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ABSTRACT 
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RESIDENTIAL LAWNS 
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University of Guelph, 2014 Dr. K. S. Jordan 

 

 

 

Weed management treatments were examined as alternatives to conventional 

chemical herbicides. Site preparation and post-establishment treatments were tested in a 

randomized complete block factorial design, over two years. There were no site 

preparation treatment effects of untreated control, glyphosate, acetic acid, and flame 

weeding. Of the post-establishment treatments, lactic/citric acid and corn gluten meal 

were ineffective. Sclerotinia minor provided minimal results. Chelated iron, 

mecoprop/2,4-D/dicamba, and sod reduced the weed cover to < 5%. The efficacy of S. 

minor on Taraxacum officinale was evaluated three controlled environment studies. 

Treatments included five temperatures: 12, 16, 20, 24, and 28
o
C and thirteen leaf wetness 

durations (LWD): 0 to 96 hrs, in 8-hr increments. The main effects (temperature and 

LWD) and interaction were significant with respect to disease severity over time. A LWD 

of 48 hrs at 20
o
C and 72 to 96 hrs at 12 and 16

o
C was required for high disease severity. 
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CHAPTER 1 

REVIEW OF LITERATURE 

 

1.1. General Introduction 

 

The Poaceae family, commonly referred to as the grass family, contains 

approximately 10, 000 species of plants comprising some of the most economically 

important plants in the world. These include cereal crops such as Oryza sativa L. (rice), 

Triticum aestivum L. (wheat) and Zea mays L. (maize); pasture plants such as Phleum 

pratense L. (timothy) and Bromus inermis Leyss. (smooth brome); and turfgrasses such 

as Poa pratensis L. (Kentucky bluegrass).  

 

Reference to grasses and gardens dates back to English literature in the thirteenth 

century (Beard, 1973; Haldane, 1934). The lawns of the thirteenth century were 

composed of low-growing grasses inter-planted with flowers, resembling a meadow. 

More elaborate gardens and bowling greens were developed in the sixteenth century and 

later, in the sixteenth and seventeenth centuries, lawns became more common in parts of 

northern Europe where areas were created for recreational use (Beard, 1973). The culture 

of mowed lawns is relatively recent (Beard, 1973; Loudon, 1878). 

 

The word ‘turf’ originates from the Sanskrit word ‘darbha’, denoting a tuft of 

grass (Beard, 1973). Generally, ‘turf’ refers to a covering of vegetation including the 

matted, upper stratum of earth that is filled with roots and/or rhizomes. A sward is the 

grassy surface of turfgrass. It may be composed of one or more species. ‘Greens’ are 

smooth, grassy areas that are maintained for bowling, golf or other sports and finally, a 

‘lawn’ is ground that is covered with fine textured grass that is kept closely mowed 

(Beard, 1973). 

 

Today, green spaces created by turfgrass lawns are highly valued for their 

recreational, aesthetic and environmental benefits to society (Alumai et al., 2009; Beard, 

1973). Healthy turf roots help manage wind and water erosion of soil by binding to and 

holding soil in place (Beard, 1973; MSU Extension Services, 2009). Dense areas of turf 

provide vegetative ground cover and help keep the air clean by trapping a large amount 
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of carbon dioxide, nitrates, ozone and particulate matter (MSU Extension Services, 

2009). Properly maintained turfgrass is highly effective at reducing water pollution by 

filtering surface water and returning it to the water table, preventing runoff. Furthermore, 

studies have shown that, on average, approximately 50% of the heat striking a home lawn 

is eliminated by transpiration (MSU Extension Services, 2009). Thus, lawns are 

important for keeping homes cool on hot summer days and reducing energy expenditure 

for homeowners (Beard, 1973; MSU Extension Services, 2009). In addition to the 

environmental benefits, the green space created by turfgrass also supports human welfare. 

Turfgrasses provide an even playing surface for recreational activities and act as a 

cushion for falls, preventing serious injury (Beard, 1973; Morrow, 1967). Taylor and Kuo 

(2009) showed that exposure to green space helps lower blood pressure, reduce muscle 

tension related to stress, improve attention and reduce feelings of fear, anger and 

aggression.  

 

The turfgrass industry consists of various segments including golf courses, 

municipal parks, sod farms, lawn care and sports fields. In 2007, the Ontario Turfgrass 

Industry revenue was $2.61 billion (excluding sports fields and parks) (Tsiplova et al., 

2008). Ontario lawn care companies accounted for $1.26 billion of the total Ontario 

Turfgrass Industry revenue (Tsiplova et al., 2008). Of the total revenue from lawn care 

companies, 70.9% resulted from services that were provided to Ontario households; 

21.0% was from services provided on commercial properties; and 8.1% was from 

services provided to other turfgrass areas including golf courses, parks and recreational 

facilities, and cemeteries (Tsiplova et al., 2008). 

 

Turfgrass lawns are a major component of urban and sub-urban landscapes across 

North America (Alumai et al., 2009; Alumai et al., 2010). In 2005, 75% of Ontario 

households reported having a lawn or garden (Tsiplova et al., 2008). As urban 

development continues, lawn coverage continues to increase. Turfgrass coverage in the 

United States (including home lawns) was estimated to be over 163, 800 km
2
 in 2010 and 

an estimated 390, 000 acres (i.e. approximately 1, 578 km
2
) in Ontario in 2008 (including 

the golf industry and home lawns) (Alumai et al., 2010; Tsiplova et al., 2008).  
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Like any plant, turfgrass plants are susceptible to pathogenic organisms, insects 

and other pests that may interfere with normal physiological function (Beard, 1973). 

Weeds, the major pest of residential lawns, are plants that are growing where they are not 

wanted because they interfere with human activities (Anderson, 1983; Murphy and 

McCarty, 1999). Weeds may also negate the environmental benefits of turfgrasses as a 

result of competition for limited resources such as sunlight, soil nutrients and soil 

moisture. They may also act as alternate hosts for plant pathogens and insects. Some 

weeds may cause harm to humans by causing allergic reactions to pollen or their volatile 

chemicals (Murphy and McCarty, 1999). Aesthetically, weeds disrupt turfgrass 

uniformity because of their different colour, leaf shape and size, and growth habit 

(Stewart-Wade et al., 2002). Whether or not a plant is considered a weed has to do with 

the context it is growing in rather than its intrinsic botanical nature. As a result, the same 

species may be considered useful in some circumstances, and noxious or undesirable in 

others. Lolium arundinaceum (Scherb.) S.J. Darbyshire (tall fescue) for example, may be 

considered a weed when growing in a stand of P. pratensis; however, it is desirable when 

grown in a monoculture (Murphy and McCarty, 1999).  

 

The weeds commonly affecting Ontario lawns include Plantago major L. 

(broadleaf plantain), Plantago lanceolata L. (narrowleaf plantain), Oxalis stricta L. 

(oxalis), Trifolium repens L. (white clover), Medicago lupulina L. (black medic), 

Taraxacum officinale Wigg. (dandelion), Elytrigia repens (L.) Nevski (quackgrass), and 

Digitaria spp. Haller (crabgrass) (PLCAO, 2010). The opportunity for weed 

encroachment is increased when environmental stresses such as excessive shade, drought, 

heat, or cold and poor drainage are present. Weed invasion can also occur as a result of 

improper turfgrass management practices such as the lack of soil aeration or the misuse 

of fertilizers; damage from disease or other pests; improper turfgrass species selection 

resulting in bare areas; and/or physical damage and compaction (Murphy and McCarty, 

1999). Thus, the deleterious effects of weeds may be reduced by promoting a balanced 

turfgrass management program through proper watering, fertilization, mowing, and other 

cultural practices (McCarty and Hall, 1990).  
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Pest management has been practiced for centuries. Reference to “pest-averting 

sulfur” by the Greek poet Homer in 1000 B.C. suggests that the use of chemicals to 

manage insects and plant diseases existed before weed management (Timmons, 1970). 

Historical accounts of disease management date back as early as 470 B.C. when 

Democritus recommended olive extract for plant blights; and in 60 A.D., when the 

Roman agricultural writer Pliny recommended soaking Triticum sp. in wine to prevent 

mildew (Timmons, 1970). Weed control was not recorded until 1840, when the Germans 

recommended lime for managing Equisetum spp. (horsetail). In 1856, the use of salt 

(sodium chloride) as a general herbicide was recommended for weed management in 

Germany (Timmons, 1970). In 1896, copper sulfate was first used in France for selective 

weed management of Sinapis arvensis L. (wild mustard) and by 1911 sulfuric acid was 

used in that country to manage annual forbs in cereals. By 1935, sulfuric acid was being 

applied against weeds in cereals and in Allium cepa L. (onion) by Americans. However, 

these herbicides worked on contact, causing harm to grains as well. Large quantities of 

these toxic, flammable and often corrosive herbicides were required to attain desirable 

control resulting in a high cost-per-acre (Peterson, 1967).  

 

Scientists began extracting and testing plant growth hormones in the late 1920s 

(Peterson, 1967). By 1939, plant physiologists had created synthetic growth hormones 

and were searching for useful applications. The response of plants to phenoxyacetic acids 

and benzoic acids was first reported in 1942. By 1940, while many botanists were 

studying the applications of plant growth hormones, E. J. Kraus at the University of 

Chicago, envisioned a new application for the growth regulators. Kraus noticed that when 

an excessive amount of the growth regulator 2,4-dichlorophenoxyacetic acid (2,4-D) was 

applied to a plant, plants were usually distorted and sometimes died. As such, the idea for 

using these growth regulators as a herbicide for weeds was born (Peterson, 1967). By 

1969, 120 herbicides were thoroughly tested and added to the Weed Science Society of 

America list of common chemical names and most of these had been in use since the 

1950s (Peterson, 1967; Timmons, 1970).  

 

Nature conservation efforts were present in the early 19
th

 century in the USA, 

Britain, and other parts of Europe. However, the modern environmental movement began 
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in the 1960s, focusing on air and water pollution and habitat loss (Dunlap and Mertig, 

1992). Rachel Carson’s classic book Silent Spring, published in 1962, warned of the 

environmental and public health impacts of widespread pesticide use (Emden and 

Peakall, 1997). The modern environmental movement, led by several environmental 

organizations, was a response to the increasing impact of humans on the environment 

caused by increase in industrialization and the use of chemicals in agriculture (Dunlap 

and Mertig, 1992). By 1970, federal agencies such as the Environmental Protection 

Agency and the Council on Environmental Quality were created in the USA (Dunlap and 

Mertig, 1992). Since then, the focus of the environmental movement has broadened to 

include all landscapes, environments, and human activities and global environmental 

concerns. By the 1980s and 1990s, the problems associated with the misuse of pesticides 

such as environmental degradation, pesticide resistance, destruction of natural enemies 

and non-target species and a reduction in biodiversity were recognized in most northern 

countries (Mengech et al., 1997). In these countries, the levels of pesticide use had fallen 

by the 1990s when compared to pesticide use in tropical regions and integrated pest 

management practices were being implemented for managing crop pests (Mengech et al., 

1997; Peshin et al., 2009).   

 
Integrated pest management (IPM) involves a combination of multiple tactics 

including scouting, monitoring, physical, cultural, and chemical practices, and biological 

control agents to maintain pests below a desired threshold without eradicating them 

(Alumai et al., 2009; Fresenburg, 2008). Traditionally, IPM allows the judicious use of 

selected chemical pesticides, applied only when justified through adequate scouting and 

monitoring (Alumai et al., 2009). However, due to the restriction of the use of 

conventional pesticides for cosmetic purposes in Ontario and Québec, a shift must be 

made toward the use of biopesticides and other alternative products. Cultural practices 

such as improved irrigation and proper fertilization are also essential for making the 

environment less conducive to weed encroachment. However, both cultural and physical 

control methods such as hand pulling of weeds are often labour intensive and less 

effective than chemical herbicides, when used alone. The use of any of these alternative 
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practices can significantly increase perception of health of the turf environment, 

especially when used in combination with biological controls (Alumai et al., 2009). 

 

Until recently, the conventional method of management of most turfgrass weed 

species has been through the use of highly effective, synthetic chemical herbicides, such 

as 2,4-D, in addition to other cultural and physical controls. However, restrictions on the 

use of these synthetic products for what is considered cosmetic use are becoming more 

prevalent due to increasing public concerns surrounding the possible detrimental effects 

of pesticides in the environment. The Ontario Cosmetic Pesticide Ban was implemented 

on April 22, 2009, preventing the use of chemical pesticides for cosmetic purposes, or 

improving the appearance of, lawns, municipal athletic fields, vegetable and ornamental 

gardens, patios, driveways, cemeteries and in parks, schoolyards, and athletic fields. 

There are no exceptions for insect, fungus, or weed infestations in these areas, unless it is 

of direct concern to public health (OME, 2009a; OME, 2009b). The restrictions placed on 

the cosmetic use of conventional pesticides may increase the prevalence of weeds in 

turfgrass systems, impacting homeowners, residential lawn care companies and those 

who take part in recreational sports (Abu-Dieyeh and Watson, 2007c). These restrictions 

may also facilitate the introduction of new weed problems in areas that were previously 

maintained through the use of conventional pesticides. Thus, to manage weeds in urban 

settings, the focus must shift toward alternative weed management methods including 

cultural practices such as selecting vigorous grass cultivars, improved irrigation, and 

proper fertilization; physical methods such as hand-weeding; and ultimately, the use of 

biopesticides and alternative chemical herbicides (Alumai et al., 2009). Biopesticides are 

non-synthetic compounds (often microorganisms) that can be used to manage a pest in 

combination with other low-risk tools and practices to enhance an integrated pest 

management system (AAFC, 2009).  

 

1.2. Taraxacum officinale 

 

1.2.1. Description of Taraxacum officinale 

 

Taraxacum officinale, commonly known as dandelion, is a dicotyledonous 

perennial plant of the family Asteraceae. It is distributed in temperate and sub-temperate 
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regions worldwide and is the most dominant broadleaf weed of temperate lawns. 

Taraxacum officinale is recognized as a significant weed of residential lawns, athletic 

fields, and other turfgrass environments. It easily disrupts turfgrass stand uniformity due 

to its rosette shape and bright yellow flower heads (Abu-Dieyeh and Watson, 2007c; 

Stewart-Wade et al., 2002). This broadleaf weed colonizes a large variety of habitats as it 

is capable of growing in a diversity of soil types, is highly adapted to a wide range of 

light and shade intensities, and is drought resistant (Abu-Dieyeh and Watson, 2007b). 

Taraxacum officinale is thought to have originated in Greece and spread throughout 

temperate regions. The earliest recorded observation of T. officinale in North America 

was in New England in 1672 (Rousseau, 1968). There are likely to have been multiple 

introductions of T. officinale in North America from various sources (Stewart-Wade et 

al., 2002). It is believed to have arrived with the Vikings in 1000 A.D. while others claim 

that it arrived on the Mayflower with European settlers or that it was brought with later 

settlers for medicinal purposes (Gail, 1994; Jackson, 1982; Schmidt 1979; Stewart-Wade 

et al., 2002). 

 

The common name ‘dandelion’ may date back to the Gallic Normans who 

conquered England in 1066 and called the plant “dent-de-lion” meaning ‘tooth of the 

lion’. This is likely due to the distinctly pointed, deeply serrated leaf shape (Mitich, 

1989). It may also be due to the strong white taproot, which makes pulling this plant from 

a lawn like extracting a lion’s tooth (Stewart-Wade et al., 2002). Today’s scientific name, 

Taraxacum officinale, has a few possible origins. Taraxacum may originate from the 

Arabic name for dandelion “tarachakum” or “tarashqun” meaning “bitter herb”. 

Alternatively, Taraxacum may originate from the Greek “tarassen” meaning ‘disorder’ 

and “akos” meaning ‘remedy’, in reference to its medicinal properties. Officinale means 

‘medicinal’ or ‘capable of producing medicine’ (Mitich, 1989; Stewart-Wade et al., 2002; 

Zimdahl, 1989). 

 

Taraxacum officinale seedlings develop as a rosette of alternate leaves. The 

cotyledons are 5 to 10 mm long and oblong with a rounded apex. The first leaves are 

rounded with a 6-sided geometric shape; however, successive leaves are wavy-toothed 

(Bouchard et al., 2003). The mature leaves are elongated with margins that are deeply 
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divided and have irregular segments. The leaves may sometimes be hairy and vary in 

shape from one plant to another. Leaf shape may range from lobeless to having toothed 

edges to being highly incised. Mature plants have leaves that are arranged in a rosette at 

the base of the plant, with every sixth leaf overlapping (Bouchard et al., 2003). The 

taproot is thick, branched, 2-3 cm in diameter and may grow up to 1-2 m in length 

(Bouchard et al., 2003; Hall et al., 1994; Stewart-Wade et al., 2002). There is no stem but 

rather one or more glabrous, hollow, cylindrical floral scapes arise from the centre of the 

basal rosette. These floral scapes range from 5-50 cm in height and decrease in diameter 

from the base to the tip. Each floral scape bears a terminal inflorescence, 2-5 cm in 

diameter. Each inflorescence is composed of up to 250 ligulate, yellow florets; each floret 

has a corolla of five united petals with one side prolonged, strap-shaped and five-notched 

at the tip (Stewart-Wade et al., 2002). The mature fruit form pappi that are brown and 

long-stalked with a parachute of soft, white hairs that form a globe. This structure suits 

wind dispersal over far distances; however, T. officinale may also reproduce vegetatively, 

if the taproot is broken (Bouchard et al., 2003; McCarty and Hall, 1990; Mitich, 1989).  

 

Like many other weeds, T. officinale is a prolific seed producer. A single plant 

may produce up to 12 000 seeds (Murphy and McCarty, 1999). The seeds are asexual. 

Taraxacum officinale overseasons in soil in the form of seeds or perennial roots and 

germinates in the spring or when environmental conditions are conducive (Abu-Dieyeh 

and Watson, 2007c). In Ontario, T. officinale emergence peaks in the months of May and 

September (Stewart-Wade et al., 2002).  

 

1.2.2. The importance of Taraxacum officinale 

 

Taraxacum officinale infests terrestrial habitats worldwide. It may be found in 

pastures, lawns, orchards, hay fields, roadsides and other areas disturbed by vegetation. 

Taraxacum officinale is a problem weed in golf courses, municipal parks, gardens, 

athletic fields, agricultural crops, vegetable gardens, and horticultural crops. Turfgrass 

uniformity is disrupted during flowering and seeding, causing an aesthetically displeasing 

appearance. The brightly coloured, yellow inflorescences often cause fields to appear 

weedier than they actually are (Stewart-Wade et al., 2002). Several problems have been 
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reported due to the presence of T. officinale in crop fields, including yield losses in Zea 

mays L. (corn), Triticum spp. (wheat) and up to 64% yield loss in Brassica napus L. 

(spring canola) (Stewart-Wade et al., 2002). Due to its rosette form, T. officinale may 

create non-productive spots in the pasture. Forage from crops with T. officinale 

infestation will take longer to dry than forage that is free of this weed because of the high 

water content of T. officinale (Stewart-Wade et al., 2002). 

 

The widespread abundance of T. officinale is also sometimes advantageous. 

Taraxacum officinale may be used as a biomonitor for environmental pollution. Metals 

such as arsenic, bromine, cadmium, cerium, cobalt, caesium, copper, chromium, iron, 

mercury, manganese, molybdenum, lead, selenium, titanium, vanadium, and zinc are 

accumulated in the leaves and roots of T. officinale. The accumulation of these metals is 

dependent on the soil concentration, sorption capacity and the organic matter content of 

the soil. As the level of pollution increases, T. officinale seeds will decrease in length and 

width. As an adaptation to survive unfavourable conditions, the number of seeds 

produced will increase (Stewart-Wade et al., 2002). These qualities may further indicate 

the presence of environmental stress in a specific area.  

 

Taraxacum officinale has been consumed as a nutritious food source since ancient 

times (Mitich, 1989). The leaves are often consumed in salads, sandwiches and teas; the 

roots are used in coffee substitutes; and the flowers are used to make wines (UMMC, 

2009). Taraxacum officinale is an excellent source of iron, copper, potassium, 

phosphorus, calcium, and Vitamins A, B complex, C and D (Mitich, 1989; UMMC, 

2009). Although T. officinale may contain as much protein as clover, and is a valuable 

feed (based on fat and carbohydrate content), it may not be readily eaten by animals due 

to its bitter taste (Stewart-Wade et al., 2002). Taraxacum officinale is also cultivated for 

its medicinal properties. The medicinal benefits provided by the compounds found in T. 

officinale include cancer prevention, weight loss, improved bowel function, prevention of 

anemia, acne reduction, lowered blood pressure and cholesterol, and diabetes control 

(Mitich, 1989; UMMC, 2009). Most notably, the compounds in T. officinale act as a 

gentle diuretic, purifying blood, dissolving kidney stones and improving gastrointestinal 

health (Mitich, 1989; UMMC, 2009). Taraxacum officinale is thought to stimulate the 
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production of bile, modify liver enzymes and reduce the activation of carcinogens. Due to 

its antioxidant and anti-inflammatory properties, T. officinale is also used for treating a 

variety of medical conditions including warts, eczema, arthritis, digestive ailments 

(including those of the gallbladder), constipation, infectious disease, and rheumatism 

(Stewart-Wade et al., 2002).  

1.3. Residential Lawn Renovation and Re-establishment 

 

Turfgrass renovation refers to the repair and improvement of an existing lawn 

through processes such as overseeding and verticutting (Charbonneau, 2009). Renovation 

may be required to repair turfgrass damage resulting from thatch accumulation, weed 

infestation, disease or insect damage, and excessive use or poor maintenance 

(Charbonneau, 2009). If the underlying problems of a lawn are deteriorated soils, in need 

of modification or a poorly drained soil, these problems must be addressed prior to 

renovation. Problems of this nature may require a complete lawn re-establishment 

(Charbonneau, 2009). Prior to re-establishment of a residential lawn, nonselective, pre-

plant herbicides may be used to burn down an area (Murphy and McCarty, 1999). The 

seedbed is then prepared by tilling, rolling and raking an area to prepare the area for 

planting. Finally, turfgrass is planted through seeding or by laying sod to establish a lawn 

(OMAFRA, 2008).  

 

The species and cultivars of turfgrass selected for planting will depend on climate, 

soil and shade conditions and also other factors such as the intended use for the turfgrass 

area (OMAFRA, 2008). The average lawn in Ontario will contain a mixture of grasses 

such as Poa pratensis, Lolium perenne L., and fine fescues (Festuca sp.), each with a 

specific purpose. Poa pratensis is used as the basis for Ontario residential lawns because 

of its dark green colour, medium-fine texture, uniformity, low growth habit, and tolerance 

to low temperature and traffic (OMAFRA, 2008). Lolium perenne germinates within 5 to 

10 days, compared to P. pratensis which takes anywhere from 14 to 30 days to 

germinate. Thus, L. perenne is included for quick fill-in and also because it is highly 

adaptable to most soil types and will tolerate close mowing (OMAFRA, 2008). Festuca 

sp. have a fine leaf texture and can adapt to a wide range of soils. Festuca sp. also have 

the lowest fertilizer requirements of any of the cool-season grasses (OMAFRA, 2008).  
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Once a lawn is established, a combination of pre- and post-emergence herbicides 

may be used to manage weeds (Murphy and McCarty, 1999). Renovation practices such 

as overseeding with L. perenne may also be applied (OMAFRA, 2008).  

 

1.4. Chemical Weed Management  

 

The most established method of weed control in the modern age is the use of 

herbicides or synthetically derived chemicals designed to inhibit the growth of plants. 

These products are cost-effective and predictable, yielding desirable results in a timely 

manner (Busey, 2003). In 1999, the United States Environmental Protection Agency (US-

EPA) reported that an estimated 36.3 million kg of pesticide-active ingredients were 

applied in the USA annually for the control of insects, invasive plants, weeds, and fungi 

in lawns and gardens in domestic settings (Alumai et al., 2009; US-EPA, 1999). In 2001, 

the US-EPA reported that 78 million households in the USA used home and garden 

pesticides, with herbicides accounting for the most highly used pesticide (US-EPA, 2001; 

Abu-Dieyeh and Watson, 2006). In total, more than 36 million kg of herbicides worth 

$632 million were applied on lawns and gardens in 2001 with 2,4-D being the most 

widely used pesticide (Abu-Dieyeh and Watson, 2006; US-EPA, 2001).  

 

Herbicides may be characterized based on selectivity as selective or nonselective 

and also based on movement as contact or systemic (Murphy and McCarty, 1999). 

Selective herbicides control or suppress specific plant species or groups of species 

without having a widespread effect on the growth of other plant species. Selectivity may 

result from differential absorption, translocation, metabolism, and morphological or 

physiological differences between turfgrass and weed plants. Most herbicides used in 

turfgrass weed management, such as 2,4-D, are selective (Murphy and McCarty, 1999). 

In comparison, nonselective herbicides affect all plants. These herbicides are usually used 

in the process for establishment of a new turfgrass area or as a “spot-treatment” for 

isolated weeds (Murphy and McCarty, 1999).  

 

Contact herbicides affect only the part of the plant that is in direct contact with the 

herbicide (Murphy and McCarty, 1999). Contact herbicides work rapidly and the effects 

are often visible within a few hours of application. Repeat applications of contact 
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herbicides are required to manage re-growth from underground plant parts (rhizomes, 

roots, tubers). In contrast, systemic herbicides are translocated throughout a plant’s 

vascular system (Murphy and McCarty, 1999). The vascular system transports nutrients, 

water and organic material for plant growth and development (Murphy and McCarty, 

1999). Contact and systemic herbicides may be classified as either selective or 

nonselective.  

 

Herbicides may be further classified by application timing with respect to 

turfgrass and weed germination, into three categories: pre-plant, pre-emergence and post-

emergence herbicides (McCarty and Murphy, 1994). Pre-plant herbicides are applied 

before planting. These herbicides provide non-selective control of all weeds. Soil 

fumigants such as metam-sodium and herbicides such as glyphosate are often used as 

non-selective, pre-plant herbicides (McCarty and Murphy, 1994).  

 

Pre-emergence herbicides are applied to an established turfgrass site prior to weed 

seed germination. The type of control provided by these chemicals is achieved during the 

germination process. Thus, any weeds that have already emerged at the time of 

application will not be affected (McCarty and Murphy, 1994). Pre-emergence herbicides 

are persistent in the soil and can provide residual control of weeds. Post-emergence 

herbicides are applied directly to the emerged weeds and do not provide residual control 

of weeds. Phenoxyacetic acid herbicides such as 2,4-D and mecoprop; benzoic acid 

herbicides like dicamba; or a combination of these three chemicals are used as post-

emergence herbicides for broadleaf weeds in turfgrass (Stewart-Wade et al., 2002). 

Repeated applications of post-emergence herbicides are often required to attain the 

desired level of weed suppression (Emmons, 1995). Pre-emergence herbicides may 

prevent weed seed germination and reduce the risk of turfgrass injury, which may result 

from repeated applications of post emergence herbicides (McCarty and Murphy, 1994; 

UAP, 2006). Pre-emergence herbicides may be used in combination with post emergence 

herbicides in an established turfgrass system (McCarty and Murphy, 1994; UAP, 2006). 
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1.5. Regulation of Pesticides in Ontario 

 

1.5.1. The Ontario cosmetic pesticide ban  
 

The expansion of turfgrass environments over time has coincided with the 

increased use of synthetic chemicals including water-soluble fertilizers, herbicides and 

insecticides for residential lawn maintenance (Alumai et al., 2009). Despite the success of 

synthetic chemicals for turfgrass pest management, overreliance on these products has led 

to public concern surrounding continued use of these pesticides in the environment. 

Consequently, municipal restrictions on the use of synthetic chemical pesticides in public 

areas are becoming more common (Schnick et al., 2002). On April 22, 2009, Ontario 

became the second Canadian province (after Québec), to ban the use and sale of 

pesticides for cosmetic use (OME, 2009a; OME, 2009b). The requirements of the Ontario 

Cosmetic Pesticide Ban are detailed in Ontario Regulation 63/09, under The Pesticides 

Act. Under this act, a “pesticide” is any organism or substance that is manufactured, 

represented, sold or used for directly or indirectly controlling, preventing, destroying, 

mitigating, attracting or repelling any pest or for altering the growth, development, or 

characteristics of any plant that is not a pest, including any organism or substance 

registered under the Pest Control Products Act (PCPA, Canada) (OME, 2009c). 

 

The Pesticide Classification Guideline for Ontario (PCGO) classifies pesticides 

based on the posed hazard, which is determined by assessing toxicity, persistence in the 

environment and other factors. This classification system is used for regulating the sale, 

use, transportation, storage and disposal of pesticides in Ontario. Following registration 

by the federal government, the provincial government may classify a pesticide to regulate 

its sale and use. Pesticides considered to be less hazardous are more available to the 

general public. It is illegal to use a pesticide for uses other than those listed on the label 

(OME, 2009c). 

 

The PCGO contains eleven classes of pesticides (OME, 2009c). Class one 

contains concentrates used in the manufacturing of a pesticide product. Classes two, three 

and four are pesticides designated under the PCPA as pesticides of the commercial class 

for use in commercial activities that are specified on the label. Classes five, six and seven 



 14 

contain pesticides designated under the PCPA for the domestic class. They are to be 

distributed primarily to the general public for personal use around their homes. Classes 

five and six include less hazardous domestic products intended for household use and 

biopesticides and lower risk pesticides that are allowed for cosmetic uses. Class seven 

includes controlled-sales domestic and restricted pesticides that may be used indoors or 

outdoors, for non-cosmetic purposes only. Class eight pesticides are banned for sale in 

Ontario. Class nine pesticide ingredients are banned for cosmetic use in, on or over land; 

however, they may be used by farmers or licensed exterminators for designated 

exceptions to the ban. Use of class ten pesticides is allowed under the promotion of 

public health or safety exception. Finally, class eleven pesticides contain products that are 

biopesticides or lower risk pesticides and also require a notice to provide public notice 

when products containing these ingredients are used by any person on non-residential 

land and by a licensed exterminator on residential land. It is a legal requirement to follow 

label directions and the target pest must be indicated on the label (OME, 2009c).  

 

The Pesticides Act prohibits the use of class nine pesticides for cosmetic purposes 

(such as improving appearance) on lawns, vegetable and ornamental gardens, patios, 

driveways, cemeteries, athletic fields and in parks, schoolyards, and municipal or private 

athletic fields. Class nine pesticides may be used in urban settings for the destruction, 

prevention or control of: (1) animals that bite, sting, are venomous or carry disease, 

including wasps, mosquitoes and ticks; (2) plants that are poisonous to humans by touch, 

including poison ivy, poison sumac and giant hogweed; or (3) fungi or animals that affect 

public works and other buildings and structures, including carpenter ants and termites 

(OME, 2009a; OME, 2009b). Other accepted uses of class nine pesticides include uses 

related to forestry and agriculture; specialty turfgrass that is used as a playing surface for 

golf, lawn bowling, cricket, lawn tennis or croquet; and specified sports fields that are 

maintained for national or international sporting events (OME, 2009c). Although 

specialty turfgrass maintained for sports like golf are exempt from this ban, they must be 

managed under IPM principles. Golf course operators must submit annual reports 

disclosing the amount of each pesticide used, including plans to minimize pesticide use. 

These reports are made readily available to the public (OME, 2011). 
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1.5.2. Implications of the Ontario cosmetic pesticide ban 

 

The removal of chemical pesticides from cosmetic applications may increase the 

prevalence of weeds in turfgrass systems, impacting homeowners, residential lawn care 

companies and those who participate in recreational sports (Abu-Dieyeh and Watson, 

2007c). It may also facilitate the introduction of new weed problems in areas that were 

previously maintained through the use of chemical pesticides. Alternative management 

strategies involving IPM will become essential for minimizing the opportunities for weed 

encroachment in residential lawns and other landscape areas (Abu-Dieyeh and Watson, 

2007b; Alumai et al., 2009; Larsen et al., 2004).  

 

1.6. Alternatives to Herbicides in Weed Management 

 

1.6.1. Prevention of weed infestations 

 

The prevention of weeds entails the exclusion of weed introduction into a specific 

area, and includes any activity or policy aimed at protecting and preserving land that has 

not yet been invaded (Dewey and Anderson 2004; Murphy and McCarty, 1999). 

Prevention may be used to stop the expansion of existing weed populations and to 

prevent the introduction of new weeds into an area (Harrod, 2001). There are often 

provincial and federal laws prohibiting the introduction and movement of weed 

propagules. Seed purity laws are often created to ensure the purity of crop seeds and 

prevent the spread of weed species and their seed (Christoffoleti et al., 2007).  

 

Several practices may be employed to ensure sanitary conditions are maintained 

to minimize weed introduction. The selection of clean turfgrass seed and vegetative 

materials (sod and sprigs) may help prevent weed introduction. Purchasing vegetative 

materials from reputable producers may decrease the chances of buying contaminated 

product. Additionally, all materials used for soil modification or topdressing should be 

fumigated or heat-treated and free of viable weed seed or vegetative propagules (Clark, 

2003; Murphy and McCarty, 1999). Mechanical devices, such as mowers, should be 

cleaned thoroughly and kept clean to prevent the spread of weed pests from one area to 

another. Adjacent areas such as roadsides and open fields may act also as a source of 

weed seed. Thus, mowing and maintaining these areas may reduce the introduction of 
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new weeds (Christoffoleti et al., 2007; Murphy and McCarty, 1999). Irrigation systems 

fed by open ditches, canals or ponds may also contribute to the spread of weeds and 

should be kept as weed-free as possible (Murphy and McCarty, 1999). 

 

1.6.2. Physical weed management 

 

Physical weed management involves the use of physical forces to interrupt or 

slow the growth of weeds, including mechanical methods such as hand pulling or the use 

of various implements and tools, extreme temperature variations such as the use of heat 

or cold to disrupt tissues, induction of anoxia with flooding, or physical obstruction of 

light with mulches (Jeffries et al., 2012).  

 

1.6.2.1. Mechanical weed management 

 

Mechanical weed management is effective through three methods: removal of the 

connection between a weed’s roots and the soil, severing the top growth from the 

underground system, or cutting the weed into small pieces. Hand pulling is labour 

intensive but may be practical for small turf areas. Both hand pulling and hoeing are 

effective for annual and biennial weed seedlings. However, they are less effective on 

established perennial weeds such as T. officinale, as these weeds possess underground 

reproductive parts that may not be completely eliminated by hand pulling or hoeing 

(Murphy and McCarty, 1999).  

  

Cultivation, including tillage, is one of the most commonly used methods of 

physical weed management in turfgrass. It is practiced before turfgrass establishment to 

destroy weeds by breaking them apart, removing them from the soil, and disturbing their 

root systems (Murphy and McCarty, 1999). Some weed propagules may be brought to the 

surface where they are exposed to cold or hot temperatures resulting in desiccation of the 

plant materials (Cloutier et al., 2007; Murphy and McCarty, 1999). Tillage also reduces 

food reserves and the amount of viable vegetative propagules in the soil. It may increase 

soil aeration and water penetration; however, it may also expose soil to wind and water 

erosion (Murphy and McCarty, 1999). Tilling may facilitate the management of perennial 

weeds by burying propagules deep into the soil or by preventing or slowing their 
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emergence. Repeated tillage is required for the management of perennial weeds and the 

continued emergence of annuals (Cloutier et al., 2007; Murphy and McCarty, 1999). 

However, there is also the possibility that weed seeds that are mature at the time of tilling 

may become a future source of weeds. Additionally, there is a high cost associated with 

the use of tractors, including labour and fuel (Murphy and McCarty, 1999). Soil 

manipulation through tilling may decrease weed populations by interfering with weed life 

cycles and by enhancing turfgrass establishment and growth. It is best to till the soil when 

it is dry to aid in the desiccation of disturbed weeds and to reduce the incidence of crusts 

and compaction layers (Murphy and McCarty, 1999). Tillage is beneficial for planting as 

the surface is flattened and fertilizer applied to the surface can be incorporated into the 

soil. Cultivation through tilling and seedbed preparation decreases weed pressure 

sufficiently by moving weed seeds further into the ground and providing a properly 

maintained area for the turfgrass to thrive (Busey, 2003). Tilling is used to prepare an 

area for turfgrass establishment through seeding or by sod.  

 

1.6.2.2. Thermal weed management    
 

Thermal weed management involves subjecting weeds to extremes in 

temperature. There are several non-chemical weed management options that cause 

thermal injury to plants including the use of fire, flaming, hot water, steam and freezing 

(Ascard et al., 2007). The most widely used option, flaming, involves using a torch to 

heat weed plants without burning them causing plant tissue to rupture rapidly (Ascard et 

al., 2007). Flaming is used in organic farming in western Europe to suppress weeds that 

affect slow germinating crops. Flaming is also used by city park managers to suppress 

weeds growing in tree wells and to suppress weeds growing on hard surfaces like 

sidewalks in urban areas (Ascard, 1995; Ascard et al., 2007; Chirillo, 2008). Flaming is 

often used as a nonselective weed management method. It may be applied as a single 

application for weed control prior to turfgrass emergence (Ascard et al., 2007).  

 

The searing effect of the flame kills weeds slowly, without allowing sufficient 

time for the plant to signal root growth (Chirillo, 2008). As heat is applied to the target 

plants, denaturation and aggregation of membrane proteins occurs, resulting in an 
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increased cell permeability, protoplast expansion and rupture. This initial thermal 

disruption is followed by rapid desiccation of affected tissues and leads to death within 

one to three days depending on the weather (Ascard, 1995; Ascard et al., 2007; Chirillo, 

2008).  

 

The effects of heat treatment on a plant are influenced by the temperature, 

exposure time and energy input. Temperatures ranging from 55 to 95
o
C have been 

recorded as being lethal to plant leaves and stems (Zimdahl, 2007). Depending on 

exposure time, protein denaturation may begin at 45
o
C (Ascard et al., 2007). Exposure to 

flaming for as little as 0.065 to 0.130 seconds has been reported to be enough time to kill 

broadleaf weed leaf tissue (Ascard et al., 2007). The effect of flaming also depends on the 

plant size with greater efficacy on younger leaves. In addition, tolerance to flaming is 

highly dependent on the capacity for re-growth following treatment (Ascard, 1995). 

Ascard (1995) found that various weed species at the four to twelve leaf-stage required a 

two to four-fold higher rate for control than those at the zero- to four- leaf stage. Since 

flaming affects only the shoots, treated plants and especially perennials may regenerate 

and require additional treatments.  

 

Ascard (1995) organized weeds into four groups based on the ease of their control 

by flaming. The first group consisted of sensitive species with unprotected growing 

points and thin leaves (e.g. Chenopodium album L. and Urtica urens L.). Weeds in this 

group were the easiest to control, requiring only a single application and a relatively low 

rate (Ascard, 1995). The second group consisted of moderately sensitive species that 

could also be completely killed with a single flaming treatment at a relatively higher rate. 

These plants had upright growth habits, more heat-tolerant leaves and protected growing 

points (e.g. Polygonum persicaria L.). The third group was composed of species that 

were tolerant due to re-growth and could only be killed in the early growing stages (e.g. 

Chamomilla suaveolens (P.) Rydb.). The plants exhibited a prostrate growth habit in 

early and late stages and had protected growing points. The fourth group consisted of 

plants with a creeping growth pattern and a protected growing point (e.g. Poa annua L.). 

They were very tolerant and could not be treated with only one flaming application, 

regardless of the growth stage (Ascard, 1995). Although flaming has been used for 
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decades, it is not preferred for large areas as it requires a high-energy consumption of 

petroleum-based fuels and provides irregular weed control (Ascard, 1995).  

 

1.6.3. Cultural weed management   

 

Cultural management practices are any methods that actively reduce weed impact 

by increasing the competition of cultivated plants. Promoting turfgrass stand density and 

altering the environment can make an area less conducive to pests (Abu-Dieyeh and 

Watson, 2007b; Alumai et al., 2009). The promotion of healthy turfgrass through cultural 

practices may decrease opportunities for weed encroachment and, in turn, decrease the 

need for chemical pesticides. Some examples of cultural practices include the selection of 

appropriate grass species and cultivars that can establish quickly and persist for years, 

overseeding, adequate fertilization, and maintaining a suitable mowing frequency and 

cutting height (Abu-Dieyeh and Watson, 2007b; Busey, 2003).  

A higher planting density may sometimes help reduce weed cover in turfgrasses 

like Poa pratensis (Busey, 2003). Five growing seasons are required for P. pratensis 

stand densities to converge; thus, the planting rate may have a long term effect on the 

weed population (Busey, 2003). Beard et al. (1980) reported that planting P. pratensis at 

a rate of 90 kg seed ha
-1

 rather than 45 kg seed ha
-1

 reduced weed coverage from 68% to 

47% (Beard et al., 1980; Busey, 2003). It is important to have rapid establishment of 

turfgrass to resist weed colonization, as there is decreased opportunity for weeds to 

encroach. Higher densities may also reduce weed colonization by decreasing the amount 

of resources available to possible weeds in a turfgrass environment.  

 

Mowing height is one of the best-documented cultural practices affecting weed 

populations in turfgrass (Busey, 2003). Grasses are able to survive periodic defoliation by 

fire, grazing or mowing due to their protected growing points in the lower crown of the 

plants. Mowing helps keep turfgrass plants thick and dense by stimulating bud 

development and tillering (OMAFRA, 2009). A mowing height that is too low may be 

associated with an increased presence of weeds (Busey, 2003). However, mowing too 

high or too infrequently may also increase weed populations. To maintain a grass 

monoculture, an optimum intermediate of mowing height and frequency is required. 
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Gasses such as fine fescues, bluegrasses and perennial ryegrass should be mowed to a 

height of 4 to 6 cm (OMAFRA, 2009). Repetitive mowing at the recommended height 

causes weed species to weaken over time as it depletes underground food reserves, 

prevents weed seed maturation and facilitates the growth of turfgrass species (Busey, 

2003; Murphy and McCarty, 1999). Repetitive mowing may kill some plants; however, 

weeds whose growing points are located at or below the soil surface will be unaffected 

(Busey, 2003).  

 

Voigt et al. (2001) evaluated the influence of mowing and nitrogen fertility on 

weed encroachment and turfgrass quality in Festuca arundinacea Scherb. (tall fescue). 

The commercial F. arundinacea blend called “Triathalawn” was planted and plots were 

maintained at four nitrogen fertility levels: 0, 98, 195 and 293 kg N/ha/year and three 

mowing heights: 2.5, 5.1, and 7.6 cm. The plots maintained at 7.6 cm and at 5.1 cm had 

higher turfgrass quality ratings than those mowed to 2.5 cm. In 11 of the 31 evaluations, 

turfgrass maintained at 7.6 cm was rated higher in quality than that maintained at 5.1 cm. 

The turfgrass quality was higher in plots receiving 98 kg N/ha/year than those receiving 0 

kg N/ha/year in 23 of 31 evaluations. In the remaining 8 evaluations, both the plots 

receiving 0 and 98 kg N/ha/year produced turfgrass of equal quality. Finally, plots 

receiving 195 and 293 kg N/ha/year produced significantly higher quality turfgrass than 

those treated with 0 kg N/ha/year (Voigt et al., 2001). Mowing height had a higher impact 

on grassy weed (Digitaria spp.) cover than on broadleaf weed populations in the 

experimental plots. Results showed that the shorter the cutting height, the greater the 

population of Digitaria spp. The nitrogen fertility level also had an effect on weed 

invasion. The unfertilized plots had a higher broadleaf weed population than the fertilized 

plots. There was a greater broadleaf weed population in plots treated with 98 kg 

N/ha/year than those treated with 293 kg N/ha/year. The population of Digitaria spp. was 

also higher in the untreated plots compared to those treated with 195 and 293 kg 

N/ha/year (Voigt et al., 2001). 

 

A proper fertilization program ensures that turfgrasses receive the major nutrients 

required for a high quality lawn: nitrogen, phosphorus, and potassium. The soil can be 

tested to determine the status of the nutrients so that the appropriate fertilization program 
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can be created for specific turfgrass areas (OMAFRA, 2009). A high rate of nitrogen 

fertilization (100 to 300 kg N ha
-1

 yr
-1

) will reduce populations of Digitaria spp., T. 

officinale, and other broadleaf weeds in cool-season turfgrasses (Busey, 2003). In 

contrast, slow-growing turfgrasses, like Zoysia spp., will have more weeds at a high 

nitrogen fertilization rate. Fertilization of turfgrass when it is not actively growing will 

increase the presence of weeds (Busey, 2003). Additionally, depending on the type of 

turfgrass present, grass that is maintained at a higher cutting height may be able to better 

withstand temperature extremes. For example, a cutting height of four to eight 

centimeters will reduce populations of Digitaria spp. in P. pratensis and Festuca spp. 

(Busey, 2003). A higher cutting height and an appropriate fertilization rate will further 

facilitate the growth of high quality turfgrass and decrease the opportunity for weed 

encroachment. 

 

1.6.4. Biological weed management 

 

Biological control, or biocontrol, involves the deliberate use of one organism to 

reduce the population of or mitigate a target pest below a desired threshold. There are 

three strategies of biocontrol for weeds: classical, conservation and augmentative 

biocontrol (Bailey et al., 2010; Hallett, 2005). Classical biocontrol occurs when an exotic 

biocontrol agent (BCA) is introduced into an infested area. The natural enemy is exported 

from its native range to an introduced range of a weedy pest. This method is slow and 

highly dependent on favourable ecological conditions (Hallett, 2005; Weaver et al., 

2007). Conservation biocontrol aims to manipulate the environment to favour the natural 

enemies of a pest while the augmentation method involves the supplemental release of a 

number of BCAs. In the augmentative method, inoculation is when a small number of 

BCAs are released, and inundation (or the bioherbicide method) is the release of a vast 

number of individuals. Inundation is common when the BCA cannot achieve densities 

high enough to regulate a pest population (Bailey et al., 2010; Hallett, 2005).  

 

A biopesticide is a biologically based agent that is manufactured from a living 

organism or natural product (Bailey et al., 2010). The biological agents used in 

biopesticides may fall into three categories: i) microorganisms such as bacteria, fungi, 
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oomycetes, viruses and protozoa; ii) biochemicals which include plant products such as 

essential oils or compounds such as chitin and chitosan which are synthesized by other 

organisms; and iii) semiochemicals such as insect pheromones (Bailey et al., 2010). 

Plant-incorporated protectants or pesticidal substances produced from genes that are 

incorporated into the plant using recombinant DNA for protection against pests, are also 

considered biopesticides (Bailey et al., 2010; US-EPA, 2014). In weed management, the 

bioherbicide method involves the use of a natural enemy within its native range, or a 

toxic compound derived from an organism, to control an indigenous or naturalized weed. 

The bioherbicide strategy provides a high degree of specificity toward the target pest 

decreasing the probability of non-target effects like residue build-up in the environment 

(Hallett, 2005; Menaria, 2007; US-EPA, 2014).  

 

There are several constraints to developing a bioherbicide; however, bioherbicides 

that contain living organisms require specific environmental conditions to work 

effectively (Menaria, 2007). Many biological and environmental limitations such as a 

requirement for prolonged leaf wetness; specific temperature regimes or host variability 

and range often constrain the development of plant pathogens into successful 

bioherbicide products (Neumann and Boland, 1999). Appropriate timing of application to 

take advantage of humidity, dew periods and irrigation are often required (Saharan and 

Mehta, 2008). The biology of the target plant also affects the efficacy of a bioherbicide. 

Grassy weeds are often more difficult to manage with foliar bioherbicides as their 

growing points are well protected. Plant death is more likely if the pathogen infects the 

stem at or below the cotyledonary node, or the node at which the primary leaf or leaves of 

an embryo attach (Saharan and Mehta, 2008). 

 

The potential for an organism to act as a bioherbicide requires several economical 

considerations as well. It must be possible to generate plant pathogen propagules, 

structures that are capable of producing a new organism, with low cost and the final 

product must remain viable in storage after production. The length of time required for 

incubation and processing of the plant pathogen inoculum must also be considered. The 

competitive potential of the bioherbicide with other pesticide products, developmental 

and registration costs and the ability to generate a sufficient profit must be taken into 
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account as well (Weaver et al., 2007). Once a bioherbicide is created, the best type of 

application technology should be evaluated. Ideally, the end product must be user-

friendly and efficient in managing undesired weeds (Weaver et al., 2007). 

 

Concerns regarding chemical pesticides have stimulated the demand for 

alternative herbicides. Bioherbicides are becoming a popular choice. Plant pathologists 

and weed scientists have identified over 100 microorganisms that are candidates for 

development as commercial bioherbicides (Menaria, 2007). Some examples of plant 

pathogenic organisms with proven herbicidal affects on T. officinale are the fungal plant 

pathogens Phoma macrostoma Montagne, Sclerotinia minor Jagger, and Sclerotinia 

sclerotiorum (Lib.) de Bary (Bailey, et al., 2011; Riddle et al., 1991). The pathogen P. 

macrostoma causes photobleaching and mortality of susceptible plants. Isolate 94-44B of 

P. macrostoma has been earmarked for development as a potential bioherbicide, targeting 

broadleaved weeds in turfgrass environments (Bailey et al., 2011). The pathogens S. 

minor and S. sclerotiorum cause white mold disease in susceptible plants. Unlike S. 

sclerotiorum, the sexual stage of apothecia and ascospore production rarely occurs in 

field conditions with S. minor. Thus, it may be a better bioherbicide candidate than S. 

sclerotiorum (Watson, 2007). 

 

1.6.4.1. Sclerotinia minor as a Bioherbicide 

 

Sclerotinia minor is a soil-borne, necrotrophic, Discomycete fungal plant pathogen 

that causes economically devastating diseases in Arachis hypogaea L. (peanut), 

Helianthus annuus L. (sunflower) and Lactuca sativa L. (lettuce) in Canada (Melzer and 

Boland, 1996; Watson, 2007). Sclerotinia minor has a moderately wide host range with 

21 families, 66 genera and 94 species of plants that are susceptible to the pathogen. All 

hosts occur within the Angiospermae class of the plant division Spermatophyta. Most 

plants are from the subclass Dicotyledonae; two are from the subclass Monocotyledonae 

(Melzer et al., 1997). Dicotyledonous (dicot) weeds such as T. officinale are susceptible 

to attack by S. minor, resulting in disease and death, but most monocotyledonous 

(monocot) plants such as turfgrasses are not susceptible to disease by this pathogen 
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(Riddle et al., 1991; Watson, 2007). This makes S. minor a perfect candidate for 

biological control of broadleaf weeds in turfgrass environments.  

 

The Discomycetes are a former taxonomic class of Ascomycetes, which includes the 

cup, sponge, brain, and club-like fungi, producing sexual spores (Agrios, 2005). A 

common feature of the Discomycetes is the production of sacs called asci, on the surface 

of cup-like fruiting bodies. Each ascus contains eight sexual ascospores that are 

discharged into the air after maturation (Agrios, 2005; Ekins, 2006). However, ascospore 

production of S. minor is very rare under field conditions and has not been recorded in 

North America (Watson, 2007).  

 

A common feature of plants infected with S. minor is the presence of a dense mat of 

white mycelial growth on the surface of the host plant. Mycelial growth may also be 

present on the adjacent soil surface. This fluffy, white mass soon hardens, developing 

into sclerotia that are 0.5 to 1 mm in diameter (Agrios, 2005). Sclerotia are the primary 

resting structures of S. minor as well as the inocula. The sclerotia of S. minor are black, 

rough and angular, contain food reserves, and remain dormant in soil or on plant debris. 

When conditions are favourable, the sclerotia germinate by eruptive growth of mycelium 

(Agrios, 2005; Watson, 2007). Infection of subsequent plants occurs not only through 

eruptive germination of sclerotia but also through direct contact with mycelia. The 

mycelia produce infective hyphae, which colonize susceptible plant tissues and lead to 

the development of symptoms, such as rapid wilting and collapse. Severe tissue 

degradation occurs, resulting in browning and softening. Ultimately necrosis, or death of 

the infected tissues, occurs (Agrios, 2005; Melzer et al., 1997).  

 

Sclerotinia minor secretes oxalic acid, a pathogenicity factor that directly suppresses 

the reactive oxygen species (ROS) burst associated with plant pathogen detection. The 

production of ROS is a normal part of cell metabolism. Reactive oxygen species are 

partially reduced or activated derivatives of oxygen that are highly reactive and toxic, and 

can lead to the oxidative destruction of cells (Lyon et al., 2004). Healthy cells have a 

variety of mechanisms that contain and prevent ROS from reacting dangerously. During 

pathogen infection, the release of degrading enzymes disrupts these biochemical 
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processes, resulting in an oxidative burst of ROS that accumulates and eventually reaches 

phytotoxic levels (Lyon et al., 2004). Oxalic acid and pectolytic enzymes work 

synergistically; oxalic acid aids fungal infection by decreasing the tissue pH and 

sequestering of Ca
2+

 ions facilitating cell wall degradation by pectolytic enzymes, 

resulting in tissue damage (Briere et al., 2000; Livingstone et al., 2005).  

 

1.6.4.2. Sarritor
™

 granular bioherbicide 

 

Sclerotinia minor (isolate IMI 344141) is the active component of Sarritor
™

 Granular 

Biological Herbicide manufactured in Québec, Canada. Disease develops rapidly upon 

application and complete death of broadleaf weeds may be achieved in as little as seven 

days (Watson, 2007). Sclerotinia minor rarely produces sclerotia in absence of a plant 

host and any sclerotia that may form do not survive over the winter season (Abu-Dieyeh 

and Watson, 2007a; Watson, 2007). Studies have shown that S. minor does not affect 

grass species such as Poa pratensis (Kentucky bluegrass), Poa annua (annual bluegrass), 

Agrostis stolonifera L. (creeping bentgrass), or Elymus repens (quackgrass) and that the 

mycelia of S. minor IMI 344141 do not survive beyond ten days without a living plant 

host in a turfgrass environment (Abu-Dieyeh and Watson, 2006; Riddle et al., 1991).  

 

Sarritor
™

 can be applied at a rate of 40 g of product/m
2
 when the daytime high 

temperatures are between 18-24°C and rainfall or irrigation occurs within 12 hours of 

application (PMRA, 2009). When the daily maximum temperatures are outside the 

optimal range of 18-24
o
C, a higher application rate of 60 g/m

2
 can be applied. Spot 

applications of Sarritor
™

 can also be made using an industrial spot applicator at a rate of 

0.2 or 0.4 g/plant. Sarritor
™

 should not be applied in the vicinity of other dicot plants 

such as vegetables and flowers in nearby gardens, as dispersal and transmission of S. 

minor may occur by direct contact with germinating sclerotia (Abu-Dieyeh and Watson, 

2006; Melzer et al., 1997; PMRA, 2009; Watson, 2007). However, once Sarritor
™

 is 

applied, the granules settle within the turf on or near the soil surface, and do not move 

off-target (Watson, 2007).  

 

 The developmental response of T. officinale to S. minor infection and subsequent 

seed dispersal and germination potential was evaluated in a field study (Abu-Dieyeh et 
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al., 2005). It was found that flowering T. officinale treated with S. minor responded by 

abruptly changing to the fruiting growth stage in both the spring and fall (Abu-Dieyeh et 

al., 2005). In the spring, greater than 90% of the flowering T. officinale were fruiting four 

days after S. minor application. This advanced fruiting response did not occur in the 

plants treated with 2,4-D. Natural progression to fruiting occurred four to five days later 

in the untreated control plots compared to those treated with S. minor. In the fall, 

approximately 80% of flowering heads changed to the fruiting stage four days after S. 

minor application (Abu-Dieyeh et al., 2005). The S. minor treatment also affected T. 

officinale seed size, morphology and viability. The mean seed weight of the seeds from 

untreated T. officinale was 0.73 ± 0.03 mg while the seeds from S. minor- and herbicide-

treated T. officinale were 0.34 ± 0.02 mg and 0.32 ± 0.03 mg, respectively. Both the S. 

minor and the 2,4-D treatments reduced seed germination in the spring and fall. However, 

germination was lower in seeds from 2,4-D-treated plants than from S. minor-treated 

plants (Abu-Dieyeh et al., 2005).  

 

Seed production in T. officinale occurs asexually, without pollination, through 

apomixis. The underlying mechanism directing the acceleration from flowering to 

fruiting in response to S. minor is unknown (Abu-Dieyeh et al., 2005). However, it is 

likely that this acceleration is a survival tactic. Decreased seed germination may be a 

result of a high frequency of impaired seeds being produced when the plant life cycle 

accelerates. Through this response the plant may retain 50% of its reproductive abilities 

rather than losing them completely due to rapid disease development caused S. minor 

(Abu-Dieyeh et al., 2005). This has been further proven in similar studies conducted with 

Arabidopsis thaliana Heynh. and its accelerated reproductive development in response to 

the pathogenic species Pseudomonas syringae Van Hall, Xanthomonas campestris 

Dowson, and
 
Peronospora parasitica (Pers. ex Fr.) Fr. (Korves and Bergleson, 2003). 

 

In a study of fourteen T. officinale accessions, the damage ranged from 82% to 96% 

two weeks after S. minor application. There were no differences in the survival and re-

growth among these fourteen accessions two weeks after treatment (Abu-Dieyeh and 

Watson, 2007a). The susceptibility of T. officinale to S. minor was shown to decrease 

with plant age (Abu-Dieyeh and Watson, 2007a). Decreasing susceptibility with age is 
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also common with chemical herbicides such as 2,4-D where T. officinale seedlings are 

more susceptible to 2,4-D than established T. officinale due to the sorption capacity of the 

cuticular membrane, which thickens over time (Abu-Dieyeh and Watson, 2007a). 

Additionally, some plants survived the S. minor treatment, as they were not completely 

defoliated and some plants re-sprouted from the root crown even after complete 

aboveground collapse (Abu-Dieyeh and Watson, 2007a). As observed in previous 

studies, these results showed that S. minor treatment may not completely eradicate the 

target weed species (Abu-Dieyeh and Watson, 2007a; Riddle et al., 1991). The 

conventional treatment, 2,4-D, although very effective at decreasing T. officinale 

populations, also does not completely eradicate the plants (Schnick et al., 2002). Thus, it 

is important to evaluate the effectiveness of S. minor for weed management in 

combination with other strategies such as cultural controls.  

 

Cultural practices such as overseeding and maintaining the appropriate mowing 

height have been found to increase the efficacy of S. minor as a bioherbicide. Abu-

Dieyeh and Watson (2007b) demonstrated that boosting grass competition through 

overseeding, following the application of S. minor led to a reduced recruitment from the 

seed bank and to turfgrass canopy closure preventing further weed colonization when it 

was completed within zero to ten days after treatment (Abu-Dieyeh and Watson 2007b). 

A variation in mowing height may cause a microenvironment that is conducive to the 

growth of S. minor. Two weeks after treatment, the effect of S. minor was greater than 

2,4-D under the 7-10 and 12-15 cm mowing heights, and the effect of S. minor was 

similar to 2,4-D at the 3-5 cm mowing heights (Abu-Dieyeh and Watson, 2006). Six 

weeks after treatment, 2,4-D reduced T. officinale populations more than S. minor, at all 

mowing heights. Bioherbicides require specific conditions to be effective as the active 

components are living organisms. In this case, the active organism, S. minor, requires 

high moisture to cause disease in a host plant. A proper mowing height is essential; one 

that is too low may allow greater exposure to sunlight causing the fungus to desiccate. 

Although a close mowing height may cause harm to weeds, it may also be harmful to 

certain species of turfgrass, making it more susceptible to weed infestations (Abu-Dieyeh 
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and Watson, 2006; Busey, 2003). It is important to maintain turfgrass sites appropriately, 

taking into consideration the species of turfgrass that present in the area.  

 

When applying a bioherbicide, conditions should be maintained to support its 

effectiveness. Irrigating appropriately may facilitate germination of S. minor by providing 

a moist environment. Abu-Dieyeh and Watson (2009) evaluated the use of a jute fabric 

cover as a novel method to overcome the constraints of moisture and temperature, to 

improve the weed control efficacy and reduce the bioherbicide application rate of the S. 

minor bioherbicide in turfgrass. When treated plots were covered with jute fabric for 

three days following the spring bioherbicide application, a rate as low as 20 g/m
2
 was 

sufficient to exert control of T. officinale than 40 g/m
2
 without a cover (Abu-Dieyeh and 

Watson, 2009). When covered with jute fabric, the efficacy of the 20, 30 and 40 g/m
2
 

rates were the same (Abu-Dieyeh and Watson, 2009). When the temperature increased to 

35
o
C under the jute fabric, S. minor continued to grow rapidly if 90% relative humidity 

(RH) was maintained. Thus, RH may be more important than temperature for the growth 

of S. minor in the summer months on the uncovered plots (Abu-Dieyeh and Watson, 

2009). Additionally, folding the jute fabric to create two layers increased the efficacy of 

S. minor, especially in the summer. The increased efficacy is likely because water was 

retained in the layers for a longer period of time, promoting growth of the fungus (Abu-

Dieyeh and Watson, 2009). There were no signs of weakness, damage or disease in the 

turfgrass in any of the treated and jute-covered plots. Overall, the cultural practice of 

covering plots with jute fabric positively modified the environment and provided optimal 

conditions for S. minor mycelial growth. The mycelia were able to disperse throughout 

the entire plot allowing for greater contact with host tissues, ultimately ending in necrosis 

(Abu-Dieyeh and Watson, 2009).   

 

The results of the studies evaluating S. minor as a bioherbicide suggest that the 

efficacy may be increased by combining the bioherbicide with cultural practices, such as 

maintaining an appropriate mowing height or using a jute fabric cover to increase RH and 

contact with the plant host. The S. minor bioherbicide is useful for managing weeds such 

as T. officinale; however, it may only partially suppress the target plants (Abu-Dieyeh 

and Watson, 2007a).  
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1.7. Alternative Chemical Weed Management Products 

 

1.7.1. Acetic acid 

 

Several weed management products are becoming increasingly popular as 

alternatives to the chemical herbicides that were conventionally used for cosmetic 

purposes in the past. One of these alternatives is acetic acid, an organic acid produced by 

aerobic bacteria through fermentation of plant materials containing ethanol (Webber et 

al., 2005). Acetic acid causes injury to plants by destroying cell membranes, resulting in 

rapid desiccation of plant tissue and plant death (Webber et al., 2005). Once acetic acid is 

applied, it degrades into carbon dioxide and water, leaving behind almost no residue 

(Evans et al., 2009). Acetic acid is a contact herbicide, causing death in the plant tissues 

with which there is contact, in less than 24 hours. It may be useful as an alternative wide-

spectrum, broadcast herbicide for burning down a turfgrass site, prior to establishment. 

Turfgrasses and grassy weeds may show initial signs of injury but will recover quickly, 

while broadleaf weeds are less likely to recover (Webber and Shrefler, 2006). Treated 

weeds, especially those plants with hardy roots like T. officinale, may eventually recover 

as there is no injury to root tissue. Studies have shown that acetic acid is most effective 

on weeds that are young and have only one or two leaves. Multiple applications may aid 

in controlling older weeds (Webber and Shrefler, 2006).  

 

As with any contact herbicide, anatomical and morphological features of plants 

may influence the effectiveness of acetic acid. To gain optimal control, application 

should maximize the delivery of acetic acid to the leaves and shoot tips of the target plant 

(Evans et al., 2009). There are several factors affecting the differential susceptibility of 

weeds. Some of these include cuticle composition, leaf development and age, leaf 

position and angle, and the number of trichomes and stomata. Trichomes may restrict 

herbicide retention by preventing spray droplets from coming into contact with the leaf 

surface. Plants with a large number of stomata may absorb a greater amount of herbicide 

than those without. The leaf area, arrangement and angle will determine the volume of 

spray intercepted by the plant. Upright leaves will intercept and retain less spray than 

those that are horizontally orientated (Evans et al., 2009).      
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A greenhouse study was conducted in which the effective concentrations and 

volumes of acetic acid were tested on multiple growth stages of the weeds Amaranthus 

retroflexus L. (redroot pigweed) and Abutilon theophrasti Medik. (velvetleaf) (Evans et 

al., 2009). Treatments included 15, 20, 25 and 30% acetic acid at 318 and 636 L/ha. 

Amaranthus retroflexus and A. theophrasti plants were sprayed with the various 

treatments at the cotyledon, two- and four-leaf stages. Control of A. retroflexus was 

greatest when treated with 318 and 636 L/ha at the two-leaf stage. At the 318 L/ha 

volume, the concentration of acetic acid had a greater influence on control than at the 636 

L/ha volume (Evans et al., 2009). Mortality of A. retroflexus was greatest with 30% 

acetic acid at the 318 L/ha rate. In contrast, only 1% of the plants died when 15% acetic 

acid was applied to plants at the cotyledon stage. No plants survived the 636 L/ha 

treatments when applied at the two-leaf stage. Acetic acid concentration of 15% applied 

at the 636 L/ha rate had the same effect on A. retroflexus as 30% acetic acid applied at 

318 L/ha (Evans et al., 2009). Although lower concentrations of acetic acid may reduce 

safety and handling concerns, higher concentrations may be necessary to attain desirable 

control of the weeds present in an area that differ in size. Control of A. theophrasti is 

unlikely as more than half the plants treated at the highest volume and highest 

concentration re-grew (Evans et al., 2009). 

 

1.7.2. Chelated iron 

 

 Fiesta
®
 is a product that is currently registered for the management of lawn weeds. 

The active ingredient in Fiesta
®
 is chelated iron, present as 4.43% FeHEDTA. Chelating 

agents such as hydroxyethylenediaminetriacetic acid (HEDTA) are used to make iron 

(Fe) more water soluble and easily accessible to plants (Health Canada, 2010). Chelated 

iron is a selective, systemic herbicide causing iron toxicity at a cellular level in dicot 

plants, such as broadleaf weeds. The exact mechanism for selectivity is unknown; 

however, it may be related to a difference in the method of iron absorption by monocot 

plants such as turfgrasses. Iron may function as a catalyst for oxygen reduction producing 

unstable and highly ROS, which causes cellular damage (Health Canada, 2010). The 

FeHEDTA is absorbed by leaf tissue and translocated to plant roots. The excessive 

uptake of FeHEDTA by broadleaf weeds leads to tissue necrosis, turning the leaves 
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brown to black in colour and, ultimately, plant death. Results may be apparent in less 

than 24 hours at a wide range of temperatures from 10-30
o
C (Health Canada, 2010).   

 

 Fiesta
®
 is an odourless dark red liquid. The oral LD50, the oral dose at which it is 

lethal to 50% of a test population, is > 5000 mg/kg in rats. In contrast, the LD50 of the 

common chemical herbicide, 2,4-D, ranges from 375 to 666 mg/kg, in rats (Health 

Canada, 2010). Application can be made using standard spray equipment with a coarse 

nozzle setting. All equipment parts should be rinsed after use to prevent corrosion. One 

litre of herbicide concentrate will treat 62.5-125 m
2
 of turfgrass. A mix of one part 

herbicide with 24 parts water (40 ml in 960 ml water) should be used as higher 

concentrations may cause phytotoxicity. The mixed solution may be applied to foliage at 

200-400 ml/m
2 

(Health Canada, 2010). Spot treatments may also be made using the 

mixed solution at approximately 5-10 ml/10-20 cm of weed foliage, or enough to 

thoroughly wet the weed. This product can be applied in the spring or fall provided that 

the temperature does not exceed 30
o
C. Treatment may be repeated once, four weeks after 

the initial application (Health Canada, 2010). 

 

There is a shortage of scientific literature related to chelated iron for broadleaf 

weed management. However, several trials evaluating chelated iron have been conducted 

at the Guelph Turfgrass Institute (Guelph, Ontario, Canada). A study evaluating the 

herbicidal efficacy of chelated iron
 
against T. officinale, P. major and T. repens was 

conducted at the Guelph Turfgrass Institute over two years, commencing in spring 2010. 

The experiment was conducted in an established turfgrass site composed of P. pratensis, 

L. perenne and a combination of Festuca sp. (Carey et al., 2010a; Carey et al., 2011a). 

The chelated iron
 
treatments: 0.25 g a.i./m

2
 at 100 ml/m

2
; 0.5 g a.i./m

2 
at 200 ml/m

2
; 1 g 

a.i./m
2 

at 400 ml/m
2
; 0.25 g a.i./m

2 
and 0.1% adjuvant at 100 ml/m

2 
were tested against 

the label application rate of Killex
®
 (Scotts Canada Ltd., Ontario) (containing mecoprop, 

2,4-D, and dicamba) and an untreated control. Overall, the chelated iron treatments 

provided a level of control similar to or better than mecoprop/2,4-D/dicamba and the 

percent of weeds remained the same in the untreated plots. No treatment, including the 

mecoprop/2,4-D/dicamba herbicidal mix, provided complete control of the weeds. 

Additionally, a residual effect of the herbicide treatments was observed from the first 
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year to the second. The overall weed population at the beginning of second season was 

only 10% compared to 35% in the previous year (Carey et al., 2010a; Carey et al., 

2011a). 

 

The tolerance of different turfgrass species, including P. pratensis, Lolium 

perenne and Festuca sp., to repeated applications of chelated iron
 
was evaluated over two 

years (Carey et al., 2010b; Carey et al., 2011b). Chelated iron
 
was applied at the rate of 

400 ml/m
2
 (1 g a.i./m

2
) four times at three-week intervals; eight times at two-week 

intervals; twice in the spring and twice in the fall at two-week intervals; three times in the 

spring and three times in the fall at two-week intervals; and four times in the spring and 

three times in the fall at two-week intervals (Carey et al., 2010b; Carey et al., 2011b). 

Results showed a temporary darkening effect on all treated turfgrass that lasted two 

weeks after application (Carey et al., 2010b; Carey et al., 2011b). Subsequent chelated 

iron
 
applications produced a thinning effect on the turfgrass density of P. pratensis and L. 

perenne, but not on Festuca sp. The amount of weed growth present in all plots was 

related to the rate of application; higher rates produced larger declines (Carey et al., 

2010b; Carey et al., 2011b). Additionally, it was noted that P. pratensis plots treated with 

chelated iron
 
were not affected by outbreaks of dollarspot disease when these occurred in 

the control plots and those treated with mecoprop/2,4-D/dicamba. Thus, the potential for 

chelated iron
 
as a disease control product may be further evaluated (Carey et al., 2010b; 

Carey et al., 2011b). 

 

1.7.3. Lactic/citric acid  

 

Organo-Sol
®
 (Lacto Pro-Tech, Quebec, Canada) contains 2% citric and 1.8% 

lactic acid which are produced by fermented dairy ingredients. Upon contact with plant 

cells, the acids cause cell degradation that leads to necrosis of plant tissues. The target 

weeds include: Trifolium pratense L. (red clover) and T. repens (white clover), Oxalis 

spp. (oxalis), M. lupulina (black medic) and Lotus corniculatus L. (birdsfoot trefoil) (Turf 

Revolution, 2012). For broadcast applications, a mix of 25% of herbicide, 3% surfactant 

and 72% water should be applied at a maximum rate of 200 ml/m
2
. Broadcast 

applications can be made using a standard or industrial sprayer with a 40
o
 flat-fan nozzle 
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tip and either a 001 or a 003 nozzle. Localized applications can also be made using a mix 

of 50% herbicide, 3% surfactant and 47%. The recommended surfactants are those 

containing 83% paraffin mineral oil and a 17% blend of surfactants such as XA OIL 

concentrate
™

 or Assist
®

 oil concentrate. The surfactant LI700
®
 (United Agri-Products) 

has also proven effective in the use of this product however; it should only be used when 

the temperature is below 25
o
C to prevent turfgrass phytotoxicity. Applications begin in 

early spring (May) and are required every fourteen days, totaling five applications a 

season (Turf Revolution, 2012). 

 

There is a shortage of scientific literature with respect to lactic/citric acid for 

broadleaf weed management. However, field trials conducted at McGill University 

(2005) showed that multiple applications of lactic/citric acid every two weeks eliminated 

clover with minimal effects on the turfgrass. In subsequent trials (2006), damage to 

clover after the first application was about 60 to 80% and increased with multiple 

applications (Charbonneau, 2010a). After only one application of the lactic/citric acid 

herbicide at 25% and 50% concentration, the damage to Oxalis spp., M. lupulina, and L. 

corniculatus was between 15-28% and over 50%, respectively (Charbonneau, 2010a). 

Additionally, a trial conducted at the Guelph Turfgrass Institute found a reduction in the 

population of T. repens, M. lupulina and total broadleaf weeds when lactic/citric acid 

herbicide was applied with the surfactant LI700
®
 (Charbonneau, 2010b). Lactic/citric 

acid provided equivalent control over M. lupulina and T. repens as mecoprop/2,4-

D/dicamba and the T. repens population was reduced by 70%. The overall weed 

reduction by lactic/citric acid was approximately 66% and the total reduction in weeds by 

mecoprop/ 2,4-D/dicamba, was 95% (Charbonneau, 2010b). Thus, this product may be 

promising for the management of leguminous weeds in turfgrass environments 

(Charbonneau, 2010b). 

 

1.7.4. Corn gluten meal  

 

Corn gluten meal (CGM) is the protein fraction of corn grain that is a byproduct 

of the wet milling process (Christians, 1993). In susceptible monocot and dicot weed 

species, CGM inhibits root formation during germination creating moisture stress 
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conditions that lead to dehydration (Christians, 1993; Cox, 2005). Additionally, CGM 

acts as a fertilizer as it contains approximately 10% nitrogen (N) by weight, providing an 

additional source of N to plants (Bingaman and Christians, 1995; Cox, 2005). Although, 

the developing roots of T. officinale are affected by CGM, this product is largely targeted 

toward Digitaria spp. Haller (crabgrass) (Cox, 2005).  

 

Corn gluten meal may be applied in both the spring and fall seasons. While the 

fall application prevents weed root systems from establishing before winter, the spring 

application will control the establishment of weed seeds from the previous fall season 

(City of Ottawa, 2010). Corn gluten meal may be applied with a broadcast spreader to the 

soil surface at a rate of 5 - 10 kg/100 m
2
. The first application may be made in early 

spring (May), after the snow has melted. To further reduce the viability of seeds that 

blow into the field in spring, a third application may be made in the last two weeks of 

June. The soil should be dry at the time of application and the turfgrass should be watered 

thoroughly within 48 hours to press the CGM into the soil surface and stress the newly 

germinated seeds. The corn gluten pellet's slow release life is about six weeks (City of 

Ottawa, 2010).   

 

A greenhouse study was conducted to determine the effect of CGM on 10 dicot 

and 12 monocot species when applied at rates of 0, 324, 649 and 973 g/m
2
 (Bingaman 

and Christians, 1995). Results showed that CGM reduced the survival of all plant species. 

Shoot lengths decreased for 13 dicot and monocot species as the amount of CGM 

increased. Rooting was also reduced by CGM in all species; however, reduction in root 

development differed among CGM doses and species. Overall, the dicot weeds appeared 

to be more susceptible to CGM than the monocot. The most susceptible species in this 

experiment were: Solanum americanum Mill. (black nightshade), Chenopodium album L. 

(common lambsquarters), A. stolonifera (creeping bentgrass), Rumex crispus L. (curly 

dock), Portulaca oleracea L. (purslane), and A. retroflexus (redroot pigweed). All the 

weeds exhibited greater than or equal to 75% reductions in survival and rooting, and 

greater than 50% reductions in shoot length with soil-surface applied CGM and pre-plant 

incorporated CGM at 324 g/m
2 

(Bingaman and Christians, 1995).  
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A five-year study evaluating the effectiveness of two alternative products, corn 

gluten meal and Glycine max (L.) Merr. (soybean) meal (SM) on T. officinale yielded 

positive results (Anderson and Ross, 2005). An initial herbicide treatment of two 

applications of Killex
®
 at a rate of 32 ml/100m

2
, one week apart, was used to eradicate 

weeds prior to CGM and SM treatment at three of the four experimental sites. 

Applications of CGM and SM were made twice a year, over five years. Low rates 

included 63 g/m
2
 CGM and 67 g/m

2
 SM, mid rates included 649 g/m

2
 CGM and 665 

g/m
2
 SM and high rates included 973 g/m

2
 CGM and 1000 g/m

2
 SM (Anderson and Ross, 

2005). After two applications per year for five years, the results of the plots pre-treated 

with Killex
®
 showed that the mid- and high-rates of both CGM and SM significantly 

lowered T. officinale populations by 54 and 92%, respectively. There were no differences 

between the CGM and SM treatments. Without a Killex
® 

pre-treatment, the mid- and 

high-rates of CGM reduced the T. officinale population by 47 and 58%, respectively. The 

level of control improved as the rate increased (Anderson and Ross, 2005). Although the 

SM treatment provided a greater percent reduction in the T. officinale population, SM is 

relatively expensive to apply ten times throughout the years (Anderson and Ross, 2005). 

Pre-emergence herbicides such as CGM need to be re-applied over time to produce 

desirable effects. They are expected to have gradual effects on perennial weeds, such as 

T. officinale, as each weed completes a life cycle and dies over time (Anderson and Ross, 

2005). 

 

1.8. Research Hypotheses  

 

It is important to evaluate alternative weed management products to effectively 

manage weeds and preserve our green spaces without the use of conventional chemical 

pesticides. This thesis project compared the efficacy of various alternative weed 

management treatments on a turfgrass weed population in Guelph, Ontario, Canada. One 

of the treatments tested in the field, a bioherbicide, was further evaluated to determine the 

specific conditions under which it was most effective at suppressing broadleaf weeds. 

The goal was to improve the guidelines for homeowners and turf managers for effective 

suppression of turfgrass weeds in the absence of conventional chemical pesticides. 



 36 

The research studies conducted in this thesis were designed to test the following 

hypotheses: 

 

1. One or more combinations of site preparation and post-establishment treatments 

will significantly affect the broadleaf weed population in a low maintenance 

turfgrass lawn.  

2. There is an optimal combination of temperature and leaf wetness duration, which 

optimizes disease severity by S. minor on T. officinale.  

 

1.9. Research Objectives 

 

 Two experiments were conducted to evaluate potential alternatives to the 

conventional herbicides commonly used to maintain weed-free turfgrass in Ontario, 

Canada. The objectives of this thesis project were: 

1. To evaluate selected weed management options as part of a site preparation 

process and for post-establishment broadleaf weed management in a field setting 

and determine which options effectively reduced the broadleaf weed population.  

2. To determine the ideal temperature and leaf wetness duration that optimizes the 

efficacy of S. minor from the bioherbicide Sarritor
™

, on T. officinale in a growth 

chamber setting. 

The results of these experiments will help determine which weed management 

options may be used in place of the banned conventional herbicides to maintain weed-

free turfgrass in Ontario, Canada. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 37 

CHAPTER 2 

WEED MANAGEMENT PRACTICES FOR RESIDENTIAL LAWN 

ESTABLISHMENT IN ONTARIO, CANADA 

 

2.1. Abstract 

There has been an increased demand for alternative weed management strategies 

since the implementation of the Ontario Cosmetic Pesticide ban in 2009. This study 

examines the effectiveness of various weed management treatments as potential 

alternatives to the historical herbicides for site preparation and for post-establishment 

management of dicotyledonous weeds in Ontario, Canada. Two randomized, complete 

block, factorial field trials were conducted: trial one over two years, and trial two over 

one year. Site preparation treatments included: untreated control, glyphosate, acetic acid, 

and flame-weeding. Post-establishment treatments included: untreated control, a mixed 

formulation of mecoprop/2,4-D/dicamba, chelated iron, a mixed formulation of lactic and 

citric acid, Sclerotinia minor and corn gluten meal (CGM). Sod was included as an 

additional treatment and was compared with all post-establishment treatments. There 

were no effects of the site preparation treatments. Post-establishment results were 

consistent in both trials. The percent weed cover in plots treated with lactic/citric acid 

(31.3%) and CGM (24.1%) were not significantly different from the untreated control 

(30.1%) after two years while plots treated with S. minor (22.9%) provided minimal 

results. Treatment with chelated iron, mecoprop/2,4-D/dicamba and lawn establishment 

with sod, reduced the weed population to < 5%.  

2.2. Introduction 

The Poaceae (grass) family contains approximately 10, 000 plant species. Some 

of these plants, such as Oryza sativa L. (rice), Triticum spp. L. (wheat), Zea mays L. 

(corn) and the turfgrasses, are of high economic value. The turfgrasses are highly valued 

for their recreational, aesthetic and environmental benefits to society (Alumai et al., 

2009; Beard, 1973). Ground that is covered with fine textured turfgrass that is kept 

closely mowed is called a lawn (Beard, 1973). Some of the many environmental benefits 



 38 

of turfgrass lawns include providing vegetative ground cover, reducing water pollution, 

and soil amelioration (Beard, 1973).  

Turfgrass lawns are a dominant feature of urban landscapes in North America. 

The presence of turfgrass environments is expanding at a significant rate as these areas 

readily replace natural and agricultural lands through urbanization and the expansion of 

golf courses, parks, home lawns and sport fields (Hernke and Podein, 2011; Milesi et al., 

2005). In the United States, 23% of developed land is covered with turfgrass lawns 

(Hernke and Podein, 2011).  

 

Many residential lawn owners and other turfgrass managers aim to establish and 

maintain vigorous, high-quality turfgrass; however, the turfgrasses, like all plants, are 

susceptible to pathogenic organisms, insects and other pests that may interfere with their 

normal physiological function. Weeds, or plants that grow where they are not wanted, are 

one of the major pests affecting turfgrass lawns (Anderson, 1983; Beard, 1973). The 

weeds that most commonly infest the temperate turfgrass environments of Ontario, 

Canada can be classified as broadleaf weeds, and Taraxacum officinale (dandelion) is the 

most dominant broadleaf weed of temperate lawns in Ontario (Stewart-Wade et al., 

2002). The presence of broadleaf weeds in turfgrass easily deters from its aesthetic value 

due to a difference in colour, shape, size and growth habit. More importantly, weeds 

reduce the overall health and usefulness of a turfgrass stand as they compete with 

turfgrass species for growing space, sunlight, soil moisture, and plant nutrients.  

 

The opportunity for weed encroachment is increased in a weakened turfgrass 

system. Thus, the presence of weeds in turfgrass is often an indicator of underlying 

problems such as low fertility, compacted soil, poor drainage, excessively dry or 

waterlogged conditions or other environmental stresses. Therefore, the promotion of a 

balanced turfgrass management program through proper watering, fertilization, mowing, 

and other cultural practices is integral for limiting the deleterious effects of weeds 

(McCarty and Hall, 1990). Until recently, the management of most broadleaf weed 

species in turfgrass systems has been through the use of highly effective herbicides such 

as 2,4-dichlorophenoxyacetic acid (2,4-D), dicamba and mecoprop. However, due to 
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increasing public concern surrounding the possible detrimental effects of chemical 

pesticides in the environment, restrictions on the use of pesticides in urban settings are 

now in place.  

 

The Ontario Cosmetic Pesticide Ban was implemented on April 22, 2009. The 

requirements of this ban as detailed in Ontario Regulation 63/09, under The Pesticides 

Act, prevent the use of class nine pesticides for what is considered a cosmetic or “non-

essential” purpose on lawns, vegetable and ornamental gardens, patios, driveways, 

cemeteries, athletics fields and in parks and schoolyards. Exceptions exist for insect, 

fungus, or weed infestations that are of direct concern to public health. Under this ban, 

pesticides may only be used for the destruction, prevention or control of: (1) animals that 

bite, sting, are venomous or carry disease; (2) plants that are poisonous to humans by 

touch; or (3) fungi or animals that affect public works and other buildings and structures 

(OME, 2009a; OME, 2009b). Class nine pesticides are also permitted for use on specified 

sports fields that are maintained for national or international sporting events; specialty 

turfgrass that is used as a playing surface for golf, lawn bowling, cricket, lawn tennis or 

croquet; and for uses related to forestry and agriculture (OME, 2009c).  

 

Restrictions placed on the use of chemical pesticides may increase the prevalence 

of weeds in turfgrass systems. The possibility of new weed encroachment in areas that 

were previously maintained with chemical pesticides may also increase, impacting 

homeowners, residential lawn care companies and those who take part in recreational 

sports (Abu-Dieyeh and Watson, 2007c). Alternative weed management strategies 

involving a combination of integrated pest management (IPM) practices, biological 

control and the use of fertilizers will become essential for minimizing the opportunities 

for weed encroachment in residential lawns and other urban landscapes (Abu-Dieyeh and 

Watson, 2007b; Alumai et al., 2009; Larsen et al., 2004). The use of alternative 

herbicides will also become more prominent (Alumai et al., 2009). Biopesticides, or non-

synthetic compounds or microorganisms that can be used to manage a pest, will also be 

important, especially in combination with other low-risk tools and practices to enhance 

an IPM system (AAFC, 2009). The use of any of these alternative practices, especially 
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when used in combination, may significantly increase turfgrass health, thus, reducing the 

presence of weeds (Alumai et al., 2009). 

 

It is important to further evaluate the alternative weed management products that 

are available to the public. Thus, the efficacy of various alternative weed management 

treatments on a turfgrass weed population in Guelph, Ontario, Canada was studied in this 

field experiment. This study will ultimately help to improve the guidelines for 

homeowners and turf managers for effective suppression of turfgrass weeds in the 

absence of conventional pesticides.  

 

2.3. Hypothesis 

 

One or more combinations of site preparation and post-establishment treatments 

will decrease the broadleaf weed population in a low maintenance turfgrass system as 

well as, or better than, the conventional controls.  

 

2.4. Objective 

 

The objective of this study was to determine which selected alternative weed 

management options would effectively reduce the broadleaf weed population in a 

turfgrass system when used as part of a site preparation process and for post-

establishment weed management.  

 

2.5. Materials and Methods 

 

2.5.1. Experimental design and treatments  

 

Two field trials were conducted at the Guelph Turfgrass Institute in Guelph, 

Ontario, Canada on established turfgrass containing a mixture of P. pratensis and L. 

perenne infested with T. officinale, M. lupulina, and T. repens. There was approximately 

28% preliminary uniform weed coverage in trial one and 20% in trial two. The soil type 

in the experimental areas was fine, sandy loam. Trial one commenced in September 2009 

on a total area of 600 m
2
 divided into 100 plots that were each 2 x 3 m in size. Trial two 

commenced in September 2010, on a total area of 720 m
2
 divided into 116 plots that were 

each 2 x 3 m in size. The experimental design was a randomized, complete block with 
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treatments set up as a two-way factorial consisting of four site preparation and six post-

establishment treatments in trial one and four site preparation and seven post-

establishment treatments in trial two. An additional treatment of establishment by sod 

was also included in both trials and was compared with all post-establishment treatments. 

Treatments were replicated four times with each replicate arranged in blocks. Data for 

trial one was collected over two field seasons (2010 and 2011) and data for trial two was 

collected over one season (2011). 

 

The four site preparation treatments in trials one and two included: glyphosate 

(RoundUp
®
 Original, Monsanto Company, Canada, 356 g a.e. L

-1
), flame-weeding, acetic 

acid (EcoClear
®
, Ecoval, Canada, 250 g a.i. L

-1
), and an untreated control. The six post-

establishment treatments in trial one included: a commercial mixture of mecoprop, 2,4-D 

and dicamba (Par III
®

, Loveland Products, Canada, 100 g a.e. L-1, 190 g a.e. L-1, 18 g 

a.e. L-1); the maximum label application rate of chelated iron (Fiesta
®
, Neudorff, 

Canada, 4.64 % (w/v) Fe as FeHEDTA); a commercial mixture of citric and lactic acid 

(Organo-Sol
®
, Lacto-Pro Tech, Canada, citric acid 2% (w/v) and lactic acid 1.8%(w/v)); 

Sclerotinia minor IMI344141 (Sarritor
™ 

Granular Bioherbicide, Canada); corn gluten 

meal (CGM) (Pre-Emergent Weed Seed Germination Inhibitor with Corn Gluten, 

Nutrite
®
, Canada, 90% (w/w) CGM), and an untreated control. In trial two, the minimum 

label application rate of chelated iron was included as a seventh post-establishment 

treatment. Site preparation and post-establishment treatment application methods are 

detailed in sections 2.5.2. and 2.5.4, respectively.  

 

2.5.2. Application of site preparation treatments 
 

All treatments that were broadcast sprayed in this study were applied using a 

custom-made compressed air sprayer equipped with four flat fan nozzles (Teejet
®
 8001 

VS), which delivered 20 mL of solution s
-1 

at 138 kPa to a 1 m wide strip of grass. The 

sprayer was rinsed with water and the nozzles were cleaned between treatments.  

 

Both glyphosate and acetic acid were applied on September 25
th

, 2009 in trial one. 

Glyphosate and acetic acid were applied on September 1
st
, 2010 and September 8

th
, 2010, 

respectively, in trial two. Acetic acid was applied at a rate of 7.7 g a.i. m
-2

 in a spray 
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volume of 100 mL m
-2

. Glyphosate was applied at a rate of 0.29 g a.i. m
-2

 in a spray 

volume of 30 mL m
-2

.  

 

A handheld propane torch (Weed Dragon
®
 VT 2-23 SVC, M.K. Rittenhouse and 

Sons Ltd., Canada) with a squeeze valve was used to flame treat on September 28
th

, 2009 

in trial one and on September 13
th

, 2010 in trial two. The entire plot was torched, burning 

approximately 375 g of propane per plot. The flame was held 10 to 15 cm above the weed 

so that there was direct contact between the flame and the plants. The plants were 

exposed to flame for a period of 5 min m
-2

. 

 

2.5.3. Establishment 

 

Each site preparation treatment was given time to take effect before the plots were 

tilled (13 days for acetic acid and glyphosate and 10 days for flame weeding in trial one; 

9 days for acetic acid, 16 days for glyphosate, and 4 days for flame weeding in trial two). 

The seedbed was prepared using a rototiller (Agric AFMJ-70, Walco Equipment, Elmira, 

ON), on October 8
th

, 2009 in trial one and on September 17
th

, 2010 in trial two. The 

experimental area was tilled in a north to southward direction to minimize inter-plot 

movement of treatments in the 2x3 m plots. Poa pratensis sod (Greenhorizons
™

 Compact 

Sod, Cambridge, ON) was laid in four plots, as designated through the randomization 

procedure, covering a total of 24 m
2
 (4 plots x 6 m

2
/plot) on October 16, 2009 (trial one) 

and on September 21
st
, 2010 (trial two). All of the remaining plots were seeded using 

Greenhorizons
™

 (Cambridge, ON) Greenthumb Premium mix (40% P. pratensis cv. 

‘Bonaire’, 30% L. perenne cv. ‘VIP III’, and 30% Festuca trachyphylla (Hack.) Krajina) 

cv. ‘Firefly’) using a Scotts
®
 ProTurf 34” broadcast drop seeder on October 16

th
, 2009 

(trial one) and September 21
st
, 2010 (trial two). The seeder was calibrated to deliver 1 kg 

of seed/100 m
2
. The plots were broadcast seeded twice, in a north to south direction 

followed by an east to west direction, for a total seeding rate of approximately 2 kg 100 

m
-2

 (OMAFRA, 2008).  
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2.5.4. Application of post-establishment treatments  

 

The post-establishment weed management treatments were applied according to 

label directions, using the most appropriate equipment available, each of which is 

outlined below. The specific application methods and equipment used to apply 

mecoprop/2,4-D/dicamba, chelated iron, lactic/citric acid, and Sclerotinia minor were 

identical in both trials. The method of application of CGM varied slightly from 2010 to 

2011. The timing of the applications in 2011 was followed as closely as possible to those 

of 2010, taking into consideration the weather conditions. Application timings may have 

been shifted in some cases so that the product could be applied under the most optimal 

conditions. Treatment applications were only made when the high daily temperature was 

below 30
o 
C to minimize the possibility of phytotoxic effects on the turfgrass. 

 

Applications of mecoprop/2,4-D/dicamba were made at a rate of 5.5, 10.45 and 

0.99 g a.e. 100 m
-2

, respectively, in a total volume of 3 L. Mecoprop/2,4-D/dicamba was 

applied on June 3
rd 

and September 1
st
, 2010, and on June 3

rd 
and September 6

th
, 2011 in 

trial one and on June 3
rd

, and September 6
th

, 2011 in trial two. Mowing was avoided for 

three to four days before and after treatment. 

 

Chelated iron was applied at 1 g a.i. m
-2

 in a spray volume of 400 mL with the 

sprayer described in section 2.5.2. Treatments were applied twice during the season, as 

instructed on label recommendations. In trial one, year one, applications were made on 

June 11
th

, 2010 and July 10
th

, 2010. In the trial one, year two, applications were made on 

June 14
th

, 2011 and July 14
th

, 2011. In trial two, applications of 1 g a.i. m
-2

 in a total 

volume of 400 mL were made on June 14
th

, 2011 and July 14
th

, 2011. In trial two, an 

additional treatment consisting of the minimum label rate of 0.5 g a.i. m
-2

 was broadcast
 

sprayed in a spray volume of 200 mL four times throughout the season. These 

applications were made four weeks apart, as recommended by the manufacturer, on June 

14
th

, July 14
th

, August 14
th

, and September 6
th

, 2011. There was no rain or irrigation for a 

minimum of 24 hours following all applications. 

 

The lactic and citric acid mixture was broadcast using the sprayer described in 

section 2.5.2., at a rate of 1 g a.i. m
-2

 and 0.9 g a.i. m
-2

, respectively, in a total of 200 mL. 
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A surfactant (Assist
®
 Oil Concentrate, BASF Canada, Mississauga, ON) was added to the 

solution at a rate of 3% (v/v). Treatment with lactic and citric acid for trial one 

commenced on June 1
st
, 2010 and continued every two weeks until five applications were 

made, as recommended by the manufacturer. The following year, treatment application 

commenced on June 3
rd

, 2011 and continued every two weeks through July 29
th

, 2011, 

for a total of five applications on both trials one and two. There was no rain or irrigation 

for a minimum of 24 hours following application. 

 

Sclerotinia minor was applied directly to each broadleaf weed that was visible to 

the naked eye using a granule applicator (Sarritor
™

 Flick Stick, M.K. Rittenhouse and 

Sons Ltd., St. Catharines ON) calibrated to deliver approximately 0.40 g of product per 

weed. Application of S. minor was made when the high daytime temperature was 

between 18 and 24
o 

C. Mowing was avoided for four to five days prior to application to 

increase the humidity in the experimental units. Plots were watered prior to application to 

facilitate the attachment of the product onto the weeds. In trial one, application of S. 

minor was initially made on June 2
nd

, 2010 and repeated on September 22
nd

, 2010. The 

following year, applications of S. minor were made on June 22
nd

, 2011 and repeated on 

September 15
th

, 2011 in both trials. The plots were watered by rainfall within twelve 

hours of treatment application. The plots were not mowed for a minimum of five days 

after treatment. 

 

The CGM (Nutrite
®
 Pre-Emergent Weed Seed Germination Inhibitor, 8-0-4) was 

weighed and 600 g was placed into each of 16 separate paper bags. The contents of each 

paper bag were broadcast by hand at rate of 100 g m
-2 

on April 20
th

, July 14
th

 and 

September 1
st
, 2010 in trial one. The following year, CGM was broadcast using a shaker 

on May 5
th

, July 19
th

 and September 15
th

, 2011 in both trials. The plots were watered 

thoroughly within 48 hr of the application of CGM.  

 

2.5.5. Management of turfgrass  

 

All plots except those receiving CGM treatment were fertilized each time the 

CGM treatment was applied to the experimental area. The plots were fertilized with the 

slow-release nitrogen fertilizer, isobutydine diurea (IBDU) and soluble potash (K2O) to 
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match the amount of nitrogen and potassium in the CGM (8% N, 4% K20) treatment. 

IBDU was applied using a broadcast spreader calibrated to deliver 26 g IBDU m
-2 

(equivalent to 8 g N m
-2

) and potash was applied using a broadcast spreader calibrated to 

deliver 27 g K20 m
-2 

(equivalent to 4 g K20 m
-2

).  

 

Throughout the season, the trial areas were mowed using a Groundsmaster
®
 4700-

D mower (Toro
®
, Canada) at approximately 9.5 cm height twice per week in May and 

June, and once per week in July, August and September. The area was also watered as 

needed to prevent turfgrass stress. 

 

2.5.6. Weed assessments and data collection 

 

The percent weed cover was determined using a point quadrat (50 cm x 50 cm) 

containing 25 points. The quadrat was thrown randomly 4 times in each plot and a 

reading was made under each point of the quadrat (25 points x 4 throws = 100 

readings/plot). Plants appearing directly under each specific point of the quadrat were 

identified to genus and species of grass or weed, and data were recorded to determine the 

percent weed coverage. The plots were initially assessed using this method in August 

2009 for trial one and August 2010 for trial two to collect preliminary data, prior to 

commencing treatment application or establishment. Additional weed assessments were 

performed on a monthly basis throughout the field seasons. Weed assessments were not 

made close to the edges of the plots where treatments may have intermixed between 

plots. There was a buffer of 25 cm. The assessments were performed during the middle of 

each month, from May 2010 through September 2010 in trial one and May 2011 through 

September 2011 in trials one and two.  

 

Visual ratings of turfgrass color, quality and cover were performed using the 

National Turfgrass Evaluation Program (NTEP) standards, during the middle of each 

month, from May 2010 through September 2010 in trial one and May 2011 through 

September 2011 in trials one and two  (Morris and Shearman, 1999). A rating scale of 

one to nine, where one was the poorest and nine was the highest rating, was used to 

record the visible turfgrass colour, quality and cover. A rating of six was considered 

acceptable while nine was reserved for the ideal grass or an outstanding treatment plot. 
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Turfgrass quality ratings took into account the aesthetic and functional aspects of 

turfgrass and were based on a combination of colour, cover, uniformity, texture and 

presence of disease or environmental stress. Turfgrass colour was rated from one to nine 

where one was light green and nine was dark green. Lastly, turfgrass cover was rated 

from one to nine where nine was the maximum cover of living turfgrass plants (Morris 

and Shearman, 1999). Visual ratings were conducted on the turfgrass plants alone, 

disregarding any weeds that were present in each plot to assess potential phytotoxicity of 

turfgrass plants.  

 

On October 13
th

, 2011, soil samples were collected from both trials. Seven 

samples were collected from each plot receiving only a post-establishment treatment 

using a 30 cm by 2 cm soil probe (OakField Apparatus, Inc., Wisconsin). Samples were 

collected to a depth of 15 cm beyond the thatch layer. Each sample weighed 

approximately 300 g. The samples were placed in plastic bags with a zipper closure and 

sent for soil analysis (testing of soil pH, phosphorous, magnesium and iron) at the 

University of Guelph Laboratory Services.  

 

Daily minimum temperature, maximum temperature (
o
C) and precipitation (mm) 

were recorded at the Environment Canada weather station in the research ranges at the 

Guelph Turfgrass Institute and are available online at: [http://agmet.lrs.uoguelph. 

ca/wxrecord/GTI/].  

 

2.5.7. Statistical analyses 
 

The experimental data over two years for trial one and over one year for trial two 

were analyzed separately, as trial two included an additional post-establishment 

treatment. The data collected from percent cover assessments, visual NTEP ratings, and 

soil composition tests were assessed for normality using the Shapiro-Wilk test of 

residuals. No transformations were required as all datasets had normal distribution. A 

two-way analysis of variance (ANOVA) test was performed to compare site preparation 

and post-establishment treatment effects. Block was treated as a random effect. A 

subsample of the data was used in a one-way ANOVA test to compare the post-

establishment treatments with the establishment by sod treatment. The statistical analyses 
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were performed using the PROC UNIVARIATE and PROC GLM procedures in SAS 9.3 

(SAS Institute Inc., Cary, North Carolina, USA). The treatment response means were 

compared to determine significance using Tukey’s Standardized Range (HSD) test. A 

type I error rate of 0.05 was used for all statistical tests.  

 

2.6. Results 

 

2.6.1. Preliminary Data 

 

Prior to treatment application and establishment, the experimental area for trials 

one (August 2009) and two (August 2010) had uniform turfgrass and weed cover. The 

weed cover was composed primarily of T. officinale, Trifolium spp., and M. lupulina. 

There were no differences in turfgrass or weed composition among plots. The initial 

weed cover was 27.7 and 19.7% and the initial turfgrass cover was approximately 71.4% 

and 80.2% in trials one and two, respectively. The initial cover of T. officinale, Trifolium 

spp., and M. lupulina was 10.4, 3.9 and 8.9%, respectively, in trial one and 6.1, 5.2 and 

5.9%, respectively, in trial two. Other observed weeds included Plantago spp., Veronica 

americana Schwein. ex Benth., Cerastium spp., Oxalis spp. and P. aviculare. These 

weeds were not prevalent in the experimental areas and were placed together in one 

group designated as “other” for analyses.  

 

2.6.2. Site preparation treatments 

 
There were no significant differences among the site preparation treatments with 

regard to the percent turfgrass cover (PTC) in trial one with the exception of May 2010, 

following turfgrass establishment (Appendix 2.1). In May 2010, plots treated with 

glyphosate had a lower PTC than plots treated with acetic acid or flame-weeding; 

however, no treatment significantly differed from the untreated control (Table 2.1). There 

were no site preparation by post-establishment treatment interactions with regard to PTC 

in trial one (Appendix 2.1). The ANOVA results from trial two showed that there were 

no significant differences among the site preparation treatments with regard to PTC with 

the exception of the July 2011 assessment (Appendix 2.2). There were no site preparation 

by post-establishment treatment interactions with regard to PTC in trial two with the 

exception of the September 2011 assessment (Appendix 2.2).   
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There were no significant differences among the site preparation treatments with 

regard to the percent weed cover (PWC) in trial one (Appendix 2.3). There was also no 

interaction between the site preparation and post-establishment treatments with regard to 

PWC in trial one (Appendix 2.3). Therefore, these treatments were disregarded and the 

experimental data were pooled to analyze the effects of the post-establishment treatments 

on weed cover. There were no significant differences among the site preparation 

treatments with regard to the percent weed cover in trial two with the exception of the 

July 2011 assessment (Appendix 2.4). The PWC was lower in plots treated with 

glyphosate than those treated with flame-weeding and the untreated control; however, 

glyphosate was not significantly different from acetic acid (Table 2.2). There were no 

treatment interactions with regard to PWC in trial two with the exception of the 

September 2011 assessment (Appendix 2.4).   

 

Table 2.1. Percent turfgrass cover (PTC) in the first spring season following site 

preparation of trials one (May 2010) and two (May 2011).   

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

Table 2.2. Percent cover of turfgrass and various weed species, following site preparation 

treatments in July 2011, trial two. 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

Site Preparation Treatments 

Percent Turfgrass Cover 

Trial One 

 

Trial Two  

 

Control 70.8 ab 83.1 a 

Acetic acid 75.3 a 86.8 a 

Flame-weeding 74.1 a 85.3 a 

Glyphosate 64.7 b 80.1 a 

 

Site Preparation 

Treatments 

Percent Cover 

Turfgrass  Weed  Taraxacum 

officinale  

Medicago 

lupulina  

Trifolium spp.  

Control 82.9 a 17.1 a 1.0 ab 3.4 ab 12.1 a 

Acetic acid 85.8 a 14.2 ab 1.2 ab 3.4 ab 9.3 a 

Flame-weeding 82.6 a 17.3 a 1.5 a 7.0 a 8.2 a 

Glyphosate 88.6 a 10.7 b 0.5 b 1.4 b 7.6 a 
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2.6.3. Post-establishment treatments 

 

2.6.3.1 Turfgrass cover 

 
There were significant differences among the post-establishment treatments with 

regard to PTC after seasons one (Sep. 2010) and two (Sep. 2011) of trial one and after 

season one (Sep. 2011) of trial two (Appendices 2.1-2.2). Similar results were found in 

both trials. Plots that were established with sod had the highest PTC value following 

turfgrass establishment in May 2010 (trial one) and May 2011 (trial two), while all other 

plots had a lower PTC (Tables 2.3 and 2.4).  

 
Among the post-establishment treatments, plots treated with chelated iron, 

mecoprop/2,4-D/dicamba, and sod had the highest PTC after one and two seasons in trial 

one, and after one season in trial two (Tables 2.3 and 2.4). The PTC was as high in plots 

treated with chelated iron and mecoprop/2,4-D/dicamba (positive control) as it was in 

plots established by sod from the middle of the first season: July 2010 (trial one) and July 

2011 (trial two), onward having values that were never less than 97% (Tables 2.3 and 

2.4).  

 
After one year (Sep. 2010), plots treated with S. minor had a higher PTC value 

than the untreated control but were not significantly different than plots treated with 

lactic/citric acid and CGM in trial one (Table 2.3). After one year (Sep. 2011) in trial two, 

plots treated with S. minor and CGM were not significantly different than the untreated 

control (Table 2.4). In trial two, treatment with lactic/citric resulted in a lower PTC that 

the untreated control (Table 2.4). After two years (Sep. 2011), plots treated with S. minor 

and CGM had similar PTC values while plots treated with CGM were not significantly 

different than the untreated control (Table 2.3). After two years (Sep. 2011), there was no 

significant difference between the lactic/citric acid treatment and the untreated control 

with regard to PTC (Table 2.3).  
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Table 2.3. Preliminary percent turfgrass cover (PTC) and the effect of post-establishment 

treatments on PTC over two years in trial one.  

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

Table 2.4. Preliminary percent turfgrass cover (PTC) and the effect of post-establishment 

treatments on PTC over one year in trial two. 

 

 

 

 

Post-establishment    

Treatments 

Percent Turfgrass Cover 

2010 

(preliminary) 

 2011 

Aug  May Jul Sep 

Control 
78.1 a  79.8 b 69.8 c 74.7 c 

Sclerotinia minor 81.0 a  84.8 b 71.0 c 77.1 bc 

Lactic/citric acid 81.4 a  83.8 b 81.3 b 81.6 b 

Corn gluten meal 81.1 a  87.3 b 74.4 bc 76.6 bc 

Chelated iron (0.5 g a.i. m
-2

) 80.1 a  82.8 b 99.4 a 99.9 a 

Chelated iron (1.0 g a.i. m
-2

) 81.1 a  84.8 b 99.7 a 99.1 a 

Mecoprop/2,4,-D/dicamba 78.5 a  83.9 b 99.3 a 99.3 a 

Sod 82.2 a  99.5 a 99.3 a 97.3 a 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 
 

 

 

Post-establishment 

Treatments 

Percent Turfgrass Cover 

2009 

(preliminary) 
 2010  2011 

Aug  May Jul Sep  May Jul Sep 

Control 70.3 a  68.8 b 75.8 c 67.4 c  78.1 c 55.3 c 69.9 cd 

Sclerotinia minor 71.6 a  73.0 b 82.8 b 74.8 b  85.4 b 71.8 b 77.1 b 

Lactic/citric acid 73.5 a  74.2 b 83.1 b 72.6 bc  82.2 bc 65.3 bc 68.8 d 

Corn gluten meal 71.3 a  73.9 b 77.8 c 73.3 bc  81.3 bc 68.0 b 75.9 bc 

Chelated iron 68.4 a  69.3 b 99.2 a 98.3 a  97.2 a 100.0 a 99.0 a 

Mecoprop/ 

2,4,-D/dicamba 

73.1 a  68.2 b 97.0 a 99.8 a  98.3 a 99.6 a 98.1 a 

Sod 69.5 a  100.0 a 100.0 a 99.8 a  98.8 a 94.3 ab 95.5 a 
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2.6.3.2. Weed cover and bare soil 
 

Significant differences were found among the post-establishment treatments with 

respect to percent weed cover (PWC) after the first (Sep. 2010) and second (Sep. 2011) 

seasons in trial one and after the first season (Sep. 2011) in trial two (Appendices 2.3-

2.4). In trial one, plots treated with chelated iron, mecoprop/2,4-D/dicamba, and plots 

established with sod had the lowest PWC values at the end of the first and second 

seasons, with values in all treatments at < 5% (Table 2.5). Plots treated with S. minor, 

lactic/citric acid and CGM were not significantly different at the end of season one (Sep. 

2010) (Table 2.5). Plots treated with S. minor had a significantly lower PWC value than 

the untreated control but were not significantly different from plots treated with 

lactic/citric acid or CGM at the end of season one (Sep. 2010) (Table 2.5). After two 

seasons (Sep. 2011), plots treated with lactic/citric acid were not significantly different 

from the untreated control (Table 2.5). The plots treated with S. minor had a lower PWC 

than the untreated control after two seasons (Sep. 2011) and were not significantly 

different from plots treated with CGM (Table 2.5).  

 
In trial two, plots treated with 0.5 g a.i. m

-2
 and 1.0 g a.i. m

-2
 chelated iron, 

mecoprop/2,4-D/dicamba, and plots established with sod had the lowest PWC values 

from mid-season onward (Jul. to Sep. 2011) (Table 2.6). The plots treated with S. minor, 

lactic/citric acid, and CGM were not significantly different and all had a higher PWC 

than plots treated with either rate of chelated iron, mecoprop/2,4-D/dicamba or 

established by sod (Table 2.6). After one season (Sep. 2011), plots treated with S. minor 

and CGM were not significantly different from the untreated control (Table 2.6). 

Treatment with lactic/citric acid resulted in a lower PWC value than the untreated 

control, after one year (Table 2.6).  

 
There were no differences in the percent bare soil at the end of two seasons in trial 

one and after one season in trial two (Appendices 2.5-2.6). There were patches of bare 

soil in May following turfgrass establishment as plants were beginning to germinate and 

grow (Appendix 2.7). The percent of bare soil remained under 1% for the duration of the 

experiment in both trials (Appendix 2.7).  
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Table 2.5. Preliminary percent weed cover (PWC) and the effect of post-establishment 

treatments on PWC over two years in trial one. 

 

 

 

Post-establishment 

Treatments 

Percent Weed Cover 

2009  2010  2011 

Aug 

(preliminary) 
 May Jul Sep  May Jul Sep 

Control 28.8 a  6.4 a 24.0 a 32.5 a  21.9 a 44.7 a 30.1 ab 

Sclerotinia minor 27.6 a  5.0 a 17.2 b 25.2 b  14.6 b 28.3 b 22.9 c 

Lactic/citric acid 25.9 a  7.6 a 16.8 b 27.4 ab  17.8 ab 34.8 ab 31.3 a 

Corn gluten meal 27.0 a  8.4 a 22.2 a 26.7 ab  18.8 ab 32.0 b 24.1 bc 

Chelated iron 31.0 a  6.6 a 0.8 c 1.8 c  2.8 c 0.0 c 1.0 d 

Mecoprop/ 

2,4,-D/dicamba 

25.9 a  9.6 a 3.0 c 0.2 c  1.7 c 0.4 c 1.9 d 

Sod 29.8 a  0.0 a 0.0 c 0.3 c  1.3 c 5.8 c 4.5 d 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

Table 2.6. Preliminary percent weed cover (PWC) and the effect of post-establishment 

treatments on PWC over one year in trial two. 

 

 

 

Post-establishment  

Treatments 

Percent Weed Cover 

2010  2011 

Aug 

(preliminary) 

 May Jul Sep 

Control 21.9 a  11.8 a 30.3 a 25.3 a 

Sclerotinia minor 18.9 a  7.2 a 28.7 a 22.9 ab 

Lactic/citric acid 18.6 a  8.1 a 18.6 b 18.4 b 

Corn gluten meal 18.8 a  8.1 a 25.6 ab 23.4 ab 

Chelated iron (0.5 g a.i. m
-2

) 19.8 a  9.0 a 0.2 c 0.0 c 

Chelated iron (1.0 g a.i. m
-2

) 18.9 a  7.9 a 0.0 c 0.9 c 

Mecoprop/2,4,-D/dicamba 21.3 a  8.7 a 0.4 c 0.6 c 

Sod 17.8 a  0.5 a 0.8 c 2.8 c 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  
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2.6.4. Percent cover of Taraxacum officinale 
 
Further analysis of weed species composition showed significant differences 

among post-establishment treatments with respect to the percent Taraxacum officinale 

(dandelion) cover (PDC) after one (Sep. 2010) and two (Sep. 2011) seasons in trial one 

and after one season (Sep. 2011) in trial two (Appendices 2.8-2.9). In trial one, the PDC 

values of plots treated with S. minor, lactic/citric acid, CGM, and the untreated control 

were higher than the PDC values of plots treated with chelated iron, mecoprop/2,4-

D/dicamba, and sod, after one season (Sep. 2010) (Table 2.7). Plots treated with chelated 

iron, mecoprop/2,4-D/dicamba, and plots established with sod all had the lowest PDC 

values, less than 1%, at the end of the first season (Sep. 2010) (Table 2.7). After two 

seasons (Sep. 2011), the PDC of plots treated with S. minor was not significantly 

different than the PDC in plots established with sod (Table 2.7). Plots treated with 

lactic/citric acid and CGM were not significantly different than the untreated control after 

two seasons (Sep. 2011) (Table 2.7). Plots treated with chelated iron and mecoprop/2,4-

D/dicamba had the lowest PDC values, 0%, after two years (Sep. 2011) (Table 2.7).  

 

In trial two, plots treated with both rates of chelated iron and mecoprop/2,4-

D/dicamba had the lowest PDC values (< 1%) of all the treatments in the middle of the 

first season (Jul. 2011) (Table 2.8). At the end of one season (Sep. 2011), the PDC in 

plots treated with S. minor was not significantly different than in plots established with 

sod. Plots treated with S. minor and established with sod had < 3% PDC after one season, 

which was lower than plots treated with lactic/citric acid, CGM and the untreated control 

(Table 2.8). Plots treated with lactic/citric acid, CGM and the untreated control had the 

highest PDC values of all treatments, after one season (Sep. 2011) in trial two (Table 

2.8). 

 
2.6.5. Percent cover of Medicago lupulina  
 

Significant differences among post-establishment treatments were also found with 

respect to the percent cover of M. lupulina (black medic) (PMC) after one (Sep. 2010)  
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Table 2.7. Preliminary percent cover of Taraxacum officinale (PDC) and PDC following 

post-establishment treatments over two years in trial one. 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

Table 2.8. Preliminary percent cover of Taraxacum officinale (PDC) and PDC following 

post-establishment treatments over one year in trial two. 

 

 

 

Post-establishment 

Treatments  

Percent Taraxacum officinale cover (PDC) 

2010  2011 

Aug 

(preliminary) 

 May Jul Sep 

Control 6.6 a  4.1 a 1.8 a 4.2 a 

Sclerotinia minor 6.3 a  1.7 a 1.6 a 2.9 b 

Lactic/citric acid 5.0 a  2.2 a 2.1 a 5.5 a 

Corn gluten meal 5.1 a  2.3 a 1.7 a 4.9 a 

Chelated iron (0.5 g a.i. m
-2

) 5.6 a  3.7 a 0.1 b 0.0 c 

Chelated iron (1.0 g a.i. m
-2

) 6.9 a  2.3 a 0.0 b 0.4 c 

Mecoprop/2,4,-D/dicamba 7.2 a  3.1 a 0.1 b 0.2 c 

Sod 6.3 a  0.5 a 0.8 b 2.8 b 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

 

Post-establishment 

Treatments 

Percent Taraxacum officinale cover (PDC) 

2009  2010  2011 

Aug 

(preliminary) 
 May Jul Sep  May Jul Sep 

Control 9.8 a  3.0 a 5.8 ab 7.9 a  3.1 abc 6.6 ab 9.2 a 

Sclerotinia minor 11.1 a  2.3 a 3.8 b 6.5 a  2.3 bcd 5.0 b 4.3 b 

Lactic/citric acid 9.0 a  3.1 a 6.2 a 9.1 a  4.3 ab 9.0 a 8.1 a 

Corn gluten meal 11.6 a  3.5 a 4.6 ab 7.6 a  4.8 a 6.6 ab 6.6 ab 

Chelated iron 10.6 a  2.1 a 0.1 c 0.7 b  1.0 cd 0.0 c 0.0 c 

Mecoprop/ 

2,4,-D/dicamba 

10.1 a  3.9 a 0.4 c 0.0 b  0.3 d 0.1 c 0.0 c 

Sod 8.8 a  0.0 a 0.0 c 0.3 b  1.3 c 5.8 b 4.5 b 
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and two seasons (Sep. 2011) in trial one and after one season (Sep. 2011) in trial two 

(Appendices 2.10-2.11). In trial one, plots treated with chelated iron, mecoprop/2,4-

D/dicamba, and plots established with sod all the lowest PMC of all the treatments, at the 

end of both seasons (Sep. 2010 and Sep. 2011) (Table 2.9). After one year (Sep. 2010), 

the PMC of plots treated with S. minor, lactic/citric acid and CGM were not significantly 

different (Table 2.9). Plots treated with lactic/citric acid and CGM were not significantly 

different than the untreated control (Table 2.9). Plots treated with S. minor had a lower       

PMC than the untreated control in Sep. 2010 (Table 2.9). After two seasons (Sep. 2011), 

plots treated with lactic/citric acid were not significantly different than the untreated 

control. All other treatments were not significantly different, having lower PMC (< 4%) 

than plots treated with lactic/citric acid and the untreated control (Table 2.9).  

 
In trial two, the PMC of all post-establishment treatments were not significantly 

different from the untreated control at the end of one season (Sep. 2011) (Table 2.10). 

The PMC was < 5% for all post-establishment treatments after one season in trial two 

(Table 2.10) 

 

Table 2.9. Preliminary percent cover of Medicago lupulina (PMC) and PMC following 

post-establishment treatments over two years in trial one. 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

 

Post-establishment 

Treatment 

Percent Medicago lupulina cover (PMC) 

2009  2010  2011 

Aug. 

(preliminary) 
 May Jul Sep  May Jul Sep 

Control 8. 6 a  1.1 a 14.4 a 12.4 a  4.8 a 6.9 a 5.8 a 

Sclerotinia minor 10.8 a  1.1 a 10.6 ab 7.6 b  2.5 ab 5.6 a 3.2 ab 

Lactic/citric acid 7.4 a  2.1 a 8.8 b 9.3 ab  1.8 ab 4.3 a 7.9 a 

Corn gluten meal 7.2 a  1.3 a 13.8 a 7.9 ab  4.6 a 2.3 a 3.9 ab 

Chelated iron 12.3 a  1.3 a 0.1 c 0.2 c  0.1 b 0.0 a 0.0 b 

Mecoprop/ 

2,4,-D/dicamba 

7.5 a  2. 6 a 1.5 c 0.0 c  0.0 b 0.0 a 0.0 b 

Sod 11.3 a  0.0 a 0.0 c 0.0 c  0.0 b 0.0 a 0.0 b 
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Table 2.10. Preliminary percent cover of Medicago lupulina (PMC) and PMC following 

post-establishment treatments over one year in trial two. 

 

 

Post-establishment 

Treatments 

Percent Medicago lupulina cover (PMC) 

2010  2011 

Aug 

(preliminary) 

 May Jul Sep 

Control 7.0 a  0.4 a 6.1 ab 4.2 ab 

Sclerotinia minor 4.3 a  0.1 a 8.7 a 4.8 a 

Lactic/citric acid 4.3 a  0.8 a 5.3 ab 1.9 ab 

Corn gluten meal 6.3 a  0.2 a 6.3 ab 4.1 ab 

Chelated iron (0.5 g a.i. m
-2

) 7.2 a  0.0 a 0.0 b 0.0 b 

Chelated iron (1.0 g a.i. m
-2

) 5.6 a  0.8 a 0.0 b 0.0 b 

Mecoprop/2,4,-D/dicamba 6.3 a  0.3 a 0.1 b 0.0 b 

Sod 7.3 a  0.0 a 0.0 b 0.0 b 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

2.6.6. Percent cover of Trifolium spp. and other weeds 
 

Significant differences among post-establishment treatments were found for 

percent cover of Trifolium spp. (clover) (PCC) at the end of seasons one (Sep. 2010) and 

two (Sep. 2011) in trial one and after one season (Sep. 2011) in trial two (Appendices 

2.12-2.13). In trial one, the PCC value of plots treated with S. minor, lactic/citric acid, 

CGM and the untreated control were not significantly different at the end of season one 

(Sep. 2010) and season two (Sep. 2011) (Table 2.11). Plots treated with chelated iron, 

2,4-D/mecoprop/dicamba, and plots established with sod had the lowest PCC (0%) after 

one season, in Sep. 2010 (Table 2.11). After two seasons (Sep. 2011), plots treated with 

chelated iron, 2,4-D/mecoprop/dicamba, and plots established with sod had the lowest 

PCC values of all the treatments, < 1% (Table 2.11).  
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In trial two, plots treated with S. minor, lactic/citric acid, and CGM were not 

significantly different from the untreated control at the end of the first season (Sep. 

2011), having a higher PCC value plots treated with both rates of chelated iron, 2,4-

D/mecoprop/dicamba, and plots established with sod (Table 2.12). Plots treated with 0.5 

g a.i. m
-2 

chelated iron, 1.0 g a.i. m
-2 chelated iron and 2,4-D/mecoprop/dicamba, and 

plots established with sod all had the lowest PCC values, < 0.5%, from July to September 

2011 (Table 2.12).  

 
Similar differences were found between post-establishment treatments and the 

percent cover of the less prevalent weeds that grouped together as “other weeds” for 

analyses after one and two seasons in trial one and after one season in trial two 

(Appendices 2.14-2.15). Plots treated with chelated iron, mecoprop/2,4-D/dicamba and 

plots established with sod had < 2% “other” weed cover in trial one (Appendix 2.16). The 

percent “other” weed cover remained < 3% throughout the season in trial two (Appendix 

2.16).  

 

Table 2.11. Preliminary percent cover of Trifolium spp. (PCC) and PCC following post-

establishment treatments over two years in trial one. 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

 

 

 

Post-establishment 

Treatments 

Percent Trifolium spp. cover (PCC) 

2009  2010  2011 

Aug. 

(preliminary) 
 May Jul Sep  May Jul Sep 

Control 5.1 a  1.2 a 0.9 ab 5.3 a  7.6 a 28.3 a 11.8 a 

Sclerotinia minor 1.6 a  1.1 a 1.7 a 5.3 a  2.8 ab 15.7 b 10.8 a 

Lactic/citric acid 4.8 a  0.6 a 0.5 b 2.6 ab  7.6 a 17.4 ab 11.7 a 

Corn gluten meal 1.9 a  1.5 a 0.8 ab 4.3 a  3.4 ab 18.9 ab 9.4 a 

Chelated iron 2.9 a  1.6 a 0.1 b 0.0 b  0.2 b 0.0 c 0.0 b 

Mecoprop/ 

2,4,-D/dicamba 

3.3 a  1.0 a 0.1 b 0.0 b  1.1 b 0.3 c 0.1 b 

Sod 1.8 a  0.0 a 0.0 b 0.0 b  0.0 b 0.0 c 0.0 b 
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Table 2.12. Preliminary percent cover of Trifolium spp. (PCC) and PCC following post-

establishment treatments over one year in trial two. 

 

 

Post-establishment 

Treatments 

Percent Trifolium spp. cover (PCC) 

2010  2011 

Aug 

(preliminary) 

 May Jul Sep 

Control 5.3 a  4.6 a 21.5 a 14.7 a 

Sclerotinia minor 6.2 a  3.3 a 16.9 ab 13.9 a 

Lactic/citric acid 6.4 a  3.4 a 10.4 bc 10.1 a 

Corn gluten meal 5.0 a  2.9 a 16.0 ab 12.1 a 

Chelated iron (0.5 g a.i. m
-2

) 4.3 a  3.1 a 0.0 c 0.0 b 

Chelated iron (1.0 g a.i. m
-2

) 3.8 a  1.9 a 0.0 c 0.2 b 

Mecoprop/2,4,-D/dicamba 5.2 a  4.1 a 0.3 c 0.3 b 

Sod 1.3 a  0.0 a 0.0 c 0.0 b 

Means of four replicates; means within each column followed by the same letter are not 

significantly different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

2.6.7. Visual ratings of turfgrass cover  
 

There were no site preparation treatment effects or site preparation by post-

establishment treatment interactions with regard to the visual turfgrass cover in trial one 

(Appendix 2.17). As such, site preparation treatments were disregarded and the 

experimental data were pooled to analyze the effects of the post-establishment treatments 

on visual turfgrass cover. Plots treated with chelated iron, mecoprop/2,4-D/dicamba, and 

plots established with sod had the highest visual turfgrass cover after one (Sep. 2010) and 

after two (Sep. 2011) years, in trial one (Table 2.13). Plots treated with S. minor, 

lactic/citric acid and CGM had lower visual turfgrass cover ratings than those treated 

with chelated iron, mecoprop/2,4-D/dicamba, and plots established with sod at the end of 

season one (Sep. 2010) in trial one (Table 2.13). Plots treated with S. minor had a higher 

visual turfgrass cover than the untreated control after two years (Sep. 2011) in trial one 

(Table 2.13).  
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The site preparation and post-establishment treatment effects were significant in 

trial two with respect to visual turfgrass cover; however, there were no treatment 

interactions (Appendix 2.17). Plots treated with glyphosate had a higher visual turfgrass 

cover than the untreated control after one season (Sep. 2011) in trial two (Table 2.14). 

Plots treated with acetic acid and flame-weeding were not significantly different from the 

untreated control or glyphosate (Table 2.14).  

 
In trial two, post-establishment plots established with sod, 0.5 g a.i. m

-2
 and 1.0 g 

a.i. m
-2

 chelated iron, mecoprop/2,4-D/dicamba, and plots established with sod had the 

highest visual turfgrass cover ratings after one year (Sep. 2011) (Table 2.15). Plots 

treated with S. minor were not significantly different from plots treated with CGM or the 

untreated control, having the lowest visual rating of turfgrass cover (Table 2.15). Plots 

treated with lactic/citric acid had a higher visual turfgrass cover than the untreated control 

and S. minor (Table 2.15).  

 

Table 2.13. Visual turfgrass cover ratings by National Turfgrass Evaluation Program 

(NTEP) standards (Morris and Shearman, 1999), following post-establishment treatments 

after one (Sep. 2010) and two years (Sep. 2011), in trial one. 

Visual rating of cover scale 1-9, 1= least turfgrass cover, 9 = maximum turfgrass cover. Means of 

four replicates; means within each column followed by the same letter are not significantly 

different, Tukey’s Standardized Range (HSD) test (α=0.05).  

 

 

 

 

 

Post-establishment Treatments 
Turfgrass Cover 

Sep. 2010 Sep. 2011 

Control 4.2 c 3.1 d 

Sclerotinia minor 5.1 bc 4.6 b 

Lactic/citric acid 5.4 b 3.4 cd 

Corn gluten meal 4.8 bc 4.4 bc 

Chelated iron 7.9 a 8.0 a 

Mecoprop/2,4,-D/dicamba 7.1 a 8.0 a 

Sod 8.0 a 7.8 a 
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Table 2.14. Visual turfgrass cover ratings by National Turfgrass Evaluation Program 

(NTEP) standards (Morris and Shearman, 1999), following site preparation treatments 

after one year (Sep. 2011), in trial two. 

Visual rating of cover scale 1-9, 1= least turfgrass cover, 9 = maximum turfgrass cover. Means of 

four replicates; means followed by the same letter are not significantly different, Tukey’s 

Standardized Range (HSD) test (α=0.05).  

 

Table 2.15. Visual turfgrass cover ratings by National Turfgrass Evaluation Program 

(NTEP) standards (Morris and Shearman, 1999), following post-establishment treatments 

after one year (Sep 2011) in trial two. 

Visual rating of cover scale 1-9, 1= least turfgrass cover, 9 = maximum turfgrass cover. Means of 

four replicates; means followed by the same letter are not significantly different, Tukey’s 

Standardized Range (HSD) test (α=0.05).  

 

2.6.8. Visual ratings of turfgrass colour and quality 
 

There were no significant differences in the visual turfgrass colour among the site 

preparation in both trials; however, there were differences among the post-establishment 

treatments after two years in trial one and after one year in trial two (Appendix 2.18). 

There were also no site preparation and post-establishment interaction effects in both 

trials (Appendix 2.18). Plots treated with chelated iron had a higher visual rating of 

turfgrass colour than all other plots in trial one, after two years and in trial two, after one 

year (Table 2.16).  

 

Site Preparation Treatments Turfgrass Cover 

Control 5.6 b 

Acetic acid 5.8 ab 

Flame-weeding 5.8 ab 

Glyphosate 6.4 a 

Post-establishment Treatments Turfgrass Cover 

Control 3.7 c 

Sclerotinia minor 4.0 c 

Lactic/citric acid 5.1 b 

Corn gluten meal 4.6 bc 

Chelated iron (0.5 g a.i. m
-2

) 7.9 a 

Chelated iron (1.0 g a.i. m
-2

) 7.9 a 

Mecoprop/2,4,-D/dicamba 7.9 a 

Sod 8.0 a 
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There were no differences in the visual turfgrass quality in trial one after one or 

two years (Appendix 2.19). There were differences among the site preparation treatments 

and the post-establishment treatments with regard to turfgrass quality after one year (Sep. 

2011) in trial two (Appendix 2.19, Tables 2.17 and 2.18). There was no interaction 

between the site preparation and post-establishment treatments with regard to visual 

turfgrass quality in either trial (Appendix 2.19). After one year, plots treated with acetic 

acid, flame-weeding and glyphosate were not significantly different from the untreated 

control in trial two (Table 2.17). Plots treated with glyphosate had lower turfgrass quality 

than plots that were treated with acetic acid (Table 2.17). Plots established with sod had 

the highest visual turfgrass quality of all the other treatments after one year (Sep. 2011) in 

trial two (Table 2.18). Plots that were treated with either rate of chelated iron or CGM 

had a higher turfgrass quality than the plots that were treated with mecoprop/2,4-

D/dicamba, lactic/citric acid, S. minor, and the untreated control (Table 2.18). Plots that 

were treated with mecoprop/2,4-D/dicamba, lactic/citric acid, S. minor were not 

significantly different from the untreated control (Table 2.18). 

 

Table 2.16. Visual turfgrass colour ratings by National Turfgrass Evaluation Program 

standards (NTEP) (Morris and Shearman, 1999), following post-establishment 

treatments, after two years in trial one and one year in trial two (Sep 2011). 

 

Post-establishment 

Treatments 

Turfgrass Colour 

Trial One Trial Two 

Control 8.0 b 7.9 b 

Sclerotinia minor 8.0 b 7.6 bc 

Lactic/citric acid 8.0 b 7.8 bc 

Corn gluten meal 8.0 b 8.1 b 

Chelated iron (200 ml/m
2
) N/A

*
 9.0 a 

Chelated iron (1.0 g a.i. m
-2

) 9.0 a 8.9 a 

Mecoprop/2,4,-D/dicamba 8.0 b 7.4 c 

Sod 8.0 b 8.0 b 

Visual rating of colour scale 1-9, 1 = light green, 9 = dark green. Means of four replicates; means 

within each column followed by the same letter are not significantly different, Tukey’s 

Standardized Range (HSD) test (α=0.05).  

 

*N/A is not applicable as this treatment was not included in trial one. 



 62 

Table 2.17. Visual turfgrass quality ratings by National Turfgrass Evaluation Program 

(NTEP) standards (Morris and Shearman, 1999), following site preparation treatments, 

after one year in trial two (Sep 2011). 

 

Treatments Turfgrass Quality 

Control 7.7 ab 

Acetic acid 7.8 a 

Flame-weeding 7.6 ab 

Glyphosate 7.4 b 

Visual rating of quality scale 1-9, 1 = poorest turfgrass, quality, 9 = best turfgrass quality. Means 

of four replicates; means followed by the same letter are not significantly different, Tukey’s 

Standardized Range (HSD) test (α=0.05).  
 

Table 2.18. Visual turfgrass quality ratings by National Turfgrass Evaluation Program 

(NTEP) standards (Morris and Shearman, 1999), following post-establishment 

treatments, after one year in trial two (Sep 2011). 

Visual rating of quality scale 1-9, 1 = poorest turfgrass quality, 9 = best turfgrass quality. Means 

of four replicates; means followed by the same letter are not significantly different, Tukey’s 

Standardized Range (HSD) test (α=0.05).  
 

2.6.9. Soil Analysis 
 

The results for iron testing of soil samples from trial one showed that there were 

no differences in iron content in the soil among the post-establishment treatments 

(Appendix 2.20). In trial two, samples from plots treated with CGM were missing from 

the trial two analysis. The only difference noted was that the amount of iron in plots 

treated with the 1.0 g a.i. m
-2

 rate of chelated iron was higher than in the plots that were 

established with sod; however, the value for the higher chelated iron treatment not 

significantly different from all the other post-establishment treatments (Table 2.19). 

Treatments Turfgrass Quality 

Control 7.4 c 

Sclerotinia minor 7.3 c 

Lactic/citric acid 7.5 c 

Corn gluten meal 7.9 b 

Chelated iron (0.5 g a.i. m
-2

) 7.9 b 

Chelated iron (1.0 g a.i. m
-2

) 7.9 b 

Mecoprop/2,4,-D/dicamba 7.3 c 

Sod 9.0 a 
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The average iron content was approximately 38.8 mg/L dry soil in trial one and 

53.1 mg/L dry soil, in trial two. The percent iron in the soil found at the Guelph Turfgrass 

Institute was approximately ~ 30 mg/L dry soil in 2000 and ranged from 40 to 70 ppm in 

2007 (Carey and Gunn, 2000; personal communication: Ken Carey, Guelph Turfgrass 

Institute, Guelph, Canada June 16, 2013; personal information). 

 

Table 2.19. Mean iron content (mg/L dry soil) in trial two on October 13
th

, 2011. 

  

Treatments Mean Iron (mg/L dry soil) 

Control 57.6 ab 

Sclerotinia minor 48.4 ab 

Lactic/citric acid 53.2 ab 

Corn gluten meal * 

Chelated iron (0.5 g a.i. m
-2

) 53.9 ab 

Chelated iron (1.0 g a.i. m
-2

) 64.5 a 

Mecoprop/2,4,-D/dicamba 52.3 ab 

Sod 41.5 b 

Means of four replicates; means followed by the same letter are not significantly different, 

Tukey’s Standardized Range (HSD) test (α=0.05). 

*Corn gluten meal data missing from analysis results received from lab.  

 

2.7. Discussion and Conclusions 

 

2.7.1. Site preparation treatments 

 

The efficacy of alternative weed management products was evaluated in a 

turfgrass management program designed to mimic typical residential lawn care methods. 

Glyphosate, a nonselective, systemic herbicide, was included as a positive control among 

the site preparation treatments, as it has conventionally been used to burn down turfgrass 

areas and manage broadleaf turfgrass weeds (Appleby, 2005). The mixed formulation, 

mecoprop/2,4-D/dicamba treatment, was also included as a positive control as it has 

conventionally been used to manage broadleaf turfgrass weeds in urban settings 

(Appleby, 2005). The treatments were applied on an ongoing basis throughout the season 

and were not all applied at the same time. For this reason, weed counts from the 

beginning, middle and end of the season were included. Although weed counts were 

taken on a monthly basis, it was not practical to compare treatments by month, as some 
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treatments may not have been applied or others may have been applied multiple times in 

that period. Additionally, a repeated measures analysis was not used because the weed 

population was dynamic and changed throughout the season. The control plots were used 

to determine which weeds were present during each month. 

 

Site preparation treatment effects were detected mid-season in only one of all the 

monthly weed counts that were conducted for both trials. Since these results were unseen 

at the beginning of the season and glyphosate is well known to have little to no residual 

soil activity, it is likely that there may have been an error in the sampling method 

(Armstrong, 2012). A difference in site preparation treatments was expected with the 

positive control, glyphosate; however, the tilling process during turfgrass establishment 

may have negated potential treatment effects by the spring (May). Tillage is commonly 

practiced prior to turfgrass establishment. It helps destroy weeds by breaking them apart, 

removing them from the soil, disturbing weed root systems, causing desiccation and 

smothering or burying plant tissue (Murphy and McCarty, 1999). Tillage also destroys 

weeds by depleting stored food reserves and reducing soil reserves of vegetative 

propagules (Murphy and McCarty, 1999). The tilling process could have disturbed the 

soil, burying the glyphosate treatment. The control plots showed that the overall percent 

turfgrass and weed cover may not have been affected by tilling and seeding alone. 

Repeated tillage is required to deplete the vegetative reproductive structures of most 

perennial weeds such as T. officinale and T. repens (Murphy and McCarty, 1999).  

Both flame-weeding and acetic acid are non-systemic site preparation treatments, 

causing damage to above-ground plant material only (Ascard et al., 2007; Chirillo, 2008; 

Webber et al., 2006). The broadleaf weeds that were primarily present in the 

experimental areas were perennials such as T. officinale, T. repens and M. lupulina. 

Perennial plants have vegetative reproductive structures that may not have been damaged 

by flame-weeding or acetic acid treatment (Ascard et al., 2007). Thus, even if these 

perennial weeds were damaged by flame-weeding or acetic acid, they may have been able 

to recover and re-grow.  
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Similar results were obtained from both trials. In the spring, following 

establishment, both trials had < 10% PWC. The plots were newly established and there 

were several patches of bare soil that were still being filled in at this time. It was also 

early in the season when weeds may not yet have germinated. Taraxacum officinale 

overseasons in soil in the form of seeds or perennial roots and germinates in the spring 

season or whenever the environmental conditions are conducive (Abu-Dieyeh and 

Watson, 2007c). In Ontario, T. officinale can be present throughout the entire season with 

emergence peaking in the months of May and September (Stewart-Wade et al., 2002). 

Trifolium spp. may also be present through the season while M. lupulina tends to 

germinate later in the season (Turkington and Burdon, 1983; Turkington and Cavers, 

1979). 

 

2.7.2. Post-establishment treatments 

 

The evaluation of alternative products for post-establishment management of 

turfgrass weeds showed that some were more effective than others. Similar trends were 

found in both trials with respect to the percent weed count and the visual rating results. 

The site preparation treatment effects found in the July 2011 weed assessment of trial two 

were visible in September 2011. The differences between the values of the visual ratings 

and of the percent cover assessments may be because of sampling method and/or because 

plots may appear to be weedier than they actually are to visual assessments (Groves et al., 

2001). The presence of brightly coloured flowers or the uneven appearance of turfgrass 

systems that are infested with weeds may facilitate the difference in the values between 

the visual ratings and the point quadrat readings, as this may increase the possibility of 

subjective error (Groves et al., 2001). Nonetheless, both sets of data had similar patterns.   

The varied results seen in plots treated with S. minor are a result of the biological 

nature of this treatment. The S. minor treatment was applied only when the temperature 

was between 18-24°C, as per label recommendations, to provide an environment that was 

conducive to the growth of pathogen. However, it is impossible to maintain appropriate 

environmental conditions post-application as high temperature and low moisture 

extremes prevail in the summer season. The average daily high and low temperatures in 

June 2010 and 2011 were 22.9 and 12.5
o
C, and 22.7 and 10.6

o
C, respectively. The 
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average daily high and low temperatures were 19.6 and 8.5
o
C in September 2010 and 

20.9 and 9.6
o
C in September 2011 [http://agmet.lrs.uoguelph.ca/wxrecord/GTI/]. A 

fluctuation in temperature and RH may have affected the treatment. The lower 

temperatures during the September application may have helped facilitate infection and 

disease of T. officinale plants by S. minor. Other environmental factors such as RH may 

have also been more conducive to the growth of S. minor at this time. 

 
The plots were subjected to irrigation or rainfall within twelve hours of 

application, as recommended; however, there was excessive rainfall after the first 

application (June 2010) in trial one. The average monthly precipitation for June 2010 was 

5.1 mm and there was 9.8 mm of precipitation on June 3
rd

 and 4
th

,
 
following Sarritor™ 

application on June 2
nd

, 2010 [http://agmet.lrs.uoguelph. ca/wxrecord/GTI/]. Excess rain 

may have washed off the treatment, decreasing the amount of weed control provided by a 

single application. Additionally, not all plants that were affected by the treatment may 

have completely died. Abu-Dieyeh and Watson (2007a) showed that some T. officinale 

plants survive S. minor treatment. Even after complete aboveground collapse, some T. 

officinale plants may re-sprout from the root crown. Thus, treatment with S. minor may 

not completely eradicate the target weed species (Abu-Dieyeh and Watson, 2007a).  

 

If S. minor does not come into direct contact with the center of the rosette of T. 

officinale plants, infection and disease may not kill the plant. In these cases, a local lesion 

may form and the plants may recover quickly (personal observation). In this study, S. 

minor was applied using a spot applicator stick directly onto visible weeds. Due to the 

angle at which the applicator delivered the bioherbicide, it was difficult to target the 

centre of the rosette of T. officinale plants.  

 

It is also important to note that this product was last manufactured in 2010. The S. 

minor product used in the 2011 season may have been less effective than the product 

used in previous years, as it was left over from 2010 and had been kept in the freezer over 

winter. This may have affected the viability of S. minor. However, the viability of the 

product was tested on potato dextrose agar prior to use.  
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The lactic/citric acid product does not facilitate the management of visually 

distracting weeds, such as T. officinale. In trial two, plots treated with lactic/citric acid 

had a lower PWC than the untreated control after one season (totaling five applications). 

However, there were no significant differences in PDC, PMC, and the PCC and the 

untreated control, for each weed species. Thus, the lower PWC value may have been a 

result of a decrease in the other weeds that were present in these plots. The lactic/citric 

acid formulation targets leguminous weeds (Fabaceae), such as T. pratense and T. repens, 

M. lupulina and L. corniculatus, as well as the Oxalidaceae, Oxalis spp. (oxalis or sour-

sob). Thus, weeds such as T. officinale were not affected by this treatment; however, a 

decrease in leguminous weeds was expected. A strong, unpleasant odour during 

application and temporary phytotoxicity after application was common with this product 

(Turf Revolution, 2012; personal observation). Thus, this treatment may not be an ideal 

choice for residential lawn owners or other turfgrass managers who are concerned with 

the aesthetics of their turfgrass areas. 

 
Assist

®
 Oil Concentrate was selected from the list of recommended surfactants 

provided by the manufacturer for use with the lactic/citric acid treatment (Organo-Sol
®
, 

Lacto Pro-Tech, Quebec, Canada). It is possible that the choice of surfactant may have 

affected the overall results of treatment with this treatment. A previous study conducted 

at the Guelph Turfgrass Institute (Guelph, Ontario) evaluated the efficacy of lactic/citric 

acid for the
 
management of leguminous weeds in turfgrass when used with the surfactant 

LI700 (United Agri-Products) (Charbonneau, 2010b). LI700
 
is a surfactant that lowers 

the pH of spray solution; however, it was not one of the recommended surfactants and 

was, therefore, not used in this study. Lactic/citric acid reduced overall PWC by 66% 

when used with LI700, while mecoprop/2,4-D/dicamba reduced the PWC by 95%. 

Additionally, the PCC was reduced by 70% (Charbonneau, 2010b). Thus, lactic/citric 

acid may be promising for the management of leguminous weeds in turfgrass 

environments when used with a different surfactant such as LI700.   

 

There were no CGM treatment effects on PWC after one year in either trial; 

however, after two years, plots treated with CGM had a lower PWC (24.1%) than the 

untreated control (30.1 %). Previous field studies evaluating CGM have shown that 
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repeated applications should be made over multiple years to achieve desirable results 

(Anderson and Ross, 2005; Christians, 1993). This is because CGM gradually affects 

perennial weeds like T. officinale as the weeds in the population complete their life cycles 

each year (Anderson and Ross, 2005). Applications of CGM made twice a year over five 

years, have shown to decrease the weed population in highly infested areas (Anderson 

and Ross, 2005). When an initial herbicide treatment (mecoprop/2,4-D/dicamba) was 

used to eradicate weeds prior to CGM treatment, both low (125 g/m
2
) and high (250 

g/m
2
) rates of CGM lowered T. officinale populations (Anderson and Ross, 2005). When 

there was no initial herbicide treatment to eradicate weeds, the high rate of CGM 

provided the most control over T. officinale. The level of control improved as the rate of 

CGM was increased (Anderson and Ross, 2005). The Anderson and Ross (2005) study is 

comparable to this study as site preparation treatments were included in an attempt to 

eradicate weeds prior to CGM treatment (Anderson and Ross, 2005). 

 

Since there had been no fall application of CGM prior to the first season, any 

weed root systems that were established before the winter may not have been affected for 

the first season. Although the developing roots of T. officinale are affected by CGM, this 

product is targeted toward Digitaria spp. (Cox, 2005). Thus, if the weed composition of 

the experimental area contained Digitaria spp., there may have been different results. 

Additionally, perennial weeds may have been unaffected as they are able to propagate 

through vegetative reproductive structures rather than by seed alone (Murphy and 

McCarty, 1999). Overall, a two year trial period may not have been long enough to obtain 

desirable results with CGM treatment as repeated applications are required over a five 

year period (Anderson and Ross, 2005; Bingaman and Christians, 1995; Christians, 

1993). Thus, choosing to use CGM as a herbicide requires an investment in time and 

energy. This treatment may be unappealing to residential lawn owners or other turfgrass 

managers who want immediate results. 

 

Overall, both rates of chelated iron, the conventional treatment, mecoprop/2,4-

D/dicamba, and establishment with sod provided the best broadleaf weed control in 

newly established turfgrass (Tables 2.5 and 2.6). All weeds recorded in plots established 

with sod were T. officinale plants (Tables 2.7 and 2.8). In September 2011, plots treated 
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with S. minor provided the same level of control as plots established with sod with 

respect to PDC. It is likely that the T. officinale plants arrived in the sod plots throughout 

the season by seeds and were able to establish in the seams between the pallets of sod that 

were laid in the plots (Charbonneau, 2003).  

 
The PWC in plots established with sod were not different than plots treated with 

mecoprop/2,4-D/dicamba, as expected since sod is harvested from sod farms where the 

use of herbicides like 2,4-D, mecoprop and dicamba continue to be permitted 

(Charbonneau, 2010b). Renovating with sod provides weed control for two to four years 

without additional weed management treatment applications (Charbonneau, 2003). In 

addition to the high degree of weed control provided by establishment with sod, plots 

treated with sod also had the highest visual turfgrass quality in trial two. The sod was 

composed of 100% P. pratensis making these areas uniform, with good turfgrass density 

and aesthetic appeal.  

 
A second rate of chelated iron (0.5 g a.i. m

-2
, 4x/season) was included in trial two 

because of the promising results of chelated iron (1.0 g a.i. m
-2

, 2x/season) in trial one. 

The lower rate was tested in addition to the full rate, as it would lower the cost of 

application. Under the application conditions in this study listed in section 2.5.4., it took 

two minutes per (6 m
2
) plot to apply the chelated iron treatment at a rate of 1.0 g a.i. m

-2
 

and one minute at a rate of 0.5 g a.i. m
-2

. In comparison, the conventional herbicide 

formulation of mecoprop/2,4-D/dicamba, sprayed at the label recommended rate of 30 

mL/m
2
 required 9 seconds per plot. The results of this study indicated that the 0.5 g a.i. 

m
-2

 rate of chelated iron was as effective as the 1.0 g a.i. m
-2

 rate. A second treatment was 

required to manage reappearing weeds with both rates of chelated iron. It is unclear 

whether these were new weeds or old weeds that were re-growing. The reappearance of 

weeds was also observed in previous studies evaluating chelated iron for broadleaf weed 

management (Carey et al., 2010a; Carey et al., 2011a). 

 
Plots that were treated with chelated iron showed a darkening effect of all treated 

turfgrass, which disappeared after approximately two weeks. This has also been reported 

in other studies (Carey et al., 2010b; Carey et al., 2011b). Visual ratings of turfgrass 
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colour detected this difference in appearance, resulting in a higher rating than all other 

plots, in both trials.  

 

Chelated iron is a promising alternative weed management treatment as it is 

odourless, easy to apply and has the potential for residual effects, as demonstrated in this 

and in previous studies (Carey et al., 2010a; Carey et al., 2011a). The darkening effect of 

the turfgrass and blackening of affected weeds may further the appeal of this treatment if 

it is being used as a broadcast treatment. Plots treated with chelated iron also rated higher 

in turfgrass quality in trial two than those treated with S. minor, lactic/citric acid, or the 

untreated control. This may have been because there was better weed control in these 

areas, allowing the turfgrass to thrive. The turfgrass quality of plots treated with chelated 

iron in trial two were not significantly different from those treated with CGM. The CGM 

contains approximately 8% nitrogen by weight. Thus, it may have acted as a fertilizer, 

providing an additional source of N to plants (Bingaman and Christians, 1995; Cox, 

2005). The surrounding plots were fertilized with IBDU, a slow-release nitrogen 

fertilizer, to accommodate this. However, the rate of nitrogen release from IBDU, and in 

turn the turfgrass response to the fertilizer, is dependent on the amount of water in the 

soil (Taylor, 1988). Thus, a possible difference in the amount of nitrogen or rate of 

release of nitrogen may have led to increased visual turfgrass quality.  

 

2.7.3. Conclusions 

 

 Overall, both trials showed similar results. With regard to the site preparation 

treatments, there were no effects of note on turfgrass quality or weed invasion. Chelated 

iron was the most promising of the alternative post-establishment herbicides tested. A 

high level of weed control was achieved with two applications of chelated iron at both 

high (1.0 g a.i. m
-2

) and low (0.5 g a.i. m
-2

) rates. Plots treated with both rates of chelated 

iron had < 5% weed cover, which was similar to the conventional control, mecoprop/2,4-

D/dicamba. The quantity of chelated iron required when sprayed at 1.0 g a.i. m
-2

 was 

high. However, trial two showed that it is possible to attain similar results using a lower 

rate of 0.5 g a.i. m
-2

, when applied twice as many times. Establishment by sod also 

provided desirable results. When the plots were established with sod, they were 
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aesthetically appealing, having high turfgrass quality and < 5% weed cover over two 

years.  

 

Alternative weed management options such as S. minor, lactic/citric acid and 

CGM may sometimes lower the presence of broadleaf weeds. Overall, S. minor may be 

more effective on weeds like T. officinale and M. lupulina due to their rosette-style 

anatomy. The herbicide CGM did not provide desirable results after one year. However, 

differences may be seen if this treatment is repeated over at least five years (Bingaman 

and Christians, 1995; Christians, 1993). Lastly, lactic/citric acid was ineffective after two 

years, when used in combination with Assist Oil Concentrate, a recommended surfactant. 

 

 The results of this study have provided valuable information on the alternative 

weed management options that are available to the public. This information can be used 

to modify integrated pest management programs and we can begin to offer cost effective 

solutions for post-establishment weed management. Further studies will be required to 

test the possible long-term effects of alternative treatments. Cultural practices can often 

enhance the effectiveness of weed management treatments. Therefore, it is integral to 

study the use of these alternative treatments in combination with other cultural practices. 

Practices that are most likely to be adapted by residential lawn owners should be further 

evaluated in combination with alternative treatments to enhance the quality of turfgrass.  
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CHAPTER 3 

 

THE EFFECT OF TEMPERATURE AND LEAF WETNESS DURATION ON 

SCLEROTINIA MINOR AS A BIOCONTROL AGENT FOR TARAXACUM 

OFFICINALE 

 

 

3.1. Abstract 

 

 Broadleaf weeds, such as Taraxacum officinale (dandelion), are major pests of low-

input turfgrass stands. Effective, low-risk methods of reducing dandelion populations are 

desirable, but the efficacy of living organisms in suppressing weeds varies, as these 

organisms require specific environmental conditions to thrive. Sarritor
™

 granular
 

bioherbicide containing the fungal plant pathogen Sclerotinia minor has been evaluated 

for broadleaf weed management. Three studies were conducted in a controlled 

environment to determine the optimal temperature and leaf wetness duration (LWD) for 

disease by S. minor on T. officinale. Treatments included five temperatures: 12, 16, 20, 

24, and 28
o
C and thirteen LWDs: 0 to 96 hrs, in 8-hr increments. Disease severity of T. 

officinale plants was measured using a scale from 0 to 10, where 0 was <10% necrosis 

and 10 was complete plant death. The temperature, LWD and the interaction of 

temperature and LWD were significant with respect to disease severity over time. A 

longer LWD resulted in higher disease severity at 12, 16, 20 and 24
o
C. A temperature of 

20
o
C and LWD of 48 hours optimized disease severity. A LWD of 72-96 hrs LWD was 

required for high disease severity at 12 and 16
o
C. Plants subjected to 24 and 28

o
C showed 

signs of recovery during the duration of the experiment.  

 

3.2. Introduction 

 

The fungal plant pathogen Sclerotinia minor has proven herbicidal effects on the 

major weed pest, T. officinale. Following successful infection by S. minor, disease forms 

resulting in severe tissue degradation, plant wilting, browning, collapse, tissue necrosis 

and possibly plant death (Agrios, 2005; Melzer et al., 1997; Watson, 2007). These 

symptoms are accompanied by growth of the pathogen, indicated through white mycelial 

growth. Most monocot plants, such as the turfgrasses, are not susceptible to disease by S. 

minor (Watson, 2007). Sexual reproduction in this organism through the production of 
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ascospores is rare under field conditions and has not been recorded in North America 

(Melzer and Boland, 1994; Subbarao, 1998; Watson, 2007). There has been only one 

report of the natural occurrence of ascospores in 1976 in New Zealand (Hawthorne, 

1976). Thus, S. minor is an ideal candidate for a bioherbicide to manage broadleaf weeds 

in turfgrass environments.  

 

Bioherbicides are non-synthetic compounds or microorganisms that can be used 

to manage weed pests and are considered most effective when used in combination with 

cultural practices (AAFC, 2009; Hallett, 2005; Menaria, 2007). In weed management, a 

bioherbicide may be a natural pathogen of the target weed species that is within its native 

range or a toxic compound that is derived from an organism and is applied to the area 

infested with the target weed flora (Hallett, 2005, Menaria, 2007). Bioherbicides first 

appeared commercially in North America in the early 1980s, with the release of DeVine
®
 

(Abbott Laboratories, USA), Collego
®
 (The Upjohn Company, USA) and BioMal

®
 

(Philom Bios Inc., Canada) (Hallett, 2005; Menaria, 2007; Weaver et al., 2007). 

DeVine
®
, containing the fungal plant pathogen Phytophthora palmivora Butler, was used 

to control Morrenia odorata (Hook. and Arn.) Lindl. (strangler weed), which was a 

problem in Florida citrus orchards (Weaver et al., 2007). Collego
™

 containing 

Colletotrichum gloeosporioides (Penz.) Succ. f. sp. aeschynomene, was used for the 

control of Aeschynomene virginica (L.) Britton, Poggenb. and Sterns (northern 

jointvetch) in rice and soybeans. BioMal
®
 containing C. gloeosporioides f. sp. malvae, 

was used to control Malva pusilla Sm. (round-leaved mallow) in wheat, lentils and flax 

(Weaver et al., 2007).  

 

Bioherbicides are potentially effective alternatives for weed management; 

however, those containing living organisms require very specific environmental 

conditions to work effectively (Hallett, 2005; Menaria, 2007). Living organisms often 

have particular environmental requirements, such as prolonged leaf wetness periods, 

specific temperature, and appropriate humidity, dew point or leaf and soil moisture levels 

(Neumann and Boland, 1999).  
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Temperature and leaf wetness durations have been used to explain increased 

infection and disease development for several fungal pathogens, including Phytophthora 

cactorum (Lebert and Cohn) Schrot., Puccinia striiformis Westend. f.sp. tritici and 

Pyrenophora teres Drechs. (Dennis, 1987; Grove et al., 1985; Huber and Gillespie, 1992; 

Shaw, 1986). The appropriate temperature and moisture requirements are integral for 

fungal pathogens to thrive. Temperature has a strong influential effect on most biological 

processes including the epidemiological stages of fungal disease (Huber and Gillespie, 

1992). Relative humidity and leaf wetness may also influence fungal epidemiological 

stages such as infection, sporulation and even colonization (Huber and Gillespie, 1992). 

The range of leaf wetness period required for pathogen infection was 0.5 to 5 hrs for P. 

cactorum on strawberry when the temperature was between 6 to 30
o
C (Grove et al., 

1985). Greater than 80% of the strawberries were infected when the temperature was 

between 17 to 25
o
C and there was a leaf wetness period of 1 to 5 hrs (Grove et al., 1985). 

The leaf wetness period required for infection by P. striiformis f.sp. tritici on wheat, was 

3 hrs at 7 to 10
o
C and 6 hrs at 15

o
C (Dennis, 1987). Germination of P. teres conidial 

spores only occurred in the presence of liquid water and when the temperature between 2
 

to 21
o
C (Shaw, 1986). The speed of germination of the P. teres conidial spores was 

inversely proportional to the temperature when the temperature was between 2 to 21
o
C 

(Shaw, 1986). Conidial spores were produced when the relative humidity was greater 

than 95% and the temperature was between 2 and 21
o
C, but were not produced when the 

temperature was 25
o
C (Shaw, 1986).  

 

Sclerotinia minor isolate IMI 344141 is the active component of Sarritor
™ 

Granular Bioherbicide developed in Québec, Canada to manage broadleaf weeds in 

turfgrass environments (PMRA, 2009). Upon application, disease develops rapidly and 

complete death of broadleaf weeds may be achieved in as little as seven days (Watson, 

2007). In contrast, the herbicidal formulation containing mecoprop/2,4-D/dicamba, may 

take up to twice as much time to kill broadleaf weeds (Watson, 2007). In a greenhouse 

study damage ranged from 82% to 96% two weeks after S. minor application in fourteen 

T. officinale accessions (Abu-Dieyeh and Watson, 2007a). Four weeks after application, 

damage ranged from 79.4% to 96% in all plants (Abu-Dieyeh and Watson, 2007a). 
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Because the active component of the bioherbicide, S. minor, is a living organism, 

certain environmental conditions are required for the treatment to be effective. These 

include providing a moist environment and maintaining an appropriate temperature for 

the pathogen to germinate and thrive. It is difficult to control certain environmental 

conditions in the field, which could potentially lead to a reduced efficacy of a 

bioherbicide containing a living organism. Having more knowledge of the specific 

conditions under which the pathogen is most effective, may increase its potential through 

appropriate application timing or possibly by manipulation of environmental conditions. 

Thus, S. minor was evaluated in a controlled environment to determine the specific 

temperature and leaf wetness conditions under which it is most effective at suppressing T. 

officinale. This information is important for improving the guidelines for alternative weed 

management in the urban areas of Ontario. Ultimately, the results from this study will 

allow for the development of more efficient weed management programs and the 

preservation of Ontario green spaces in the absence of class nine pesticides.  

 

3.3. Hypothesis 

 

One or more combinations of the leaf wetness duration periods and temperatures 

examined will optimize the efficacy of Sclerotinia minor IMI344141 on Taraxacum 

officinale.  

 

3.4. Objective 

 

To determine the combined temperature and leaf wetness duration periods that 

optimizes the efficacy of Sclerotinia minor IMI344141 on Taraxacum officinale. 

 

3.5. Materials and Methods  

 

3.5.1. Taraxacum officinale cultivation 

 

All contact surfaces were sterilized with 70% ethanol. A 1:1 mixture of Sunshine 

Mix 1 (Sungro
®
, Vancouver, Canada) potting soil and soil conditioner (Turface

™
 

Athletics MVP, Profile Products, LCC, USA) was mixed by hand and placed in 640 

black, square pots (~6.4 cm deep, ~5.7 cm wide) to a depth of 5 cm and then the pots 

were placed in 20 flats (32 pots per flat). Taraxacum officinale was grown from seed 
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(Johnny’s Selected Seeds
©

, Winslow, Maine, Lot # 34308) in the mixture directly in the 

square pots. Using sterilized tweezers, 2-3 seeds were sewn into each pot and the pots 

were then topped off with ~ 1.5 cm depth of soil conditioner (Turface
™

 Athletics MVP) 

and watered thoroughly. Plants were maintained in the greenhouse at 22-25
o
C and 

watered daily to keep the soil moist. The flats were covered using clear, plastic lids for 

the first two weeks to increase moisture, aid germination and prevent contamination. Two 

weeks after planting, the seedlings were thinned by hand to leave one seedling per pot.  

 

3.5.2. Plant characterization 

 

Five weeks after planting, 280 pots each containing a single plant of uniform size 

and apparent health were selected for use in the growth chamber studies. Fifteen 

additional plants of uniform size were selected for plant characterization, which included 

an assessment of the number of leaves per plant, average leaf length, diameter of the 

rosette and length of both shoot and root. The aboveground biomass and the root-mass of 

each plant were collected, placed in envelopes and dried at 80
o
C for approximately three 

weeks. The initial dry weights of the plants (at the beginning of the experiment) were 

taken and recorded.  

 

3.5.3. Application of Sclerotinia minor 

 

Sarritor
™

 granular bioherbicide (containing Sclerotinia minor IMI344141) was 

weighed out to 0.40 ± 0.02 grams and transferred into plastic vials. Gloves and dust 

masks were worn for protection. The plants (except those that were to be subjected to 

zero hrs of leaf wetness) were sprayed with water initially to aid in the attachment of the 

bioherbicide product during application. The contents of one plastic vial were then 

carefully placed in the center of the rosette of each T. officinale plant (Fig. 3.1). Plants 

that were designated as negative controls did not receive a treatment application.  
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Figure 3.1. Sarritor
™

 Granular Bioherbicide containing Sclerotinia minor IMI344141 

(0.40 ± 0.02 grams) placed in the centre of the rosette of each Taraxacum officinale plant 

that has been sprayed with water to aid in the attachment of the bioherbicide. 

 

3.5.4. Growth chamber study 

 

The study was designed as a completely randomized split-plot experiment with 

the whole-unit treatments being the different temperatures of the five growth chambers 

(Conviron
™

, Controlled Environments Ltd., Winnipeg, Manitoba, Canada) (12, 16, 20, 

24, and 28
o
C) and the subunit treatments being one non-inoculated control treatment and 

13 leaf wetness duration (LWD) treatments in 8-hr increments, from 0 to 96 hrs after 

application. Four replications were conducted for in every subunit. The plants were 

randomized at each observational interval. Temperature treatments were assigned 

randomly among the growth chambers for each repetition and LWD treatments were 

assigned randomly within each chamber. The experiment was conducted three times: 

Trial A from June 16 to July 2, 2010; Trial B from August 17 to September 2, 2010; and 

Trial C from April 27 to May 13, 2011.  

 

Fluorescent lighting was applied at an intensity of approximately 300 E/m
2
/sec 

to the plants for a 16-hr day photoperiod. Each chamber held four trays for a total of 56 

plants. Fifty-six pots were distributed evenly among three trays, in each chamber. The 

pots were placed in the centre of the tray, allowing water to be poured around and 

underneath the plants, into the bottom of tray. The extra space around the inside edges of 
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the tray were utilized for lining with wet paper towels to create a moist environment (Fig. 

3.2). The plants were sprayed with water using a spray bottle to the point of leaf 

saturation. A calibrated WatchDog
® 

A150 data logger (Spectrum
®
 Technologies Inc., 

USA) was placed in one randomly selected wet tray and in a dry tray in each chamber to 

record the temperature and relative humidity (Fig 3.2).  

 

The growth chambers were monitored every four hrs (from 0 to 96 hrs) and the 

plants were sprayed with water to maintain constant leaf wetness. Within each of the five 

chambers, four randomly-selected plants were removed at 8-hr increments (from 0 to 96 

hrs) from the wet trays and transferred to the dry tray. The remaining plants were 

randomized every 8 hrs to preclude potential effects of gradients within the chambers. 

The wet trays were refilled with water twice per day to maintain moisture and keep the 

paper towels wet. Upon completion of each LWD treatment, plants in the dry trays were 

not sprayed with water but were maintained with appropriate root watering using a 

watering can with a thin spout to ensure that moisture went directly to the roots. The 

roots were watered once every one to two days.  

 

Plants were inspected every 8 hrs for signs and symptoms of disease development 

once the LWD treatment was completed. Foliar damage of the plants was recorded every 

8 hrs using a visual scale, where 0 = less than 10% necrosis, 1 = 10-19%, 2 = 20-29%, 3 

= 30-39%, 4 = 40-49%, 5 = 50-50%, 6 = 60-69%, 7 = 70-79%, 8 = 80-89%, 9= 90-99% 

and 10 = 100% necrosis (Schnick et al., 2002; Abu-Dieyeh and Watson, 2007a; Abu-

Dieyeh et al., 2010). The growth chamber studies ran for a total 384 hrs allowing each 

LWD treatment to be assessed for a total of 288 hrs (12 days) as previous studies have 

shown that S. minor may survive in a turfgrass environment for seven to eleven days in 

the absence of a plant host (Abu-Dieyeh and Watson, 2006; Watson, 2007). The LWD 

treatment of 0 hrs was assessed from 0 to 288 hrs, the LWD treatment of 8 hrs was 

assessed from 8 to 296 hrs, the LWD treatment of 16 hrs was assessed from 16 to 304 hrs 

and so on, with the LWD treatment of 96 hrs assessed from 96 to 384 hrs. 

 

Upon completion of the experiment, the plants from each chamber were moved 

back to the greenhouse where they were maintained with root watering only and 
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monitored for re-growth. The flats were arranged randomly in the greenhouse to 

minimize the potential effects of environmental gradients. The temperature and relative 

humidity in the greenhouse were monitored using three WatchDog
® 

A150 (Spectrum
®

 

Technologies, Inc., USA) data loggers, placed randomly in the trays containing the 

plants. The final biomass of each plant was harvested and dried at 80
o
C for 3 weeks, and 

was then weighed and recorded. Upon completion of the experiment, data were retrieved 

from the loggers and uploaded to a computer using WatchDog
®

 (Spectrum
®
 

Technologies, Inc., USA) software. Photographs were taken at various stages of the 

experiment for observational purposes.  

 

 

Figure 3.2. Pots containing one Taraxacum officinale plant each, distributed evenly 

among three trays in each chamber. Pots were placed in the centre of the tray, allowing 

water to be poured around and underneath the plants, into the bottom of tray and the 

inside edges of the tray were lined with wet paper towels to create a moist environment. 

A data logger (circled in red) was placed in one randomly selected tray to record the 

temperature and relative humidity. 

 

3.5.5. Statistical analyses 

 

 All statistical procedures were performed using SAS 9.3 (SAS Institute Inc., Cary, 

North Carolina, USA). Data from the three trials were analyzed separately as there were 

differences between results in each trial. The disease severity ratings for trials A, B, and 

C were tested for normality using PROC GLM and PROC PLOT of the residuals and the 
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PROC UNIVARIATE procedure. The Shapiro-Wilk test of residuals showed that data 

from all three trials were normal and therefore no transformations were required. The 

data were grouped by temperature because the residual error was heterogeneous. The 

Proc Mixed procedure with repeated measures analysis was used to analyze data 

(grouped by temperature) from trials A, B, and C, separately. Disease severity ratings 

were repeated on each subject, over time and replicate was a random effect. The means 

were compared to determine significance using Tukey-Kramer separation of means, 

using the PDMIX800 SAS macro program. These tests were also used to analyze disease 

severity of plants that were subjected to 0, 24, 48, 72 and 96 hrs LWD. The LWD 

treatments were presented in 24-hr intervals to make the datasets manageable in SAS and 

to present the results succinctly. There were no differences between the 8-hr increments 

that could have been unobserved by presenting the data in 24-hr intervals. The final 

disease severity and biomass data in trials A, B, and C were subjected to the PROC 

MIXED procedure and Tukey-Kramer separation of means. A type I error rate of 0.05 

was used for all statistical tests. All statistical analyses were conducted in SAS 9.3 (SAS 

Institute Inc., Cary, North Carolina, USA).  

 

3.6. Results 

 

3.6.1. Plant characterization 

 

At the beginning of the experiment, the T. officinale plants in trials A, B and C, 

had an average leaf length of 3.4, 5.7, and 4.7 cm, respectively. The average number of 

leaves per plant in trials A, B and C were 4, 4 and 5, respectively. The average width of 

the rosette in trials A, B and C were 8.2, 12.3, and 11.2 cm, respectively.  

 

3.6.2. Internal temperature of controlled environments and greenhouse  
 

There were situations where the internal temperature fluctuated above or below 

the designated temperature level over the duration of the experiment. The average 

internal temperature recorded in the chambers designated 12, 16, 20, 24 and 28
o
C were 

12.5, 16.1, 19.7, 23.1, and 27.1
o
C, respectively, in trial A; 12.4, 16.1, 19.7, 23.6, and 

27.1
o
C respectively, in trial B; and 13.0, 15.8, 19.6, 20.5, and 27.3

o
C, respectively, in 

trial C. In trial A, there was a spike in temperature in the 12
o
C chamber (ranging from 14 
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to 16
o
C) between 150 to 200 hrs. In trial C, the temperature in the chamber designated 

24
o
C always remained below 24

o
C, fluctuating between 19 to 23

o
C from 0 to 96 hrs and 

between 19 to 22.2
o
C from 96 to 384 hrs, similar to the internal temperature of the 

chamber designated 20
o
C. The average temperatures in the greenhouse, where the plants 

were transferred upon completion of the growth chamber experiment, were 26.4, 21.4, 

and 24.4
o
C in trials A, B, and C, respectively. 

 

3.6.3. Internal relative humidity of controlled environments and greenhouse  
 

The relative humidity (RH) within the chambers fluctuated through the 

experimental period. Generally, periods of high RH for the duration of the LWD 

treatments (0 to 96 hrs) were followed by periods of lower RH for the remainder of the 

experiment (97 to 384 hrs). In trial B, the RH was as high after the LWD treatments had 

ceased, as it was during in the chambers designated 12 and 16
o
C. The average RH within 

the controlled environments for the duration of the LWD treatments of chambers 

designated 12, 16, 20, 24 and 28
o
C were 97.1, 96.1, 92.2, 83.5, and 80.2 %, respectively, 

in trial A; 99.6, 91.0, 90.2, 95.7, and 90.2%, respectively, in trial B; and 90.3, 90.9, 96.2, 

78.6, and 61.1%, respectively, in trial C. After the LWD treatments ceased, the RH 

within the chambers designated 12, 16, 20, 24 and 28
o
C were 87.2, 83.1, 68.2, 61.2, and 

55.8%, respectively, in trial A; 94.6, 91.7, 74.2, 53.6, and 42.7%, respectively, in trial B; 

and 65.9, 60.1, 80.1, 80.2, and 30.0%, respectively, in trial C. The RH values in trial A 

from 80 to 93 hrs at 28
o
C and from trial B for 96 hrs at 12

o
C; 40 to 48 and 80 to 88 hrs at 

16
o
C; 24 hrs at 20

o
C; and 24 to 40, 56 to 64, 80, and 96 hrs at 24

o
C, are missing due to 

equipment malfunction. The average RH in the greenhouse, where the plants were 

transferred upon completion of the growth chamber experiment, was 73.7, 65.6, and 63.4, 

in trials A, B, and C, respectively. 

 

3.6.4. Disease severity ratings 

 

The fixed effects – temperature, LWD and temperature x LWD interaction – were 

significant in all three trials (Appendix 3.1). The interaction of temperature and LWD 

was further evaluated and the LWD treatments of 0, 24, 48, 72, and 96 hrs were analyzed. 
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A longer LWD resulted in higher mean disease severity (MDS) at 12, 16, 20 and 24
o
C, in 

all three trials (Tables 3.1-3.3).  

The lowest MDS occurred at the 0 hr LWD treatment at 12
o
C in trials A and B; 

16
o
C, in all three trials; 20

o
C in trials A and B; and 24

o
C in trial A (Tables 3.1-3.3). The 

MDS was not significantly different between the 0 and 24 hr LWD at 20
o
C in trial B and 

20, 24, and 28
o
C in trial C (Table 3.2-3.3). At 12

o
C, a LWD of 96 hrs resulted in MDS of 

8.9 in trial A and 9 in trial B (Tables 3.1-3.2). In trial C, a LWD of 72 hrs or longer 

resulted in a MDS > 8.0 at 12
o
C (Table 3.3). At 16

o
C, a LWD of 72 hrs or longer resulted 

in high disease severity (> 9.0) in trial C and in trial A, LWD of 48 hrs or longer resulted 

in MDS > 9.0 while a LWD of 96 hrs resulted in a MDS of 10.0 at 16
o
C. At 16

o
C, there 

were no significant differences between the LWD treatments except for 0 hrs LWD in 

trial B (Table 3.2). In all three trials, only 48 hr LWD was required for the high (> 7.8) 

MDS at 20
o
C (Tables 3.1-3.3). At 24

o
C, MDS was highest when there was a LWD of 48 

hrs or longer in all three trials (Tables 3.1-3.3); however, in trial B, the highest MDS 

observed was 7.8 and this was not significantly different from the 0 hr LWD treatment at 

24
o
C (Table 3.2). The highest MDS at 28

o
C occurred at the 96 hr LWD treatment in trial 

A while there were no differences in MDS between all LWD treatments at 28
o
C in trial B 

(Tables 3.1-3.2). In trial C, there were no significant differences in MDS between the 48, 

72, and 96 hr LWD treatments at 28
o
C; the highest MDS obtained at 28

o
C was 6.0 (Table 

3.3).  

 

Table 3.1. Mean disease severity (MDS) at specific temperatures and leaf wetness 

durations in Trial A.  

Leaf Wetness Duration (hrs) Temperature (
o
C) 

12 16 20 24 28 

0 3.3 c 1.7 c 2.4 c 2.0 c 3.8 c 

24 6.3 b 7.8 b 6.4 b 7.1 b 0.8 d 

48 6.8 ab 9.0 ab 8.5 a 9.1 ab 5.2 bc 

72 7.7 ab 9.3 ab 9.4 a 9.7 a 7.2 ab 

96 8.9 a 10.0 a 10.0 a 9.0 ab 8.7 a 
Means of four replicates; means within each column followed by the same letter are not 

significantly, Tukey-Kramer test (α=0.05). 
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Table 3.2. Mean disease severity (MDS) at specific temperatures and leaf wetness 

durations in Trial B. 

Leaf Wetness Duration (hrs) Temperature (
o
C) 

12 16 20 24 28 

0 4.7 c 0.4 b 4.4 b 6.8 ab 5.8 a 

24 6.7 bc 5.1 a 3.7 b 5.1 b 5.8 a 

48 6.8 bc 6.4 a 7.8 a 6.7 ab 7.7 a 

72 7.8 ab 7.0 a 9.0 a 7.8 a 7.8 a 

96 9.0 a 6.4 a 7.9 a 7.7 a 8.1 a 
Means of four replicates; means within each column followed by the same letter are not 

significantly, Tukey-Kramer test (α=0.05). 

 

Table 3.3. Mean disease severity (MDS) at specific temperatures and leaf wetness 

durations in Trial C. 

Leaf Wetness Duration (hrs) Temperature (
o
C) 

12 16 20 24 28 

0 5.2 b 6.4 c 7.0 b 5.2 b 2.2 b 

24 6.5 b 7.7 b 7.4 b 5.2 b 1.4 b 

48 6.4 b 8.1 b 9.0 a 8.3 a 6.0 a 

72 8.8 a 9.4 a 9.9 a 9.0 a 5.9 a 

96 8.1 a 9.4 a 9.8 a 9.0 a 5.2 a 
Means of four replicates; means within each column followed by the same letter are not 

significantly, Tukey-Kramer test (α=0.05). 

 

3.6.5. Disease development over time at specified leaf wetness duration treatments 

 

3.6.5.1. Leaf wetness duration of 0 hours 

 

The MDS at 0 hrs LWD was unpredictable. It took at least 24 hrs to see any 

change in disease severity at all temperatures, in all three trials (Fig. 3.3). The MDS 

increased over time when there was no leaf wetness duration in all three trials; however, 

plants subjected to 24 and 28
o
C in trial C and 28

o
C in trial A were able to recover from 

disease and grow new leaves during the course of the experiment (Fig. 3.3). The highest 

MDS was attained at 28
o
C in trials A and B and at 20

o
C in trial C (Fig. 3.3). The MDS 

progressed most slowly and remained the lowest at 16
o
C in trials A and B and at 28

o
C in 

trial C (Fig. 3.3). The highest final MDS occurred at 12, 24, and 20
o
C, in trials A, B, and 

C, respectively (Fig. 3.3).  



 84 

 

(a) Trial A, 0 hr LWD 

 

(b) Trial B, 0 hr LWD 
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(c) Trial C, 0 hr LWD 

 

Figure 3.3. Mean disease severity (MDS) with a 0 hr leaf wetness duration treatment at 

five temperatures (12, 16, 20, 24, and 28
o
C) in three trials. Each data point is a mean of 

four replicates. Vertical bars are standard error for each temperature treatment.   

 

3.6.5.2. Leaf wetness duration of 24 hours 

 

Disease began to develop within 24 hrs of treatment application at the 24 hr LWD 

treatment (Fig. 3.4). Disease severity increased over time when there was a 24 hr LWD 

treatment in all three trials with plants showing signs of recovery at 20
o
C in trials A and 

B and at 24
o
C in trials A and C (Fig. 3.4). Disease progressed most slowly and remained 

the lowest at 28
o
C in trials A and C (Fig. 3.4a, Fig. 3.4c). At 24

o
C, MDS increased 

steadily from 0 to 72 hrs where it remained consistently above 9.0 and then decreased to 

7.5, 168 hrs after treatment application, in trial A (Fig. 3.4a). At 16
o
C, MDS increased 

most rapidly within the first 72 hrs after treatment application and remained above 9.0 for 

the duration of the experiment, in trial A (Fig. 3.4a). After 168 hrs, MDS was the same at 

16 and 24
o
C and at 12 and 20

o
C, in trial A (Fig. 3.4a). In trial B, the highest MDS was 

obtained at 12 and 28
o
C (Fig. 3.4b). Plants that were subjected to 16

o
C developed higher 

disease severity than those subjected to 20
o
C 168 hrs after treatment application (Fig. 

3.4b). In trial C, plants subjected to 16, 20, and 24
o
C had the same MDS 96 hrs after 

treatment application (Fig. 3.4c). Plants that were subjected to 12 and 16
o
C developed the 
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same MDS after 168 hrs in trial C. Until this point, disease severity increased more 

slowly in plants subjected to 12
o
C than 16

o
C (Fig. 3.4c). Plants subjected to 24

o
C 

developed higher MDS than plants subjected to 28
o
C; however, after 240 hrs, plants 

subjected to 24
o
C recovered and had the same MDS as those subjected to 28

o
C 

(Fig.3.4c).  

 

 

(a) Trial A, 24 hr LWD 
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(b) Trial B, 24 hr LWD 

 

(c) Trial C, 24 hr LWD 

 

Figure 3.4. Mean disease severity (MDS) with a 24 hr leaf wetness duration treatment at 

five temperatures (12, 16, 20, 24, and 28
o
C) in three trials. Each data point is a mean of 

four replicates. Vertical bars are standard error for each temperature treatment.   
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3.6.5.3. Leaf wetness duration of 48 hours 

 

At the 48 hr LWD treatment, disease development had already commenced prior 

to the initial disease severity rating. Disease severity increased over time in all three trials 

(Fig. 3.5). At 16, 20 and 24
o
C, MDS remained consistently at 10.0, 120 hrs after 

treatment application and beyond, in trial A (Fig. 3.5a). Disease developed most slowly at 

12
o
C in trials A and C and at 16

o
C in trial B (Fig. 3.5). However, 96 hrs after treatment 

application, plants subjected to 12
o
C had higher MDS than those subjected to 28

o
C in 

trials A and C (Fig. 3.5a, Fig. 3.5c) and 168 hrs after treatment application, plants 

subjected to 16
o
C had higher MDS than those subjected to 24

o
C in trial B (Fig.3.5b). A 

decrease in disease severity occurred at 28
o
C in trials A and C (Fig. 3.5a, Fig. 3.5c) and at 

24
o
C in trial B (Fig.3.5b). Plants subjected to 28

o
C had the lowest MDS in trials A and C 

(Fig. 3.5a, Fig. 3.5c) and plants subjected to 24
o
C had the lowest MDS in trial B 

(Fig.3.5b). In trial B, MDS were not significantly different at 20 and 28
o
C, 192 hrs after 

treatment application and beyond (Fig. 3.5b). In trial B, MDS was not significantly 

different at 12 and 16
o
C, 168 hrs after treatment application and beyond (Fig. 3.5b). In 

trial C, a MDS of 10.0 was observed 96 hrs after treatment application when plants were 

subjected to 20
o
C and remained consistent for the duration of the experiment (Fig. 3.5c). 

A MDS of 10.0 was observed 240 hrs after treatment application when plants were 

subjected to 16
o
C and remained consistent for the duration of the experiment in trial C 

(Fig. 3.5c). 
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(a) Trial A, 48 hrs LWD 

 

(b) Trial B, 48 hrs LWD 
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(c) Trial C, 48 hrs LWD 

 

Figure 3.5. Mean disease severity (MDS) with a 48 hr leaf wetness duration treatment at 

five temperatures (12, 16, 20, 24, and 28
o
C) in three trials. Each data point is a mean of 

four replicates. Vertical bars are standard error for each temperature treatment.   

 

3.6.5.4. Leaf wetness duration of 72 hours 

 

In the 72 hr LWD treatment, disease development had already commenced prior 

to the initial disease severity rating. Disease severity increased over time in all three 

trials, except when plants were able to recover from disease (Fig. 3.6). Disease increased 

most slowly at 12
o
C in trial A; however, 120 hrs after treatment application, MDS was 

higher at 12
o
C than 28

o
C (Fig. 3.6a). In trial A, MDS reached 10.0, 144 hrs after 

treatment application at 16
o
C and remained consistent for the duration of the experiment 

(Fig. 3.6a). At 20
o
C, MDS reached 10.0, 96 hrs after treatment application and remained 

consistent up to 240 hrs after treatment application in trial A (Fig. 3.6a). The MDS 

reached 10.0, 72 hrs after treatment application at 24
o
C and remained consistent for the 

duration of the experiment in trial A (Fig. 3.6a). In trial B, plants subjected to 20 and 

24
o
C had similar MDS from 96 to 120 hrs after treatment application (Fig. 3.6b). Plants 

subjected to 24
o
C had higher MDS than those subjected to 16

o
C, 0 to 120 hrs after 

treatment application; however, plants subjected to 16
o
C, have the higher MDS 192 hrs 
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after treatment application and beyond in trial B (Fig. 3.6b). Plants subjected to 12
o
C 

have higher MDS than those subjected to 16
o
C, 72 hrs after treatment application and 

beyond in trial B (Fig. 3.6b). Plants subjected to 20
o
C, reached a MDS of 10.0, 120 hrs 

after treatment application and remained consistently at 10.0, 168 hrs after treatment 

application and beyond (Fig. 3.6b). In trial C, plants subjected to 28
o
C had the lowest 

MDS 120 hrs after treatment application and beyond (Fig. 3.6c). Plants subjected to 12, 

16 and 20
o
C had MDS of 10.0, 192 hrs after treatment application and beyond in trial C 

(Fig. 3.6c). 

 

 

(a) Trial A, 72 hrs LWD 
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(b) Trial B, 72 hrs LWD 

 

(c) Trial C, 72 hrs LWD 

 

Figure 3.6. Mean disease severity (MDS) with a 72 hr leaf wetness duration treatment at 

five temperatures (12, 16, 20, 24, and 28
o
C) in three trials. Each data point is a mean of 

four replicates. Vertical bars are standard error for each temperature treatment.   
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3.6.5.5. Leaf wetness duration of 96 hours 

 

In the 96 hr LWD treatment, disease development had already commenced prior 

to the initial disease severity rating. Disease severity increased over time when there was 

a 96 hr LWD treatment in all three trials, except when plants were able to recover from 

disease at 24 and 28
o
C in all three trials (Fig. 3.7). Disease developed more slowly at 

12
o
C than all other temperatures in trial A; however, the 12

o
C MDS was not significantly 

different from plants subjected to 16 and 20
o
C 144 hrs after treatment application and 

beyond (Fig. 3.7a). The MDS was not significantly different at 12 and 16
o
C throughout 

the duration of the experiment in trial A. The MDS increased to 10.0, 24 hrs after 

treatment application and remained consistent for the duration of the experiment (Fig. 

3.7a). Disease development occurred most slowly at 16
o
C in trial B; however, 168 hrs 

after treatment application, MDS was not significantly different from plants treated with 

20
o
C (Fig. 3.7b). Plants treated with 12

o
C reached a MDS of 10.0, 168 hrs after treatment 

application and remained at that level for the duration of the experiment (Fig. 3.7b). 

Plants treated with 20
o
C in trial B, also showed a decrease in MDS as plants grew new 

leaves (Fig. 3.7b). Disease development occurred most slowly at 12
o
C in trial C; 

however, 168 hrs after treatment application, MDS was not significantly different from 

plants treated with 16 and 20
o
C (Fig. 3.7b). Plants treated with 16 and 20

o
C had MDS of 

10.0, 120 hrs after treatment application and beyond in trial C (Fig. 3.7c) 
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(a) Trial A, 96 hrs LWD 

 

 
 

(b) Trial B, 96 hrs LWD 
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(c) Trial C, 96 hrs LWD 

 

Figure 3.7. Mean disease severity (MDS) with a 96 hr leaf wetness duration treatment at 

five temperatures (12, 16, 20, 24, and 28
o
C) in three trials. Each data point is a mean of 

four replicates. Vertical bars are standard error for each temperature treatment.   

 

3.6.6. Final disease severity   

 

The proc mixed analysis of variance of final disease severity values (collected at 

288 hrs after treatment application) showed that the fixed effects of temperature and 

LWD, were significant in trials A and C (Appendix 3.2). The temperature x LWD 

interaction was only significant in trial B (Appendix 3.2).  

In trials A and C, the lowest final MDS occurred at 28
o
C (Tables 3.4 and 3.6).  

The highest final MDS occurred at 12, 16, 20
o
C in trial C and at 12, 16, 20, and 24

o
C in 

trial A (Tables 3.4 and 3.6). There was no significant difference in final MDS with 

respect to LWD except that there was a higher final MDS in the 48 hr LWD treatment 

than 24 hr LWD treatment in trial C (Tables 3.4 and 3.6). In trial A, there was a higher 

final MDS when there was added leaf wetness (Table 3.4).  
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The final MDS for each LWD and temperature in trial B are presented in table 

because there was an interaction between the two fixed effects (Table 3.5). There were no 

significant difference between final MDS values and LWD treatments at 12, 20, 24 and 

28
o
C; however, a lower final MDS was observed when there was a 0 hr LWD treatment 

at 16
o
C (Table 3.5; Fig. 3.8b).  

In trial A, higher final MDS was obtained at 12, 16 and 20
o
C than at 24 and 28

o
C 

when there was a 0 to 24 hr or 96 hr LWD treatment (Fig. 3.8). When there was a 48 to 

72 hr LWD treatment, high disease severity was obtained at all temperatures except 28
o
C 

in trial A (Fig. 3.8). A longer LWD treatment was required to obtain disease severity at 

24 and 28
o
C in trial C while the final MDS was > 8 for all other temperatures (Fig. 3.8).  

 

 

Table 3.4. Final mean disease severity (MDS) for each (a) temperature and (b) leaf 

wetness duration, in trial A.  

(a) 

Temperature (
o
C) Final Mean Disease Severity 

12 9.3 a 

16 8.7 a 

20 8.9 a 

24 7.8 a 

28 4.7 b 
Means are based on four replicates. Means followed by the same letter are not significantly 

different, Tukey-Kramer test (α=0.05). 

 

(b) 

Leaf Wetness Duration (hours) Final Mean Disease Severity 

0 5.6 b 

24 7.1 ab 

48 8.9 a 

72 8.9 a 

96 9.0 a 
Means are based on four replicates. Means followed by the same letter are not significantly 

different, Tukey-Kramer test (α=0.05). 
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Table 3.5. Final mean disease severity (MDS) for each leaf wetness duration and 

temperature in trial B.  

Leaf 

Wetness 

Duration 

(hours) 

Temperature (
o
C) 

12 16 20 24 28 

0 8.50 a 0.75 b 9.00 a 10.00 a 9.50 a 

24 9.00 a 8.00 a 6.00 ab 9.00 ab 9.75 a 

48 8.75 a 9.00 a 10.00 a 7.25 ab 10.00 a 

72 9.50 a 7.50 ab 10.00 a 6.25 ab 10.00 a 

96 10.00 a 8.00 a 7.50 ab 6.50 ab 7.50 ab 
Means are based on four replicates. Means followed by the same letter are not significantly 

different, Tukey-Kramer test (α=0.05). 

 

Table 3.6. Final mean disease severity (MDS) for each (a) temperature treatment and (b) 

leaf wetness duration treatment, in trial C.  

(a) 

Temperature (
o
C) Final Mean Disease Severity 

12 9.85 a 

16 10.00 a 

20 9.75 a 

24 5.90 b 

28 3.20 c 
Means are based on four replicates. Means followed by the same letter are not significantly 

different, Tukey-Kramer test (α=0.05). 

(b) 

 

Leaf Wetness Duration (hours) Final Mean Disease Severity 

0 7.4 ab 

24 6.25 b 

48 8.65 a 

72 8.20 ab 

96 8.20 ab 
Means are based on four replicates. Means followed by the same letter are not significantly 

different, Tukey-Kramer test (α=0.05). 
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(a) Trial A, Final Disease Severity 

 

(b) Trial B, Final Disease Severity 
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(c) Trial C, Final Disease Severity  

 

 

Figure 3.8. Final mean disease severity (MDS) at 288 hours after treatment application 

for each leaf wetness duration treatment in three trials. Each data point is a mean of four 

replicates. Vertical bars are standard error for each temperature treatment.    

 

3.6.7. Final biomass 

In trial A, the average initial dry weights of the biomass and root mass were 0.04 

and 0.02 g, at the beginning of the experiment. In trial C, the average initial dry weights 

of the biomass and root mass were 0.07 and 0.03 g. The initial dry weights (collected at 

the beginning of the experiment) of the biomass and root mass in trial B and the final dry 

weights (collected upon completion of the experiment) of biomass from Trial A were lost 

due to equipment malfunction (a fire in the dryer). There were no significant differences 

among the final dry biomass values with respect to the temperature, LWD or temperature 

by LWD interaction in either trials B or C (Appendix 3.3).  
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3.7. Discussion and Conclusions 

 

3.7.1. Discussion 

 

In this study, Sarritor
™

 containing the fungal plant pathogen S. minor was evaluated 

in a controlled environment to determine the specific temperature and LWD under which 

it is most effective at suppressing T. officinale plants. The study was conducted three 

times, each trial yielding varying results; however, similar trends were visible among the 

three trials. 

 

The experiments were conducted using young T. officinale plants that were 

approximately five weeks old, as the susceptibility of broadleaf weeds such as T. 

officinale and P. major to S. minor has been shown to decrease with plant age (Abu-

Dieyeh et al., 2010; Abu-Dieyeh and Watson, 2007a). Decreasing susceptibility with 

increasing plant age to herbicides such as 2,4-D is also common where T. officinale 

seedlings are more susceptible than established T. officinale plants due to a decrease in 

the absorption capacity of the cuticular membrane, which thickens over time (Abu-

Dieyeh and Watson, 2007a).  

 

The optimal temperature for S. minor (from Sarritor
™

) germination and infection is 

in the range of 18 to 25
o
C; however, on culture media, the sclerotia (resting structures) 

have been shown to germinate by eruptive growth of mycelium between 6 and 30
o
C (Hao 

et al., 2003). An additional source indicates that the optimal conditions for S. minor 

germination and infection include 17-21
o
C and RH of ≥ 95% (Watson, 2007). The 

optimal temperature range of 18-24
o
C as indicated on the Sarritor

™
 product label was 

used for this experiment and discussion (PMRA, 2009). High soil temperature and low 

soil moisture have been found to reduce the survival and activity of S. minor (Adams, 

1987; Hao et al., 2003). No eruptive mycelial germination was recorded at 30
o
C or at 0 

MPa (Hao et al., 2003). Germination was optimal at -0.15 MPa and occurred less in drier 

soils, regardless of the temperature (Hao et al., 2003). Thus, one would expect that a 

combination of LWD and temperature within the optimal range to be most conducive to 

the development of severe disease by S. minor.  
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As expected, RH was higher within the chambers during the application of the LWD 

treatments because of the added moisture within the chambers from misting the plants 

with water. The RH at each temperature level differed between the three trials as the 

experiments were conducted at different times of the year, when the external temperature 

and RH may have affected the RH within the chambers. When the temperature was 

decreased, RH increased because of the outside air surrounding the equipment. The 

higher the temperature in the chamber was, the lower the RH. 

 

In this study, a longer LWD resulted in a higher MDS rating. This pattern is similar 

to what has been found in previous studies of fungal plant pathogens (Broome et al., 

1995; Uddin et al., 2003). Broome et al. (1995) studied the effects of temperature and 

LWD on infection by Botrytis cinerea (De Bary) Whetzel on Vitis vinifera L. (grapes), 

causing bunch rot disease. The temperature treatments were 12, 16, 20, 24, 28 and 30
o
C 

and the LWD treatments were 0, 4, 8, 12, 16, and 20 hrs (Broome et al., 1995). Infection 

was successful at all temperatures after a 4 h LWD. Disease severity varied from 9% at 

12
o
C to 37% at 20

o
C. Overall, the disease severity increased as the LWD increased at 

each temperature (Broome et al., 1995). Disease incidence and severity was also found to 

increase with increased LWD at 20, 24, 28 and 32
o
C for Pyricularia grisea (Cooke) 

Sacc., the causal agent of gray leaf spot of L. perenne (perennial ryegrass) (Uddin et al., 

2003). Twelve LWD treatments from 3 to 36 hrs, in 3 hrs increments, were studied. 

Under warmer temperatures, 32
o
C, a shorter LWD (< 9 hrs) was required for disease 

development. Overall, the highest disease severity was obtained at 28
o
C with a LWD ≥ 

24 hrs (Uddin et al., 2003). 

 

When the temperature was 12
o
C, LWD periods 72 to 96 hrs were required to obtain 

high MDS rating (i.e. 8) (Tables 3.1-3.3). At 16
o
C, a LWD of 72 hrs or longer resulted in 

a high MDS > 9 in trials A and C (Tables 3.1 and 3.3). Although both 12 and 16
o
C are 

lower than the optimal temperature range of 18-24
o
C for Sarritor

™
, it is possible to obtain 

a high disease severity rating (>8) at these temperatures provided there is sufficient 

duration of leaf wetness. The 20
o
C treatment falls within the optimal range and thus, the 

results are similar across the three trials. A MDS > 8.5 was attained with a LWD period 

of 48 hrs or longer in trials A and C (Tables 3.1 and 3.3). The internal temperature of the 
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24
o
C chamber was actually closer to 20

o
C in trial C. This may be why the results of MDS 

with respect to LWD at 24
o
C in trial C are similar to the results obtained at 20

o
C in trials 

B and C (Tables 3.2-3.3). Disease by S. minor was optimized at 20
o
C with a shorter LWD 

than would be required at 12
o
C (Tables 3.1-3.3). 

 

As new leaves sprouted and older, damaged leaves fell off, the MDS decreased 

for some plants that were subjected to temperature of 24
o
C or higher (Fig. 3.3-3.7). These 

plants were able to recover from S. minor infection and disease prior to the completion of 

the experimental period. This affected the overall MDS as well as the final MDS ratings 

obtained at these temperatures, also causing variation in results between trials. Abu-

Dieyeh and Watson (2007a) also found that some plants were not completely defoliated 

and were able to survive the S. minor treatment. Even when there was complete collapse 

of aboveground biomass, some plants were able to re-sprout from the root crown (Abu-

Dieyeh and Watson, (2007a). Additionally, some plants in this study reached 100% 

disease severity in the growth chambers at 12, 16, and 20
o
C but were able to re-grow 

once they were moved back to the greenhouse where the average temperature and RH 

was between 21-26
o
C and 63-74%. It was also noted that Sarritor

™
 was ineffective unless 

it was in direct contact with the center of the plant rosette. Otherwise, a local lesion 

formed and the plants recovered quickly (personal observation). These results show that 

S. minor from Sarritor
™

 may not completely eradicate the target weed species. 

 

The varied results and overall lower ratings of disease severity obtained at 28
o
C in all 

three trials are expected, as 28
o
C is above the recommended optimal range of 18-24

o
C for 

S. minor. The development of disease at a temperature that is higher than the optimal 

range suggests that the pathogen may be able to survive in warmer conditions, if there is 

prolonged leaf wetness or sufficient RH. Even at 28
o
C, the trend of higher disease 

severity with extended LWD treatments was evident in trial A (Table 3.1). At 28
o
C, RH 

was lowest and more variable than in all other chambers. This may be another 

explanation for why there was no difference in disease severity between LWD treatments 

at 28
o
C in trial B (Table 3.2) and why disease severity was lower when there was a 24 hr 

LWD treatment than 0 hrs in trial A (Table 3.1).  
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The relationship of increased disease severity or incidence with increased LWD is 

well documented for a variety of plant diseases (Broome et al., 1995; Campbell and 

Madden, 1990; Gross et al., 1998; Grove et al., 1985; Huber and Gillespie, 1992; McCrae 

and Auld, 1988; Monroe et al., 1997; Shaw, 1986; and Uddin et al., 2003). Other fungal 

pathogens, such as Colletotrichum orbiculare (Berk & Mont.), which causes anthracnose 

in cucurbits, also have an optimal temperature leaf wetness requirement for infection and 

disease development (Campbell and Madden, 1990; Monroe et al., 1997). The optimal 

conditions for infection to occur are a temperature between 22 to 27
o
C and 100% RH. 

The pathogen is not a problem when the temperature is above 30
o
C (Palenchar et al., 

2009). There is also a direct relationship between the LWD and development of 

anthracnose disease on seedlings of Xanthium spinosum L. (spiny cocklebur) (McCrae 

and Auld, 1988; Monroe et al., 1997). The most severe disease occurred at 25
o
C when 

there was a LWD of 48 hrs. An extended LWD at suboptimal temperatures also resulted 

in high disease severity (McCrae and Auld, 1988; Monroe et al., 1997). This information 

compares favorably to the results this study, where S. minor caused high disease severity 

≥ 8 on a scale of 0-10 at the suboptimal temperatures 12 and 16
o
C, when there was a 

LWD of 72 hrs of longer compared to a LWD treatment of 48 hrs at 20
o
C (within the 

optimal range) (Table 3.1-3.3). 

 

Gross et al. (1998) studied the influence of temperature and LWD on infection of L. 

perenne (perennial ryegrass) by Rhizoctonia solani Kuhn (Gross et al., 1998). The study 

included five temperature treatments: 15, 18, 21, 24, and 27
o
C, and five LWD treatments: 

9, 12, 15, 18, and 24 hrs. The results showed that disease severity increased as LWD 

increased at all temperatures tested. The temperature effects were more pronounced at the 

longer LWD periods than at the shorter LWD periods suggesting that LWD might have 

been the environmental variable that permits successful infection of the plant host, while 

temperature determines the speed and extent of disease development (Gross et al., 1998). 

A major difference in the methodology of the Gross et al. (1998) study and this study is 

that Gross et al. (1998) only kept the plants in the growth chambers for the duration of the 

LWD treatments. Upon completion of each LWD treatment, the plants were relocated to 

a greenhouse environment where the temperature ranged from 18.5 to 45
o
C and the RH 
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ranged from 20 to 60% (Gross et al., 1998). In this study, T. officinale plants were 

maintained in the growth chambers during the LWD treatments and 288 hrs afterward, 

while disease severity was rated.  

 

Broome et al. (1995) examined temperature and LWD to develop a model to 

characterize the infection response of grapes (Vitis vinifer L.) inoculated with the fungus 

Botrytis cinerea (De Bary) Whetzel. Upon completion of the LWD treatments, the grapes 

were dried using a fan and placed in new containers without any water. They were then 

inoculated at 22
o
C for six days. After six days, the berries were transferred to containers 

with water to increase the RH and then disease was evaluated (Broome et al., 1995). The 

method of drying the berries and subjecting all to 22
o
C would have decreased RH effects 

(Broome et al., 1995). In this study, T. officinale plants were not dried off and were kept 

in the designated temperature treatments, where the RH in addition to LWD may have 

affected disease development. 

 

Free moisture and RH often play key roles during epidemiological stages such as the 

infection process (Huber and Gillespie, 1992). Disease development in the absence of 

added leaf wetness treatment suggests that the RH may have also affected the disease 

severity of T. officinale plants by S. minor, in addition to temperature. If S. minor or a 

component of the bioherbicide formulation is hygroscopic, it may have been able to 

attract and hold free moisture from its surroundings. This would also explain the 

development of disease without added leaf wetness. Sclerotia of the closely related fungal 

pathogen S. sclerotiorum are hygroscopic (LeTourneau, 1996). Thus, there may be a 

possibility that S. minor may also be hygroscopic.  

 

In this study, the temperature treatment may have determined the speed and extent of 

disease within the optimal range of 18 to 24
o
C, as long as there was added moisture (free 

water or RH). Outside of this range, moisture - in the form of leaf wetness of high RH, or 

possibly a combination of both - may have determined the extent of the disease. The 

amount of available moisture was less critical within the optimal temperature range than 

it was at suboptimal temperatures. When temperatures were outside of the optimal range, 

a higher disease severity was obtained at temperatures that were lower than 18
o
C. It was 
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difficult to obtain high disease severity at a temperature that was higher than the optimal 

range, suggesting that the warmer temperature favored the growth of the T. officinale 

plants. This is reinforced by the observation of re-growth of plants subjected to 24 and 

28
o
C.  

 

Additionally, the effects of temperature were visible at lower LWD treatments (Fig. 

3.3-3.7). RH may have played a more important role in disease development at the 

shorter LWDs than the longer LWDs as water would have been available for a shorter 

period of time. There was lower disease severity at warmer temperatures where there was 

a lower RH when plants were subjected to shorter LWDs compared to the longer LWDs 

(Tables 3.1-3.3).  

 

All misting was applied by hand using a spray bottle, thus, the LWD may not have 

been truly consistent among plants, especially at warmer temperatures where leaf 

moisture may have been reduced more quickly than at lower temperatures. The plants 

were re-sprayed with water every four hours for the duration of the LWD treatments; 

however, the water on the leaf surface of plants in the warmer chambers may have dried 

off for a short time before they were re-sprayed affecting pathogen growth as the 

availability of water decreased. Generally, it is difficult to define true LWD as various 

portions of leaves may be wet or dry at different times (Huber and Gillespie, 1992).    

 

In a field setting, faster results are more desirable as it is impossible to maintain a 

consistent temperature over long periods of time. This study shows that desirable results 

can be achieved when there is a shorter LWD at specific temperatures. The highest MDS 

(> 8.5) combined with the least LWD was obtained when there was a 48 hr LWD 

treatment at 20
o
C (Tables 3.1-3.3), which falls in the lower range of the recommended 

optimal temperature range (18 to 24
o
C) for Sarritor

™
 (PMRA, 2009; Watson, 2007). A 

high MDS was also achievable at temperatures that were suboptimal (12 and 16
o
C), given 

there was an appropriate LWD of 72 to 96 hours and high RH. This information is 

important because it suggests that a high disease severity by S. minor may be obtained 

with prolonged leaf wetness regardless of the temperature between 12 to 24
o
C, which 

includes temperatures that are below the recommended optimal range of 18-24
o
C 
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(Watson, 2007).  

 

3.7.2. Conclusions 
 

This study has shown that although the recommended optimal temperature for 

application of Sarritor
™ 

is when the daily temperature high is between 18 to 24
o
C, the 

product can provide desirable results at a lower temperature range of 12 to 20
o
C, given 

there is a sufficient LWD period. Contrary to the label recommendation, summer 

applications of this product may not be the most effective as temperatures tend to 

fluctuate and are more likely to exceed 24
o
C. Additionally, this study supports findings 

that a high RH may be also play an important role in plant host infection and disease 

development by S. minor in T. officinale plants (Watson, 2007). Thus, application should 

be recommended during a time of prolonged cool temperatures and high RH.  

 

It may be more practical to use this product for spot applications of T. officinale on 

turfgrass lawns with a low weed infestation or in other urban settings like sidewalks and 

driveways where there are fewer and/or younger weeds. It is likely better to use this 

product in the early spring or fall seasons when the temperature is lower (between 12 to 

20
o
C and less than 24

o
C), there is a higher RH and there is likely to be precipitation.  
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CHAPTER 4 

 

GENERAL DISCUSSION AND CONCLUSIONS 

 

4.1. Alternatives to Herbicides in Turfgrass Establishment and Weed Management 

 

 This thesis has examined various weed management options as potential 

alternatives to the class nine herbicides that were once used to maintain weed-free 

turfgrass in Ontario, Canada. The results of these experiments are promising. Site 

preparation herbicides may be unnecessary when tilling is used in the establishment of a 

turfgrass stand, as the tilling process may negate potential effects. Some post-

establishment treatments were more effective at reducing the broadleaf weed population 

than others in a newly established turfgrass system.  

 

 Of the site preparation treatments examined, acetic acid was as easy to apply as 

the conventional control, glyphosate; however, the pungent odour of acetic acid lingered 

in the air for 1-3 hours after treatment (personal observation). Acetic acid is also a more 

expensive option than the conventional treatment as the approximate cost of a single 

broadcast application of acetic acid versus glyphosate over a 100 m
2
 area is 

approximately $18 and $8, respectively (Table 4.1). Flame-weeding was a time 

consuming site preparation method as it took approximately 16 hrs to flame-weed a 168 

m
2
 area using three tanks of propane gas in our trial. The high cost of propane and other 

combustible fuels makes flame-weeding an expensive method of weed control (Zimdahl, 

2007). The cost of propane needed to treat a 100 m
2
 area is approximately twice the cost 

of acetic acid, not including the cost of a propane torch (Tables 4.1 and 4.2). Thus, flame 

weeding may be better suited for spot treatment of young weeds.  

 

In this study, CGM was ineffective; however, past studies have shown that CGM 

is an effective herbicide when applied once in the spring and once in the fall, over five 

consecutive years (Anderson and Ross, 2005; Bingaman & Christians, 1995; Christians, 

1993). When used long term, CGM gradually affects perennial weeds such as T. 

officinale as the weed population completes a life cycle each year; germination of new 

weed seeds may be prevented and older weeds will die off (Anderson and Ross, 2005; 

Bingaman & Christians, 1995; Christians, 1993). Thus, choosing to use CGM as a 
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herbicide requires an investment in time and energy as repeated applications are required 

over several years; however, because CGM contains 8% nitrogen, it will also fertilize a 

lawn. Therefore, the additional cost of fertilizer application can be avoided. CGM is less 

expensive to apply over an entire season compared to other treatments such as chelated 

iron and lactic/citric acid (Table 4.1). 

 

In this study, lactic/citric acid was ineffective; however, past studies have showed 

efficacy of lactic/citric acid in reducing the population of leguminous weeds when used 

in combination with a different surfactant. Thus, the recommended surfactants for the 

lactic/citric acid should be further evaluated to create a product that is more appealing to 

residential lawnowners. Additionally, the number of repeated applications required and 

the pungent odour of the lactic/citric acid may decrease the appeal of this product for 

residential homeowners.    

 

The chelated iron treatment provided desirable results and in a timely manner; 

however, a second treatment was required to manage reappearing weeds with both rates 

of chelated iron. The onerous label application rate meant that it took a longer time to 

apply chelated iron than it did mecoprop/2,4-D/dicamba (see p.69). The large amount of 

product required also increases the cost of this treatment. To treat a 100 m
2
 area with two 

broadcast applications of chelated iron (1.0 g a.i. m
-2

) versus mecoprop/2,4-D/dicamba, it 

would cost approximately $640 and $2, respectively (Table 4.1). The darkening effect of 

chelated iron on turfgrass may be appealing if broadcast applications are made. However, 

the high cost of chelated iron may make this product more suitable for spot applications.  

 
Establishing a lawn with sod is labour extensive as the site must be prepared and 

tilled before sodding (OMAFRA, 2008). The specific time required for preparing the site 

and laying sod will depend on size of the lawn. It may take approximately one hour to 

prepare and till an average residential lawn and about approximately 1-2 hrs to lay the 

sod. Factoring in the costs of labour ($16/hr for 3hrs, 2 labourers) and the cost of sod, it 

would cost ~$300 to establish a 100m
2
 area lawn with sod (Table 4.1). Although laying 

sod is labour intensive and requires more time than any of the other treatments, it will 

provide an aesthetically appealing, uniform turfgrass cover, and weed control for two to 
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four years (Table 4.2). Compared to the onerous broadcast application rate of chelated 

iron (1.0 g a.i. m
-2

), sod may be a less expensive option. Additionally, a typical home 

lawn care package in Ontario starts at ~ $293.50 for three weed control treatments and 

two fertilizer applications through one season (personal communication: Nutri-Lawn, 

Ontario, Canada, April, 2014). Depending on the size of the lawn, sod may be 

competitively priced.   

 
The varied results observed in the field study with respect to the bioherbicide S. 

minor (Sarritor
™

) may be attributed to the biological nature of this treatment. The lower 

temperature range of 12 to 20
o
C, which includes temperatures that are below the 

recommended optimal range of 18-24
o
C, were more conducive for this pathogen to cause 

disease and death in T. officinale plants, given there is a sufficient LWD period of 48 to 

96 hrs (Hao et al., 2003; Watson, 2007; PMRA, 2009). High RH also plays an important 

role in disease development especially when there is a shorter LWD (Watson, 2007). 

Thus, field application of S. minor may be more appropriate when the temperature is 

cooler and does not fluctuate as much, remaining below 24
o
C for a prolonged period of 

two to four days. The cost of a broadcast Sarritor
™

 application is approximately $4.00/m
2 

compared to a cost of $0.04 for each spot application of a single weed (Table 4.1). In 

order to spot apply this product, a better mechanism of delivery is needed. Using the 

Sarritor
™

 Flick Stick Applicator (Rittenhouse, Canada), it was difficult to deliver the 

product into the centre of the rosette of each weed, where contact is required for plant 

disease to form.  

 

In conclusion, out of all the post-establishment treatments that were studied in a 

newly established turfgrass lawn in Ontario, chelated iron was most comparable to the 

conventional treatment in terms of ease of application. Establishment by sod also 

provided aesthetically appealing, high quality turfgrass with < 5% weed cover over two 

years. The lactic/citric acid formulation and CGM were ineffective after two years. 

Sclerotinia minor partially suppressed broadleaf weeds in a field setting. Contrary to the 

label recommendation (application when the daily temperature high is between 18 to 

24
o
C), S. minor may provide more desirable results when the temperature is between 12 

to 20
o
C, no higher than 24

o
C and there is 48 to 96 hrs of leaf wetness and high RH.  
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Table 4.1. The estimated material costs of weed management products for the general public in Ontario, Canada in 2010.  

Product/ Active 

Ingredients 
Product Name Cost

**
 

Application 

Rate
***

 

 

~ Cost/m
2
 

# 

Applications 

~ Cost 

/Season/100 m
2
 

Mecoprop/ 

2,4,-D/dicamba 

Killex
®
 Liquid Herbicide Concentrate ~$20/L  0.6 mL/m

2
 $0.01 2 $2  

Glyphosate Roundup
® 

Concentrated Grass and Weed 

Control 

~$30/L  ~2.7 mL/m
2
 $0.08 1 $8 

Acetic acid Scott’s
®
 EcoSense™ Pathclear Grass & Weed 

Control 

~$20/L  ~9.2 mL/m
2
 $0.18 1 $18 

Sclerotinia minor Sarritor
™ 

Granular Bioherbicide
*
 ~$30/300 g 0.40 g/plant; 

40g/m
2
 

$0.04/plant; 

$4/m
2
 

1 $400 

Corn gluten meal Nutrite
®
 Weed Seed Inhibitor

*
 ~$40/9 kg ~100g/m

2
 $0.44 3 $133  

Lactic/citric acid Organo-Sol
®

 ~$11/L 50 mL/m
2
 $0.55 5 $275  

Chelated iron (0.5 

g a.i. m
-2

) 

Scott’s
®
 EcoSense

™
 “Weed-B-Gon”

 *
 ~$40/5L 200 mL/m

2
 $1.60 4 $640 

Chelated iron 

(1.0 g a.i. m
-2

) 

Scott’s
®
 EcoSense

™
 “Weed-B-Gon”

 *
 ~$40/5L 400 mL/m

2
 $3.20 2 $640 

Propane ---- ~$20/9 kg ~160 g/m
2
 $0.36 1 $36 

Sod ---- ~$2/m
2
 ---- $2 1 $200 

Equipment       

Flame torch Weed Dragon
®
 VT 2-23 SVC handheld propane 

torch (Red Dragon Torches and Equipment) 

~$190  ---- ---- ---- ---- 

Flick Stick  Sarritor
™

 Flick Stick Applicator (Rittenhouse) ~$160  ---- ---- ---- ---- 

Herbicide 

Sprayer 

Pestjet Professional Injection Gun (Rittenhouse) 

 

~$208 ---- ---- ---- ---- 

*Ready-to-use product 

**Cost of products displayed at local retailers in Guelph, Ontario (2010 to 2014) has been rounded to nearest dollar.  

*** If product is not “ready-to-use”, the application rate represents the amount of undiluted product that is applied.  
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Table 4.2. The estimated time required for application of each weed management product 
 

Product 
# 

Applications/Season 

*
Application Time 

(Single Treatment) 

*~
Total Application 

Time/Season/100 m
2
 

Mecoprop/ 

2,4,-D/dicamba 

2 2 s/m
2
 5 min 

Glyphosate 1 2 s/m
2
 5 min 

Acetic acid 1 5 s/m
2
 8 min 

Propane 1 5 min/m
2
 8 hrs 

Sclerotinia 

minor 

1 5 s/m
2
 8 min 

Corn gluten 

meal 

3 5 s/m
2
 25 min 

Lactic/citric 

acid 

5 10 s/m
2
 83 min 

Chelated iron  

(0.5 g a.i. m
-2

) 

4 10 s/m
2
 67 min 

Chelated iron 

(1.0 g a.i. m
-2

) 

2 20 s/m
2
 67 min 

Sod 1 --- 2-3 hrs 

*Rounded to nearest whole unit 

 

4.2. Recommendations for Residential Lawns 

 

 This study has provided valuable information about the alternative weed 

management options that are available to the public. Weeds not only decrease the 

aesthetic value of turfgrass but also compete for growing space, sunlight, soil moisture, 

and nutrients (McCarty and Hall, 1990; Murphy and McCarty 1999; Zimdahl, 2007). The 

presence of weeds in a turfgrass environment is ultimately a sign of underlying concerns 

because weeds become easily established in weakened turfgrass (Beard, 1973; McCarty 

and Hall, 1990). Maintaining healthy turfgrass throughout the growing season will reduce 

the opportunities for weed encroachment and allow turfgrass plants thrive.  

 

Weed management should encompass a variety of methods that aim to maintain 

weed populations below a desired threshold. One should scout the lawn often to remove 

weeds as soon as possible as physical weed management is much easier when weeds are 

younger. Mowing lawns regularly will prevent unsightly growth, remove shoot growth 
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and prevent seed production, depleting root reserves of some upright perennials 

(Zimdahl, 2007). Turfgrass can be mowed frequently, as long as only 1/3 of the leaf blade 

is removed at each mowing (Charbonneau, 2008). Grass clippings should be left on the 

lawn as they act as a fertilizer for the lawn. Nitrogen (1.5 to 2 kg/100m
2
) should be 

applied throughout the season (Charbonneau, 2008). The deleterious effects of weeds 

may be reduced by promoting a balanced, turfgrass management program through 

infrequent, thorough watering, adequate fertilization, regular mowing, seeding thinned 

areas and proper thatch control (Charbonneau, 2008; McCarty and Hall, 1990). 

Alternative weed management products such as chelated iron may be used as part 

of a lawn maintenance program to manage broadleaf weeds. Spot applications can be 

made to reduce the cost of onerous broadcast application rates. Cultural practices can 

often enhance the effectiveness of alternative weed management treatments. Previous 

studies have shown that the efficacy of S. minor (from Sarritor
™

) as a bioherbicide is 

enhanced when used in combination with cultural practices such as overseeding, 

maintaining an appropriate mowing height, or using a jute fabric cover to increase RH 

and contact with the plant host (Abu-Dieyeh and Watson, 2005; Abu-Dieyeh and Watson, 

2007b; Abu-Dieyeh and Watson, 2009). Additionally, there may be opportunities to use 

alternative weed management options in combination as each one may target a different 

weed. The lactic/citric acid formulation targets leguminous weeds, while S. minor targets 

T. officinale; CGM may also be applied simultaneously, and its effects may become 

visible over the long term.  

 

Establishment by sod is an effective way to manage weeds especially in areas 

where lawn performance has deteriorated due to poor soil or heavy weed infestation 

(Charbonneau, 2009). Establishment with sod will create an aesthetically appealing lawn 

without the use of additional weed control products for up to four years (Charbonneau, 

2003).  

 
4.3. Future Studies  

 

Weed management encompasses a variety of methods and therefore it is integral 

to study the use of these alternative treatments in combination with other cultural 



 113 

practices. Practices that are most likely to be implemented by a residential lawn owner, 

including overseeding, mowing, and fertilization, should be further evaluated in 

combination with the alternative treatments assessed in this study to enhance the quality 

of turfgrass and decrease broadleaf weed populations.  

 

Further evaluation of the fungal plant pathogen S. minor may provide more 

insight regarding potential success as a bioherbicide in a field setting. Controlled 

environment studies in which weed host plants are subjected to interrupted leaf wetness 

duration periods and fluctuating temperatures may simulate a field setting. Additionally, 

bioherbicide formulations with water-retaining materials are considered a promising 

approach for making pathogens less dependent on the water available for initial infection 

(Saharan and Mehta, 2008).  

Once a bioherbicide is created, the best type of application technology should be 

evaluated (Weaver et al., 2007). Residential lawn owners and professional turfgrass 

managers may desire a product that can be easily applied to turfgrass lawns. Ideally, the 

end product must be user-friendly and efficient in managing undesired weeds and have 

long shelf-life (Weaver et al., 2007). 
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Appendix 2.1. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent turfgrass cover (PTC) and PTC over two years in trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 179.5833 0.98 0.4077 

Post-establishment (B) 5 278.0000 0.91 0.4801 

A x B 15 853.4167 0.93 0.5353 

Block 3 2235.5833 12.19 <0.0001 

Error 69 4217.9167   

Total 95 7764.5000   

May 2010 Site preparation (A) 3 1615.8750 4.92 0.0037 

Post-establishment (B) 5 611.7083 1.12 0.3596 

A x B 15 1423.875 0.87 0.6028 

Block 3 1423.8750 7.64 0.0002 

Error 69 7558.4583   

Total 95 13720.9583   

July 2010 Site preparation (A) 3 88.2500 1.33 0.2725 

Post-establishment (B) 5 7746.3333 69.92 <0.0001 

A x B 15 254.2500 0.76 0.7103 

Block 3 246.0833 3.70 0.0157 

Error 69 1528.9167   

Total 95 9863.8333   

September 2010 Site preparation (A) 3 93.7813 0.71 0.5516 

Post-establishment (B) 5 16062.3434 72.51 <0.0001 

A x B 15 328.5313 0.49 0.9354 

Block 3 233.8645 1.76 0.1627 

Error 69 3054.3854   

Total 95 19772.9063   

May 2011 Site preparation (A) 3 20.8750 0.16 0.9217 

Post-establishment (B) 5 5927.6250 27.57 <0.0001 

A x B 15 1170.1250 1.81 0.0499 

Block 3 398.1250 3.09 0.0328 

Error 69 2966.8750   

Total 95 10483.6250   

July 2011 Site preparation (A) 3 505.5313 1.34 0.2691 

Post-establishment (B) 5 28114.4688 44.66 <0.0001 

A x B 15 1963.9063 1.04 0.4273 

Block 3 1709.8646 4.55 0.0057 

Error 69 8687.8854   

Total 95 40991.6563   

September 2011 Site preparation (A) 3 13.9117 0.10 0.9584 

Post-establishment (B) 5 14841.4583 65.45 <0.0001 

A x B 15 366.9583 0.54 0.9089 

Block 3 952.4167 7.00 0.0004 

Error 69 3129.0833   

Total 95 19303.8333   
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Appendix 2.2. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent turfgrass cover (PTC) and PTC over one year in trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 138.5268 0.77 0.5129 

Post-establishment (B) 6 179.7500 0.50 0.8059 

A x B 18 609.5357 0.57 0.9135 

Block 3 2371.8839 13.22 <0.0001 

Error 81 4843.3661   

Total 111 8143.0625   

May 2011 Site preparation (A) 3 712.6071 2.59 0.0584 

Post-establishment (B) 6 482.3036 0.88 0.5158 

A x B 18 1935.7679 1.17 0.3029 

Block 3 805.2500 2.93 0.0386 

Error 81 7425.7500   

Total 111 11361.6786   

July 2011 Site preparation (A) 3 672.0268 2.98 0.0361 

Post-establishment (B) 6 18916.3571 41.99 <0.0001 

A x B 18 1307.7857 0.97 0.5040 

Block 3 1206.8125 4.36 0.0020 

Error 81 6081.9375   

Total 111 28184.9196   

September 2011 Site preparation (A) 3 106.0268 0.98 0.4084 

Post-establishment (B) 6 13605.9286 62.60 <0.0001 

A x B 18 1238.7857 1.90 0.0272 

Block 3 358.7411 3.30 0.0244 

Error 81 2934.0089   

Total 111 18243.4911   
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Appendix 2.3. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary  percent weed cover (PWC) and PWC over two years in trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 162.08333 0.90 0.4472 

Post-establishment (B) 5 304.9583 1.01 0.4169 

A x B 15 815.2917 0.90 0.5648 

Block  3 2172.1667 12.02 <0.0001 

Error 69 4155.3333   

Total  95 7609.8333   

May 2010 Site preparation (A) 3 59.1979 0.76 0.5197 

Post-establishment (B) 5 213.5521 1.65 0.1591 

A x B 15 431.9896 1.11 0.3636 

Block  3 87.0313 1.12 0.3474 

Error 69 1788.7188   

Total  95 2580.4896   

July 2010 Site preparation (A) 3 86.8333 1.32 0.2760 

Post-establishment (B) 5 7680.2500 69.88 <0.0001 

A x B 15 256.4167 0.78 0.6971 

Block  3 233.7500 3.54 0.0189 

Error 69 1516.7500   

Total  95 9774.0000   

September 2010 Site preparation (A) 3 96.5313 0.72 0.5450 

Post-establishment (B) 5 16019.6771 71.42 <0.0001 

A x B 15 330.2813 0.49 0.9375 

Block  3 231.0313 1.72 0.1716 

Error 69 3095.2188   

Total  95 19772.7396   

May 2011 Site preparation (A) 3 20.8750 0.16 0.9217 

Post-establishment (B) 5 5927.6250 27.57 <0.0001 

A x B 15 1170.1250 1.81 0.0499 

Block  3 398.1250 3.09 0.0328 

Error 69 2966.8750   

Total  95 10483.6250   

July 2011 Site preparation (A) 3 505.5313 1.34 0.2691 

Post-establishment (B) 5 28114.4688 44.66 <0.0001 

A x B 15 1963.9063 1.04 0.4273 

Block  3 1719.8646 4.55 0.0057 

Error 69 8687.8854   

Total  95 40991.6563   

September 2011 Site preparation (A) 3 13.9167 0.10 0.9584 

Post-establishment (B) 5 14841.4583 65.45 <0.0001 

A x B 15 366.9583 0.54 0.9089 

Block  3 952.4167 7.00 0.0004 

Error 69 3129.0833   

Total  95 19303.8333   
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Appendix 2.4. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent weed cover (PWC) and the PWC over one year in trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 143.3839 0.82 0.4875 

Post-establishment (B) 6 175.9286 0.50 0.8051 

A x B 18 590.9286 0.56 0.9163 

Block  3 2318.2411 13.23 <0.0001 

Error 81 4731.0089   

Total  111 7959.4911   

May 2011 Site preparation (A) 3 135.9286 1.19 0.3170 

Post-establishment (B) 6 215.6786 0.95 0.4658 

A x B 18 908.8214 1.33 0.1912 

Block  3 174.35781 1.53 0.2123 

Error 81 3071.6429   

Total  111 4506.4286   

July 2011 Site preparation (A) 3 804.8125 3.52 0.0186 

Post-establishment (B) 6 19235.4643 42.08 <0.0001 

A x B 18 1226.7500 0.89 0.5863 

Block  3 1264.3839 5.53 0.0017 

Error 81 6170.3661   

Total  111 28701.7768   

September 2011 Site preparation (A) 3 106.7142 0.99 0.4029 

Post-establishment (B) 6 13732.6786 63.54 <0.0001 

A x B 18 1236.0357 1.91 0.0266 

Block  3 370.5000 3.43 0.0209 

Error 81 2917.5000   

Total  111 18363.4286   
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Appendix 2.5. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent cover of  bare soil and the percent cover of bare soil over 

two years in trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 7.1667 0.68 0.5695 

Post-establishment (B) 5 13.0833 0.74 0.5956 

A x B 15 70.5833 1.33 0.2077 

Block  3 8.7500 0.83 0.4842 

Error 69 243.7500   

Total  95 343.3333   

May 2010 Site preparation (A) 3 1813.0313 4.09 0.0099 

Post-establishment (B) 5 710.8021 0.96 0.4477 

A x B 15 1970.9063 0.89 0.5796 

Block  3 3013.1146 6.79 0.0004 

Error 69 10204.1354   

Total  95 17711.9896   

July 2010 Site preparation (A) 3 0.08333333 0.44 0.7235 

Post-establishment (B) 5 0.45833333 1.46 0.2143 

A x B 15 0.79166667 0.84 0.6306 

Block  3 0.16666667 0.88 0.4535 

Error 69 4.33333333   

Total  95 5.83333333   

September 2010 Site preparation (A) 3 0.04167 0.66 0.5812 

Post-establishment (B) 5 0.08333 0.79 0.5615 

A x B 15 0.33333 1.05 0.4165 

Block  3 0.04167 0.66 0.5812 

Error 69 1.45833   

Total  95 1.95833   

May 2011 Site preparation (A) 3 0 . . 

Post-establishment (B) 5 0 . . 

A x B 15 0 . . 

Block  3 0 . . 

Error 69 0   

Total  95 0   

July 2011 Site preparation (A) 3 0 . . 

Post-establishment (B) 5 0 . . 

A x B 15 0 . . 

Block  3 0 . . 

Error 69 0   

Total  95 0   

September 2011 Site preparation (A) 3 0 . . 

Post-establishment (B) 5 0 . . 

A x B 15 0 . . 

Block  3 0 . . 

Error 69 0   

Total  95 0   
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Appendix 2.6. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent cover of bare soil and the percent cover of bare soil over 

one year in trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 0.0714 0.34 0.7952 

Post-establishment (B) 6 0.1786 0.43 0.8588 

A x B 18 1.1786 0.94 0.5349 

Block  3 0.3571 1.71 0.1717 

Error 81 5.6429   

Total  111 7.4286   

May 2011 Site preparation (A) 3 739.9286 8.81 <0.0001 

Post-establishment (B) 6 168.1071 1.00 0.4310 

A x B 18 704.8214 1.40 0.1555 

Block  3 408.0714 4.86 0.0037 

Error 81 2268.9286   

Total  111 4289.8571   

July 2011 Site preparation (A) 3 8.8929 6.30 0.0007 

Post-establishment (B) 6 2.6786 0.95 0.4651 

A x B 18 9.1071 1.08 0.3912 

Block  3 0.8929 0.63 0.5961 

Error 81 38.1071   

Total  111 59.6786   

September 2011 Site preparation (A) 3 0.3839 2.30 0.0836 

Post-establishment (B) 6 0.5893 1.76 0.1169 

A x B 18 1.0536 1.05 0.4151 

Block  3 0.2411 1.44 0.2362 

Error 81 4.5089   

Total  111 6.7768   

 

 

 

 

 

 

 

 

 

 

 



 130 

Appendix 2.7. Preliminary percent cover of bare soil and percent cover of bare soil following 

post-establishment treatments in (a) trial one over two years and in (b) trial two over one year.  

 (a) 

Within each column, means followed by the same letter are not significantly different according 

to Tukey’s Standardized Range (HSD) test (P=0.05). 

(b) 

 

 

Treatments 

Percent Cover of Bare Soil 

2010  2011 

Aug 

(preliminary) 

 May Jul Sep 

Control 
0.1 a 

 
8.4 a 0.0 a 0.0 a 

Sclerotinia minor 
0.1 a 

 
8.0 a 0.3 a 0.0 a 

Lactic/citric acid 
0.0 a 

 
8.1 a 0.1 a 0.0 a 

Corn gluten meal 
0.1 a 

 
4.6 a 0.0 a 0.0 a 

Chelated-iron (0.5 g a.i. m
-2

) 
0.1 a 

 
8.2 a 0.4 a 0.1 a 

Chelated-iron (1.0 g a.i. m
-2

) 
0.1 a 

 
7.8 a 0.3 a 0.0 a 

Mecoprop/2,4,-D/dicamba 
0.1 a 

 
7.4 a 0.3 a 0.2 a 

Sod 
0.0 a 

 
0.0 b 0.0 a 0.0 a 

Within each column, means followed by the same letter are not significantly different according 

to Tukey’s Standardized Range (HSD) test (P=0.05). 

 

 

Treatment 

Percent Cover of Bare Soil 

2009  2010  2011 

Aug 

(preliminary) 
 May Jul Sep  May Jul Sep 

Control 
0.9 a 

 
24.8 a 0.2 a 0.1 a 

 
0.0 a 0.0 a 0.0 a 

Sclerotinia minor 
0.8 a 

 
22.0 a 0.0 a 0.0 a 

 
0.0 a 0.0 a 0.0 a 

Lactic/citric acid 
0.6 a 

 
18.2 a 0.1 a 0.0 a 

 
0.0 a 0.0 a 0.0 a 

Corn gluten meal 
1.7 a 

 
17.7 a 0.0 a 0.1 a 

 
0.0 a 0.0 a 0.0 a 

Chelated-iron 
0.6 a 

 
24.8 a 0.0 a 0.0 a 

 
0.0 a 0.0 a 0.0 a 

Mecoprop/ 

2,4,-D/dicamba 

0.9 a 
 

22.2 a 0.0 a 0.0 a 
 

0.0 a 0.0 a 0.0 a 

Sod 
0.8 a 

 
0.0 b 0.0 a 0.0 a 

 
0.0 a 0.0 a 0.0 a 
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Appendix 2.8. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent Taraxacum officinale (PDC) and the PDC over two years 

in trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 37.0833 0.66 0.5816 

Post-establishment (B) 5 72.5000 0.77 0.5745 

A x B 15 234.4167 0.83 0.6416 

Block  3 33.4167 0.59 0.6226 

Error 69 1299.0833   

Total  95 1676.5000   

May 2010 Site preparation (A) 3 68.3646 6.40 0.0007 

Post-establishment (B) 5 37.8438 2.12 0.0727 

A x B 15 42.4479 0.79 0.6795 

Block  3 12.4479 1.16 0.3295 

Error 69 245.8021   

Total  95 406.9063   

July 2010 Site preparation (A) 3 35.0313 2.56 0.0620 

Post-establishment (B) 5 553.0521 24.25 <0.0001 

A x B 15 78.1563 1.14 0.3375 

Block  3 13.03125 0.95 0.4203 

Error 69 314.7188   

Total  95 993.9896   

September 2010 Site preparation (A) 3 56.0833 1.67 0.1813 

Post-establishment (B) 5 1231.9583 22.02 <0.0001 

A x B 15 184.7917 1.10 0.3720 

Block  3 75.0833 2.24 0.0916 

Error 69 771.9167   

Total  95 2319.8333   

May 2011 Site preparation (A) 3 3.1146 0.21 0.8859 

Post-establishment (B) 5 250.9271 10.38 <0.0001 

A x B 15 90.9479 1.25 0.2556 

Block  3 14.0313 0.97 0.4134 

Error 69    

Total  95    

July 2011 Site preparation (A) 3 29.6667 0.88 0.4574 

Post-establishment (B) 5 1107.2083 19.64 <0.0001 

A x B 15 493.9583 2.92 0.0013 

Block  3 216.9167 6.41 0.0007 

Error 69 778.0833   

Total  95 2625.8333   

September 2011 Site preparation (A) 3 143.8646 4.02 0.107 

Post-establishment (B) 5 1271.6771 21.32 <0.0001 

A x B 15 189.9479 1.06 0.4070 

Block  3 203.7813 5.70 0.0015 

Error 69 822.9688   

Total  95 2632.2396   
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Appendix 2.9. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent Taraxacum officinale cover (PDC) and the PDC over one 

year in trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 63.9554 1.35 0.2626 

Post-establishment (B) 6 72.1071 0.76 0.6005 

A x B 18 366.1071 1.29 0.2150 

Block  3 263.1696 5.57 0.0016 

Error 81 1274.5804   

Total  111 2039.9196   

May 2011 Site preparation (A) 3 16.2143 0.73 0.5357 

Post-establishment (B) 6 73.37500 1.66 0.1423 

A x B 18 141.4107 1.06 0.4020 

Block  3 62.2143 2.81 0.0446 

Error 81 597.7857   

Total  111 891.0000   

July 2011 Site preparation (A) 3 13.6071 3.01 0.0349 

Post-establishment (B) 6 84.4286 9.34 <0.0001 

A x B 18 42.1429 1.55 0.0931 

Block  3 5.4643 1.21 0.3118 

Error 81 122.0357   

Total  111 267.6786   

September 2011 Site preparation (A) 3 23.0267857 1.26 0.2931 

Post-establishment (B) 6 543.9642857 14.90 <0.0001 

A x B 18 129.0357143 1.18 0.2984 

Block  3 16.5267857 0.91 0.4422 

Error 81 492.723214   

Total  111 1205.276786   
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Appendix 2.10. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent Medicago lupulina cover (PMC) and the PMC over two 

years in trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 43.6979 0.30 0.8249 

Post-establishment (B) 5 358.1771 1.48 0.2083 

A x B 15 363.6146 0.50 0.9325 

Block  3 896.6146 6.17 0.0009 

Error 69 3344.6354   

Total  95 5006.7396   

May 2010 Site preparation (A) 3 8.2083 0.74 0.5346 

Post-establishment (B) 5 30.0000 1.61 0.1684 

A x B 15 55.4167 0.99 0.4726 

Block  3 79.2083 7.09 0.0003 

Error 69 256.7917   

Total  95 429.6250   

July 2010 Site preparation (A) 3 74.4583 1.46 0.2335 

Post-establishment (B) 5 2980.7500 35.03 <0.0001 

A x B 15 92.4167 0.36 0.9843 

Block  3 86.7083 1.70 0.1754 

Error 69 1174.2917   

Total  95 4408.6250   

September 2010 Site preparation (A) 3 23.2813 0.38 0.7642 

Post-establishment (B) 5 2045.4271 20.29 <0.0001 

A x B 15 216.5313 0.72 0.7601 

Block  3 9.2813 0.15 0.9271 

Error 69 1390.9688   

Total  95 3685.4896   

May 2011 Site preparation (A) 3 19.5833 0.56 0.6438 

Post-establishment (B) 5 357.7083 6.13 <0.0001 

A x B 15 171.0417 0.98 0.4886 

Block  3 21.8333 0.62 0.6023 

Error 69 805.6667   

Total  95 1375.8333   

July 2011 Site preparation (A) 3 49.7500 0.35 0.7895 

Post-establishment (B) 5 672.4583 2.84 0.0218 

A x B 15 796.6250 1.12 0.3561 

Block  3 318.3333 2.24 0.0916 

Error 69 3272.1667   

Total  95 5109.3333   

September 2011 Site preparation (A) 3 18.4479 0.22 0.8791 

Post-establishment (B) 5 782.8021 5.72 0.0002 

A x B 15 229.7396 0.56 0.8956 

Block  3 1148.7813 13.98 <0.0001 

Error 69 1889.9688   

Total  95 4069.7396   
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Appendix 2.11. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent Medicago lupulina cover (PMC) and the PMC over one 

year in trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 30.5268 0.36 0.7816 

Post-establishment (B) 6 133.0536 0.79 0.5835 

A x B 18 569.1607 1.12 0.3486 

Block  3 300.6696 3.55 0.0180 

Error 81 2285.5804   

Total  111 3318.9911   

May 2011 Site preparation (A) 3 2.3571 0.67 0.5733 

Post-establishment (B) 6 9.7143 1.38 0.2329 

A x B 18 16.6429 0.79 0.7083 

Block  3 3.9286 1.12 0.3477 

Error 81 95.0714   

Total  111 127.7143   

July 2011 Site preparation (A) 3 452.6696 2.57 0.0598 

Post-establishment (B) 6 1288.8571 3.66 0.0029 

A x B 18 1413.1429 1.34 0.1875 

Block  3 135.7411 0.77 0.5135 

Error 81 4753.0089   

Total  111 8043.4196   

September 2011 Site preparation (A) 3 41.2143 0.81 0.4910 

Post-establishment (B) 6 459.5893 4.53 0.0005 

A x B 18 265.4107 0.87 0.6131 

Block  3 208.7857 4.11 0.0091 

Error 81 1370.7143   

Total  111 2345.7143   
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Appendix 2.12. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent Trifolium spp. Cover (PCC) and the PCC over two years in 

trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 23.8750 0.31 0.8191 

Post-establishment (B) 5 163.7083 1.27 0.2870 

A x B 15 619.3750 1.60 0.0962 

Block  3 128.4583 1.66 0.1836 

Error 69 1779.5417   

Total  95 2714.9583   

May 2010 Site preparation (A) 3 1.6146 0.14 0.9365 

Post-establishment (B) 5 9.5938 0.49 0.7793 

A x B 15 72.1979 1.24 0.2644 

Block  3 1.5313 0.13 0.9410 

Error 69 267.7188   

Total  95 352.6563   

July 2010 Site preparation (A) 3 6.1667 1.65 0.1850 

Post-establishment (B) 5 29.8333 4.80 0.0008 

A x B 15 14.8333 0.80 0.6781 

Block  3 16.7500 4.49 0.0061 

Error 69 85.7500   

Total  95 153.3333   

September 

2010 

Site preparation (A) 3 3.7813 0.10 0.9617 

Post-establishment (B) 5 476.8021 7.30 <0.0001 

A x B 15 168.4063 0.86 0.6098 

Block  3 51.9479 1.33 0.2729 

Error 69 900.8021   

Total  95 1601.7396   

May 2011 Site preparation (A) 3 18.2083 0.15 0.9264 

Post-establishment (B) 5 799.3333 4.07 0.0027 

A x B 15 736.9167 1.25 0.2571 

Block  3 149.8750 1.27 0.2906 

Error 69 2708.6250   

Total  95 4412.9583   

July 2011 Site preparation (A) 3 593.1146 1.62 0.1917 

Post-establishment (B) 5 10003.1771 16.44 <0.0001 

A x B 15 2138.9479 1.17 0.3144 

Block  3 641.9479 1.76 0.1633 

Error 69 8398.3021   

Total  95 21775.4896   

September 

2011 

Site preparation (A) 3 12.8646 0.15 0.9293 

Post-establishment (B) 5 2595.0521 18.17 <0.0001 

A x B 15 342.5729 0.80 0.6739 

Block  3 325.1146 3.79 0.0140 

Error 69 1970.6354   

Total  95 5246.2396   
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Appendix 2.13. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent Trifolium spp. cover (PCC) and the PCC over one year in 

trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 69.7411 1.11 0.3500 

Post-establishment (B) 6 84.0893 0.67 0.6747 

A x B 18 239.6964 0.64 0.8608 

Block  3 987.8125 15.72 <0.0001 

Error 81 1696.4375   

Total  111 3077.7768   

May 2011 Site preparation (A) 3 25.8214 0.55 0.6509 

Post-establishment (B) 6 73.9821 0.78 0.5842 

A x B 18 270.8036 0.96 0.5149 

Block  3 72.1786 1.53 0.2126 

Error 81 1272.3214   

Total  111 1715.1071   

July 2011 Site preparation (A) 3 325.0268 1.09 0.3565 

Post-establishment (B) 6 8129.5893 13.68 <0.0001 

A x B 18 1752.9107 0.98 0.4867 

Block  3 1714.0268 5.77 0.0013 

Error 81 8021.7232   

Total  111 19943.2768   

September 

2011 

Site preparation (A) 3 87.2857 0.82 0.4855 

Post-establishment (B) 6 4529.9286 21.33 <0.0001 

A x B 18 1009.2143 1.58 0.0841 

Block  3 639.0714 6.02 0.0009 

Error 81 2866.9286   

Total  111 9132.4286   
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Appendix 2.14. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent cover of ‘other’ weeds and the percent cover of ‘other’ 

weeds over two years in trial one. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2009 

(preliminary 

assessment) 

Site preparation (A) 3 136.2813 2.67 0.0545 

Post-establishment (B) 5 41.1771 0.48 0.7874 

A x B 15 180.5313 0.71 0.7694 

Block  3 598.4480 11.71 <0.0001 

Error 69 1175.3021   

Total  95 2131.7396   

May 2010 Site preparation (A) 3 5.4479 0.32 0.8083 

Post-establishment (B) 5 30.9271 1.10 0.3674 

A x B 15 79.3646 0.94 0.5231 

Block  3 26.44796 1.57 0.2044 

Error 69 387.3021   

Total  95 529.4896   

July 2010 Site preparation (A) 3 48.8646 2.79 0.0469 

Post-establishment (B) 5 91.4688 3.13 0.0132 

A x B 15 46.0729 0.53 0.9174 

Block  3 42.3646 2.42 0.0736 

Error 69 402.8854   

Total  95 631.6563   

September 2010 Site preparation (A) 3 107.2813 3.27 0.0262 

Post-establishment (B) 5 784.5938 14.36 <0.0001 

A x B 15 123.2813 0.75 0.7238 

Block  3 30.5313 0.93 0.4305 

Error 69 754.2188   

Total  95 1799.9063   

May 2011 Site preparation (A) 3 92.7813 2.33 0.0814 

Post-establishment (B) 5 616.8021 9.31 <0.0001 

A x B 15 167.6563 0.84 0.6271 

Block  3 163.1979 4.11 0.0097 

Error 69 914.0521   

Total  95 1954.4896   

July 2011 Site preparation (A) 3 82.2500 2.45 0.0706 

Post-establishment (B) 5 278.5833 4.98 0.0006 

A x B 15 156.0000 0.93 0.5356 

Block  3 5.7500 0.17 0.9153 

Error 69 771.2500   

Total  95 1293.8333   

September 2011 Site preparation (A) 3 61.9479 2.36 0.0788 

Post-establishment (B) 5 152.8438 3.50 0.0071 

A x B 15 195.6146 1.49 0.1328 

Block  3 86.5313 3.30 0.0254 

Error 69 603.2188   

Total  95 1100.1563   
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Appendix 2.15. Results of the analysis of variance of the site preparation and post-establishment 

treatments for the preliminary percent cover of ‘other’ weeds and the percent cover of ‘other’ 

weeds over one year in trial two. 

Date Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

August 2010 

(preliminary 

assessment) 

Site preparation (A) 3 16.9286 0.54 0.6555 

Post-establishment (B) 6 8.5893 0.14 0.9910 

A x B 18 231.1964 1.23 0.2570 

Block  3 15.3571 0.49 0.6896 

Error 81 844.6429   

Total  111 1116.7143   

May 2011 Site preparation (A) 3 13.0357 0.95 0.4224 

Post-establishment (B) 6 36.5893 1.33 0.2544 

A x B 18 137.3393 1.66 0.0644 

Block  3 78.9643 5.73 0.0013 

Error 81 372.0357   

Total  111 637.9643   

July 2011 Site preparation (A) 3 9.0268 1.52 0.2158 

Post-establishment (B) 6 44.3393 3.73 0.0025 

A x B 18 58.6607 1.65 0.0680 

Block  3 8.8125 1.48 0.2253 

Error 81 160.4375   

Total  111 281.2768   

September 2011 Site preparation (A) 3 6.7411 0.67 0.5759 

Post-establishment (B) 6 87.3571 4.31 0.0008 

A x B 18 52.5714 0.86 0.6210 

Block  3 2.5982 0.26 0.8566 

Error 81 273.6518   

Total  111 422.9196   
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Appendix 2.16. Preliminary percent cover of weeds designated to the ‘other’ category and 

percent cover of ‘other’ weeds following post-establishment treatments in (a) trial one over two 

years and in (b) trial two over one year. 

(a) 

Within each column, means followed by the same letter are not significantly different according 

to Tukey’s Standardized Range (HSD) test (P=0.05). 

(b)  

 Percent Cover of Other Weeds 

 

Treatments 

2010  2011 

Aug. 

(preliminary) 

 May Jul. Sep. 

Control 
3.1 a 

 
2.8 a 0.8 ab 2.3 a 

Sclerotinia minor 
2.2 a 

 
2.1 a 1.4 ab 1.3 ab 

Lactic/citric acid 
2.8 a 

 
1.8 a 0.9 ab 0.9 ab 

Corn gluten meal 
2.3 a 

 
2.8 a 1.6 a 2.3 a 

Chelated-iron (0.5 g a.i. m
-2

) 
2.7 a 

 
2.2 a 0.1 b 0.0 b 

Chelated-iron (1.0 g a.i. m
-2

) 
2.5 a 

 
2.9 a 0.0 b 0.3 ab 

Mecoprop/2,4,-D/dicamba 
2.7 a 

 
1.2 a 0.1 b 0.1 b 

Sod 
1.7 a 

 
0.0 a 0.0 b 0.0 b 

Within each column, means followed by the same letter are not significantly different according 

to Tukey’s Standardized Range (HSD) test (P=0.05). 

 

 Percent Cover of Other Weeds 

Treatment 

2009  2010  2011 

Aug 

(preliminary) 
 May Jul Sep  May Jul Sep 

Control 
5.4 a 

 
1.3 a 2.9 a 6.9 a 

 
6.5 a 2.9 ab 3.3 ab 

Sclerotinia minor 
4.1 a 

 
0.6 a 1.1 a 5.8 a 

 
7.0 a 2.0 ab 4.6 a 

Lactic/citric acid 
4.7 a 

 
1.9 a 1.3 a 6.5 a 

 
4.2 ab 4.1 a 3.6 ab 

Corn gluten meal 
6.3 a 

 
2.1 a 3.1 a 6.9 a 

 
5.9 a 4.2 a 4.2 a 

Chelated-iron 
5.2 a 

 
1.7 a 0.6 a 0.9 b 

 
1.6 bc 0.0 b 1.0 b 

Mecoprop/ 

2,4,-D/dicamba 

5.2 a 
 

2.2 a 1.0 a 0.2 b 
 

0.3 c 0.1 b 1.9 ab 

Sod 
8.0 a 

 
0.0 a 0.0 a 0.0 b 

 
0.0 c 0.0 b 0.0 b 
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Appendix 2.17. Results of the analysis of variance of the site preparation and post-establishment 

treatments for visual ratings of turfgrass cover following the National Turfgrass Evaluation 

Program (NTEP) standards (Morris and Shearman, 1999). 

Trial Date Source Degrees 

Freedom 

Sum of 

Squares 

F-value Pr>F 

1 September 

2010 

Site preparation (A) 3 3.9479 1.13 0.3428 

Post-establishment 

(B) 

5 168.4271 28.94 <0.0001 

A x B 15 17.3646 0.99 0.4760 

Block  3 13.4479 3.85 0.0131 

Error 69 80.3021   

Total  95 238.4896   

1 September 

2011 

Site preparation (A) 3 1.7500 0.55 0.6527 

Post-establishment 

(B) 

5 374.9583 70.16 <0.0001 

A x B 15 13.125 0.82 0.6538 

Block  3 4.25 1.33 0.2732 

Error 69 73.7500   

Total  95 467.8333   

2 September 

2011 

Site preparation (A) 3 9.3839 3.19 0.0281 

Post-establishment 

(B) 

6 366.9285 62.30 <0.0001 

A x B 18 18.9286 1.07 0.3953 

Block  3 28.7411 9.76 <0.0001 

Error 81 79.5089   

Total  111 503.4911   
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Appendix 2.18. Results of the analysis of variance of the site preparation and post-establishment 

treatments for visual ratings of turfgrass colour following the National Turfgrass Evaluation 

Program (NTEP) standards (Morris and Shearman, 1999), in trial one. 

Trial Date Source Degrees 

Freedom 

Sum of 

Squares 

F-value Pr>F 

1
*
 September 

2010 

Site preparation (A) 3 0 . . 

Post-establishment (B) 5 0 . . 

A x B 15 0 . . 

Block  3 0 . . 

Error 69 0   

Total  95 0   

1
**

 September 

2011 

Site preparation (A) 3 0.0000 . . 

Post-establishment (B) 5 13.3333 Infinity <0.0001 

A x B 15 0.0000 . . 

Block  3 0.0000 . . 

Error 69 0.0000   

Total  95 13.3333   

2 September 

2011 

Site preparation (A) 3 1.1696 1.67 0.1791 

Post-establishment (B) 6 6.3214 27.14 <0.0001 

A x B 18 0.2579 1.11 0.3607 

Block  3 2.8839 4.13 0.0089 

Error 81 18.8661   

Total  111 65.4911   

 
*
No differences in visual colour rating among plots. All plots received the same rating.  

**
All plots except those treated with chelated iron received the same visual turfgrass rating.  
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Appendix 2.19. Results of the analysis of variance of the site preparation and post-establishment 

treatments for visual ratings of turfgrass quality following the National Turfgrass Evaluation 

Program (NTEP) standards (Morris and Shearman, 1999), in trial one. 

Trial Date Source Degrees 

Freedom 

Sum of 

Squares 

F-value Pr>F 

1 September 

2010 

Site preparation (A) 3 0.3333 1.80 0.1546 

Post-establishment (B) 5 0.3333 1.08 0.3779 

A x B 15 1.6667 1.80 0.0516 

Block  3 0.7500 4.06 0.0102 

Error 69 4.2500   

Total  95 7.3333   

1 September 

2011 

Site preparation (A) 3 0.5417 0.97 0.4101 

Post-establishment (B) 5 1.5833 1.71 0.1443 

A x B 15 1.3333 0.48 0.9433 

Block  3 4.7083 8.47 <0.0001 

Error 69 12.7917   

Total  95 20.9583   

2 September 

2011 

Site preparation (A) 3 1.6429 3.61 0.0167 

Post-establishment (B) 6 9.7143 10.67 <0.0001 

A x B 18 2.3571 0.86 0.6223 

Block  3 0.7143 1.57 0.2031 

Error 81 12.2857   

Total  111 26.7143   
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Appendix 2.20. Results of the analysis of variance of the iron (mg/L dry soil) content (collected 

on October 13
th
, 2011) among the post-establishment treatments in both trials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trial Source Degrees 

Freedom 

Sum of Squares F-value Pr>F 

1 Post-establishment 

(A) 

6 274.3166 0.59 0.7576 

Block (B) 3 177.1131 0.77 0.6633 

A x B 17 501.2244 0.38 0.8752 

Error 1 76.8800   

Total  27 1034.7268   

2 Post-establishment 

(A) 

6 1233.5193 4.29 0.0074 

Block (B) 5 1339.6925 9.31 0.0006 

A x B 15 0.0000   

Error 3 863.0750   

Total  69 3436.2868   
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Appendix 3.1. Results of the mixed procedure analysis of variance (ANOVA) of disease severity 

ratings repeated over time, for each temperature and leaf wetness duration in (a) trial A, (b) trial 

B, and (c) trial C.  

(a) Trial A 

Effect Numerator 

Degrees of 

Freedom 

Denominator 

Degrees of 

Freedom 

F Value Pr>F 

Temperature 4 9552 181.15 <0.0001 

Leaf Wetness 

Duration (LWD) 

12 9552 276.02 <0.0001 

Temperature*LWD 48 9552 16.45 <0.0001 

 

(b) Trial B 

Effect Numerator 

Degrees of 

Freedom 

Denominator 

Degrees of 

Freedom 

F Value Pr>F 

Temperature 4 9552 75.39 <0.0001 

Leaf Wetness 

Duration (LWD) 

12 9552 167.87 <0.0001 

Temperature*LWD 48 9552 13.75 <0.0001 

 

(c) Trial C 

Effect Numerator 

Degrees of 

Freedom 

Denominator 

Degrees of 

Freedom 

F Value Pr>F 

Temperature 4 9552 429.88 <0.0001 

Leaf Wetness 

Duration (LWD) 

12 9552 114.82 <0.0001 

Temperature*LWD 48 9552 5.66 <0.0001 
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Appendix 3.2. Results of the mixed procedure analysis of variance (ANOVA) of the final disease 

severity at each leaf wetness duration treatment and temperature in (a) trial A, (b) trial B, and (c) 

trial C.  

(a) Trial A 

Effect Numerator 

Degrees of 

Freedom 

Denominator 

Degrees of 

Freedom 

F Value Pr > F 

Temperature 4 72 6.82 0.0001 

Leaf Wetness 

Duration (LWD) 

4 72 4.63 0.0022 

Temperature*LWD 16 72 1.14 0.3397 

 

(b) Trial B 

Effect Numerator 

Degrees of 

Freedom 

Denominator 

Degrees of 

Freedom 

F Value Pr > F 

Temperature 4 72 3.43 0.0127 

Leaf Wetness 

Duration (LWD) 

4 72 0.95 0.4413 

Temperature*LWD 16 72 2.36 0.0070 

 

(c) Trial C  

Effect Numerator 

Degrees of 

Freedom 

Denominator 

Degrees of 

Freedom 

F Value Pr > F 

Temperature 4 72 71.10 <0.0001 

Leaf Wetness 

Duration (LWD) 

4 72 1.69 0.0212 

Temperature*LWD 16 72 0.99 0.2635 
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Appendix 3.3. Final dry biomass (g) of T. officinale plants upon completion of controlled 

environment study by (a) temperature treatment and by (b) leaf wetness duration treatment. 

(a) 

Temperature (
o
C) 

Final Biomass (g) 

Trial A Trial B Trial C 

12 Data missing 0.00 a 0.08 a 

16 Data missing 0.00 a 0.04 a 

20 Data missing 0.00 a 0.02 a 

24 Data missing 0.01 a 0.05 a 

28 Data missing 0.04 a 0.02 a 

Within each column, means followed by the same letter are not significantly different according 

to Tukey-Kramer test (P=0.05). 

(b) 

Leaf Wetness 

Duration (hrs) 

Final Biomass (g) 

Trial A Trial B Trial C 

0 Data missing 0.01 a 0.03 a 

8 Data missing 0.03 a 0.03 a 

16 Data missing 0.01 a 0.04 a 

24 Data missing 0.01 a 0.03 a 

32 Data missing 0.01 a 0.09 a 

40 Data missing 0.01 a 0.05 a 

48 Data missing 0.01 a 0.04 a 

56 Data missing 0.01 a 0.08 a 

64 Data missing 0.01 a 0.05 a 

72 Data missing 0.01 a 0.02 a 

80 Data missing 0.01 a 0.04 a 

88 Data missing 0.01 a 0.03 a 

96 Data missing 0.01 a 0.02 a 

Within each column, means followed by the same letter are not significantly different         

according to Tukey-Kramer test (P=0.05).  
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