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Abstract

Experiments were conducted in controlled and field conditions to determine the
effect of seed size, a fungal pathogen (Colletotrichum coccodes), and soybean
interspecific competition on the population dynamics of Abutilon theophrasti (velvetleaf).
Seed size differences among ten individual A. theophrasti plants significantly (£<0.001)
affected seed germination and dormancy. Higher seed viability (98%) was observed
among seeds having a weight above 6.0 mg. The response of A. theophrasti plants that
originated from two extreme seed size groups (small < 7mg and large >12mg) to the
pathogen, C. coccodes, did not change over generations, and the most vigorous plants
produced heavier seeds regardless of the initial seed size or infection with C. coccodes.
Under field conditions, the application of C. coccodes and the herbicide, bentazon, did
not affect the vegetative and reproductive biomass of A. theophrasti plants when grown
in monospecific stands. However, a split application of C. coccodes and bentazon
significantly reduced the aboveground biomass and reproductive output of A. theophrasti
plants when grown in competition with soybean. The frequency distributions of A.
theophrasti plant height, aboveground biomass, and stem diameter were positively
skewed (L-shaped) when competing with soybean. However, A. theophrasti plant height
and stem diameters were negatively skewed (J-shaped) and the aboveground biomass was
positively skewed (L-shaped) in monospecific stands. The allometric relationships of 4.
theophrasti aboveground biomass and stem diameter in comparison with plant height
were curvilinear when grown alone and when in the presence of soybean. However,
aboveground biomass and stem diameter showed a simple linear relationship on a log-log

scale in both monospecific stands and in competition with soybean.



Résumé

L'effet de la taille de la graine, d'un pathogéne fongique (Colletotrichum
coccodes) et de la compétition interspécifique du soja sur la dynamique de la population
d'Abutilon theophrasti (abutilon) ont été déterminé par des expériences en champ et en
milieu controlé. Les différences de taille de graines de dix individus d'4. theophrasti ont
eu un effet significatif (P<0.001) sur la germination et la dormance de la graine. Une plus
grande viabilité de la graine (98%) a été observée parmi les graines ayant un poids
supérieur a 6.0mg. Les individus d'4. theophrasti provenant de deux groupes de taille de
graine extrémes ont invariablement réagi au pathogéne C. coccodes a travers les
générations, et les plantes les plus vigoureuses ont produit des graines plus lourdes
malgré le poids initial de la graine ou l'infection avec C. coccodes. En monoculture,
l'application de C. coccodes et de I'herbicide bentazon a significativement réduit la
biomasse aérienne et reproductive des plantes d'A. theophrasti lorsqu'en compétition avec
le soja. Les fréquences de distribution de la taille, de la biomasse aérienne et du diametre
de la tige d'A. theophrasti étaient positivement asymétrique (de forme L) lorsqu'en
compétition avec le soja. Cependant, la taille de la plante et le diamétre de la tige d'4.
theophrasti étaient négativement asymétrique (de forme J) et la biomasse aérienne était
positivement asymétrique (de forme L) en monoculture. Les relations allométriques de la
biomasse aérienne et du diamétre de la tige d'4. theophrasti en comparaison avec la taille
de la plante, présentaient une relation curvilinéaire lorsque cultivé seul et en présence du
soja. Toutefois, la biomasse aérienne et le diamétre de la tige présentaient une simple
corrélation linéaire sur une échelle logarithmique en monoculture et en compétition avec

le soja.
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Chapter 1. General introduction

1.1 Weeds and biological control

A weed can be defined as any plant or vegetation interfering with the objective or
requirements of people (Holzner and Numata 1982). For the control of major infestations
of these unwanted plants, modern agriculture has been highly dependent on large inputs of
chemical herbicides. Herbicides play a major role in maintaining world crop production.
In 1995, global sales of herbicides amounted to approximately $14.28 billion U.S. (Powles
et al. 1997), however our continued reliance on these products is threatened by the
evolution of herbicide resistance in many weedy plant species. Since the first report of a
formerly susceptible weed population of Senecio vuigaris (common groundsel) acquiring
resistance to triazines (Ryan 1970), there has been a rapid increase in the incidence of
herbicide resistance worldwide, especially over the past 15 years (Powles ez al. 1997). To
date, 233 herbicide resistant weed biotypes (129 dicots and 104 monocots) have been
reported in 45 countries (Heap 2000). At least 61 or perhaps more weed species including
42 dicots and 19 monocots, have evolved resistance to triazine herbicides. Herbicide
resistance has also been observed for many other chemical herbicide families and a wide
range of weed species (Heap 2000). For example, Lolium rigidum in Australia
(Christopher et al. 1991), Lactuca serriola, Kochia scoparia (Primiani et al. 1990),
Lolium perenne and Salsola iberica in the USA (Saari et al. 1992) have all evolved
resistance to acetolactate synthase (ALS) inhibiting herbicides including imazethapyr (2-
[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-ethyl-3-

pyridinecarboxylic acid). According to a recent survey by Heap (2000), six of seven weeds



that have evolved resistance to four or more herbicide modes of action were grasses; L.
rigidum, Avena fatua, Echinochloa crus-galli, Eleusine indica, Poa annua, and
Alopecurus myosuroides. Massive application of herbicides for weed control in the
developing world has also contributed to the increased prevalence of new resistant weed
species (Heap 2000). However, the failure of chemical herbicides to control a number of
noxious weed species including Abutilon theophrasti (velvetleaf) and Convolvulus
arvensis (field bindweed) has been instrumental in accelerating the search for alternative
methods of controlling these troublesome weeds.

Cultural weed control includes decreasing crop row-spacing, selection of
competitive cultivars, and crop rotation. Competitiveness between crops and weeds can be
altered by row-spacing. When soybean (Glycine max) and maize (Zea mays) are planted in
narrow row-spacing the inter-row between spaces are rapidly covered by the foliar
canopy. Shading due to narrow rows not only prevented the further germination and
emergence of weeds, but also suppressed the growth of established weeds (Shaw et al.
1989). For example soybean at 20 cm row spacing out yielded sicklepod (Cassia
obtusifolia) as compared with plants grown at 40 and 80 cm row spacings (McWhorter
and Sciumbato 1988). The competitive ability of weeds can also be affected by different
crop cultivars. Anderson (1997) reported that the dwarf variety of leafy maize grown at 91
cm row spacing reduced weed growth and increased yield by 60% as compared with tall
varieties planted at the same row spacing. Similarly, the establishment of high populations
of certain weed species can be prevented by crop rotation (Anderson 1997). Mechanical

methods of weed control include, tillage, hand weeding, hoeing, mowing, water



management, burning, and smothering with non living materials such as straw, sawdust,
wood chips, rice hulls, black paper, and plastic film (Anderson 1997).

Biological weed control is the deliberate use of natural enemies to suppress the
growth or reduce the population of a weed species (Watson 1994). Mycoherbicides have
been defined as fungal pathogens that are applied to control specific weed hosts in the
same manner as chemical herbicides (TeBeest and Templeton 1985). Daniel e al. (1973)
introduced this concept by demonstrating that an endemic fungus could be utilized to
control its weed host by applying a massive dose of inoculum at a particular
developmental stage of the weed. This strategy is now commonly referred to as the
mycoherbicide or bioherbicide approach and aims to control troublesome naturalized
species through the use of indigenous pathogens within a relatively specific area, such as
in a single agricultural field.

To date, over 200 weed pathogens have been discovered and evaluated, but so far,
few have been successfully utilized in agricultural, rangeland, forestry, or aquatic systems
(TeBeest 1996a). The classical approach to biocontrol differs from the bioherbicide
strategy. In the classical strategy, the biocontrol agent (typically an insect) is normally
collected from the region of origin of the introduced weed and, once imported, is simply
released (from one to many independent sites) into a new area where the target weed is a
problem. The biocontrol agent is expected to increase and disperse naturally throughout
the entire weed population without significant subsequent annual releases or augmentation
of established populations. The natural increase of disease on susceptible plants is relied
upon to control weeds either directly from plant death or indirectly through reduction of

plant vigour and seed production over a broad geographical setting and within many



ecological niches {(Hasan and Ayres 1990, TeBeest 1996b). For example, the introduction
of the rust pathogen, Puccinia chondrillina resulted in the control of one form of skeleton
weed (Chondrilla juncea) in Australia and the United States of America (USA) (Hasan
and Wapshere 1973, Adam and Lines 1984). Similarly, the white smut pathogen
(Entyloma ageratinae sp. nov.) was introduced onto the Hawaiian islands for the control
of mistflower (Ageratina riparia) (Trujillo et al. 1988). The disease established rapidly
and the growth of mistflower was reduced up to 95% in less than one year after
inoculation in areas with optimum temperatures of 18-20°C and with high rainfall.

According to Templeton et al. (1990), the application of mycoherbicides in the
field must fulfill the following criteria to be successful: (a) the indigenous plant pathogen
has potential as a biological control agent, but requires the inundative inoculation tactic
(bioherbicide), (b) the fungal plant pathogen can be dried and used safely as a
mycoherbicide in annual crops, (c) mycoherbicides can be successfully applied in mixture
with chemicals in pest management systems, (d) environmental perturbation from use of
mycoherbicides is essentially nil, merely that caused by the removal of the target weed, (e)
growers and applicators understand and accept the few critical requirements for handling
and storing a living product and can accurately identify weed species, (f) the high
specificity of a mycoherbicide is particularly beneficial where pesticide sprays may drift
onto non target crops grown in contiguous fields; and (g) mycoherbicides can be marketed
profitably.

The first bioherbicide to be commercially developed was DeVINE® in the USA in
1981. This product was a liquid formulation of chlamydospores of Phytophthora

palmivora used for the control of stranglervine (Morrenia odorata) in Florida citrus



groves. COLLEGO®, which is a dried-spore powder formulation of Colletotrichum
gloeosporioides f. sp. aeschynomene, was registered the following year (1982) in the USA
for the control of northern jointvetch (Aeschynomene virginica) in rice and soybean
(TeBeest and Templeton 1985, Hasan and Ayres 1990, Cross and Polonen 1996). A third
mycoherbicide, BIOMAL?, is composed of spores of C. gloesporioiodes f.sp. malvae and
was registered in 1992 in Canada for the control of round-leaved mallow (Malva pusilla)
in wheat (7riticum aestivum) (Mortensen 1988, TeBeest 1996a). This product is still not
commercially available (A. Watson, personal communication). In 1997, two additional
biological control products became commercially available. The first, BIOCHON®, is a
formulation of the fungus Chondrostereum purpureum, a wood decay promoter for the
control of black cherry (Prunus serotina) and other forest woody weed species in conifer
plantations (Dumas et al. 1997). The other bioherbicide product, CAMPERICO®, a
bacterium-based (Xanthomonas campestris pv. poae) formulation, was registered in Japan
and the USA in 1997 for the control of annual bluegrass (Poa annua) in golf course turf
(Imaizumi et al. 1997).

Many other prospective candidates, although successful in research trials, have
failed to gain registration and commercial use due to one or more of the following
reasons: 1) lack of acceptable level of efficacy, 2) technical difficulties in production and
marketing of a commercially acceptable formulation, 3) competition from chemical
herbicides, and 4) unprofitable markets (Cross and Polonenko 1996).

To be effective, biological control must be viewed as a component of an integrated
management system. Incorporating biological control within an integrated weed

management system (IWMS) involves an understanding of the weed species, the role of



crop rotation and interrow cultivation, the available herbicides, and the competitive ability
of the crop. The IWM approach involves the combination (integration) of weed biological
information with available control technologies (Ross and Lembi 1999). The present study
examines the interaction of a chemical herbicide, a bioherbicide, and plant competition in a

velvetleaf (Abutilon theophrasti Medic.) - soybean (Glycine max (L.) Merrill.) system.

1.2 The host plant - Abutilon theophrasti Medic.

Commonly referred to as velvetleaf, Abutilon theophrasti originated either in
China or India (Mitich 1991). Its use as a fibre crop in China dates back to at least 2000
B.C. and it is presently still grown in these regions for making ropes, cloth, coarse nets,
and paper (Spencer 1984). A. theophrasti first arrived in North America as a fibre crop
probably before 1700, but it was widespread on the East Coast of the United States by the
early 1700’s. Attempts to process A. theophrasti fibre never succeeded economically,
although it continued to be cultivated for more than 100 years in the USA (Spencer 1984).
A. theophrasti is a member of the Malvaceae family and the genus Abutilon includes about
150 species, several of which are grown ornamentally. A. theogphrasti is a major weed of
maize, cotton (Gossypium hirsutum), soybean, and sorghum (Sorghum bicolor) in the
eastern United States and parts of eastern Canada. The area where A. theophrasti occurs
as a major agricultural weed lies between latitudes 32°N and 45°N (Spencer 1984). It is
common in Europe particularly in southeastern and Mediterranean countries, and
worldwide it is still spreading being first reported in the Netherlands in 1981 (Mitich

1991). A. theophrasti has become a troublesome weed in California only within the last



decade (Holt and Boose 2000), its northern and southern ranges are expanding in the USA
and was first reported 10 years ago in the Canadian Maritime provinces (Mitich 1991).

A. theophrasti produces vertical stems that support softly pubescent, heart-shaped
leaves (Casper and Cahill 1998). Under favourable field conditions a plant may reach up to
1.5 to 2 m in height and produce leaves that are more than 20 cm in width. Under low
population densities, 4. theophrasti plants are heavily branched with branches arising from
leaf axils (Casper and Cahill 1998). The yellow flowers, which also arise from leaf axils,
are self-pollinated, but are capable of outcrossing (Garbutt and Bazzaz 1987).

Several important physiological characteristics of A. theophrasti have allowed it to

be a particularly aggressive competitor in crop production systems. These adaptive
features include:
1) A. theophrasti is self-fertile and can produce up to 17,000 seeds per plant that may be
highly dormant. Seeds have tough seed coats that protect them against digestion by farm
animals and soil microorganisms such that some seeds may remain viable in soil for up to
50 years (Warwick and Black 1988). In one study for example, a 43% germination level
was obtained for A. theophrasti seeds that had been buried in soil for 39 years (Mitich
1991). A. theophrasti seeds and seed coats have also been found to contain anti-microbial
compounds that inhibit the growth of soil bacteria and fungi (Kremer 1986). Seed
dormancy is a major survival feature of A. theophrasti, often allowing seedlings to escape
conventional control measures because of difficulties in predicting its variable germination
both spatially and temporally (Burnside et al. 1996).

2. A. theophrasti biotypes have been found to be resistant to the widely used corn triazine

herbicide, atrazine. Populations of 4. theophrasti having a high degree of tolerance to




triazine herbicides are believed to have undergone chloroplast membrane alteration [(at a
32-kd protein (Qb=D, protein )] of Photosystem II which greatly reduces triazine binding
at the site of action in resistant weed biotypes (Anderson and Gronwald 1986, Gronwald
et al. 1989). A variety of physiological, biochemical, and anatomical conditions are
associated with the evolution of triazine resistance. Much data support the possibility of
reduced efficiency of the photosynthetic light reactions in triazine R-biotypes providing
evidence for lower photosynthetic rate and enhanced detoxification and/or lower rate of
Photosystem II electron transport (Ort ef al. 1983, Hobbs 1987, McCloskey and Holt

1990).

3. A. theophrasti has the ability to inhibit competing plant growth by release of chemicals

into the soil environment. Phytotoxins could be present in leachate from leaves of A.

theophrasti or they could be released slowly during the decomposition of plant material
following plant senescence (Colton and Enhillig 1980, Rose ef al. 1983). Several phenolic
groups were found by Colton and Enhillig (1980) to be present in A. theophrasti
including: scopoletin, chlorogenic, isochlorogenic, ferulic, p-coumaric, caffeic, vanillic,
and p-hydroxybenzoic acid. Colton and Enbhillig (1980) reported that when radish seeds
were soaked in aqueous extracts of A. theophrasti leaves for 24h, seed germination was
reduced up to 80% as compared with the seeds that were soaked in distilled water alone.
Similarly, soybean seedling growth was inhibited when grown in a medium containing <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>