relationship between lesf 

vetness period and each additive Is repreaented vith a regresslon 

line. Regression pacameters vere estimated followlng arcsin 

transformation. Effects of gelatln 2% and SORBO ™ JO% were not 

significant (P a O.20BO and P-O.05J3, respectlvely) over aIl levels of 

leat wetness perlod. Sinee there was no slgnificant (P-O.1379) 

interaction between lesf wetness perlod and additive, eompari~on among 

additives waS performed on the mean values averaged over aIl levels of 

leat wetness per10d. Addltive treatments (lines) assoeiated vith the 

aame letters have means that are not significantly different at 

-0.05, aceording ta Tukey's W test. The various treatments are 

represented as follows: control (wate r ) - (arcsin VY. * -147.35 + 

12.9x); ge lat in 1% (arcsin I.{Y - -102.62 + 8.26x) and 2% --_. 

SORBO TM 20% -- (arcsinVY * -135.16 + 10.84x) and 30% _.-; BOIIO 

TH 0.74 l / ha .------ (a r c sin \ Y * - 8 5 .8 1 + 7.84x) and 1.48 11 ha ••••••• 

(arcs ln VY - -61.68 + b.75x). ln the regress Ion equatlons '{ • percent 

~ortallty and x ~ hr of leaf wetness. 
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DISCUSSION 

The extent of disease caused by P. convolvulus on field 

bindweed was dependent on free moisture. The greater severity of 

disease following long leaf wetness periods observed under 

controlled environments may possibly result from increased 

conidia germination and penetration. An optimum leaf wetness 

period of 18 hr incited severe necrosis and blighting of 

Inoeulated plants. This requirement for moisture during 

infection is relatively long and may pose a constraint in field 

applications. 

Primary inoculum to initiate disease is easily manipulated 
1 

ln the bioherbieide strategy of biologieal control of field 

bindweed. This study suggests that a high inoeulum density (109 

conidia/m 2) should be used to achieve adequate levels of 

infection under sub-optimal free moisture conditions. 

Mortality of the seedlings increased with extended leaf 

wetness periods and increasing inoculum density. The level of 

mortality under identical environmental conditions, however, 

often varied between experiments. This phenomenon may be related 

to the difference in vigor of seedlings between each seedlot of 

field bindweed used or to slight differences in the 1eaf-stage 

of the plants at the time of inoculation. 

Preliminary experiments indicated that the presence of 

excessive free water on the leaves (in dew cabinets) inhibited 

pycnidla formation and resu1ted in rapid decomposition of the 

leaves. Rotem et al. (1978) stated that insufficient aeration 
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on leaf surfaces covered with a thick film of water may be 

responsible for low sporulation of some fungal species. This 

problem was solved by covering the plants with small plastic 

bags whlch provided less free water on follage. This moist 

environment favored sporulation of the fungus on infected 

plants. ~ convolvulus required at least 48 hrs under moist 

conditions to produce pycnidia and conidia (secondary inoculum) 

on diseased leaves. The potential for secondary cycles of ~ 

convolvulus to occur under natural conditions May depend on 

Infected plant parts located near the humid soil. Insects and 

rain splash dispersal of inoculum from sporulating les ions could 

possibly spread the pathogen over a dense weed population. This 

secondary spread phenomenon has been observed between contiguous 

field plots sprayed with Colletotrichuru gloeosporioides (Penz.) 

Sace. f. sp. aeschynomene, a bioherbicide to control northern 

jointvetch (TeBeest & Templeton, 1985), with Alternaria 

macrospora Zimm. a potential bioherbicide to control spurred 

anoda (Walker, 1981), and with Colletotrichum coccodes (Wallr.) 

Hughes on velvetleaf (L. Wymore, personal communication). 

Interrupted short wetting periods were less effective in 

inciting disease symptoms on Convolvulus arvensis compared to a 

continuous long period of leaf wetness after plant inoculation. 

These findings differ from other pathogens such as Stemphylium 

botryosum Wallr. Lsp. lycopersici Rotem, Cohen & Wahl (Bashi 6. 

Rotem, 1974) and Diaporthe phaseolorum (Cke. & EII.) Sacco var. 

caulivora Athow & Caldwell (Damicone et al., 1987). A dry period 
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after a short wet period may have adversely affected germinated 

~ convolvulus conidia. High relative humidity during the dry 

period, however, appears to prevent excessive desiccation and 

allows some conidia to resume growth when rewet. Bashi & Rotem 

(1974) indicated that slow penetration rates, low survivability 

of germinating spores in dryness, or defense reactions of the 

host initiated during the first wet period which Interfere with 

penetration during the following wet period may be responsible 

for limited infection during interrupted wetting periods of some 

fungal pathogens. 

The definite requirement for free moisture of P. 

convolvulus represents a possible obstacle for this fungus to 

become a reliable bioherbicide over various types of 

environmental conditions. This constraint could be overcome with 

spray additives that provide protection against desiccation to 

germinatlng conidia , have spreader-sticker qualities or favor 

rapid germination and penetration, thus shortening the length of 

the continuous leaf wetness period necessary for development of 

the disease epidemic. 

In the present study, SORBO TM was observed to slightly 

inhibit disease incidence following various periods of 

continuous leaf wetness periods. This pheuomenon may have 

resulted from the stimulation of saprophytic growth on leaf 

surface in the presence of nutrients, to the detriment of rapid 

formation of appressoria and penetration pegs by P. convolvulus. 

f The addition of SORBO TM to the spore suspension of 

Colletotrichum coccodes i5 reported to increase survlval and 
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efficacy of this potential bioherbicide to control velvetleaf 

when the dew period is not provided immediately after 

inoculation (Wymore & Watson, 1986). On the other hand, sorbitol 

and other sugars are reported to reduce the severity of wilt 

symptoms of infected tomato plants by Fusarium oxysporum f. sp. 

lycopersici (Sacc.) Snyd. & Hans., probably as a result of 

repression of the pathogenic hydrolase (Patil & Dimond, 1967). 

These findings suggest that the effect of additive is possibly 

specifie and will likely differ with each plant disease complexe 

Gelatin, a heterogenous mixture of water soluble proteins, 

also adversely affected disease progress on field bindweed at 

concentrations of 1% and 2%. No apparent reduction in disease 

expression, however, was observed with the concentration of 

0.1 % gelatin used as a standard sticker additive in aIl other 

experiments. Sorne amino acids have been reported as inducers of 

resistance against disease on host plants (Ahl, 1984). Further 

investigations are required to determine if gelatin and SORBO TM 

have a direct effect on the pathogen, the host, or the 

saprophytic microorganisms living on the leaf surfaces. 

The synthetic latex, BOND TM, demonstrated no significant 

effects on P. convolvulus disease. Higher concentrations of this 

product still need to be evaluated. Some agricu1tural adjuvants 

are recognized to alter the outermost layer of cuticle of Vitis 

vinifera L. berri~s, which become less resistant to Botrytis 

cinera Pers. infection (Marois ~ al., 1987). The possible 

effects of adjuvants on the plant cutic1e should be evaluated in 
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an attempt to formulate bioherbicides. 

~ convolvulus, like several other foliar pathogens 

investigated as bioherbicides, required a minimum wetting period 

for infection to occur. Emphasis on the formulation of fungal 

prQpagules is necessary to make these products less dependant on 

environmental variations. Understanding of the physiological and 

morphological characteristics of the infection processes and the 

effectsof various humectants, surfactants, and adjuvants on the 

host-pathogen interactions could help in developing efficient 

formulations for mycoherbicides (Van Dyke & Trigtano, 1987). The 

use of host-specific phytotoxins isolated from biocontrol agents 

of weeds is another possibility to bypass the absolute 

requirement for moisture by living pathogenic propagules (Duke & 

Lydon, 1987). A major focus of research with fungal pathogens, 

like P. convolvulus, with great potential as an alternative 

method of weed control will be directed toward providing a 

stable efficient product which will promote acceptable weed 

control over a wide range of environmental conditions. 
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CONNECTING TEIT 

Along with the epidemiological studies of a potential 

bioherbicide, it is essential to evaluate the level of control 

that can be achieved on the weed before planning large-scdle 

field experiments. The use of very young field bindweed pldnts 

to determine the optimum conditions for maximum infection by 

Phomopsis convolvulus was appropria te. Efficacy testing of the 

fungus, however, had to be performed on plants of various ages 

to evaluate their respective sensitivity. Since field bindweed 

is a perennial, it was important to estimate the pressure 

exerted by the fungus on established plants originating from 

root sections. 

The conditions in growth cabinet were optimum for plant 

growth, and did not neccssarily correspond to the reallty of the 

natural environment. Greenhouse experiments were therefore 

carried out to test the efficacy of Phomopsis convolvulus ln 

term of weed control since it more accurately reflected the 

field conditions (Wymore et al., 1988). 
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IV. EPPICACY OP PHOMOPSIS CONVOLVULUS FOR THE CONTROL OF FIELD 

BINDVEED. 

INTRODUCTION 

Field bindweed (Convolvulus arvensis L. II CONAR), a member 

of the Convolvulaceae, is classified as a noxious weed in most 

agricultural regions of aIl Canadian provinces except Prince 

Edward Island and Newfound1and (Weaver & Riley, 1982). 

Infestations are encountered in most states of the United 

States, particularly in west and midwest regions (Phillips, 

1978). It is most troublesome as a weed in cereals, beans, corn, 

and orchards. Its aggressiveness is primarily due to its 

extensive root system giving rise to edventitious shoots at a 

distance from the parent plant (Best, 1963). Intensive use of 

herbicides in combinat ion with cu1tivation and crop rotation is 

the most effective program to control this perennial weed (Wiese 

& Rea 1 9 59, Der s che i d e t. ~.!.:.. 1 9 7 0) • Suc ces s 0 f we e d con t r 0 1 

strategies depends on environmental conditions, soi1 moisture, 

and field bindweed biotype, growth stage, morphology, Bnd 

biologica1 response (Wiese & Rea 1962, Meyer 1978, DeGennaro & 

Well~r 1984). A new potential control method for field bindweed, 

involving the use of a fungus, Phomopsis convolvulus Ormeno has 

been suggested by Ormeno-Nunez et al. (1988). This foliar 
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l • pathogen poqsesses several characteristics common to other fungi 

used as bioherbicides (Templeton & TeBeest, 1979). 

Efficacy testing of a potential bioherbicide is conducted 

soon after the development of an inoculum production method and 

after some knowledge on the epidemiology of the disease is known 

(TeBeest, 1985). The main objective of this research was to 

evaluate the level of control obtained with various densities of 

P. convolvulus conidia on different ages of field bindweed 

plants. 

KATERIALS AND HETHODS 

lnocululi product:ion. A single-conidium isolate of !.:. convolvulus 

was grown on potato carrot agar slants ln small vials and 

maintained under mineraI 011 at 4°C (Tuite, 1969). Conidial 

suspensions were obtained by flushlng the surface of sporulating 

cultures growing on half strength PDA plates (Ormeno-Nunez et 

aL, 1988). One ml of this dense suspension (approx. 108 

conidia/ml) was used to seed 10 g of pearl barley grains 

previously moistened with 20 ml of water in a 250 ml Erlenmeyer 

flask and autoclaved for 17 min. (100 kPa and 120°C). The 

flasks were incubated for 2 wk at room temperature 

(approximately 21°C) with 12-14 hr of fluorescent light. Fifty 

ml of deionized water was added ta each flask ta harvest 

conidia. Flasks were shaken on a rotary shaker at 250 rpm for 5-

10 min. to suspend most conidia and the contents of each flask 

were poured through a sail s1 au e (250 um, Fisher Scientific) 
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11ned wlth two layers of cheesec10th. Inoculum density in the 

filtrate was determlned with the aid of a haemocytometer and 

adjusted to the desired density with water. 

Plant production- Field bindweed seedlings were produced using a 

commercial sample of seeds (Valley Seed Co., Fresno, CA). 

1mbibed seeds (washed under warm running tap water for 2-3 hr 

and soaked in deionized water for 24 hr) were germinated on a 

moist fl1ter papers ln a Petri dishes at 24°C for 24-36 hr ln 

the dark. Four germlnated seeds were sown in potting medium 

(Pro-Mix BX, Premier Brands Inc., New Rochelle, NY) in 10 cm 

plastic pots and thinned to three seedlings per pot after 

emergence. Seedlings were grown ln a growth cabinet (see 

conditions below) until the desired age before application of 

the fungus. 

Plants from a single field bindweed population were 

1 
'1 
il collected on Macdonald campus ln Ste-Anne-de-Bellevue, Quebec. 

They were maintained through vegetative propagation of their 

roots under greenhouse conditions (Ormeno-Nunez et al., 1988). 

Established field bindweed plants were propagated from 10 cm 

root sections p1anted in potting medium at a depth of 3-4 cm in 

15 cm plastic pots. The plants were grown for 2 months, aerial 

parts were cut at soil leve1, and 2 wk oId regrowth was 

inoculated with the fungus. 

Until time of inoculation, seedlings and established plants 

( 
were grown in controlled environment chambers (Conviron, Model 

E-1S, Controlled Environments, Winnipeg, Man.) adjusted to 23/18°C 
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day/night temperature, 15 hr photoperiod, and 250 pEm-2 s -l • 

Plants were fertilized weekly with a water-soluble fertilizer 

(20-20-20, 1 g/L of water). 

General inoculation procedure. Field bindweed plants were 

inoculated with various densities of conidia suspended in 0.1% 

(w/v) gelatin solution, using a spray chamber (Researeh 

Instrument Manufacturing Co. Ltd., Guelph, Ont.) with a full 

cone nozzle (TG 0.7), approx. 200 kPa air pressure, a speed of 

0.85 kph, and a spray volume of 500 L/ha. Plants were placed in 

a dew chamber (Pereival, Model E-54UDL, Boone, Iowa) at 20°C in 

the dark for 18 hr and subsequent ly transferred to a growth 

cabinet at the original conditions or ta a greenhouse mist frame 

where moisture was maintained on the foliage for a 12 hr period 

each night (19:00 ta 7:00). The greenhouse temperature ranged 

from 15 to 25°C, the photoperiod was approximately 14 hr and the 

light intensity at noon ranged from 150 to 250 pEm-2 s -l. This 

additional nightly moisture simulated field conditions more 

closely than the low humidity atmosphere of growth cabinets. 

Assessœent of weed control. Mortality was evaluated for each 

individual plant and results for seedlings were pooled and 

averaged for each pot. Completely necrotie seedlings with a 

damaged and discolored hypoeotyl and no potential for any 

regrowth were considered dead. Established field bindweed plants 

were classified dead when aeriai parts were comp1etely necrotie 

and when plants did not regrow 3 wk after diseased foliage was 
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removed. Dry weight of above-ground biomass or regrowth of 

plants at any growth stage was determined by cutting the aerial 

parts at the soil level and drying living tissue in paper bags 

for 4-5 days at 60 o e. Root biomass was determined by soaking the 

root maSSèS in water for few minutes, washing them with running 

water, and drying them (as above). Dry weight of diseased 

foliage, regrowth, and roots were pooled and averaged, 

respectively, for each pot containing three seedlings. 

Effect of inoculua density on young seedlings. Field bindweed 

seedlings were inoculated with 0, 106, 10 7 , 108, 109, and 1010 

conidia/m 2 , placed in a dew cabinet, and subsequently incubated 

under the greenhouse mist frame for 2 wk until assessmentsof 

mortality, dry weight of above-ground biomass, and dry weight of 

roo t s • 

Effect of inoculum density on established plants. Field bindweed 

established plants were inoculated with 0, 106, 10 7 , 10 8 , and 

109 conidia/m 2 , placed in a dew cabinet, and transferred to the 

greenhouse-mist frame. After 2 wk incubation, dry weight of 

above-ground biomass was assessed. Mortality and dry weight of 

regrowth and roots were evaluated 5 wk after inoculation. 

Effect of inoculum density and age of seedlings. field bindweed 

seedlings of various ages (1 wk old = cotyledon stage, 2 wk old 

= )-5 leaf stage, 3 wk old = axillary shoots emerging, and 4 wk 
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old = numerous shoots and older leaves senescing) were 

inoculated with 0, 10 7 , 10 8 , and 10 9 conidia/m 2 • Plants were 

incubated in a dew cabinet and subsequently transferred lü the 

greenhouse mist frame. Dry weight of above-ground biomass was 

assessed 4 wk after inoculation. Plants were allowed to regrow 

for 3 wk when mortality and dry weight of regrowth and roots 

were evaluated. 

Effect of nu.ber of applications of various inoculum deositles 

on well-establisbed seedlings. Four wk old seedlings were 

inoculated with 0, 10 7 , 10 8 , and 109 conidia/m 2 , placed in a dew 

cabinet and subsequently incubated in the growth chamber at the 

original conditions. During this incubation period, infected 

plants and uninoculated plants produced new shoots from axillary 

or root buds. Two wk after the initial treatment, the same 

conidial densities were applied a second time (under simi!ar 

conditions) to half of the plants. Weed control was assessecl by 

determining the dry weight of above-ground biomass 4 wk aCter 

the first inoculation and the percent mortality and dry weight 

of regrowth and roots 7 wk after the first treatment. 

Data analysis. AlI experiments were performed twice. A 

completely randomized design with 4 or 6 replicates per 

treatment was used for aIl experiments except for the experiment 

testing the effect of inoculum density on established plants. ln 

this experiment a randomized complete block design with 3 blocks 

was used. Blocking was performed to remove variation due ta 
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( differences in the amount of foliage at time of inoculation. 

Mortality data we~e transformed with the arcsln transformation 

prior to analysis (SteE'1 & Torrie, 1980). Factorial experiments 

were analyzed with a factorial analysis of variance (ANOVA) 

considering the effect of each factor individually and their 

interaction. Polynomial regression analysis Was performed on aIl 

significant (0(=0.05) dependant variables. Results for the two 

trials of each factorial experiment were not pooled because 

homogeneity of variances was not detected using Barlett's test 

(Steel & Torrie, 1980). A similar trend, however, was observed 

between trials of these experiments. 

f RESULTS 
" 

( 

Effect of inoculua density on young seed1ings. Field bindweed 

seedlings at the 3-5 leaf stage were severely diseased and 

effectively killed (70% mortality) by an inoculum density of 109 

conidia/m 2 (Fig. 1, 2). This density reduced dry weight of 

above-ground biomass and roots by almost 100%. Lower densities 

induced less disease. Aerial plant parts and root biomass of 

seedlings inoculated with 107 conidia/m 2 were reduced by 40% and 

53%, respectively. A similar negative relationship wa" observed 

between levels of inoculum density and dry weight of above-

ground biomass or roots. A high inoculum density (1010 

conidia/m 2 ) was difficult to apply with a full cone nozzle 

because of the presence of the thick conidial matrix and 
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Figure 1. Effect of Phomopsis convolvulus inoculum density on 

3-5 leaf stage seedlings of field bindweed, one week after 

inoculation. From left to right: uninoculated plants (control) 

and plants inoculated with 10 6 , 10 7 , 10 8 , and 10 9 conidia/m 2 • 

) 
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Figure 2. Effect of inoculum density on field bindweed seedlings 

(3-5 leaf stage) under the greenhouse environment. Results are 

from pooled experiments. Data points represent means of 8 

replicates. 

A) Dry weight of above-ground biomass versus inoculum density. 

Mean value for the control (0 conidia/m2 ) was 0.61 g. ln the 

regression equation Y = g of above-ground biomass and x = log of 

inoculum density. F-statistic for the model was highly 

significant (P=O.0001). 

B) Dry weight of roots versus inoculum density. Mean value for 

the control (0 conidia/m 2 ) was 0.19 g. In the regression 

equation Y = g of roots and x = log of inoculum density. F-

statistic for the model was highly significant (P=O.OOOl). 

C) Percent mortality versus inoculum density. Inoculum densities 

of 0, 10 6 , and 10 7 conidia/m2 were not included in the analysis 

because no variance was detected. Mean values for these 

treatments were O. In the regression equation Y = % mortality 

and x = log of inoculum density. F-statistic for the model was 

highly significant (P=O.0043). 

) 
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resulted in uneven coverage of the plants. Consequently, fewer 

plants (42%) died after inoculation with 1010 conidia/m2. 

Effect of inoculua density on establlshed plants. Aerial parts 

of established field bindweed plants became heavily llecrotlc l 

wk after inoculation with 109 cooidia/m 2• This i 1 d nocu um enslty 

reduced dry weight of above-ground biomass by 82%. (Fig. 3). 

Lower inoculum densities (10 7 and 10 8 conidia/m 2 ) were slightly 

less effective and reduced foliage biomass by ooly 30% to 40%. 

The few disease lesions developing on plants inoculated with 106 

conidia/m 2 did not reduce foliage biomasse Due to a large 

experimental error resulting from the high variation betwe~n 

experimental units (established plants), no significant (P>O.l) 

effect of inoculum density was detected on dry weight of roots, 

regrowth, and mortality. A decreasing trend in the dry weight of 

roots and regrowth, however, was observed as the inoculum 

density was increasing (Table 1). Additionaly, sorne plant .. 

inoculated with 109 conidia/m 2 were killed after 2 wk 

incubation. 

Effect of inoculum density and seedling age. Increasing inocuillm 

density generally increased disease severity on aIl ages of 

seedlings although the extent of damage varied with plant age 

(Fig. 4). Field bindweed seedlings at the cotyledon stage (l wk 

old) were severely injured and killed (95% mortality) with 108 

conidia/m 2 • A lower inoculum density (10 7 conidia/m 2 ) reduced 

the dry weight of above-ground biomass by 50%, but killed only 
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Figure 3. Effect of inocu1um density on dry weight of above-

ground biomass of established field bindweed plants under the 

greenhouse environment. Results are from poo1ed experiments. 

Data points represent means of 6 real rep1icates. Mean value for 

the control (0 conidia/m 2) was 2.0 g. In the regression 

equation, Y :: g of above-ground biomass and x = log of inoculum 

density. F-statistic for the model was highly significant 

(P=O.OOlS). 
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Table 1. Effect of inocu1um density on established field 

bindweed plants. y 

Inoculua Dry veight Dry weight Hortality 

density of regrowth of roots (X) 

(log conidi.a/.2 ) (g) (g) 

uninocu1ated 0.55 z 0.80 u.o 
control 

- 6 0.94 1. 13 0.0 -
7 0.57 0.74 o.u 

8 0.21 0.65 0.0 

9 0.14 0.49 33.3 

y Resulta are from poo1ed experiments. 

Z Mean value of 6 rea1 replicates. 
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Figure 4. Effect of inoculum density and age of field bindweed 

seedlings. Experiments were not combined because variances were 

not homogenous. Similar trends, however, were observed for both 

experiments and therefore results from one experiment are 

presented. Data points represent means of 6 replicates. Seedling 

ages are represented by the various 1:Ine patterns: 1 wk old 

(cotyledon stage) - ; 2 wk old (3-5 leaf stage) ••••••. 3 wk 

old (axillary shoot emerging) ; 4 wk old (numerous shoots) 

A) Dry weight of above-ground biomass versus inoculum density at 

4 levels of seedl1ng age. There was no significant (P=O.2153) 

difference between inoculum densities applied on 1 wk old 

seed1ings. Regression equation for 2 wk old seedl1ngs: Y = 2.65 

- 0.30x, for 3 wk old seedlings: Y = 28.22 - 5.98x + O.32x 2 , and 

for 4 wk old seedlings: Y = -21.0 + 6.18x - 0.42x 2 , where Y = g 

of above-ground biomass and x = log of inoculum density. Mean 

values for the control (0 conidia/m2 ) were 0.62 g, 1.30 g, 2.12 

g and 2.81 g for l, 2, 3, and 4 wk old seedlings, respectively. 

R) Dry weight of roots versus inoculum density at 4 levels of 

s e e d 1 i n gag e • The r e w a s nos i g nif i ca n t ( P >0. 0 5) d if fer en ce 

between inoculum densities applied on 1 and 2 wk old seedlings. 

Regression equation for 3 wk old seedlingo;: Y = 8.30 - 1.90x + 

0.llx 2 and for 4 wk old seedlings: Y = 11.54 - 2.56x + 0.14x 2 , 

where Y = g of roots and x = log of inoculum density. Mean 

values for the control (0 conidia/m2) were 0.05 g, 0.19 g, ).53 

g, and 0.89 g for l, 2, 3, and 4 wk old seedlings, respectiv~ly. 
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Figure 4. continued 

C) Dry weight of regrowth versus lnoculum denslty at 2 levels of 

seedling age. One and two wk old seedllngs lnoculated wlth 10 7 , 

10 8 , and 10 9 conidia/m 2 did not regrow after lnfected follage 

was eut. Uninoculated 2 wk old seedlings, however, regrew 

slight1y (mean value was 0.13 g). Regression equation for 3 wk 

old seedlings: Y = 1.28 - O.15x, and for 4 wk old seedlings: Y = 

16.40 - 3.72x + 0.21x 2 , where Y = g of regrowth and x = log of 

inoculum density. Mean values for the control (0 conldia/m 2 ) 

were 0.52 g and 0.85 g for 3 and 4 wk old seedllngs, 

respectively. 

D) Percent mortality versus inoculum denslty at 3 levels of 

seedling age. There was no signiflcanl (P=1.0) effect of 

lnoculum density on 4 wk old seedlings and none of the densities 

were effective in killing these seedlings. Regression equatlon 

~ for 1 wk old seedlings: arcsin VY = -2683.27 + 660.97x -
r 

l' 

~. 

39.40x 2 , for 2 wk old seedlings: arcsin fi = -1774.78 + 425.21x 

- 24.49x 2 , and for 3 wk old seedlings: arcsin \/Y.- = 1111.16 -

302.l0x + 20.51x 2 , where Y = % mortality and x = log of inoculum 

density. No plants were killed with the control treatment (0 

conldia/m 2 ). 
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few plants (approximately 10% mortality). 

Growth of 3-5 leaf stage seedlings (2 wk old) was 

suppressed with 108 conidia/m2 (67% mortality and 95% reduction 

in foliage). Young seedlings (1 and 2 wk old) did not have a 

well-developed root system at time of inoculation and therefore 

no plants regrew after infected foliage was removed. After 4 wk 

incubation, disease caused by aIl inoculum densities had 

developed extensively and may have affected the roots of these 

seedlings sinee no significant (P 0.1) differences in root 

biomass was detected between the levels of inoculum density. 

This result differs from that obtained in the experiment where 

only 3-5 leaf stage seedlings were inoculated (Fi&~ 2B). The 

shorter incubation period (2 wk) after inoculation, in the 

methodology of this experiment, may have accounted for less 

severe effects of the disease on field bindweed roots. 

The rate of deerease in dry weight of above-ground biomass 

,as the inoculum density increased, was more rapid for 3 wk old 

seedlings than for older plants (Fig. 4A). An inoculum density 

of 10 9 eonidia/m 2 reduced foliage biomass of 3 and 4 wk old 

seedlings by 96% and 67%, respectiveIy. For these ages, the 

decrease in dry weight of roots foilowed a similar pattern over 

the levels of inoeulum density (Fig. 4B). Regrowth potentiai of 

4 wk old seedlings was mueh higher than 3 wk old seedlings, as 

indicated by the Y intercept of their regression eurve and line 

(Fig. 4C). lnoeulum densities of 108 and 10 9 conidia/m 2 severely 

suppressed the amount of regrowth produeed by well-established 

seedlings (3 and 4 wk old). None of the oider seedlings (4 wk 
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old), however, were completely killed since a few shoots regrew 

f rom the r 0 0 t s. Six t y p e r c e n t 0 f 3 W k\ 0 1 d s e e d lin g s w e r c kil l e d 

when plants were inoculated with 109 conidia/m2 (Fig. 4D). 

Effect of nu.ber of applications of various inoculum densltles on 

well-establisbed seedlings. The negative relationship observed 

between inoculum density and dry weight of above-ground biomass 

was similar for plants inoculated once or twice (Fig. 5). Two 

inoculations with P. convolvulus significantly (P=0.0217) 

reduced above-ground biomass in comparison to one inoculation. 

The superiority of two inoculations treatment, however, was much 

lower than expected. New shoots produced during the incubation 

period between the first and second inoculation, developed much 

less severe disease symptoms than did the older plant tissue 

inoculated the first time. Based on the results obtained with 

inoculation of regrowth from established field bindweed plants 

(Fig. 3), young shoots should have been severily affected or 

possibly killed with the high inoculum densities. There was no 

significant (P>O.2) effect of inoculum density and number of 

inoculations on dry weight of roots and regrowth. No plants were 

killed in any of the treatments in this experiment. 

DISCUSSION 

Application of high levels of inocu1um at particular1y 

susceptible growth stages of the weed May compensate for 

possible constraints preventing a disease epidemic such as sub-

1 
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Figure 5. Effect of number of applications of various inoculum 

densities on dry weight of above-ground biomass of field 

bindweed seedlings (4 wk old) under a controlled environment. 

Experiments were not combined because variances were not 

homogenous. Similar trends, however, were observed for both 

experiments and therefore results from one experiment are 

presented. Data points represent means of 4 replicates. The 

solid line (--- ) represents one inoculation and the dashed 

line (----) represents two inoculations. Mean values for the 

control (0 conidia/m2) were 3.86 and 3.10 g for one and two 

inoculation treatments, respectively. In the regression 

equations Y == g of above-ground biomass and x = log of inoculum 

density. F-statistic for both models was significant (P<O.05). 
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optimal environmental conditions, 10w pathogen virulence, or 

host resistance (Templeton & TeBeest, 1979). The field bindweed 

foliar disease caused by Phomopsis convolvulus was dependant on 

the amount of initial inocu1um. Under optjmum conditions, the 

effectiveness of various inocu1um densities in killing the weed 

was related to the plant growth stage. Field bindweed tissue of 

any age was susceptible to the fungus. Many plants completely 

collapsed and died when inoculated with a high inoculum density 

(10 9 conidia/m 2 ) at a young growth stage. Older plants 

Inoculated with the same conldlal density were severely bllghted 

and stunted, regrew only sllghtly, and their root biomass 

development was suppressed. 

The effect of the disease on roots was more severe when 

'. 
Infected foliage remained on the young seedlings for longer 

periods. This observation suggests that the fungus may Invade 

weakened roots and affect the ability of old plants to regrow. 

This hypothesis, however, still needs to be investigated. 

The regeneratlve ability of old seedlings and established 

plants represented a major obstacle in obtaining complete death 

of this perennial weed. Field bindweed plants have a well-

developed root system and chemical herbicides also frequently 

fail to provide complete control. The vigorous regrowth, from 

the subterranean root buds, occurring after the foliage has been 

destroyed makes this weed difficult to eradicate completely wlth 

herbicides (Weaver & Riley, 1982). The potential advantage of 

mycoherbicldes over chemlcals, ls the self perpetuating capacity 
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of the living agents and possible occurrence of secondary 

disease cycles during the same growing season. 

In this research. the application of a specifie number of 

fungal spores per surface area with a spray ehamber resembling 

the conventional equipment used for field application aid in the 

Interpretation of the results and possible eomparison with 

future field testing. Most studies evaluating potential 

bioherbieide used inoculum "sprayed to runoff". This common 

phytopathologieal method is not appropriate for evaluating 

bioherbicides because the spray volumes that will be used in the 

field are usually much less (Walker & Riley, 1982). 

The greenhouse environment was satisfaetory to initiate the 

( efficacy testing of P. convolvulus on field bindweed. The 

additional moisture provided at night simulated the dew period 

often occurring in the field and important for infection and 

disease development. The results, however, should be interpreted 

carefully sinee greenhouse conditions often make plants more 

succulent and possibly more susceptible to disease (TeBeest, 

1985). High humidity and low light intensity, eommonly 

encountered in greenhouses, Is reported to stimulate the 

development of a thin cuticle which May slightly alter the 

overal1 plant defense mechanism against fungal invasion (Martin, 

1964). 

Ormeno-Nunez ~ al. (1988) suggested that two or more 

applications of !.:... convolvulus on aged field bindweed plants may 

be required to ki Il them. In the present study, a second 



125 

inoculation of the fungus on previously infected plants caused 

limited disease symptoms. The young healthy shoots whlch emerged 

after the first inoculation may have acquired some tolerance to 

P. convolvulus. This phenomenon resembles the induced systemic 

protection against pathogens extensively studied in tobacco, 

cucumber, and bean (De Wit, 1985). In cucumber plants, systemic 

protection against Colletotrichum lagenarium (Pas s.) Ell. & 

Halst. is typically induced by inoculating the first true leaf 

with a conidia suspension when the second true leaf is not fully 

expanded. After a lag period of a few days, a challenge 

inoculation of the second leaf resultsln fewer and smaller 

necrotic lesions expanding less rapidly than those ln 

unprotected leaves (Dean & Kuc, 1986). The natural enhancement 

of resistance that was observed in field bindweed shoots growing 

from axillary and root buds of infected plants may affect the 

efflciency of this fungal disease to control the weed over a 

long period. More research is required to determine the extent 

and persistance of this inducable systemic protection to ~ 

convolvulus in field bindweed. 

The fungus ~ convolvulus requires extensive testing under 

field conditions prior to fully evaluate Its bioherbicide 

potential for the control of field bindweed infestations. 

Adequate formulation of the product, combination with growth 

regulators (Wymore !:.! al., 1987) or herbicides, and appropriate 

application methods (Khodayari !! al., 1987) could posslbly 

enhance lts effectiveness and reduce the amount of inoculum 
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required to achieve acceptable control. Research on integration 

of mycoherbicides lnto weed and pest management programs ls 

emphasized by Klerk ~ al. (1985) and should be considered with 

P. convolvulus in the near future. 
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v. GENERAL DISCUSSION AND CONCLUSIONS 

Phomopsis convolvulus possesses the essential 

characteristics to become an effective bioherbicide to control 

field bindweed. It is host-specifie, it can be easl1y produced 

in liquid and solid substrate culture, lt causes rapid disease 

symptoms over a range of environmental conditions, and it can 

provide good control of field bindweed plants. 

The success in producing large numbers of conidia on 

varlous crude agricultural products and in liquid media offers 

several alternatives to develop an effective large-scale spore 

production system and represents a great asset for future 

industrial production. The production of pycnidlum-like 

structures and normal conidia in llquid fermentation is 

particularly intrlguing and differs from aIl other organisms 

investigated as posbtble bioherbicide. This phenomenon 

represents a great opportunity to study the development of 

pycnidia. 

Field bindweed seedlings inoculated with 108 conidia/m 2 or 

more and incubated for at least 18 hr in a dew cabinet at 20°C 

were severely affected by Phomopsis convolvulus. In general, an 

increase of the leaf wetness period on plants inoculated with 

the same inoculum density resulted in greater disease 

expression. These results indicate that a primary constraint 
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( restricting disease epidemics under natural conditions could be 

poor inoculum production and dissemination as with most other 

fungi evaluated and used as bioherbicides (Templeton ~ ~~, 

1979). This obstacle, howcver, is easily eliminated by massive 

inoculation of the target weed. Sub-optimal moisture conditions 

also represent a possible major disease constraint. The 

development of genetically engineered organisms requiring less 

moisture to penetrate and infect plant tissue (Charudattan, 

1985) or the application of host-specifie toxins isolated from 

the pathogen (Duke & Lydon, 1987) provide plausible strategies 

to overcome the absolute requirement for free water on the plant 

surface. An adequate formulation of the biological product, 

however, could be developed at lower research cost and provide 

sufficient humidity to allow germination and penetration of the 

infective propagules. 

Phomopsis convolvulus was effective in reducing growth and 

regeneration of field bindweed plants as weIl as causing death 

in certain cases. The effect of the fungus as a control agent 

was related to lhe age of the plants. Younger plants (cotyledon 

and 3-5 leaf stage) required a lower dosage of inoculum to 

achieve good control and high mortality. Older seedlings and 

established plants required an inoculum density of 109 

conidia/m2 to obtain a reduction in follage, roots, and regrowth 

biomasse The indirect effect of this foliar disease on root 

biomass and regenerative ability of Convolvulus arvensis was 

important to estimate since this weed is a perennial. It would 

be interesting to determine if the fungus has some direct 
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pathogenic effects on the root biomass of plants havlng heavlly 

diseased foliage. The acquired tolerance to Phomopsis 

convolvulus observed on healthy shoots emerglng from previously 

infected field bindweed plant should be scrutinized to determine 

its impact on the efficacy of this potential bioherbiclde. A 

simllar phenomenon has never been reported for any other fungus 

investigated as a bioherbicide. 

Phomopsis convolvulus ls certainly a good candidate to be 

used as a microbial herbicide to suppress field bindweed 

populations. It represents an alternative control measure thnt 

could exert an additional stress on this noxious perennial weed. 

Integration of this promising biological herbicide with other 

chemical agricultural products will have to be consider~d in an 

attempt to plan an adequate weed control program for Convolvulus 

arvensls. Efficacy testing of this potential bioherbicide has 

been recently inltiated in the field. Future researeh should 

include long term evaluation of the stress caused by thls fungal 

pathogen on heavy infestations of field bindweed. 
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When the results of two trials of each experiment could not 

be pooled statistically, data of both trials were presented in 

the text. When the results were similar, however, only one set 

of data was presented. Results not presented in the text are 

presented in this appendix. The main differences between trials 

of each experiment were principally due to variation in vigor of 

field bindweed plants grown from various seedlots and possible 

slight changes of environmental conditions in growth cabinets or 

effects of uncontrollad parameters in the greenhouse 

environment. The genetic heterogeneity of this weed was often 

observed and May explain the slight differences in biological 

response of field bindweed to identical treatments. Similar 

general conclusions, however, were drawn from both trials of -- each experiment. The regression equations are presented in 

appendix C: Statistical analysis of parametric data. 
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Figure 1. Viability and virulence of !::.. convolvulus conidia 

produced on pearl barley grains over time (experiment 2). The 

dashed line ( - - -) represents germination in 0.01% PDB and the 

solid line (---) represents the dry weight of above-ground 

biomass of field bindweed. There was no significant (P=O.1600) 

difference in dry weight of above-ground biomass over time. 

Regression parameters for germination data were estimated 

following arcsin transformation. In the regression equation Y = 

percent germination and x = no. of weeks. F-statistic for the 

model was highly significant (P=O.OOOl). Data points represent 

means of 4 replicates (2 sample units/replicate) for both 

dependant variables. 
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Table 1. Pathogenicity of conidia produced on pearl barley 

grains over time. 

Duration of 

incubation 

(weeks) 

2 

4 

6 

8 

10 

12 

14 

16 

Exp 1 

4.0 a 

4.0 a 

4.0 a 

4.0 a 

3.9 ab 

4.0 a 

3.5 ab 

2.8 b 

Disease ratings x 

Exp 2 

y 4.0 z 

4.0 

4.0 

4.0 

3.8 

4.0 

4.0 

3.6 

x Ratings: 0 = no visible symptoms; 1 = <25% necrosis; 2 

50% necrosis; 3 51%-75% necrosis; 4 = >75% necrosis. 
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25%-

y Means followed by the same letter are not significantly 

different at the 0.35 experiment-wise error rate, according to 

the Kruska1-Wallis one-way analysis of variance by ranks. 

Z No significant difference among treatments ln the column at 

the 0.35 experiment-wise error rate, according to the Kruska 1-

Wallis one-way analysis of variance by ranks followed by a 

multiple-comparison procedure. 
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rabl. 2. Effect of leaf wetnell duration and inoculua denlity on disease severity 

and aortality of field bindweed (experiment 2). 

Leaf .etoeaa duratloo (hr) 

Iooculu. 6 12 18 24 6 12 18 24 

deoait,. 

(loI coo1d1a/.2 ) Diaeaae ratiol K Hortallt,. (1) 
,. 

unlnoculated 0.0 ale Z 0.0 ale 0.0 ale 0.0 ale 0 0 a a 
control 

< 6 0.0 ale 0.3 able 0.7 lb let 1.0 ab/f 0 a 0 0 1 

7 0.3 able 1.0 abc/et 1.1 abc 1 f 1.0 ab/ef 0 a a a 

8 0.8 ble 2.3 belef 2.5 bc 1 e f 3.4 b/f a 0 8.3 16.7 

9 1.1 ble 2.9 clef 3.6 clf 3.9 b/f 0 a 25.0 66.7 

( 10 0.8 ble 2.9 clef 3.3 clef 3.7 blf 0 0 16.7 50.0 

x Ratings: 0 - no visible SylllptOlllS; 1 • <:25t necrosis; 2 • 25t-SO% necrosis; 

3 - 51%-75% necrolls; 4 - > 75% necrosis. 

y For 1II0rtaiity Jata, inoculum densities 0, 10 6 , 10 7 conidia/m2 and leaf wetness 

durations 6 and 12 hr were not included ln the analysls becauae no variance vas 

t 
t, 

detected over aIl levela of each factor for each treatlDent. No significant effect 

(P-0.IOI7) among the levels of inoculum density vas observed and a signlficant 
1 

(P-0.0413) dlfference was detected between 18 and 24 hr 1eaf vetness duratlons, 

according ta the F-teat. 

Z Heans followed by the same let ter ln a column (a,b) or ln a row (e,f) are not 

slgnificantly dlfferent at the 0.30 and 0.15 experiment-wise error rate respectively, 

according ta the Kruskal-Wallia one-vay analysis of variance by ranks followed by 

a multiple-comparllon procedure. 
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Figure 2. Effect of leaf wetness duration and ~noculum density 

on field bindweed (experiment 2). Data points represent means of 

4 replicates. 

A) Dry weight of above-ground biomass versus inoculum density at 

4 levels of leaf wetness duration. Six hr leaf wetness period ls 

r e pre sen t e d b Y ------, 12 h r b y - - - , 1 8 h r b y..........., and 2 4 h r 

by • F-statist1c for the model of each level of leaf 

wetness period was highly signlficant (P=-O.OOOl). 

B) Dry weight of above-ground blomass versus leaf wetness 

duration at 6 1evels of inoculum density. There was no 
} 

significant effect of control 0 conidia/m2 ( ----- ) and 

1 n 0 cul u m den 5 i t Y 0 f 106 con 1 dia 1 m 2 ( _._) 0 ver aIl lev e Iso f 

leaf wetness periode Inoculum density of 107 conldla/m 2 15 

represented by- - -, 108 conidia/m2 by·---···, 109 conidia/m 2 by 

.......... , and 1010 conidia/m 2 by ---. f-statistic for the model of 

e a chI e v el 0 fin 0 cul u m den 5 i t Y wa 5 hi g hl Y 5 i g n 1 fic a n t ( P( 0.005). 
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Figure 2. Contlnued. 

C) Dry welght of roots versus Inoculum density at 4 levels of 

leaf wetness duration. Slx hr leaf wetness perlod 18 represented 

by 
-_ .. __ -J 

12 hr by ---,18 br by········· .. t and 24 hr by---. F-

statlstlc for the model of each level of leaf wetness was highly 

s 1 g n 1 f 1 c a n t ( p( o. a 0 1 ) • 

D) Dry welght of roots versus leaf wetness duratlon at 6 levels 

of Inoculum density. There was no slgnlflcant effect of control 

a con 1 dia / m 2 (---- ) and i no cul u m den 5 i t Y 0 fla 6 con 1 dia / m 2 

( _.- ) 0 ver a 1 Ile v e 1 s 0 f 1 e a f we t ne 5 8 P e rio d • Ina cul u m 

density of 107 conldla/m2 15 represented by ---, 10 8 

conldla/m2 by ------, 109 conidla/m2 bY· ...... ••• t and 1010 

conidia/m2 by ---. F-statistic for the model of each level of 

inoculum density was highly signiflcant (P<O.OOI). 
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Table J. Effect of cumulative short wet reriods interrupted by dry periods on development 

of ~ convolvulus diseaae on field bindweed (experiment 2). 

Dleeaee Hortalit)' )' Dr)' ve1ght of Dr)' veight of 

rating v 1[ (%) aboye-ground 

blo.ua (g) )' 

vet/dry Amblent relatiye bu.idlty durlng dry perlod (1) 1[ 

reglme 

(hl') 80 100 80 100 80 100 80 100 

0 0.0 0.8 ~ 
0 0 0.15 ft 0.54 ** 0.22 0.15 ••• a a a a a ft 0 

6 0.8 ab 1.7 ab· 0 a 0 a 0.60 ab 0.20 b ••• 0.14 b O.Ob bc ••• 

6 + 6 1.0 ab 1.4 ab* 0 a 0 a 0.35 b 0.24 b 0.10 b 0.01 b 

6 + 6 + 6 1.2 ab 2.2 ab· 0 a 0 0.41 b 0.19 bc •• 0.14 b 0.05 bc ••• a 

18 4.0 b 4.0 b 71.8 b 100.0 b 0.0) c 0.0 c 0.0 0.0 c 

w Ratlnga: 0 - no visible aymptoms; 1 - <257. necrosls; 2 - 251.-50% necroals; 

) - 51%-75% necrosls; 4 - .> 75% necrosls. 

lit Heans followed by the same letter ln a column are not signiflcantly dlfferent at 

the 0.15 experlment wlae error rate, accordlng to the Kruskal-W;tliis one-way nn.~IY915 

of variance by ranks followed by a multlple-~oQparlson procedure. 

y Heans followed by the same letter ln the column are not slgniflcantly different 

at d-0.05, accordlng to the Tukey'a test. 

Z For each dependant parametrlc variable, mean values between 80 and 1007. Rtl for each 

wet/dry regime dUfer sIgnificont Iy (0(-0.05·,01,-0.01 '., O<~O.OOI"·) •• rcordlrq: 

ta the F-teat on simple effects of RH. For dlsease ratlngs, mean values betweell 80 

and 100% RH dlffer slgnlflcantly at C<~0.05·, according to the Hedlan tcst. 

1 
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Table 4. Eflect of leaf vetneaa duration and additive on disease aeverity and dry veight of 

above-ground biom.sa of field bindweed (experillent 2). 

Leaf ve tuess period (br) 

l2 14 16 18 12 14 16 18 

Additive late Disease ratioll v Il Dr)' veight of above-Irouod bio.aaa 

control (water) 3.5 e y 3.6 e 3.7 e 3.9 e 0.08 a z 0.08 ab 0.04 ab 0.01 

BOND TH 0.74 Llha 2.7 e 3.1 e 3.6 e 3.7 e 0.12 a 0.13 ab 0.07 ab 0.03 

BOND TH 1. 48 L/ha 3.1 e 3.7 e 4.0 e 3.8 e 0.06 a 0.03 b 0.02 b 0.03 

Gelatin 1% 2.0 e J. 1 ef 3.4 et 4.0 f 0.18 a 0.12 ab 0.07 ab 0.01 

Gelatin 2% 2.6 e J. J e 3.1 e J.7 e 0.17 a OolO ab 0.07 ab 0.04 

SORBO TH 20% 1.8 e 3.1 ef 3.2 el 3.9 0.28 a 0.13 ab 0.12 a 0.01 

SORBO TH 30% 1.6 e 2.5 ef 3.4 19 3.9 g 0.25 a 0.24 a 0.05 ab 0.01 

w Ratings: 0 • no visible symptoms; 1 - <:25% necrosis; 2 - 25%-50% necrosis; 3 - 51%-75% 

oecrosis; 4 - > 75% nec rosis. 

~ No significant difference between additive treatments at each level of leaf wetnes9 

perlod at the 0.30 e~perlment-wlse error rate according to the Kruskal-Wal119 one-way 

analysis of variance by ranks. 

y Heans followed by the same letter ln a row (e, f, g) are not slgnlficantly diflerent at 

the 0.15 experiment-wlse error rate, according to the Kruskal-Wa llis one-way aoalysis of 

variance by ranks followed by a mul=iple-comparison procedure. 

Z Heans followed by the same letter in a column are not sign1ficant ly different at 

c:(-0.05, according to the Tukey's W test. 

a 

a 

a 

a 

a 

a 

a 

(II) 
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Figure 3. Effect of leaf wetne9S duration and additive on 

field bindweed (experiment 2). The relationship between leaf 

wetness period and each additive i9 represented with a 

regression line when appropriate. The various treatments are 

represented as follows: control (water) 

and 2i. •••• ; SORBO TM 20% -- and 30% 

.------. and 1. 4 8 L / ha······· . 
-_. , 

gelatin 1% ---

BOND TM 0.74 L/ha 

A) Dry weight of above-ground biomass versus leaf wetness 

period. 

B) Percent mortality versus leaf wetness period. Since there was 

no significant (P=0.1726) interaction between 1eaf wetness 

period and additive, comparison among additives was performed on 

the mean values averaged over aIl levels of leaf wetness period. 

Additive treatments (lines) associated with the same let ter 

have me ans that are not significantly different at CX=O.OS, 

according ta Tukey's W test. 

) 

)1 
"., 
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Figure 4. Effect uf inoculum density and age of field bindweed ) 
seedlings under the greenhous~ environment (experiment 2). Data 

points represents means of 6 replicates. Seedling ages are 

represented by the various line patterns: 1 wk old (cotyledon 

stage) - - ; 2 wk old (3-5 leaf stage) ••••••. ; 3 wk old 

(axillary shoot emerging) 4 wk old (numerous shoots) 

----

A) Dry weight of above-ground biomass versus inoculum density at 

4 leveis of seedling age. There was no significant (P=O.3126) 

difference between inoculum densities applied on 1 wk old 

seedlings. 

B) Dry weight of roots versus inoculum density at 3 levels of 

seedling age. No values for the dry weight of roots were 

recorded for 1 wk old seedlings inoculated witn the various 

inoculum densities. There was no significant (P>O.05) difference 

between inoculum densities applied on 2 wk old seedlings. 

C) Dry weigtt of regrowth versus inoculum density at 3 Ieveis of 

seedIlng age. One wk old seedlings inoculated with the various 

inoculum densities did not regrow after infeeted foliage was 

eut. There was no significant (P>O.05) difference between 

inoculum densities applied on 2 wk old seedlings. 

D) Percent mortality versus inoculum density at 4 levels of 

seedl1ng age. 
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Figure 5. Effect of number of applications of various inoculum 

densities on dry weight of above-ground biomass of field 

bindweed seedlings (4 wk old) under controlled environment 

( exp e r i men t 2) • Da t a p 0 i n t s r e pre sen t me ans 0 f 4 r e pli c a tes. T Ilt' 

solid line ( ) represents one inoculation and the dashed 

line ( ----) represents two inoculations. There was no 

significant (P=O.2627) effect of inoculum density when only one 

inoculation was performed. In the regression equation associated 

with two inoculations treatment Y = g of above-ground biomass 

and x = log of inoculum density. F-statistic for the model was 

highly signlflcant (P=O.OOOl). 
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Non-parametric statistical tests were selected to analyze 

the disease ratings. The Kruskal-Wallis one-way analysis of 

variance by ranks or the Median test were used when approprlate. 

In this section, one example of the statistical results obtalned 

with each test are presented. The experlment evaluating the 

effect of cumulative short wet periods Interrupted by dry 

periods on the disease development was chosen because 1t 

provided exemples of both tests. 

Example 1. Kruska1-Wal11s one-vay ana1Y818 of variance by ranks. 

Kruskal-Wallis one-way analysis of variance of aIl wet/dry 
regimes (dew) when the relative humidity during the dry period 
was 80%. 

6 

** 

N PAR 1 W A y PRO C E 0 URE 

Wilcoxon Scores (Rank Sums) for Variable Disease Rating Rank 
Classified by Variable DEW 

Sum of Expected Std Dev Mean 
DEW N Scores Under HO Under HO Score 

0 3 6.0 24.0 6.74642763 2.0 

6 3 15.0 24.0 6.74642763 5.0 

6 + 6 3 27.0 24.0 6.74642763 9.0 

+ 6 + 6 3 30.0 24.0 6.74642763 10.0 

18 3 42.0 24.0 6.74642763 14.0 

Average Scores were used for Ties 

Kruskal-Wallis Test (Chi-Square Approximation) 
CHISQ= 13.605 DF= 4 Prob >CHISQ= 0.0087 ** 

signlficant at the 0.01 level. 
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Example 2. Median test. 

Median test to detect differences between the levels of relative 
humidity during the dry period when the wet/dry regime was 6 hr. 

HUM 

80 

100 

N PAR 1 W A y PRO C E DUR E 

Median Scores (Number of PoInts above Median) 
for Variable Disease Rating Rank 

Classified by Variable HUM 

Sum of Expected Std Dev 
N Scores Under HO Under HO 

3 0.0 1.50000000 0.670820393 

3 3.0 1.50000000 0.670820393 

Average Scores were used for Ties 

Mean 
Score 

0.0 

1.0 

Median l-Way Analysis (Chi-Square Approximation) 
CHISQ= 5.0000 DF= 1 Prob > CHISQ= 0.0253 * 

* significant at the 0.05 level. 
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Analysls 1. Production of conidia on various solid media. 

Stat~st~~~l model: y& .... A ... ~+E ... 

Deflnltlons: V ... IS the observation assoclated wlth the J th media. 
~ 1S the overall mean. 
~~ 1S the effect due ta the J th medla. 
E •• 15 the random error assoclated wlth the IJ th experlmental unit. 

E.:perlment Source of 
varlatlon df 

Fercent germlnatl0n 
ln welter" 

MS Fr > F 

Percent germination 
~n pon y 

MS Pr ,. F di' 

No. of canldia 
produced • 

MS 

,..- . 

F'r ; F 

-------------------------------------------------------------------------------------------------------------------
0.0020 medIa cr .., 7::8.940962 (1.0001 O.O(JI)04976 0.:::-583 :s 0.50844=56 

erra,- 30 96.::S9:2Q:; 0.Oü01..14742 1.2 0.06713.204 

:2 Inedl a ." .., 1191. ~955:9 0.1)001 ('. (10)007705 0.0709 :5 0.371.2059-:: 0.0001 

er-ror -:.0 74 .. ::06055 O.O<.)()O:--:67 1= O. ()=489564 

poolti?d Rladl .... 5 1792.5440579 (1.(1001 t). t)()('l (J~ 40 1).0246 5 0.82759888 0.0001 

erro,- 60 1 (.4 _ 8')889:: 6 1 •• 1.",")''>:: 69 9 :;0 0.04559:;06 

Ar~Sln tr~nsfnrmatlon. 
... SqLt.:H e-,-c."ot tr-~1n~ frJt-:ttf."l.1on. 

LûQ ('1'+1) tr •• nsfar·o1l",llon. 

.... 
VI 
NI 
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Analysis 2. Production of conidia on two quantities of pearl 

barley grains moistened with three different volumes of water. 

Stiltistic .. l modell v .. -.A,,(+O\. +8 .. + cOldl .... + E, ... 

Definltionlll v •• ls th. observ .. tion ilagocu.ted wlth the Jk'''' Biol combln .. tton. 
~16 the overilll mean. 
q, is the effect du. to the j"" lev .. l of B. 
8~ is the .ffect duv to the k'''' lvvel of W. 

CCI SI .o. i .. thv lnterachan il ... OC1 .. t .. d ."th the jk'" BW combln .. tlon. 
E,. 1. the randam error ..... oclated "'lth the ljl,"" vMp .. rlm"ntal un.t. 

Saurcv of 
v .. rJ ation • df 

B 

W 2 

B • W 2 

..... or 11 

2 B 

loi 2 

B • loi 2 

... ror 12 

~ SQuare-root transformation • 

No. of conldia 
praduced " 

MS 

3~179:5902 

3427066611 

!592~0!590 II 

380774731 

6200707 

393078:::631 

1461~11423 

5~769181 

Pr ) F 

0.3571 

0.0048 

0.0006 

0.7446 

0.0001 

0.0001 

• B • quant.tv of pearl b .. rlev graIn., loi • valum. of .... ter. 

Analysis 3. Production of conidia on pearl barley grains 

harvested once and twice. 

Stolt1!ltlC .. l model: v,.· u.. + T J + E,. 

Deflnltl0nsl v .. 15 the observation "6soclat"d wlth th" J .... harv"st. 
)U1S the aver .. ll mean. 
T, 16 the effect due ta the J .... h .. rvest. 
E .. 15 the .. "ndom error a"60cI"ted ... th th .. lJ .... e"pe .. lment .. l unIt. 

2 

pool .. d 

Sourc .. of 
"""Jatlon 

ha .. ve.t 

errer 

ha .. vellt 

...... or 

ha .. vest 

errer-

• Square-root tran.formatlon. 

df 

14 

14 

30 

Percent germl natIon 
in POB· 

MS p,.. > F 

0.00012955 O.1~58 

0.0000575b 

0.00000000 0.9961 

0.00003444 

0.00006444 0.2415 

0.00004514 

df 

b 

b 

14 

No. af conldla 
produced • 

MS F'r > F 

8062020947 0.0001 

79801482 

45777920SI. 0.0001 

40193791 

12394958389 0.0001 

79-:'58449 
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Analysis 4. Viability and virulence of conidia produced on pearl barley grains over 

time. 

St.atll.lac.a1 model: V •• - M + '.1 + E • .1 
DeflnltionSI v •• i. the eb.erv.atien .assocl.atad ~lth the J'ft ~aal,. 

~15 the over.all me.an. 
r. 15 the affect dua to the J'ft week. 
E •• 15 the r.andom error .assocl.ated w.th tha lJ'ft experlment.al unit. 

ElCperlment 

2 

E>:parlment 

2 

Seurce of 
v.arl.atl0n 

Neek 

errer 

week 

errer 

Dapend.ant 
v.arl.able 

df 

7 

~4 

7 

:54 

percent germln.atlon 
ln POB -

dry welght of 
.bove-grollnd blom.aSs. 

percont germln.tlcn 
ln POB -

ArCSln tr.ansform.atlon. 

Percent germ.n.atlen 
in poe-

115 Pr > F 

793.2711604 0.0001 

35.8489418 

1027.496698 0.0001 

28.6761601 

Dry wa1ght of 
.abova-ground blom.as. 

/15 Pr > F 

0.01665860 0.0001 

0.00:84414 

0.00136267 0.1600 

0.00086019 

RegreSSion equ.atlon " 

v • 7:5.21141699 + 6.87629282 X - 1.0095&49& X" + 0.03~49209 X3 

v - 0.0370840868 - 0.0153764504 X + 0.0013140917 X,. 

y - 73.44699:5=4 + 7.22090241 X - 0.9:;896927 X2 + 0.02847168 X~ 

• V IS the d~pend~nt v.arl~ble .and X 1& tha numb~r of weQ~s. 
Coeff.clent of detarmln.atlon 

• Level of slgnlflc_nce 

R:a y Pr • 

0.686964 0.001)1 

0.409653 0.0001 

0.774984 0.0001 

1-" 

VI 
~ 
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Analysls 5. Effect of quantity of conidia used to inoculate pearl barley grains on 

the final production of conidia. 

St.tlatl~.l modala v ... -M+T .. + E ... 

Daflnltlon~1 v ... 1& the observ.tlon .650~I.ted wlth the J th seed lnoculum den8lty. 

E"perlment 

2 

AL IS the over.ll mean. 
ÎI .. IS the effe~t due ta the J-~ 5eed lno~ulum denalty. 
E ... 16 the r.ndom error .6so~1_ted wlth the lJ_n eHperlment.l unit. 

Source of 
v.rl.tlon 

lieed lnoculum 
d[!nslty 

errer 

lOeed lnoculum 
denslty 

error 

df 

:3 

8 

3 

8 

No. of ~onl:h. 
produ~"d -

MS 

2108701828.7 

111187805.:5 

3583387094 

1I49b1719 

Pr > F 

0.0005 

O.OüOl 

---------------------------------------------------------------------------------------------------------------
E.cperlmant Dependôlnt 

v .. rlàbl", 
Regra.510n equ.tl0n " R3 ... Pr • 

---------------------------------------------------------------------------------------------------------------
poal.,d no. of con.d •• 

praduc.IL'Cl -

v • -440~73.4~7 + 141140.~003 X - 9182.0534 X3 0.832886 0.0001 

---------------------------------------------------------------------------------------------------------------
Squa~e-root transform~tlon. 

y l~ the depQnd.nt ~~rl.ble and X IS the seed Inoculum denslty. 
Co~ffJ,\:lent Ot !;lcter"m\n_tlon. 

• L'hel of "lgn.t'Cc4ncC'. 

é t 

..­
Vl 
Vl 
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Analyals 6. Production of conidia in various liquid media seeded 

with different types of seed inoculum. 

Statt.ttc .. l mod.la Vu -.U+r. + E •• 

Deflnttionsa v •• lB the observation .... ocI .. ted wlth the J_h comb~n~tinn • 
.M 1 S the over .. ll mean. 

EICperl ment 

~ . 

paoled 

~J IS the effect du. to the J_h combln .. tlon. 
E •• is the random .rrar assoclated wlth the ij~h eNperlment .. 1 unit. 

Source tlf 
v.rl.atlon 

cambln .. tlons 

errer' 

comban .. tlon .. 

error 

combln .. tlon .. 

error 

. 
df 

4 

10 

4 

10 

4 

25 

Na. of canldl a 
produced y 

HS 

1 70~441 79.6 

3646088::.5 

27638::778 

20391348 

371938431.6 

34831535.8 

Pr > F 

0.0218 

0.OU05 

0.0001 

.., Squ.rg-root t,..an~fOrn\atlon • 
• f;omhlnéltlan" of Ilqllld , ... dILlm .. nd type of ,.eed .nocull,m. 

ADalyals 7. Effect of modifications of the Richard's (V-8) liquid 

medium on final production of conidia. 

Definitionsl V •• i. the observ .. tlon •• Bocl .. ted wlth the j_h reclpe. 
MIs the over .. l1 me .. n. 
T. lB the effect du .. to the J .... reclpe. 
E •• is the r .. ndom .. rror assoclated wlth the IJ_h aNperlmental unIt. 

Source of 
v .. rl .. tlon df 

Na. of conldl .. 
produc:ed • 

I1S Pr > F 

---------------------------------------------------------------
reclpes 2 8631:84.13 o.nuOI 

error 9 7743::.88 

2 .. eclpes 2 6268:;17.41 0.0001 

e,.ror 9 64361. :;:0 

pooled reclpes 2 14797627.07 (1.000\ 

e,.ror :1 76378.46 

---------------------------------------------------------------
• SquArv-root tr .. n~form .. tlan. 
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Analysis 8. Effect of quantity of conidia used to inoculate 100 

ml of Richard's (V-8) liquid medium. 

Statl. .Ucal mod.la y ..... )). + T .. + E ... 

D.finltion •• Ya .. is th. observation ••• ociated with th. j~" •• ed tnoculum den.ity. 
LI. i. th. ov.rall mean. 
T .. i. th. effect due to th. j_n ••• d lnoculum den.ity. 
E ... i. the random error a •• oc1at.d Nlth thn ij-n eHperimental unit. 

1 

2 

Ellperlmant 

pooled 

Source of 
variation 

.eed inaculum 
denluty 

error 

seed Inoculum 
dem" ty 

.rror 

Dependant 
var,;able 

no. of conldia 
produced .. 

w Squ.ra-root tran~format10n. 

df 

3 

9 

3 

9 

No. of conldia 
produced .. 

HS 

~31B9923.:57 

994343:5.20 

76627790.74 

9:5617:57.87 

Pr ) F 

0.0196 

0.0096 

Regr •• slon equ~tion M 

v • 40598.b5039 - 3=:5=.57148 X 

• V 1. the depandant var1.bla and H is tha •• ad Inoculum denslty • 
.. Co.+flclent of detarm1n.tlon. 
• Level 0+ 'Ignlflrance. 

R" v 

Aoalysis 9. Effect of low-temperature (-10°C) storage on 

conidia. 

Statuatlcal model. Va .. -)J..+T' .. + E ... 

DaflnltlonSI V ... 15 the observation a •• oclated with the jO" day • 
.u. 1. the over.1I 1 mean. 
T .. is the effect due to the J-" dav. 
E ... is the random errer ;as&oclated Nlth the Ij-" axperlmental unit. 

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

Experlment Source ai 
var lôlt 1 on df 

Percent germination 
in POE<· 

MS Pr > F 

Dry .... 1 ght of 
above-ground blom.s. 

115 Pr ) F 

----------------------------------------------------------------------------------
daV!I 2853:=.39098 0.0001 1.1:5=81bb7 O.uuul 

error 14 10.823:4 0.008155 

... davs ~8198.45309 0.0001 O.=047~b=~ O.OOu:2 -
error 14 fJ. 3!57~B 0.û"78~6=5 

----------------------------------------------------------------------------------
• Ar r: !:> ,n t r tlll ( .. + or m~ t l 01\ • 

Pr • 

o t)Uul 
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Analysls 10. Comparison of methods to produce conidia. 

5t.tistlC.1 medlfll V. ~ -.).1.. + -r ~ + E ... 

Definition.. V.~ i. the observation ••• oci.tRd wlth the j~h method. 
)Ut. the over.ll me.n. 
7~ t. the effect due te the j~~ method. 
E ... i. the r.ndom error .ssecl.tRd wlth the lj-h RwpRriment.l unit. 

E"periment 

2 

peoled 

Source of 
v.ri.tion 

m.thods 

error 

... thods 

error 

metheds 

error 

df 

2 

15 

2 

1:5 

2 

33 

Percent germin.tion 
in poe· 

1'15 Pr > F 

0.00034297 0.0180 

0.000064:56 

0.00030678 0.1820 

0.00016037 

0.00064924 0.0048 

0.00010284 

Dry weight of 
• bove-greund biom.s. 

1'15 Pr > F df 

0.000:51667 0.7607 2 

0.00185444 6 

0.01068889 0.0773 2 

0.003:50222 6 

0.00641944 0.2002 2 

0.0037997:5 1:5 

Ne. of conidi • 
preduced • 

1'15 

282970:5211.7 

64863114.6 

:5540139387 

1:54731211 

8143963=94 

IS68::4978 

r· 

Pr ") F 

0.0003 

O.OOOS 

0.0001 

------------------------------------------------------------------------------------------------------------------
• Squ~re-root tr.nsferm.tlon. 

.... 
Ut 
CD 
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Analysls Il. Effect of short-term co Id (4°C) storage on conidia. 

5tatistical .ad.l. y.~ -,A.l+ T~ + E.~ 

Def lnl Uans. Vl~ is the ob.erv~tlan ~5.aci~t.d ~'th the j_n d~y. 
~ls the ovarall mean. 
I~ 1. th. effect due to the J~~ day. 
E.~ i. the random error .. ssociatad ~ith the ij~ft eNperiment.l unit. 

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

Experiment 

2 

Source of 
vari .. tion 

d.ys 

error 

d .. ys 

errer 

df 

:5 

42 

5 

42 

Experlment Dependant 
varIable 

:2 

percent germInatIon 
in 1'0& -

percent germlnati~n 
ln POB -

Percent germination 
in pDB-

115 Pr > F 

2344.320549 0.0001 

9.6275 

8449.020320 0.0001 

17.779344 

Reqre~slon aquation M 

df 

5 

lB 

5 

lB 

Dry weight of 
.bove-ground biomas. 

115 Pr > F 

0.00327750 0.4774 

0.00347639 

0.09125 0.0001 

0.00493056 

y ~ 99.41761=6= - 14.36=90163 X + 8.55179492 X" - 1.513=8743 X3 

v - 87.37681494 - 31.50354834 X • 37.0b66=~39 X" - 14.83707952 X3 + 
1.61884194 X4 

. , 

R:I ,.. Pr • 

0.961120 0.0001 

0.978246 \.).0001 

-----------------------------------------------------------------------------------------------------------------------------------
ArCS1n tran~formatlon. 

M y l~ the depend~nt v~rl~bl~ ~nd M ia th& nLlmber of d~y5. 

Coefficient of datvrmlnatlon 
• Lvvel of slgn1flcanca ..... 

\JI 
\Q 

.--., 
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Analysis 12. Effect of low-temperature (-70°C) storage on conldla. 

5t~tlStlC~l .odel: v ..... -».. +-r~ + E~ .. 

Oeflnltlon51 y.~ ,. the ob.erv~tlon _5aocl.ted ~lth the j-~ month. 
~ la the over.ll m~_n. 
~, 1& the effect due to the J'~ menth. 
E., 1& the randem errer ~~&ocl~ted ~lth the IJt~ experlment.1 unit. 

Experlment 

2 

EI:pvrlment 

2 

Source of 
",.rl.tlon 

months 

error 

month .. 

error 

Dependant 
vartable 

df 

8 

63 

8 

6::> 

percent germtnatlon 
ln POB -

percent germlnatlcn 
ln FOL. -

ArCSln transformation. 

Pcrc~nt german_tlcn 
ln POEl-

MS P,.. ) F 

842.625860 0.0001 

21.703114 

2392.97077 0.0001 

43.016~1 

O"'y ..... ght of 
.bove-ground blom ••• 

MS Pr ) F 

0.00043460 0.11:54 

0.onO::5533 

Regre5&IOn equatlon -

y • 84.9874~663 - 3.05583409 X + 1.:50201:504 X'" - 0.19806:526 X~ 

V a a6.6534~030 - 20.73758058 X - 15.9171214 X'" + 3.624923:5 X~ 

- y l~ the dependant variable and X 15 the number of month ... 
y Coefflclent of determlnatlon 
• L~vel 04 slgnlflcance 

R'" '" 

0.780106 

0.78:5573 

r-

Pr • 

0.0001 

0.0001 

.... 
0\ 
o 
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Analysis 13. Effect of molst conditions on sporulatlon of Phomopsis convolvulus on 

infected leaves. 

5t~ti.tlc:~1 modell Ya ., -jj +T., + E • ., 

Definitiona. v.~ i. the observ.t1on ~ •• oc1~ted N1th the J'~ d~y. 
~ia the over~ll me~n. 
T~ la the affect due to th. j~~ d~y. 
E.~ 1. the r.ndom error .ssoc:i.ted Nith the iJ~~ eMperlment~l unit. 

Experiment 

1 

2 

Experl ment 

2 

Source of 
v.ri.tton 

doay5 

df 

:5 

Qrr-cr lB 

d.ys :s 

error 17 

Dep.nd_nt 
v.arl .. ble 

no. of conldl.a 
produced -

no. of conldl .. 
producaCl -

Squ.re-root tr~n.form~ticn. 

No. of conldl.a 
producad -

MS 

864b12.b14 

100664.3:<:4 

334300.B~4 

30734.719 

Pro > F 

0.0003 

0.0001 

Req,-esslon aqu.tlon M 

y = 6.4677~68 + ::q.6562185 X 

y - -~744.578~:~ + ~331.300733 x - 485.475347 x~ + 3=.847788 x' 

" y lS the depend~nt ~~rl~blQ ~nd X t. the nunlber of d.y~. 

CoeffiCient of determln~tl0n 

• Lavel ot ,1qnltlc~nce 

R2 '" 

0.:57:586~ 

0.7340~q 

( ~ ,,' 

Pr • 

0.0001 

o. (n)OI 

.-
a-.... 
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Analysls 14. Effect of leaf wetness and 1noculum dens1ty on d1sease expression. 

St.tllôtlc.1 mcdsla Y.~ -fiA.+O<j +$ .. + (~al~ .. + E.~ .. 

Oe?lnltl0nSI Y.~ 1& the observ~tlon ~&socl_ted wlth the jk-h LI cDmbln.tIDn. 
~lS the overall mean. 
qJ 1a th~ affect due tc the j.~ lave! of L. 
8 .. is the affact due ta the k~" lavei of 1. 
(QS lJ~ i& the lnteractlon a&&oc1ated w1th the jk·~ LI cambin.ticn. 
E., 15 the random error a&soclated wlth the ljk~n .Mperlment.l unit. 

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

E,;perl ment 

2 

Source of 
v.arlatian 

L 

1 

L .. 1 

Brrcr 

L 

L .. 

error 

df 

J 

4 

12 

60 

3 

~ 

12 

60 

Dry .. alght of 
.bovu-ground bl0m~~& 

MS Pr > F 

0.60287458 0.0001 

0.67916562 0.0001 

0.05055896 0.0002 

0.01268125 

1.25q4'24~B 0.0001 

2.19155750 0.0001 

0.11586 0.0001 

0 .. t)2598375 

Ory .. elght O? 
raot& 

115 pr > F 

0.01986833 0.0001 

0.01416250 0.0001 

0.00072667 0.1699 

0.OOO~01b7 

0.1~47 0.0001 

0.26639687 0.0001 

0.00315104 0.8114 

0.00503 

df 

2 

2 

18 

1 

2 

2 

lB 

Percent 
mort.lity 

MS 

12~4.:S03328 

8665.0614:52 

600.:543189 

340.229434 

4409.611480 

2407.730483 

329.737807 

'l2:;.41~72~ 

Pr > F 

0.0708 

0.0001 

0.1099 

0.0413 

0.1017 

0.7051 

Arcs1n transformation. For th1s v~rlablQ an~lysl& w~_ only performed on densltles 10-, 10·, 10. 0 cQnldl~/m3 

and leaf wetness perlod of 18 dnd 24 hr. 
L = le.f .. etness perlod, 1 a lnoculum denalty. 

iJI*. 

.... 
a­
N 
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Ana1ys~s 14. continued 

E,perlm61nt 1: 

Depend.nt 
v"rl .. bl" 

dry .. elght of 
.bove-ground 
blom.SIi 

Contr.lit 

model 
error 
L in 110· 
L ln 110" 

L 11n&,ar in 110?' 
L- qu.dr"'.tlc in 110?' 

r:UblC ln 110?' 
L. ln !lO· 

L li ne;ar in IlO· 
L. qu.adr .. tlC: in 110· 
l- CLlblC ln 1 lU· 

L. ln 110"" 
L. llnear ln 110'" 
L qu.dr.t1c in 110" 
L. C:UblC: ln 110'" 

L. ln 11(..'"'.0 
L. lin .... ,. in 1101.00 

L. qu.drôltic in 110" 0 

L. CUC1C in 110l<' 

ln L.6 
ln L12 

I Il no .. r ln LI::: 
I qUddr ... tlC: ln L12 
1 cutl1 C ln L12 
I quartlc ln L12 

ln L18 
I ll.ne.r ln LIB 
l qu .. or-atlc ,n L.18 
1 eut)} c ln L18 
1 qUèl.rtlC ,n L18 

ln L::4 
1 llneoi'r ln L::4 
1 qu .. dr_t.lc ln L::4 

1 CLIOl .::. '" L::4 
1 Qu .. r t 1 C ." L::4 

) 

df MS Pr > F Regre5s1on equ.tlon y RZ • 

19 0.:7010493 0.0001--
60 0.01:6812~ 

-3 0.00811667 O.~922 

3 0.04:0;69333 0.0184- v - 0.732~ - 0.0172~ X 0.438864 
0.21424~ 0.0001--

1 0.01 0.37Bl 
1 0.04606 0.0614 
3 O.1688062~ 0.00,)1-· v • 0.67b2~ - O.02612~ X O.B149~2 

0.4914112~ 0.0001-· 
O.O150062~ 0.2810 

1 O.O(>OOOI:::~ 0.99:::1 
3 0.3:;:07729:;: 0.0001-- y - 1.17~62~ - 0.1063~4167 X + 0.002413194 X3 0.890448 
1 0.830'281::5 0.0001--
1 0.12075625 0.0031--

0.011281::5 0.3494 
3 O.2173(Î6=~ 0.0001-- y - 0.642~ - 0.02887:5 X 0.829969 
1 0.6003112:5 0.0001--
1 0.0495062~ O.O~:!B 

1 0.CO::I012:l 0.68:;4 

4 0.017282:; 0.=576 
4 ù.::l~()'57~ O.OuOl-- v - 1.~63~ - 0.14 X 0.73171:l 

"".784 O. 'J(,OI--
0.04345714 0.(J69 1 
0.u09 0.40::9 
0.02377:::86 0.1760 

4 0.3025575 0.0001-- y s 5.156857143 - 1.093035714 X + 0.05839=857 X2 0.8613=2 
1. (IIJ8u6::5 0.00<.,1--
".19"94464 O. u('u3--
0.u06'::5 1).48~4 

0.u()497286 O.~:3o 
4 <.). ::95945 0.000:-- y 2 4.967 - 1.0:l8=5 X + 0.05625 X2 0.88Ie~3 

1.11017::'::5 C).uIH11--

Il.17718''''5 O. ( . ..100 1--
U.uIJ1444 0.7:7::: 
(J. uu343 U.bU .. <i> 

----------------------------------------------------------------------------------------------------------------------------------
V 15 the depend.nt v.rldble ~nd ~ IS th~ le~f wetneç. perlee or the Ineculum d&nslty • 

• Cce~flClent O. deterlnln~tlan. 

- Slqnlflc~nt ~t tne ,I.l~ ~evel. 

-- Sl~nl?lC~nt ~t th& U.~Jl l~v&l. 

~ • 
l' 

-0" 
~ 
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Analysis 14. continued 

EJ<persfllent 2: 

O .. p .. ndant 
v .. rlabl .. 

d ... y ..... ght of 
.bove-ground 
~lom .... » 

Contr .... t 

mod .. l 
error 
1.. ln 110'" 
1.. .n 110'" 

1.. Iln .. ar in 110'" 
1.. quadratll: ln 110'" 
1.. CLlOlC: .n 110'" 

1.. ln Il (1. 

1.. l.n .. ar 1n 110· 
1.. qu .. d ..... tlc: in 110· 
1.. cuo.c .n 110· 

1.. ln 110" 
1.. 11n .... r ln 110'" 
1.. qu .. dr.tlC ln 110'" 
1.. CLlO1C ln 110'" 

1.. in 110 '0 
1.. lln .... r in 110 '0 
L qu.-dr.atl";: ln 110&00 
L cutu c: ln 110'" 

1n 1..6 
1 Ilna.r in L6 

qu..adratlc ln Lb 
c:ublC: ln 1..6 
qe ... rtlc ln 1..6 

ln 1..1= 
llnear ln 1..12 
quadr.tlc ln 1..12 
C:UblC ln L12 
quartl.C: ln L12 

t '" L18 
llnear ln L18 
quadratlc ln UB 
CLlbl C ln 1..18 
quartl.c ln LIS 

ln 1_::4 
1 11 ne~r ln L:4 
l qu .. dratlc ln 1..:::4 
1 C:UblC: .n L::'i 

quartlc ln L:;:4 

# ........ " r' 

df MS Pr > F Regresslon equatlon y R:a • 

19 0.73341178 0.0001--
60 0.0::::59837:5 

3 0.0:5745625 (.0960 
3 0.13364917 0.0031-- Y - 1.895625 - 0.114687:5 X + 0.002690972 X:a 0.720993 
1 0.830::81::5 0.0001--
1 0.1:50156::5 0.0193-
1 O.O:Z~781:!5 0.35::8 
3 ù.3a~9229:: 0.0001-- y • 0.95 - 0.0369583333 X 0.709162 

0.98346125 O.OOul--
0.07700625 0.0903 
0.097301::::=; 0.0577 

3 0.57472:::92 0.0001-- y • 1.6481::5 - 0.1:59312:5 X + 0.003836806 X2 0.878251 
1 1.407151::5 0.0001--
1 0.30:52:56::5 0.0011--
1 0.01176125 0.5037 
3 0.370356::5 0.0001-- y • 1.41812:5 - 0.1::9479167 X + 0.003142361 X'" 0.734::69 

O.89=~31:::!~ 0.0001--
0.::047:56:::5 0.0067--
0.0137612":'. 0.4693 

4 0.1774755 0.0001-- Y • 1.71 - 0.095 X 0.301134 
1 0.361 0.0004--
1 0.0138::657 0.4685 
1 o. 16~5ô::~ u.Ol~a-

1 0.17::50893 O.Cl12~-

4 0.86815 0.0001-- Y - 8.146214286 - 1.6570714::9 X + 0.086785714 X'" 0.821:;:80 
1 2.88369 0.0001--

0.42177857 0.0002--
0.07056 0.104b 
0.09657143 O.v:580 

4 0.70939:::; 0.0001-- y ~ 7.36178:5714 - 1.519178571 X + 0.079464286 X'" 0.914978 
l 2.4~~:u:5 0.0001--

0.35361607 Ù.CIIIO~--

O.u2352::S 0.=45:2 
1 o. l)u5==S93 0 .. 6553 
4 O.7841-~ O. O~ll) 1-- Y - 8.147214286 - 1.7373::1429 X + 0.09303:5714 X'" 0.8&4881 

2 .. 4 1:;' 'b:~ Ù.Û(II,I--

1).4847 v.vuOl--
0.090::::0 O.V67::; 
0.08 0.0731 

----------------------------------------------------------------------------------------------------------------------------------
v y lS th .. depend.nt v.rl.ble .. nd X lS the 16 .. f wetne5~ p .. rlod or the lnoculum d .. n»lty. 
• Co .. ff,c, .. nt of determln .. tlon. 
- S!qnlflcant ~t the 0.l'5 level. 
-- Slqnlflcant ~t the v.Ol level. 

.... 
Q\ 
~ 
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Analysis 14. continued 

EHpurlment Depend.nt 
varl .. ble 

dry Wli!1ght 
of roots 

2 dry welght 
of rootso 

L 

12 

lB 

24 

b 

1::: 

18 

2~ 

1 

10'" 

10· 

10'" 

10. 0 

107' 

1('· 

10'" 

1 (II C;' 

{ t ~ 

Regreaslon equatlon y R2 • Pr .. 

y ~ 0.2~~ - 0.021 X O.b92:S0B 0.0001 

y - 0.190~ 0.01775 X 0.70582~ 0.0001 

V • 0.2485 - 0.02~25 X 0.684:539 0.0001 

Y ~ 0.135 - 0.OO337~ X 0.~69779 0.0007 

V • 0.18S62~ - 0.0140208333 X + 0.0003298611 X::a 0.87427S 0.0001 

Y - 0.18812~ - 0.01~0208333 X + 0.0003298&11 X" 0.B38~24 0.0001 

y-o. 11 - 0.00466&6667 X 0.6077~2 0.0004 

Y .. O.BOI - 0.059 X 0.462622 0.0010 

y ~ 2.11::::::85714 0.~1092B~71 X + 0.020714:::86 X2 O.779~63 0.0001 

Y ~ 2.&05714~8& - O.~475714:::9 X + 0.029:::B~714 X" 0.87~187 0.0001 

Y = :::.43864~B57 - 0.507964:::86 X + 0.02&607143 X" 0.7~8~88 0.0001 

Y • 0.675 - 0.0444166667 X + 0.0010416bb7 X" 0.B0767~ 0.0001 

V - O.:::712~ - O.u096bb6667 X 0.~8~171 0.0006 

Y = O.4306=~ - 0.0376875 X + 0.0008854167 X2 0.848412 0.0001 

Y ~ v.;937~ - O.v':~83J33~ X 0.:;28780 0.0014 

------------------------------------------------------------------------------------------------------------------------
- Luyel of slgnlflc~nce. 

~ ~ 15 the aepena~nt v .. rl~cle ~nd x 15 the leaf wetne55 perlod or the lnoculum denslty • 
• Cùef~lclent O~ ~etermln~tlon. 

...-
0"0 
VI 
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Ana1yB~B 15. Effect of cumulative short wet periods Interrupted by dry perlods on 

disease expression. 

Stat19tical model: v'.J:Ill)). +a.J +/3 .. + (o(dl .... + El"" 

De+lnltlons: Y'.J 15 the observatIon assocl~ted wlth the Jk~h HR cembination. 
AAIS the overall mean. 
4 .. 19 the affect dua to the j~h levaI of H. 
Pk i~ tha affect due te the k~h level of R. 
(qd ) .... 15 the Interaction assoclated with the jk~h HR combination. 
E • .J Is the rando~ error aSsoclated wlth the lJk~h eHperimental unit. 

Dry weight of 
abeve-ground biemaS9 

Dry weight of 
roots 

Percent 
mortillity ,.. 

E)(periment 

1 

2 

Source of 
varliiltion • 

H 

R 

H * R 

error 

H 

R 

H * R 

error 

df 

1 

4 

4 

20 

1 

4 

4 

20 

MS Pr > F 

0.67800333 0.0001 

0.649875 0.0001 

0.11199:5 0.0045 

0.02117333 

0.27265333 0.0001 

0.32342833 0.0001 

0.033645 0.0077 

0.00716 

MS Fr > F MS Pr > F 

0.09408000 0.0001 37.6843207 0.6393 

0.0361':833 0.0001 652.3400248 0.0165 

0.00813833 0.0142 37.6843207 0.9203 

0.002 166.3541962 

0.02133333 0.0001 94.111267 0.3293 

0.02490333 0.0001 7282.~767~7 0.0001 

0.00205 0.0063 94.111267 0.4307 

0.00041667 94.111267 

-------------------------------------------------------------------------------------------------------
,.. ArcA!n transformation. 

H _ rel.tiva .ir humldity durlng the dry perlod. R - 3-day wat/dry regime. 
..... 
0' 
Q\ 
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Ana1ysls 16. Effect of leaf wetness and additive on disease expression. 

St~ti stical mor4 ':lll Ya J .)..{ + c( J +d .. + cc( a ) J" + Ea J" 

Da~lnltlona. y&~ la the observ~tion ~~~ocl~tad wtth the jk~h DL combtn~tton. 
~ 1. the oV9r~11 me~n. 

~.J ts tha effect dUR to the j-~ level of D. 
~M 1~ the effect due to the k~h level of L. 
(~8 )~M 15 the inter~ction ~6Socl~ted wlth the jk~h DL ccmbtn~tton. 
E&~ ia thR r~ndcm errcr ~55ccl~ted with the iJk~h experimant~l unit. 

Percent 
mortoallty 

Dry welght cf 
abcve-ground blcmoas5 

Expsrimant Source of 
vari.ticn df MS Pr > F MS Pr > F 

1 0 6 1960.409088 0.0008 0.02261607 0.0001 

L 3 12491.20'2216 0.0001 0.10279643 0.0001 

o * L 18 6S2.330~02 0.1379 0.00311448 0.0906 

errer 84 455.251867 0.001998'21 

2 0 b 908.034646 0.0406 0.02::84732 0.0001 

L 3 4636.230193 0.0001 0.110::8899 0.0001 

o .. L 18 534.2646::7 0.17-;:'6 0.00850010 0.0'208 

error 84 39:;:.123742 0.004:;::5:'0 

----------------------------------------------------------------------------------
o - ~ddltlve. L - le.f w9tnes~ perlod. 
Arcs!n tr.n.form.tlon. 

'-

1-' 

'" '" 
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Analysis 16. continued. 

-----------------------------------------------------------------------------------------------------------------------------------
Experlment Depend~nt 

v~ri~ble 

o Regresa10n equ~t1on v RZ • Pr -

-----------------------------------------------------------------------------------------------------------------------------------
percent 
mort.~11ty 

control <wOlter) V -147.35360:22 + 12.90487::8 X 

2 

dry waight of 
abova-ground b1om.~. 

percent 
mortality 

Arcs!n tran~formatlon. 
- Leval of s1qn1ficance. 

gelOltln 17-

sorbo 20'l. 

bond 0.74 L/ha 

bond 1.48 L/ha 

control (water) 

gelat1n 1'l. 

gelatln :'l. 

sorbo 20'l. 

sorbo 30i. 

bond 0.74 L/h~ 

bond 1.48 L/ha 

gelat1n li. 

sorbo 307. 

bond 1.48 L/ha 

Y -102.6243474 + 8.25~~S23 X 

V • -135.1~8763 + 10.8448052 X 

Y • -85.81267Z74 + 7.83526041 

Y • -61.68409453 + 6.7507799 X 

V • 0.21::5 0.01::5 X 

Y 0.5075 - 0.027625 X 

y • O.:H6:L5 0.027 X 

y ~ 0.53375 - 0.0::96=5 X 

V .. 0.575 - 0.029875 X 

Y • 0.31375 - 0.01775 X 

y::a 0.::45 - 0.0131::5 X 

Y '"' -101.9493304 + 8.1880506 X 

Y .. ::71.7602652 - 42.466682 X 

Y ,. -69.13154818 + 6.76~83491 

v y 1s the d~~end~nt variable and X ia the leaf wetnesa perlod • 
• Coefficient of determinat1on. 

X 

+ 

X 

0.687992 0.0001 

0.449901 0.0045 

0.6490~7 0.0002 

0.378021 0.0113 

0.444685 0.0048 

0.443262 0.0049 

0.677265 0.0001 

0.465165 0.0036 

0.857346 0.0001 

0.:5705'54 0.0007 

0.576773 0.0006 

0.364162 0.013~ 

0.393026 0.009:; 

1.6604716 X'" 0.767609 0.0001 

0.382160 0.0107 

.... 
0-
00 
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Analysls 16. continued. 

EKperlment 21 

Depend;ant 
v.rl.ble 

dry ... elght cf 
.bove-greund 
blomass 

Contr.st 

model 
errer 
L in D control 
L in D gel;atln 1'l. 
L ln D gel.tin 2ï. 

L linear in o gel.tin 2ï. 
L qu .... dr;atic in o gel;atln 2'l.. 
L cublc ln o Qel .... tin 2% 

L ln D sorbo 20ï. 
L 1 i near in o Barba 20ï. 
L qUi'\dratlc ln o sorbo 20ï. 
L CUblC in o sorbo 20'l.. 

L in 0 sorbo 30% 
L 1 i nA.'- in 0 sorbo 30% 
L qu&\dr.tlc ln D serbo 30ï. 
L CUblC in o sorbo 30'l.. 

L in o bond 0.74 L,ha 
L ln D bond 1.48 L/ha 

c 

df MS 

27 0.0:229982:5 
84 0.0043::530 

3 0.004575 
3 0.00880771 
3 0.0130833~ 

1 0.03698 
1 0.0.0020:;:5 
1 0.000245 
J 0.04807292 
1 0.13041125 

0.001056::5 
1 0.012751:;:5 
3 O.0632u6:::5 
1 0.166531:5 
1 0.0(JO::062S 
1 O.O2:2781~5 

3 0.008756::5 
3 0.0009::::9:: 

~ y 15 the depend.nt v.rl;able ;and ~ 15 the le;af ... etness perl0d • 
• CoeffiCient of determin .... tlon. 
- Slgnlflc .... nt Olt the 0.05 level. 
-- 51gn1f1c.nt ;at the 0.01 level. 

} 

Pr > F 

0.0001--

0.3716 
0.1150 
0.0341-
0.0044--
0.4957 
O.B12~ 

0.0001--
0.0001--
O.6~:25 
0.0897 
0.0001--
0.0001--
0.7908 
0.024:;::-
0.1167 
0.8869 

RRgresaion equ.ticn y 

y - 0.417~ - 0.0215 X 

y - 0.7387~ - O.04037~ X 

y - 0.82125 - 0.045625 X 

~ $ 

R:a • 

0.5391)67 

0.633853 

0.57'3171 

.... 
0-
\0 

-



.. ~ ,..~'" 

Analysis 17. Effect of inoculum density on field bindweed seedlings (3-5 leaf 

stage). 

St.t15t1c.l modala Va" -lJ.."'/. + E •• 

Oef1nlt.onSI y.~ 1~ the ob~arv~tlcn ~~&oel~ted wlth the j~h dens.ty • 
.J..,(. 15 the cver,all meân. 
~. lS the effect due to the J~h den&lty. 
E., 1 â the r~ndom error .".oc1.tli!d ." th the 1 J Ch eMper1a1ent.l unl t. 

Experlment 

2 

EMperlment 

Source CT 
v.rloiltlcn 

denslty 

error 

den~lty 

error 

Depend~nt 

v.rl.ble 

df 

4 

15 

4 

1:5 

Dry we1 ght of 
... bove-grol.tnd b l cm.sa 

MS Pr > F 

0.212:;:::; 0.0001 

0.00~64 

0.11431:;:::; 0.0001 

0.00::;875 

Dry "on ght cf 
roat'li 

MS Pr > F 

0.01483 0.0004 

0.00149167 

0.0081875 0.0009 

0.00097 

ReqreSK1Qn equ.tlon M 

df 

2 

9 

2 

9 

Percent 
mcrt~llty 

MS 

1036.289698 

466.000672 

3269.:51440:5 

392.618246 

pooled dry ..... ght of 
~bove-ground blom.S5 

y ~ -10.834464=9 + 4.798467=6 X - O.6~928~71 X2 + 0.0:;:8e~417 X~ 

dry .,e1qht of roots y 1.04964:857 - 0.::4339:86 X ... 0.012:32143 X3 

percent mcrtallty ~ y -2714.463010 + bO~.B51112 XN. - 33.058642 X3 

P..- > F 

0.1641 

0.0090 

R'" .... 

0.aO~b3a 

0.627848 

0.4mHbb 

Arcs.n tr.nâfcrm.t10n. For thl~ v_rl.bls .n.lysl5 .. ;as only parformed on densltles 10·, 10·, _nd 10'0 ccnldi_/m"" • 
• y 1. the depend.nt v.rlable .nd X 15 the denslty of lnoculum. 

Coeff1c1ent of determ1n.t10n 
• Level of 51gn,f,cance 

1"" , 

Pr • 

0.0001 

0.0001 

0.0043 

~ 

-..J 

o 
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Analys1s 18. Effect of inoculum density on established field bindweed plantse 

5t~tllltlc~l modela y.~ -1J..+P. +/~ + E.~ 

Deflnltl0n.1 V.~ 15 the ob&erv~tlon ~saacl~ted wlth the jth den&lty .nd th~ {-ft black • 
.u lii the over~ll mean. 
P. 19 the affect due ta th ... 1-" black. 
I~ lS th ... __ ffact du ... ta the J"''' denlAlty. 
E.~ la the random wrr~r ~_.ocl~ted wlth th ... iJ"''' eMperlment~l unit. 

Exper1ment 

:2 

EJCperlment 

pùc.le\J 

Source of 
"arl~tlon 

black 

denalty 

error 

black 

denslty 

error 

Oepend~nt 

vdrl .. ble 

df 

2 

3 

b 

2 

3 

b 

dry "~lght ot 
àbove-yround bloma.65 

Arc.~n tran.form~tlon. 

Dry .. elght of 
~bovw-yround blom~.& 

MS Pr > F 

0.543558~3 0.0573 

1.208475 0.0082 

O.1137:~ 

2.395675 0.0406 

2.45196389 0.0324 

0.418~6~89 

Dry ... u ght of 
root,. 

MS Pr > F 

0.13:l633:S3 0.0828 

0.10443056 0.1176 

0.03492:::2 

2_1~~85833 0.0300 

0.39640833 0.3799 

0.32415833 

ReQreS&10n equ.tlcn -

y - 5.514166667 - 0.56:00000 X 

15 the d~pcn\J~nt _àrla.ble a.nd X IS tlle denslty of Inoculum. 
CC~~~lClent ~~ ~~ternln~tl0n 

• L~ el o~ Sl~~l~.C~~~d 

Dry .. elght of 
r.growth 

MS Pr > F 

0.18810833 0.1101 

0.18374444 0.1058 

0.05771944 

1.384275 0.0360 

0.74261111 0.1012 

0.22738611 

RZ .. Pr • 

0.37::613 D.C101=> 

P.rcent 
.art.;ality .. 

MS Pr > F 

:591.7~B60b 0.4219 

2367.034425 0.0701 

:591.7:58606 

..... 

...... ... 
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Analysis 19. Effect of inoculum density and age of field bindweed seedl1ngs. 

St.atll.ticOll modal. Y'.J a,iJ.. +o(.J +8 .. + (o(B).J .. + E • .J" 

De+inlttonsi y.~ ta the observation aasociated Nith the jk~" Al comblnation. 
~i9 the overall mean. 
q~ is the effect due ta the j-" level of A. 
p~ 1. the affect due ta the k-" level of 1. 
(d8)~~ is the inter.ction .s50ci.ted with th. jk-" AI combination. 
E.~ i. the r.ndom errer aa_eclated Hlth th. ijk~" .Mperlm.ntal unit. 

Experlment 

2 

Source of 
v .. riOlt1on 

A 

1 

A .. 1 

erro" 

A 

1 

A .. 

error 

df 

3 

2 

6 

60 

3 

2 

6 

60 

Dry .... n gh t 0+ 
.bava-graund blom~ •• 

MS Pr > F 

7.86518704 0.0001 

4.99118472 0.0001 

0.87519954 0.0001 

0.09031333 

0.8:3233S19 0.0001 

1.93468889 0.0001 

0.14918519 0.0006 

0.03::05444 

A • age of plants, • lnoculum denslty. 
HrC.ln tr_n~tormatl0n. 

v y .5 the dep~ndant v_rl.bls and X la the Inoculum denalty. 
- CoeffICient of datprmln.tl0n. 

S.qnlflcant ~t the U.Ù~ levul. 
_. S.gn.f.cdnt at the O.ul lavel. 

Dry welght 0+ 
roct51 

MS Pr > F 

0.4333::::>93 0.0001 

0.37592917 0.0001 

0.08578843 0.0001 

0.0074::389 

0.02039444 0.0001 

0.0;)364306 0.0001 

0.01154306 0.0001 

0.00144667 

Dry weight of' 
regrowth 

MS Pr > F 

0.34888:519 0.0001 

0.40488472 0.0001 

0.17533102 0.0001 

0.01857278 

0.4439398 0.0001 

0.080126::;9 0.0001 

0.0216(1231 0.0004 

0.004425:::8 

,,-. , 

PRrcent 
mortality 

MS Pr ) F 

10:572.7b86~ O.OOCI1 

13093.68618 0.0001 

2805.24409 0.0001 

404.27224 

71:;:9.:52341 0.0001 

::3939.19674 0.0001 

275::>.gOBOc!o 0.0001 

1::5.67785 

.... 

...... 
N 
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Analysis 19. continued. 

E"p"",momt l' 

Depend ... nt 
" ... ,., ... ble 

dry wSllght of 
... bove-graund 
b10maSS 

û'-Y .. e1ght of 
roots 

dry .. onqht of 
rvgrc"",th 

percent 
mort .. l1ty -

Cont,. ..... t 

madel 
error 
l ln AI 
l ln A2 

1 llnelÏlr in A2 
1 qU ... d,. ... tlC ln A2 

ln A3 
[ 1 1 ml ... ,. ln lU 

qu .. dr.tlc ln A3 
in A4 

1 llne.r in A4 
l qU ... d,. ... tlc ln A4 

modal 
errer 

ln Al 
ln A2 
ln A3 

1 Il ne ... r in A3 
qu .. dr~tlc ln A3 

ln A4 
1 l1ne.r ln A4 
l quadr ... tlC: ln A4 

model 
errar 
l ln Al 
1 ln A2 
1 ln A3 

Il ne .. r ln A_ 
QUddr ... t,c ln A3 

ln A4 

11 nea'" ln A4 

Quadr ... tlc ln A4 

mOdRl 
til'rrcr 

ln Al 

Il ne ... r ln Mt 
Quaor.t,c ,n MI 

,n A:;: 
Ilne __ r ln .:.~ 

q .... adrat.lc .n A: 
ln ~3 

: lr"lea.r ,n ':'3 
4uadràtl"; '0 ... :::; 

.C' M':' 

df 

li 
60 

2 
2 
1 
1 
:2 

1 
2 
1 
1 

11 
60 

2 
2 
:2 

:2 

11 
60 

2 
:;: 
:;: 

:: 

Il 
ov 

:2 

;;: 

: 

... , t ~ 

MS p,. > F . Reg,. .. S610n .. qu ... tlon v R2 • 

3.:52992071 0.0001--
0.09031333 
0.14228889 0.21~3 
0.66343889 0.0014-- V - 2.647777778 - 0.302~ X 0.62836:1 
1.098075 C.Ou09--
C.:2880278 0.1167 
:5.10671667 0.0001-- Y • 28.22 - ~.98416667 X + 0.317~ X" 0.870291 
9.91u20931 0.0001-· 
0.403225 0.0388-
1.70433899 0.OC01-- V - -21.0 + 6.177:1 X - 0.41:183333 Xa 0.497407 
2.71700833 0.0001--
0.69166944 0.007~--

0.23332424 0.0001--
0.00742399 
0.0008 0.8980 
0.0128 0.1870 
0.180:8889 0.0001-- V - 8.303333333 - 1.895 X + 0.108333333 X" 0.7174~7 

0.:3136:3333 0.0001--
0.04694444 0.0146-
0.43940556 0.0001-- V • Il.:53:5 - 2.:56416667 X + 0.14416667 X2 0.748406 
0.795675 O.OO')!--
0.u931:611 0.0014--

0.26440101 0.00(01--
0.01857::78 
0.00005 0.9973 
0.0 1.00(>0 
O.1611~!;~6 0.<1005-- y '" 1.277777778 - 0.146666667 X 0.389729 
0.::5813:33 0.')1'04--
0.00417778 0.0679 
O_76967~~= 0.0001-- V - 16.39~ - 3.72333333 X + 0.21166667 X3 0.666029 
1.36\..113:::;: O .. lIlIOl--

Il.179:1 t Il 'J.00:9--

o~9':.::8S71 0.0("11'1--
404.::7::::4 

87,.3. L)7bS': <.).0001-- V - -2663.27203:;: + 660.966383 X - 39.401308 X2 0.666184 
1 t t 96. :::;(If'83 0.01101--
6: 19.85:::1 O.vu":;:--
7871.96<;>10 0). ,)OÜ 1-- V -1774.779086 + 4:;:~.21:;:303 X - 24.4915:56 X" 0.5:13408 

13:::':':.:':9:"1 ().! Il}'' 1"'-
::~9.:l5:'o ~J.vL76- -49:::4.37;;:8:0 Q.,)O.:>I-- V - 1111.157561 - 302.100756 X + 20.513643 X2 0.777193 ...... 
al~S.~ ,'43 " • .1·1(11-- W 

l.:ê:.::S:: \ . .' ..... 4~Î-
_'a -' t .\..!0vJ 

------------------------------------------------------------------------------------------
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ADalys~B 19. concinued. 
Eltperlment 2: 

Depend.nt 
v.rl. .. bla 

dry ... nght of 
.bove-ground 
blom_55 

dry ".lght of 
roots 

dry .... 1.qht of 
regroooth 

perc: .. nt 
mort.llty " 

CQntr~.t.. 

",ode l 
tiirrror 
1 ln Al 

1 ln A2 
1 11ne.r in A2 
1 qUi\dratlC: ln A2 

in A3 
1 11 ntiitjl,.. ln A3 
r qUi\dr.tlC: ln A3 

in A4 
1 11ne.r ln A4 
I qu.dr.tlC: ln A4 

modal 
errer 
1 ln Al 
1 ln A2 
l ln A3 

X llne.r in '13 
X quadratlC: in A3 

ln A4 
1 11n9;,r ln A4 
I quac!r.tlC: ln 1'04 

modal 
errer 
1 ln Al 
I ln A2 

ln A:;: 
l ine.r ln A:: 
qu_dr.tlC: ln A3 

in A4 
I Il nv .. r ln A4 
t qu .. dr .. tlc ln 114 

model 
e'-rer 

ln Al 
11 n~_r ln Al 
~u ... dratlc ln Hl 

ln A:: 
11 reàlr lr. A2 

q"",dratlC: ln M~ 

ln H:; 
I Ilne .. r ln ... 3 

qu_dr.tlC ln H~ 
ln M4 

11near ln ~.; 

yl.loild r .tl"': 1'1 ;'4 

df 

11 
60 

:;: 

2 

2 

2 

11 
60 

2 
2 
2 
1 
1 
2 
1 

11 

60 
2 
2 
2 

2 

11 
60 

:;: 

:: 

" -
:: 

( ) , 

/'15 Pr '> F Re9r ••• 10n _qu.t10n y Ra • 

0.66013:586 0.0001--
0.03=0:S944 
0.03801667 0.:n:;:6 
0.42177222 0.0001-- V • 2.290~~~~~6 - O.2~B333333 X 0.726691 
0.80083333 0.0001--
0.04271111 0.2530 
0.91783889 0.0001-- V - 3.60:S:5:5:5:S:56 - 0.390833333 X 0.800378 
1.e:nOO833 0.0001--
0.00266944 0.7739 
1.00401607 0.0001-- V • 3.773333333 - 0.4091006ô7 X 0.ô2ô44~ 

2.0'-'900833 0.0001--
0.000225 O.93~S 

O.017q7~2:5 0.0001--
0.00144607 
0.0 1.0000 
O.OOOO~ 0.9600 
0.04911667 0.0001-- Y - 4.385 - 1.004166667 X + 0.0~7~ X2 0.630:509 
0.08:500833 0.0001--
O.O132=~ 0.0037--
0.0Iql0~~6 0.0001-- V • 0.4ôO~~~~~=b - 0.0~2= X 0.4q~qlB 

0.033075 0.0001--
0.00513611 0.0644 

0.0384:5896 0.0001--
0.004425:8 
0.00008889 0.9801 
0.0008 O.83~1 
0.063772=2 0.0001-- Y - 0.9194444444 - 0.10~:5 X 0.:508173 
0 .. 126075 0.OU01--
0.00146944 0.~666 

O.O8027:=~ 0.0001-- V - 6.04:5 - 1.399166067 X + 0.080833333 Xa 0.~39504 

0).13440833 O.OOUl--
0.0::t>13611 0.0181-

78(10.0011 0.0001--
1~~ .. b778~ 

14144.49174 o. ~)uOl-- V • -,681.879498 + 647.784488 X - 37.77~329 xa 0.967770 
~:::~8 l .. '_181 ~(I O. Ol"JJ--
5707.90198 0.0001 

1::1b9.49037 0.0001-- y - 1016.676474 - ::92.039=:51 X + 20.963654 Xa 0.941679 
=::::'81.081=;u 0.0(,01--
1;~7.899:!4 0.uùO~--

1411.3:'604 0.(;1l01-- V :a -lù'.:.'!.4q34~!5 ... 14. 4~9740-:: X 0.377037 
::: ',9.0(0<;106 0 .. Où(11--

:; ... 3.704"2=: 0.11<;14 
4';81...). ::8::10 ù.ùuùl-- Y 2 1045.303397 - =84.461=47 X + 19.3=7676 X2 0.870776 
~.le.4 'T8t\~ C.ût'VI--
i~"::,.76:S4 0. clU 1 (0--

--------------------------------------------------------------------------------------------------------------------------
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Analysls 20. continued. 

--------------------------------------------------------------------------------------------------------
E>:pertment Dependant 

vOIriOlble 
N Regression equ.atlon • R'" • Pr -

--------------------------------------------------------------------------------------------------------
1 dry welght of 

OIbove-ground blomass 

2 

y • 8.991666667 - 0.791=~ X 

y • 9.019166667 - 0.90125 X 

0.:563a06 0.0049 

0.406672 0.02~7 

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

E"perlment 

::2 

DependOlnt 
vOIrlOlble 

dry we1ght of 
OIoove-ground 
b1omOllis 

- Level of signiflc.ance. 

Contr.alit 

model 
rrror 

1n NI 
ln N2 
1 1 t near ln N2 
1 quadr.atlC ln N2 

df MS 

5 1.329427:5 
18 0.14816:5 

2 O.~1:j5=5 

2 2.5~~82S 

~. ')0861::5 
().06~0375 

y V IS the dependOlnt v.ari.able .and X 1s the Inoculum denslty • 
• Coefficient of determlnOltion. 

Pr > F Regreslilon equOItlon • 

0.000:;:--

0.2627 
0.0001-- y - 7.91=:5 - 0.79125 X 
o. (11)(11--
(t.~2=5 

t ~ 

R2 • 

O.7:">77~1 

.... 

....., 
0'\ 


