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ABSTRACT

The efficacy of chemical fungicides - Abound, Banrot, and ZeroTol, and 

biocontrol agents - PlantShield and SoilGard, were evaluated to control Rhizoctonia root 

rot of bedding plants in a retractable roof greenhouse. The pathogen lacked virulence and 

resulted in up to 7% mortality in control treatments. Comparatively, petunia white had a 

greater mortality than other cultivars. Survival of Abound treated plants was 100% for all 

four experiments. Often, dry weight and quality of plants of all treatments were not 

significantly different from inoculated and untreated control plants. ZeroTol applied at 

the highest recommended rate (20 ml L-1 of water) caused phytotoxicity to cool season 

plants reducing dry weight up to 64% in petunia red. The effectiveness of conventional 

fungicides and biocontrol agents to control Rhizoctonia root rot in bedding plant 

production and simulated landscape conditions cannot be evaluated from the results of 

this study because of low disease severity. 
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1. INTRODUCTION

Bedding plants are grown outdoors during winter and summer months to provide 

seasonal color in landscapes. They have become indispensable items for landscapes and 

their demand and use to beautify the environment has increased since the 1990s and 

continued to grow in recent years (USDA-ERS, 2003). Bedding plants include annual, 

biennial, and perennial plant species. Their flowers and foliage add color and texture to 

the landscapes of homes, public buildings, city streets and parks. The five leading states 

in bedding plant production by value of sales include California, Texas, Michigan, 

Florida, and Ohio (USDA-NASS, 2002). Bedding plants represent the largest fraction of 

floriculture production on a wholesale basis (Dole and Wilkin, 2004; USDA-ERS, 2003). 

Sales value of bedding and garden plants in the United States totaled $2.3 billion in 2003, 

which is almost 50% of total floriculture sales (USDA-ERS, 2003).

The market price of ornamental plants is directly related to their physical 

appearance. The qualitative aspect is very important in floriculture as the industry 

attempts to meet the demands of a more discriminating public. Therefore, a quality crop 

consisting of well grown plants with no blemishes, free of diseases and pests is required 

in today’s competitive environment (Dole and Wilkins, 2004). Growing and maintaining 

healthy plants are the primary objectives of plant growers and bedding plants are no 

exception. Factors affecting plant productivity include disease, insects, weeds, and 

adverse climatic conditions (Lucas, 1998). Disease is one of the key challenges that 

growers face with each crop at any time and its management is always a dilemma. 
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The most commonly encountered disease in bedding plants grown in greenhouses, 

nurseries, and landscapes is Rhizoctonia root rot, a soil borne fungal disease, caused by 

Rhizoctonia solani Kuhn, although several Rhizoctonia species cause root rot (Benson 

and Cartwright, 1996; Dreistadt, 2001). The fungus is found in both cultivated and non-

cultivated arable land in all parts of the world and is capable of attacking a large range of 

host plants causing seed decay, damping-off, stem cankers, root rots, fruit decay, and 

foliage diseases (Baker, 1970; Menzies, 1970; Ogoshi, 1987). The major ornamental 

diseases caused by R. solani include pre and post-emergence damping-off, stem rot, foliar 

blight, and web blight (Benson and Cartwright, 1996). The major anastomosis group AG 

4 is more virulent on bedding plants than other hosts and the range of hosts of R. solani

on ornamentals is over 360 genera listed in the United States (Farr et al., 1989; Stephens 

et al. 1982).  R. solani has long been recognized as a destructive pathogen to ornamentals 

including cool weather bedding plants such as petunia (Petunia spp.) and snapdragon 

(Antirrhinum spp.), as well as warm weather plants such as vinca (Catharanthus roseus).

R. solani spreads through water, tools and anything that carries contaminated soil 

and propagative materials. The optimum temperature for infection for most races is about 

15 oC to 18 oC. However, some races are still active at temperature as high as 35 oC 

(Agrios, 1997). Moderately wet soil encourages growth of R. solani. The Rhizoctonia 

disease can quickly spread among large number of plants and cause a significant 

reduction in quantity and quality of ornamentals. A clean nursery production system, 

including use of pathogen free plant materials, disinfestations of potting substrate and 

pots can reduce the risk of disease. However, because of the ubiquitous nature of R.
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solani, disease outbreaks may occur any time during the growing period. R. solani attack 

is more severe at early stages of plant growth (Benson and Cartwright, 1996). Bedding 

plants are grown from seed in plug trays containing a soilless mix, and these young 

seedlings are quite vulnerable to Rhizoctonia root rot (Lewis and Lumsden, 2001). It is 

crucial that disease control is implemented to prevent plant damage and death, and to 

grow plants to marketable size in as short time as possible. Effective control measures 

can minimize or avoid damage. Therefore, nursery operators often use preventive or 

curative fungicides to reduce the growth, establishment, and spread of soil pathogens.

Chemical control is an integral and one of the most commonly used strategies for 

controlling plant diseases and is comparatively simple and inexpensive (Agrios, 1997; 

Lenteren, 2000; Tweedy, 1983). It is used with increasing intensity because of its 

effectiveness in disease management (Delp, 1983). Fungicides offer effective and 

economical control methods for R. solani in bedding plants. Many different kinds of 

fungicides, such as inorganic compounds (sulfur, copper, bicarbonates), synthetic 

compounds (petroleum derived), botanical (neem and cinnamaldehyde), and beneficial 

microorganisms (mycofungicides) are available for the control of fungal diseases 

(Dreistadt, 2001). Three most commonly used chemical fungicides in nursery and 

floriculture crop production include thiophanate-methyl, chlorothalonil, and mancozeb 

(USDA-NASS, 2002). Fungicides, such as Abound (Azoxystrobin 22.9%), Zerotol 

(Hydrogen dioxide 27%), and Banrot 40% WP (Etridiozole 15% and thiophanate methyl 

25%), are also commonly used for the control of root-rot disease caused by R. solani.



14

Despite the effectiveness of chemical fungicides in controlling R. solani disease, 

they pose threats to human health and pollute the environment (Herr, 1995). The world-

wide threat of environmental pollution is compelling the imposition of new restrictions 

on greenhouse management practices. Major concerns toward contamination of ground 

water resulting from treatment of plants wit h fertilizers and pesticides will only intensify 

in the future. Government agencies are mandating recirculation of fertigation run-off and 

restricted use of pesticides to alleviate these problems. As a result, chemicals for disease 

control inevitably may be subjected to further restriction (Baker, 1992). More 

importantly, pathogens develop resistance to applied chemicals over time. As a result, 

chemicals that were effective previously may become ineffective causing a continuing 

threat to plant protection (Lewis and Lumsden, 2001; Tweedy, 1983). In addition, 

certified organic farmers are prevented from using most pesticides, including those 

commonly used as seed treatments (Gardner and Fravel, 2002). Therefore, there has been 

an increasing interest in alternative and supplemental control measures, such as biological

controls, for plant disease management.

In biological control, naturally occurring organisms, such as fungi, bacteria, and 

organic compounds are used to kill or retard pathogen growth. These beneficial 

organisms are becoming increasingly commercially available to combat plant diseases 

(Dreistadt, 2003). Unfortunately, most of the biological products that are available in the 

market have been developed for agronomic crops and very few have been developed for 

ornamental bedding plants. Information obtained from both conventional and organic 

growers indicate an interest in using biocontrol products, suggesting that the market 
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potential of biocontrol products will increase in coming years. Application of diverse 

biological control strategies have been successful in the greenhouse industry and continue 

to increase. The future success of the biological control industry will depend on further 

research, extension education, business management, and product marketing. Increasing 

demand for organic produce and participation in home gardening activities by pesticide 

wary urban populations has enlarged the market for biological products (Gardner and 

Fravel, 2002).

The principal fungi that are used commercially as biocontrol agents against 

soilborne diseases include Tricoderma spp. and Gliocladium virens. They are mixed with 

growing substrate or can be applied as soil drench. They are effective in reducing the 

incidence of damping-off disease in ornamentals and vegetables caused not only by R. 

solani, but also Pythium, Phytophthora, and Sclerotium (Agrios, 1997; Papavizas, 1992 ). 

T. harzianum has been shown to stimulate the growth of plants, including various 

floricultural and horticultural plants (Chang et al., 1986).

The effectiveness of each control method varies by the type of strategy used and 

the plant species on which it is applied. More scientific efficacy trials are needed to 

demonstrate unbiased information. Such data may be more persuasive for growers and 

extension personnel than reliance on company advertisements alone. Information from 

research studies will allow growers and homeowners to make decisions on what methods 

to use to control disease problems.  Although there are quite a few fungicides available 

for Rhizoctonia root rot control, very little information is available regarding their 
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effectiveness in suppressing the disease in bedding plants. Similarly, information on the 

use of biocontrol agents in bedding plants is scarce. 

Objectives

The objectives of this study were:

1) To evaluate the efficacy of three conventional fungicides, Zerotol, Abound, and 

Banrot, and two biocontrol agents, SoilGard and PlantShield to control 

Rhizoctonia root rot in bedding plant production and in a simulated landscape. 

2) To compare the effectiveness of biocontrol agents versus chemical fungicides.

3) To compare the Rhizoctonia root rot severity in nursery production versus

simulated landscape condition.
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2. LITERATURE REVIEW

2.1 History and development of ornamental horticulture

Ornamental horticulture emerged originally as a hobby pursued by the rich and 

elite people. Religion has also contributed in the development of ornamental horticulture 

as flowers and plants have been used for decorating tables at feasts and other religious 

festivities since ancient times. Today, the ornamental horticultural industry in the United 

States comprises a group of businesses involved in the production and sale of nursery 

stock and floriculture crops, the design of landscapes, and development of recreational 

areas for pleasure. 

The scope and importance of ornamental horticulture has greatly increased along 

with human development. The rural areas are becoming more urbanized with 

accompanying landscaping. This rapid growth of cities, suburbs, and small towns has 

created a great demand on the horticultural industries for goods and services (McDaniel, 

1982). The steady growth of a new housing development in a planned community 

requires landscaping due to an increased willingness and awareness by the general public 

to beautify their homes, businesses, and general environment. Today, ornamentals are an 

integral component of recreational parks and gardens, highways, public and private 

buildings, which provides pleasure and aesthetic value. In 2002, sales of floriculture and 

nursery crops reached $13.8 billion which was an increase of 1.6% compared to 2001 

(USDA-ERS, 2003). The ornamental horticulture industry in the United States comprises 

diverse groups of plants, including bedding plants, bulb crops, floriculture crops (cut 

flowers and potted plants), foliage plants, bare root and container nursery crops, and 
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plants in the landscape including shrubs and trees (Cline et al., 1988). Ornamental crops 

are imported also from other countries, mainly from Canada, to meet the growing 

demand in the country. In the U.S., the import value of ornamental plants’ was $1.2 

billion in 2003 (USDA-ERS, 2004). 

2.2 Bedding plant production and their use

Bedding plants are an important component of ornamental horticulture. They are 

herbaceous plant species primarily grown in outdoor beds to provide colorful blooms or 

foliage in a landscape to add attraction and beautify the surrounding environment. 

Bedding plants comprise a wide variety of seed propagated species, including annual and 

perennial flowers, vegetables, herbs, and other plants grown from cuttings (Cline et al., 

1988). They are generally planted in landscapes of homes, public buildings, city streets 

and parks.

The main floriculture production regions in the U.S. are the Midwest and 

Northeast. Of the $2.3 billion sales from bedding and garden plants in 2003, sales by 

these two regions reached $1 billion (USDA-ERS, 2003). Bedding plants occupy the 

largest portion of floriculture on a wholesale basis (Dole and Wilkin, 2004; USDA-

NASS, 2003). There was no growth in green industry sales in 2001 and 2002. This was 

mainly due to a weak U.S. economy during those two years. However, bedding and 

garden plants and foliage plants registered a 1.5% gain in sales, raising floral crop 

consumption to $5.6 billion in 2002. In 2003, about 50% (2.3 billion) of the total 

floriculture sales in the U.S. were from the bedding and garden plants. This growth was 
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more than $1 billion since 1994 as the demand increased and growers shifted from cut 

flower production (USDA-ERS, 2003). 

Traditionally, bedding plant seeds are direct seeded into trays or flats, and then 

later seedlings are transplanted into packs for sale. Currently, a highly efficient and 

mechanized system is used to produce bedding plants as “plugs”. Plug flats have many 

small cells into which growing mix is filled. Seedlings produced in these plugs are sold to 

other growers for transplanting and finishing before reaching the consumers (Cline et al., 

1988). The demand of bedding plants is increasing and production systems are becoming 

highly modernized. The recent consumption rate of flowering, bedding, and foliage plants 

is $43 per U.S. household, up from $30 in 1995 (USDA-ERS, 2003). On the other hand, 

plant diseases still plague the growers. A high degree of crop uniformity and crop quality 

is essential in order to make a profit from a plug production business; even a low 

infestation of disease is unacceptable (Cline et al., 1988). Therefore, production of 

uniform and disease free plants becomes the highest priority in bedding plant production 

systems. 

Plant growth and development is threatened by diseases, insects, weeds, and 

adverse climatic conditions (Lucas, 1998).  The disease problem is one of the key 

challenges that reduces the quantity and quality of plant produce that ultimately leads to a 

financial loss. It is estimated that agricultural crops worth $9.1 billion are lost to diseases, 

$7.7 billion to insects, and $6.2 billion to weeds each year in the United States despite the 

control measures practiced (Agrios, 1997). 
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2.3 Rhizoctonia root rot of bedding plants

Plant diseases have been with agriculture since it began. Plant pathogenic fungi 

have always challenged growers’ ability to produce food and ornamental crops in 

quantity and of an acceptable quality. Agronomic and horticultural crops are hosts for 

pathogenic fungi (Hewitt, 1998). Even in the United States where the disease 

management technologies are most advanced, more than 50% of crop loss is due to soil 

microbes (Lewis and Papavizas, 1991). 

There are more than 10,000 species of fungi that can cause disease in plants 

(Agrios, 1997). Rhizoctonia root rot is a soil borne fungal disease caused by many 

Rhizoctonia species, but the one most commonly found in floriculture and nurseries is 

Rhizoctonia solani Kuhn (Dole and Wilkin, 2004; Dreistadt, 2001). R. solani is a 

common pathogen of bedding plants grown in greenhouses, nurseries, and landscapes and 

can cause serious root rot (Benson and Cartwright, 1996). It also is one of several 

pathogens that cause damping-off in bedding plants (Cline et al., 1988; Dreistadt, 2001). 

The major ornamental diseases caused by R. solani include pre and post-emergence 

damping-off, root rot, stem rot, foliar blight, and web blight (Agrios, 1997; Benson and 

Cartwright, 1996). R. solani is found in both cultivated and non-cultivated arable land 

throughout the world (Ogoshi, 1987). The pathogenic fungus can infect a wide range of 

plants. Over 360 genera of ornamental plants in the USA are listed as host of R. solani

(Agrios, 1997; Farr et al., 1989). 

Mao et al. (1998) studied the pathogenicity of selected isolates of R. solani, P. 

ultimatum, Sclerotium rolfsii, Fusarium oxysporum f. sp. lycopersici, and Phytophthora 
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capsici in tomato and pepper plants in the greenhouse and field. Among the five 

pathogens, R. solani was found to be the most destructive in both plant species. When 

stand of tomato and pepper seedlings was determined after 30 and 40 days of growth, 

only 44% survival was found in tomato. R. solani was even more virulent in pepper 

resulting in a 0% stand. These results were significantly lower than those obtained from 

the non-infested soilless mix which yielded a stand of 92%.   

Stephens et al. (1982) examined 46 isolates of R. solani from bedding and field 

grown non-bedding plants in Michigan, USA, and found that all bedding plant isolates 

were anastomosis group 4 (AG 4) and were more virulent on bedding plants than other 

host species. In an another virulency study by Sumner et al. (1992) in snap bean in soil 

inoculated with R. solani AG 4, the plant stand and yields were reduced by 75% and 73% 

respectively.

The severity of Rhizoctonia root rot is greatest at the seedling stage. In bedding 

plants grown from seed in plug trays in a soilless mix, young seedlings are more 

vulnerable than mature plants to Rhizoctonia root rot (Dreistadt, 2001; Lewis and 

Lumsden, 2001). Cool weather bedding plants such as petunia (Petunia spp.) and 

snapdragon (Antirrhinum spp.), as well as warm weather plants such as vinca

(Catharanthus roseus), are highly susceptible to R. solani (Dole and Wilkin, 2004; 

Dreistadt, 2001; Farr et al., 1989). Favorable conditions for Rhizoctonia root rot are 

relatively high temperature and intermediate moisture. When the climatic conditions are 

optimum, the disease can quickly grow and spread causing a significant reduction in 

quantity and quality of ornamentals (Dreistadt, 2001). A clean nursery production system,
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including use of pathogen free plant materials, well drained media, disinfestation of 

potting media and pots can reduce the risk of disease (Agrios, 1997; Harris et al., 1994). 

However, because of the ubiquitous nature of R. solani, disease outbreak may occur at

any time during the growing period.  Therefore, its control is important to produce 

healthy and marketable plants, which can ultimately be sold profitably.

2.4 Control methods 

It is crucial that disease control is implemented to prevent plant damage and 

death, and is also necessary to achieve marketable growth attributes in a specific time 

period. The damage can be minimized or avoided by the adoption of effective control 

measures. Therefore, nursery operators often use preventive or curative fungicides to 

reduce the establishment, growth, and spread of soil pathogens. In recent years, the use of 

beneficial organisms to combat pests and diseases on economic crops is also being 

pursued worldwide in an attempt to reduce or eliminate the pesticide application.

2.4.1 Chemical control

Chemical control is the most commonly used method to control plant diseases 

(Agrios, 1997; Cline et al., 1988). It became the most important practice for crop 

protection in European greenhouses in the1950’s. Favorable climatic conditions for the 

rapid reproduction of pest and diseases inside the structure demanded high spray 

frequencies (Lenteren, 2000). Even today, chemical control is the dominant control 

method in those farm communities where there is no perceived premium for using the



23

biological method. Chemicals are not only readily available and relatively inexpensive, 

but also less affected than biological control agents by a wide range of temperatures and 

other environmental conditions. Most row crop farmers use, unless they cater to the 

organic trade, those legal chemical pesticides that provide the most economical control of 

pests (Harman, 2000). In 2000, 2436 metric tons (active ingredient) of agricultural 

chemicals were applied in production of nursery and floriculture crops in six major 

producing states, California, Florida, Michigan, Oregon, Pennsylvania, and Texas, 29% 

of which were fungicides (USDA-NASS, 2002).

Greenhouse and field studies have shown that biological agents are strictly 

preventive, which means they should be applied prior to the occurrence of disease. If the 

disease infection has already occurred, systemic fungicide is the best option for control 

(Harman, 2000). There are many different types of fungicides registered for the control of 

Rhizoctonia diseases on ornamental crops. Fungicides are agents of natural or synthetic 

origin which act to protect plants against invasion by fungi or to eradicate established 

fungal infection. Most fungicides are applied as foliar spray or seed treatments. About 

20% of the total agrochemicals used globally are fungicides. Recent estimates suggest 

that without fungicides one third of crop yields would be lost. The global fungicide sales 

are estimated to be $6.0 billion (Hewitt, 1998). Some of the important fungicides used in 

agriculture are Banrot, Abound, Methyl bromide (MB), Pentachloronitrobenzene 

(PCNB), Benlate, Fludioxonil, Flutolanil (Mao et al., 1998; Strashnow et al., 1985).

Since ornamentals are grown for the aesthetic value but not for consumption, 

concern of residues on plants is not as serious as on food crops. Hence, the chemical 
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control method is used extensively in ornamentals especially when they are produced 

outdoors (Harman, 2000). On the other hand, greenhouse operators are quite sensitive 

about the use of chemical compounds. Due to the confined nature of the system, there has 

been a serious concern about workers safety (Harman, 2000). Additionally, phytotoxic 

effects of fungicides on crops and foliage plants have been reported by greenhouse and 

foliage plant growers. The symptoms may vary by chemical types. Some commonly 

observed symptoms of chemical phytotoxicity include marginal necrosis, chlorotic

patches or spots, and malformed flowers, buds, and young leaves (Dole and Walkins, 

2004). Fungicides based with benzimidazole can cause reduced plant growth and visual 

damage in bedding plants (Iersel and Bugbee, 1996). However, while availability of 

biological control agents remains limited in the market, the use of fungicides still remains 

substantial for plant disease control, especially for foliar pathogens (Lenteren, 2000)

Fungicides are an effective means of soilborne disease control and are extensively 

used in agriculture (Mao et al., 1998). Starting in 1960, it became apparent that 

agricultural chemicals were causing environmental pollution, food contamination, ozone 

depletion, and were inducing pest resistance (Hayes, 1994; Lewis and Papavizas, 1991). 

They also pose a health hazard to farm workers.  As a result, environmentally unfriendly 

toxic chemicals are being banned. The costs to produce and register new pesticide have

escalated also. Therefore, search for disease control measures as alternatives to chemicals 

has become a priority throughout the world (Chet, 1987; Papavizas, 1981) and biocontrol 

technology has been considered as a viable and promising approach for disease reduction 

(Cook and Baker, 1983; Papavizas and Lewis, 1988). Currently, there are few registered 
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fungicides for use in greenhouses. Workers are at greater risk of fungicide exposure in a 

closed greenhouse production system. Therefore, biocontrol has a niche in the 

greenhouse production system (Paulitz and Belanger, 2001).  

2.4.2 Biological control

The idea of biological control methods emerged in the 1960s when several key 

pests in greenhouses developed resistance to pesticides. This compelled a search for 

alternatives to chemical pesticides. Biological control of insects in Europe started over 40 

years ago and is now a well established practice. On the other hand, biological control of 

plant diseases is relatively new. Lately, due to increasing public concern about the 

negative impacts of pesticides on the environment and human health, policy makers and 

government agencies are banning some toxic chemicals or require reduction in the usage 

of certain pesticides (Lenteren, 2000). Many consumers also prefer pesticide free food 

and flowers. The advantages of biological control of diseases include reduced exposure 

of producer and applicator to toxic pesticides, residue free products, and lower risk of 

environmental pollution. 

Biocontrol in greenhouses and commercial nurseries, where environmental 

conditions are controlled, is more successful than under fluctuating field environments 

(Lewis et al., 1990). Maintaining optimum cultural practices which create an environment 

favorable for beneficial organisms is also important for the success of biocontrol. Some 

cultural practices such as intercropping, crop rotation, flooding, fallowing, and manure 

application are commonly used strategies to reduce the disease intensity (Gliessman, 
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1990; Lockeetz, 1983; National Research Council, 1989). Some other strategies such as 

development and use of resistant cultivars, and manipulation of environment for 

greenhouse production systems are also used. 

There are over 80 biocontrol products for soilborne pathogens worldwide. Most of 

these products are formulated with the fungi, Trichoderma and Gliocladium, or the 

bacteria, Pseudomonas and Bacillus.  However, not all of them are registered and 

marketed as biocontrol agents but also as plant growth promoters, plant strengtheners, or 

soil conditioners (Paulitz and Belanger, 2001). Biocontrol agents Trichoderma spp. and 

Gliocladium virens are claimed to be useful against the diseases caused by R. solani, 

Pythium spp., and Phytophthora spp. and are applied as seed dressing or soil treatment 

(Lenteren, 2000).

2.4.2.1 Trichoderma spp.

Trichoderma, a soil borne fungus, is widely distributed throughout the world and 

can be found in all types of soils, especially in those containing organic matter 

(Papavizas, 1985). It survives longer in moist soil than in dry soil (Liu and Baker 1980). 

However, certain isolates can thrive even at -80 bars metric potential (Cook and Baker, 

1983). Effect of temperature on Trichoderma varies by species. Studies reveal that the 

efficacy of T. hamatum in reduction of R. solani disease was greater at a low temperature, 

whereas the efficacy of T. harzianum was superior at a higher temperature. T. hamatum

was found active between 17 oC to 34 oC. However, Tronsmo and Dennis (1977) also 

found the Trichoderma isolates that were still active at temperature as low as 2 oC. 
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Seventy years ago, Weindling (1934) suggested the use of Trichoderma as a 

biocontrol agent against soil borne pathogenic fungi. However, little attention was paid to 

this organism up until the mid 1980’s. Due to increased awareness of the detrimental 

effects of plant protection chemicals to human health and environment, public interest 

towards using biological control is increasing. Today, commercial products that utilize 

Trichoderma as the active biocontrol agent are being formulated and marketed (Chet, 

1987).

T. harzianum strain T-22 (KRL-AG2) was formulated in the late 1980s by the 

protoplast fusion between T-95, a rhizosphere-competent strain of T. harzianum 

originally isolated from Columbian soil (Ahmad and Baker, 1987), and T. harzianum T-

12 from New York soil (Hadar et al., 1984, Statz et al., 1988). T-22 is marketed by 

BioWorks, Geneva, NY, as a granular formulation (Rootshield) or a water-suspendable 

drench containing conidia (PlantShield). This strain can colonize all parts of the root 

system and can be applied as a seed treatment or soil drench. In greenhouse studies, T-22 

controlled R. solani and Pythium. The efficacy of this product is comparable to that of 

fungicides (Harman, 2000). However, it must be applied before the occurrence of disease. 

Other strains of T. harzianum are also marketed under different names, such as T-35 or 

Trichodex from Israel, Binab T from Sweden, and Supresivit from the Czech Republic.

Three main mechanisms involved in antagonism of T. harzianum include 

antibiosis, mycoparasitism, and competition for nutrients and space (Harman, 2000). 

Unlike many other Trichoderma strains, T-22 can be added as spores to the soil, as soil 

drench, or as seed treatment. The strain colonizes the plant roots (Lewis and Papavizas, 
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1984). The concept of competency of strain T-22 to colonize the rhizosphere has been 

extensively tested on many crops. The results indicate that the entire root system gets

colonized regardless of soil type and geographical location (Harman, 2000; Harman and 

Bjorkman, 1998). Trichoderma strain T-22 marketed as Rootshield is as effective as the 

competitive chemical fungicides for the control of R. solani as well as Pythium. However, 

some trials indicated that T-22 based products are less effective in controlling R. solani

and Pythium than chemical fungicides (Harman 2000). The use of T. harzianum for the 

control of crown and root rot in tomato caused by Fusarium oxysporum has also been 

reported. Control of these diseases with fungicides and most fumigants is often 

ineffective (Jarvis, 1988).

2.4.2.2 Trichoderma activity in the greenhouse and the field 

Isolates of Trichoderma have been studied for their effectiveness to control 

damping off, root rot, and fruit rot caused by R. solani in both greenhouse and field 

conditions (Chet, 1987; Lewis et al., 1990; Papavizas, 1985).  Strashnow et al., (1985) 

noted the reduction of tomato fruit rot caused by R. solani by 43% and 85% respectively 

when T. harzianum was applied either to the soil or as a coating on fruits under a

laboratory condition. In field conditions when mixed with naturally-infested soil, T. 

harzianum reduced the inoculum density of R. solani by 85% and fruit rot by 27% to 

51%. T. harzianum inoculation was found to significantly reduce  the damping-off of snap 

bean grown in a soil with a pH of 3.5 (Marshall, 1982). T. harzianum suppressed the 
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damping-off and root rot of canola caused by the virulent isolates of R. solani AG2-1 and 

AG 4 (Kataria and Verma, 1992).

2.4.2.3 Use of Trichoderma in combination with chemical fungicides

Trichoderma species are found to be tolerant to captan, dicloran, thiram and 

verdasan, methyl bromide, PCNB and maneb fungicides (Kuthubutheen and Pugh, 1979;  

Ruppel et al., 1983). This means they have a relative advantage to survive in agricultural 

fields where residues of various pesticides are rather common. This ability of 

Trichoderma provides an opportunity to integrate it with chemical fungicides for better 

control.

Studies show a greater efficacy from the combination of chemical and biocontrol 

agents in controlling R. solani. Curl et al. (1977) observed greater efficacy of 

Trichoderma spp. against R. solani when applied in sterile soil together with small doses 

(2 µg and 10 µg) of PCNB than the biocontrol agent alone. Similarly, a combination of a 

sub-lethal dose of PCNB and T. harzianum reduced Rhizoctonia root rot of eggplant by 

40%, while T. harzianum alone reduced it by 26% (Hadar et al., 1979). 

The root rot and blight of peanut caused by R. solani and S. rolfsii were controlled 

better than methyl bromide application alone. In a peanut field, when T. harzianum was 

applied before planting, but immediately after soil fumigation with methyl bromide (500 

kg/ha), root rot and blight caused by R. solani and S. rolfsii were controlled better than 

with methyl bromide application alone. Additionally, T. harzianum delayed the 

reinfestation of soil in the fumigated field, whereas the field treated with methyl bromide
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alone was reinfested more quickly. The combination of fumigation and T. harzianum 

killed most of the sclerotia of these pathogens in the field ( Elad et al., 1982).

In the greenhouse,  a complete control of root rot of bean caused by R. solani was 

obtained through the use of T. harzianum strain Y in combination with a reduced dose of 

methyl bromide (~200 kg/ha). Similarly, methyl bromide and T. harzianum  provided a 

significantly better control of damping-off of carrot caused by R. solani than methyl 

bromide alone (Strashnow et al., 1985). T. harzianum reduced the pre-emergence 

damping off of carrot by 47%, but when it was combined with MB 200 and 500 kg/ha, 

the disease infestation was reduced by 97% and 100% respectively (Strashnow et al., 

1985). T. harzianum strain T-22 in combination with soil fumigants such as ozone and

methyl bromide has shown to improve crop yields. The fumigation of methyl bromide 

followed by T-22 has shown yield improvement in strawberries. Additionally, T-22 has 

demonstrated effectiveness in controlling fruit and foliar disease when applied as spray to 

the plant parts (Harman 2000).

Studies indicate that neither biocontrol agents nor fungicides can completely kill 

the pathogens. But, in many cases, Trichoderma could be as effective as commonly used

fungicides. Moreover, they survive and even propagate in soil, whereas many chemicals 

degrade after a short time (Chet, 1987). Thus, among several fungal antagonists that have 

potential as biocontrol agents, Trichoderma spp. is a very promising mycoparasite which 

can be applied either alone or in combination with low doses of fungicides.
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2.4.2.4 Trichoderma as a plant growth promoting microorganism 

T. harzianum can be more attractive in crop production because of its ability to 

enhance growth of various floricultural and horticultural crops in addition to controlling 

diseases. Pepper seed planted in the soil containing T. harzianum germinated 2 days 

earlier than in untreated controls (Chet, 1987). Petunias grown in soil mix with T. 

harzianum had significantly greater dry weight and more side branches than the controls. 

In the same study, chrysanthemum plants were significantly taller and heavier than those 

in control or other treatments. Additionally, chrysanthemum plants had an increased

number of blooms. Accelerated flowering and significant increase in plant height was 

found in periwinkle. The growth enhancement effect of Trichoderma spp. in poinsettia 

was also observed by Gracia-Garza (2003). These results were found consistent with 

population densities of T. harzianum higher than 105 colony-forming units per gram of 

soil. Such population densities can be economically feasible by applying the agent to 

propagation beds where rooted cuttings (e.g. chrysanthemum) may carry sufficient thallus 

units to ensure favorable growth when planted (Chang et al., 1986). Trichoderma strain 

T-22 has also been found to induce rooting of tomato cuttings and the result was as 

effective as commercial rooting hormones (Harman, 2000). Therefore, T-22 and other 

strains of Trichoderma not only suppress the activity of pathogens but also enhance root 

growth and plant development. 
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2.4.2.5 Gliocladium virens

G. virens, the active component in SoilGard 12G, is a naturally occurring soil 

fungus which is antagonistic to plant pathogens including Rhizoctonia and Pythium

(Papavizas, 1985). The fungus is widely distributed in almost all types of soils in the 

world. G. virens was isolated from soil in Maryland in the late 1980s. The G. virens

product was developed by the Biocontrol of Plant Disease Laboratory, USDA-ARS, 

Beltsville, MD (Paulitz and Belanger, 2001). G. virens reduces damping-off diseases of 

ornamentals caused by R. solani and Pythium ultimatum, and was the first fungus product 

registered for use to control soil borne plant pathogens in the United States (Lewis and 

Papavizas, 1991).

The ability of G.  virens for the control of soilborne disease of tomatoes caused by 

R. solani and P.  ultimatum alone or in combination with Sclerotium rolfsii and Fusarium 

oxysporum f. sp. lycopersici (FOL) was studied in greenhouses and fields. G. virens used 

as treatment for tomato and pepper seeds to control damping-off caused by combined 

pathogens in soilless mix was determined after 30 and 40 days of growth for tomato and 

pepper seedlings.  Tomato seed treated with G. virens resulted in 96% seedling stand in 

the greenhouse, which was significantly higher than that from untreated seeds (45%) in a 

soilless mix infested with pathogens. G. virens treatment of pepper seeds also provided 

significantly better seedling stand (66%) compared to that of untreated seed in pathogen-

infested mix (49%). There was no increase in pepper seedling stand (57%) when seeds 

were treated with the fungicide thiram (Mao et al 1998). 
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Tomato, 30 days old, and pepper, 40 days old, seedlings raised in plug trays from 

untreated and treated seeds with the appropriate root drenches were transplanted to the 

field. Plants were examined for their stand, fresh weight, disease severity index (DSI), 

and fruit yield 120 days after seeding. The tomato plant stand from the application of G. 

virens was comparable to that of healthy plants in non-infested control and the fresh 

weight of tomato plants was greater compared to plants in pathogen-infested control. 

Biocontrol agents significantly reduced the DSI. Similar results were obtained for pepper. 

Plants treated with G. virens had a greater stand (>90%), fresh weight, yield, and lower 

DSI value than the pathogen infested control (Mao et al., 1998). In a greenhouse study, 

G. virens applied as soil drench significantly controlled the R. solani on peas. In the same 

study, G. virens provided a significant control of Pythium ultimum on cucumber. The 

efficacy of G. virens against P.ultimum was lower than against R. solani (Koch, 1999). 

2.5 Biological control: constraints and restrictions 

Many biocontrol products containing fungi are successful in laboratory and 

greenhouses, but fail when used in field conditions. This is generally due to resistance of 

the soil environment to introduced antagonists of fungistasis and competition, and 

prevention in production of antibiotics and enzymes (Lewis and Papavizas, 1991).  

Furthermore, the activity of biocontrol agents in the field is also greatly influenced by 

extrinsic environmental factors such as soil temperature, humidity, and pH (Baker and 

Scher, 1987). On the other hand, pesticides used for chemical control are less affected by 

such factors. This is one reason why the biological control method is still not used much 
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in agriculture. Hence, establishing and enhancing the activity of biocontrol  agents under 

field conditions are also essential for their success in managing plant diseases and their 

acceptance in commercial disease management.

Biological products are very specific in their action. Most of the commercially 

available biological control products are developed against the soilborne pathogens 

Rhizoctonia and Pythium, which leads to a narrow market potential (Fravel, 1999; Lewis

et al., 1989). People are more concerned about the possible risks of products to their 

health and environment. Growers are reluctant to use any products without knowing their

advantages and disadvantages. The information about biological products is limited. 

Generally, biologicals are more expensive than pesticides and the data on their efficacy 

are scarce. In 1993, sale of biofungicides was less than $1 million, whereas total 

fungicides sales exceeded $ 5.5 billion (Paulitz and Belanger, 2001)  
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3. MATERIALS AND METHODS

3.1 Source and culture of Rhizoctonia

The fungal plant pathogen, Rhizoctonia solani, was isolated from samples of 

diseased vinca (Catharanthus roseus) roots and stems collected from the University of 

Arizona Campus, Tucson, Arizona. The pathogen was confirmed by culturing the root 

and stem pieces in petri dishes containing water agar medium (Davey and Papavizas, 

1962).

Barley seed was used to prepare inoculum of the pathogen for infestation of 

growing substrate. Seeds (3 kg) were washed and soaked overnight and autoclaved at 

121oC for 15 min.  Barley seeds were inoculated with agar plugs from a 3 day old PDA 

culture and placed into an incubator at 30 oC for 3 to 5 days depending upon the growth 

rate of isolates. Inoculated seeds were dried in paper bags under forced air at 30 oC for 2 

to 3 days and stored in paper bags at room temperature (21oC). 

A preliminary test was performed in order to examine the virulence of R. solani

isolated from vinca. Snapdragon and petunia plugs were planted in Sunshine Mix # 1 

(Sun Gro Horticulture Canada Ltd., Seba Beach, Canada) in six-cell pony packs (112 

cm3/cell). The substrate was inoculated with different rates of the pathogen cultured in 

barley seeds. Results indicated that the isolates caused damage to test plants within 3-4 

days. The pathogen was confirmed by isolation and examination under the microscope. 

The dose of the inoculum to be used for the subsequent experiment was also determined 

through this test. 
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3.2 Growing conditions and treatments

Cool and warm season plants were grown on elevated tables in pony packs 

(nursery phase testing) or 6-liter pots (landscape phase testing) inside the retractable roof 

greenhouse (RRGH) and were irrigated through overhead sprinklers. The roof (50% 

shade) was kept open in winter/spring and closed in summer during the day time, 

whereas side walls were kept closed in winter/spring and open in summer during the day 

time to facilitate ventilation. Plants for the experiments included petunia (Petunia spp.), 

snapdragon (Antirrhinum spp.), and vinca (Catharantus roseus). These plants are 

considered susceptible to Rhizoctonia root rot by nursery growers in Arizona. Fungicides 

evaluated for their efficacy were ZeroTol (hydrogen dioxide 27%), Banrot 40% WP 

(etridiozole 15% and thiophanate methyl 25%), Abound (azoxystrobin 22.9%) and two 

biocontrol agents - SoilGard 12 G (Gliocladium virens strain GL-21) and PlantShield

(Trichoderma harzianum Rifai strain KRL-AG2). Rates and treatment schedules are 

listed in Table 1. Chemicals and organisms used in these experiments are commonly used 

by commercial nursery growers and are widely recommended by plant pathologists to

control Rhizoctonia in bedding plants. 
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Table 1. Rates and treatment schedules for chemical fungicides and biocontrol agents 

Fungicides Rate Treatment Schedule

Banrot 0.6 g L-1 H2O Every three weeks

ZeroTol 20 ml L-1 H2O or 
10 ml L-1 H2O 

Every week

Abound 0.15 ml L-1 H2O Every two weeks

PlantShield 0.38 g L-1H2O Single treatment at the time of 
planting

SoilGard 2.4 g L-1 H2O Single treatment at the time of 
planting

Plants were observed for symptoms of infection from R. solani throughout the 

growing period. Once plants died, they were removed from containers and disease 

organisms were isolated in the laboratory in water agar medium. Isolates kept at room 

temperature (21oC) were examined within 24 hours under the microscope to detect the 

causal organism. Some isolates took more than 24 hours to grow. At the end of each 

experiment, each plant growing in six packs or larger containers was rated on a likert type 

scale as follows:  1 = dead, 2 = alive, but stunted, and 3 = alive and healthy. In addition, 

shoot biomass was harvested and oven dried at 50 oC for 7 days to determine dry weight. 

3.3 Nursery phase testing – cool season plants

Sunshine Mix # 1 was used as growing substrate. A slow release fertilizer – 14% 

N, 6% P, 11.60% K (Scotts-Sierra Co., Marysville, OH) and Micromax (Scotts-Sierra 
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Co., Marysville, OH) was amended with the substrate at the rate of 7.32 kg and 0.85 kg 

(kg .m-3) respectively. Six-pack pony packs were filled with fertilizer amended mix and 

inoculated with Rhizoctonia solani cultured in barley seeds. For each pony pack cell, 1 g 

of inoculated barley seed was spread on top of the substrate. Then, plugs of petunia

(Petunia spp., cvs. Dream white, Ultra red, and Ultra blue) and snapdragon (Antirrhinum 

spp., cv. Liberty classic mix) were planted one per cell and were watered immediately. 

Two hours later, plants were treated with the three chemical and two biological 

fungicides (Table 1). Each pony pack was drenched with 100 ml of prepared solution. 

Control plants included non-inoculated and inoculated plants that were not treated with 

fungicides and non-inoculated plants treated with fungicides. Disease organisms from 

dead plants were isolated to confirm the causal agent. After two months plants were rated 

and shoot dry weights were determined. 

The experimental design was a completely randomized block design where each 

treatment combination either inoculated or non-inoculated (Table 2) was replicated with 

8 and 4 pony packs respectively in each of five blocks. Each pony pack with six plants 

represented one experimental unit.
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Table 2. Number of replications used in evaluation of chemical and biological fungicides 
to control R. solani in winter annuals grown in pony packs in nursery production.

Treatment Inoculated Non-inoculated

Banrot 40 20

ZeroTol 40 20

Abound 40 20

PlantShield 40 20

SoilGard 40 20

Control 40 20

3.4 Landscape phase testing – cool season plants

Pots (6-L) were filled with growing substrate (80% bark and 20% sand). 

Osmocote and micromax at the rate of 30.3 g and 0.9 g per pot were added respectively 

and mixed with the top 3 cm of the substrate. Inoculated substrate consisted of 1.7 g of 

inoculum incorporated into the top 1 L substrate. Subsequently, three well developed 

(flowering) petunia of one cultivar per pot (Petunia spp. cv. Dream white, Ultra red, or 

Ultra blue) or snapdragons (Antirrhinum spp. cv. Liberty classic mix) were planted and 

each pot was drenched with 400 ml of prepared chemical or biological fungicides. The 

mixing rate and treatment schedules were the same as in nursery phase except ZeroTol, 

which was reduced to 10 ml L-1 to prevent the phytotoxic effects that were observed in 

the first experiment. Plants were observed for six weeks. Isolations were made from dead 
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plants to confirm the infection of R. solani. At the end of six weeks each plant was rated 

and shoot dry weights were determined.

The study was set up in a completely randomized block design where the 

chemical and biological treatments (Table 3) were replicated with 8 pots with inoculum 

in each of five blocks. The same number of control pots that did not receive any 

treatments was grown with and without inoculum (Table 3). Each container with three 

plants represented one experimental unit.

Table 3. Number of replications used in evaluation of chemical and biological fungicides 
to control R. solani in winter annuals planted in 6-L containers.

Treatment Inoculated Non-inoculated

Banrot 40 0

ZeroTol 40 0

Abound 40 0

PlantShield 40 0

SoilGard 40 0

Control 40 40

3.5 Examination of presence of R. solani in growing substrate

After observing very low mortality of plants during nursery and landscape phase 

testing, samples of growing substrate, approximately 5 g each from the top 3 cm of the 

pot were taken. There were 24 samples from the landscape phase with cool season 



41

inoculated plants, one from each cultivar from all 6 treatments. Samples were cultured in 

potato dextrose agar (PDA) to determine the presence of R. solani. The fungus grew 

within 24 hours and was identified as R. solani.

3.6 Nursery phase testing – warm season plants

This experiment was conducted on two series of vinca, red and burgundy. The 

growing substrate used for this experiment was Sunshine Mix #1. Two levels of 

inoculation, 1 and 2 g per plant, with R. solani were used (Table 4). Fertilizer amendment 

was the same as in the first experiment. Ninety pony packs were planted with either 

vinca, red or burgundy. Packs were watered after planting and two hours later they were 

treated with 100 ml of solution of the same treatments and rates as described in Table 1. 

The treatment schedule remained the same as in the first experiment. Disease organisms 

were isolated from dead plants to confirm the death of plants by Rhizoctonia or other 

organisms. After five weeks when plants had reached marketable size, they were rated, 

harvested, and shoot dry weights were determined.

The experimental set up was a completely randomized block design in which each 

treatment with the combination of two inoculation levels, 1 and 2 g/plant, and non-

inoculation (Table 4) were replicated with 2 pony packs in each of five blocks. Each pony 

pack with six plants represented one experimental unit.
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Table 4. Number of replications used in evaluation of chemical and biological fungicides 
to control R. solani in two cultivars of vinca (Catharanthus roseus) in pony packs. 

Treatment Inoculation at the 
rate of 1 g/plant

Inoculation at the 
rate of 2 g/plant

Non-inoculated

Banrot 10 10 10

ZeroTol 10 10 10

Abound 10 10 10

PlantShield 10 10 10

SoilGard 10 10 10

Control 10 10 10

3.7 Landscape phase testing – warm season plants

This experiment was conducted in 6-L size pots using red or burgundy vinca. 

After the amendment of fertilizers as in the second experiment, 20 g of inoculum was 

incorporated with the top 1 L soil mix consisting of 80% bark and 20% sand. Plants were 

planted, irrigated and two hours later each pot received 400 ml of prepared solution of 

chemicals and biologicals at the rate given in Table 1. Once plants died, disease 

organisms were isolated to confirm the causal agent. After 8 weeks, live plants were 

rated, harvested, and shoot weights were determined.

The study was set up in a completely randomized block design where the 

chemical and biological treatments with inoculated and non-inoculated replications were 

represented with 4 and 2 pots, respectively in each of five blocks. The same number of 
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control plants that did not receive any treatments were grown with and without inoculum 

(Table 5). Each container with two plants represented one experimental unit.

Table 5. Number of replications used in evaluation of chemical and biological fungicides 
to control R. solani in two cultivars of vinca (Catharanthus roseus) in 6-L pots. 

Treatment Inoculated Non-inoculated

Banrot 20 10

ZeroTol 20 10

Abound 20 10

PlantShield 20 10

SoilGuard 20 10

Control 20 20

3.8 Effect of temperature on the growth of R. solani

In-vitro test

Isolates of R. solani were tested for their ability to survive and grow at different 

temperatures in vitro. Isolates were cultured in petri dishes containing potato-dextrose 

agar (PDA) (Difco Laboratories, Detroit, MI) for 3 days at room temperature (21 oC). 

Once the hyphae growth fully covered the petri dishes, 5 mm diameter plugs were 

transferred with a transfer-tube to the center of other petri dishes containing PDA. R. 

solani isolates were examined at five different temperatures, 5 oC, 13 oC, 25 oC, 30 oC, 
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and 40 oC. Petri dishes, 3 replications per temperature, were placed in incubators and 

fungal growth extending from the plugs were measured daily for 3 days. 

3.9 Statistical analyses

Statistical analyses were carried out using JMP IN (5.1 version, SAS Institute, 

2005). Analysis of variance (ANOVA) was calculated and when P <0.05, treatment 

means were separated with Tukey’s HSD test.
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4. RESULTS AND DISCUSSION

4.1 Nursery phase testing - cool season plants

Survival of petunia blue and red, even in inoculated and untreated conditions was 

100% among all treatments.  Mortality of inoculated petunia white and snapdragon was 

8% and 17%, respectively (Table 6). No seedlings treated with Abound treatment died. 

Some non-inoculated seedlings in petunia white and snapdragon died as well. The highest 

mortality of 27% was found in non-inoculated snapdragon seedlings that had been treated 

with ZeroTol. Pythium and Botrytis along with R. solani were isolated from non-

inoculated dead seedlings.  

Pythium and Botrytis are known as important diseases of bedding plants (Cline et 

al., 1988) and are favored by warm temperatures, wet, and humid conditions (Dole and 

Wilkins, 2004; Dreistadt, 2001). Such conditions prevailed when there were cloudy and 

rainy days during the nursery phase evaluation of petunia and snapdragons. ZeroTol 

caused phytotoxicity to both petunia and snapdragon which could have weakened the 

plants, making them more vulnerable to pathogen attacks.
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Table 6. Mortality of cool-season bedding plants grown in pony packs with substrate that 
was inoculated or non-inoculated with R. solani and followed by treatments with various 
fungicides.

Mortality (%)

Petunia blue

___________

Petunia red

___________

Petunia white

___________

Snapdragon mix

______________
Treatment

Iz

N=60
NIy

N=30
I

N=60
NI
N=30

I
N=60

NI
N=30

I
N=60

NI
N=30

Causal 
organisms

Abound 0 0 0 0 0 0 0 0

Banrot 0 0 0 0 5 0 3.3 0 R*

PlantShield 0 0 0 0 5 0 13.3 0 R

SoilGard 0 0 0 0 6.7 0 16.7 6.7 RP**

ZeroTol 0 0 0 0 8.3 0 11.7 26.7 RPB***

Control 0 0 0 0 10 3.3 6.7 0 RB****
zInoculated with R. solani
yNot-inoculated with R. solani
*R = R. solani., **RP = R. solani . and Pythium sp.
***RPB = R. solani, P. sp., and Botrytis sp., ****RB = R. solani and B. sp.

The effect of inoculation on plant quality was significant (P = 0.023) on petunia 

white only. ZeroTol treated plants had a significantly lower quality ratings than the plants 

treated with other treatments (Table 7). However, the treatments other than ZeroTol 

resulted in the same rating for all cultivars and were similar to the control treatment. The 

low ratings of ZeroTol treated seedlings corresponded with the high mortality rate. 

Similarly, the greater number of dead seedlings (Table 6) reflected the low rating score of 

snapdragons. 



47

Table 7. The effect of different fungicides on the quality of cool season bedding plants in 
pony packs grown in R. solani inoculated or non-inoculated substrate.

Quality ratingx

Treatment
Petunia blue

N=15

Petunia red

N=15

Petunia white

N=15

Snapdragon mix

N=15

Abound 3.0 aw 2.9 a 2.8 a 3.0 a

Banrot 3.0 a 3.0 a 2.8 a 2.9 a

PlantShield 2.9 a 2.9 a 2.8 a 2.6 ab

SoilGard 3.0 a 2.9 a 2.6 a 2.5 b

ZeroTol 2.3 b 2.1 b 2.1 b 2.0 c

Control 2.9 a 2.9 a 2.6 a 2.7 ab

xQuality rating at Likert-type scale; 1 = dead, 2 = alive but stunted, 3 = healthy
wMean separation, among the treatments within the same cultivar, by Tukey’s HSD . Means within 
columns followed by the same letter are not significantly different at P <0.05.
†In this experiment and subsequent three studies, no interaction between inoculation and treatments for 
quality and dry weight were found.

The dry weights of inoculated plants were not significantly different from non-

inoculated plants except petunia white (P = 0.018), where weights of 5.7 g and 6.5 g were 

found for inoculated and non-inoculated substrate respectively.  However, it is 

questionable if this difference was biologically significant. There were no significant 

differences in dry weights within the cultivar of petunia blue, red, and white among the 

treatments except for ZeroTol (Table 8). The dry weights of treated plants besides 

ZeroTol were the same as control plants. This indicated that fungicide treatments did not 

suppress the incidence of Rhizoctonia root rot. In snapdragons, Banrot treated plants 
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produced significantly higher dry weights than SoilGard treated plants, but similar to 

Abound, PlantShield, and the control. The application of ZeroTol at the highest 

recommended rate (20 ml L-1 of water) caused phytotoxicity and was observed in all 

cultivars. The symptoms included chlorosis, yellowing, and stunted growth. The 

reduction of dry weights due to phytotoxic effect of ZeroTol was up to 64% in petunia 

red as compared to the control. 

Table 8. The effect of different fungicides on shoot dry weight of cool season bedding 
plants in pony packs grown in R. solani inoculated or non-inoculated substrate.

Dry weight (g)v

Treatment Petunia blue
N=15

Petunia red
N=15

Petunia white
N=15

Snapdragon mix
N=15

Abound 7.6 aw 4.6 a 5.6 ab 5.7 ab

Banrot 8.7 a 6.0 a 6.6 a 6.9 a

PlantShield 8.7 a 6.0 a 6.8 a 5.5 ab

SoilGard 7.5 a 6.0 a 6.0 a 4.4 b

ZeroTol 4.7 b 2.2 b 3.9 b 2.2 c

Control 8.3 a 6.1 a 6.8 a 5.0 ab

wMean separation, among the treatments within the same cultivar, by Tukey’s HSD. Means within columns 
followed by the same letter are not significantly different at P <0.05.
vDry weights are of surviving plants only.

Phytotoxicity of ZeroTol was observed when a high recommended rate of 20 ml 

L-1 of water was applied. Copes et al. (2003) reported a similar effect on coleus and 

rhododendron associated with application of ZeroTol. In order to avoid this problem in 
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subsequent experiments, the application rate was reduced to the lower recommended rate 

of 10 ml L-1 of water. 

4.2 Landscape phase testing – cool season plants

The mortality of plants was very low in all treatments with only one or two dead 

plants per cultivar in inoculated treatments. There was no mortality from the inoculation 

in petunia red throughout the experiment (Table 9). Although more petunia white of the 

control treatment died, the mortality was less than 7% and was not greater than the 

PlantShield and ZeroTol treated plants.

A greater number of petunia white died from both nursery (8%) and landscape 

(7%) phase testing of cool season plants (Table 6 and 9). It might be possible that petunia 

white is more susceptible to Rhizoctonia root rot among the three cultivars of petunia. 

Conversely, no petunia red died in either phases of testing indicating that this cultivar 

may have greater resistance or tolerance to R. solani. Overall, more plants died when 

treated with ZeroTol and none died from the Abound treatment for both testing phases.
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Table 9. Mortality of cool-season bedding plants grown in 6-L containers with substrate
that was inoculated or non-inoculated with R. solani and followed by treatments with 
various fungicides.

Mortality (%)

Treatment Petunia blue
N=30

Petunia red
N=30

Petunia white
N=30

Snapdragon mix
N=30

Causal 
organisms

Abound 0 0 0 0

Banrot 0 0 0 0

PlantShield 0 0 6.7 3.3 R* 

SoilGard 0 0 0 0

ZeroTol 3.3 0 6.7 0 R

Control + 
inoculated 0 0 6.7 0 R

Control + 
non-
inoculated 0 0 0 0
*R = R. solani

Inoculation and treatment had no affect on the quality of snapdragon. However, 

the Abound treatment produced significantly better quality petunia than the other 

treatments. The result was similar, but not better than the non-inoculated control (Table 

10).
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Table 10. The effect of different fungicides on the quality of cool-season bedding plants 
in 6-L containers grown in R. solani inoculated or non-inoculated substrate.

Quality ratingx

Treatment
Petunia blue

N=10
Petunia red

N=10
Petunia white

N=10
Snapdragon mix

N=10

Abound 2.9 aw 2.8 a 2.9 a 2.9 a

Banrot 2.2 b 2.5 ab 2.2 b 2.8 a

PlantShield 2.2 b 2.3 bc 2.0 b 2.7 a

SoilGard 2.3 b 2.2 bc 2.1 b 2.6 a

ZeroTol 2.1 b 2.0 c 2.1 b 2.9 a

Control + 
Inoculated

2.3 b 2.1 bc 2.0 b 2.7 a

Control + Non-
inoculated

2.8 a 2.9 a 2.8 a 2.7 a

xQuality rating at Likert-type scale; 1 = dead, 2 = alive but stunted, 3 = healthy
wMean separation, among the treatments within the same cultivar, by Tukey’s HSD . Means within 
columns followed by the same letter are not significantly different at P <0.05.

Although some petunia blue had died, their growth and physical appearance were 

better than petunia red and white in our observation. Abound treatment resulted in better 

quality petunia than other treatments. 

There were no effects of inoculation and treatments on dry weights of petunia 

white and snapdragons. The dry weight of petunia blue treated with Banrot was 

significantly lower than the inoculated or non-inoculated control, but the same as the 

other treatments. In petunia red, ZeroTol treated plants had significantly lower dry weight
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compared to the plants treated with Banrot and inoculated or non-inoculated control 

(Table 11).

Table 11. The effect of different fungicides on shoot dry weight of cool-season bedding 
plants in 6-L containers grown in R. solani inoculated or non-inoculated substrate.

Dry weight (g)v

Treatment
Petunia blue

N=10
Petunia red

N=10
Petunia white

N=10
Snapdragon mix

N=10

Abound 24.0 abw 21.7 abc 20.2 a 24.6 a

Banrot 20.3 b 23.2 ab 17.8 a 26.7 a

PlantShield 21.0 ab 20.1 abc 16.1 a 23.0 a

SoilGard 22.7 ab 22.0 abc 17.1 a 19.1 a

ZeroTol 21.4 ab 17.1 c 16.7 a 22.1 a

Control + 
Inoculated

25.5 a 19.0 bc 15.9 a 19.8 a

Control + Non-
inoculated

25.7 a 24.2 a 21.3 a 23.7 a

wMean separation, among the treatments within the same cultivar, by Tukey’s HSD. Means followed by the 
same letter are not significantly different at P <0.05.
vDry weights are of surviving plants only.

4.3 Nursery phase testing - warm season plants 

The growing substrate for warm season plants in pony packs was inoculated with 

a single (1 g inoculum/plant) or double (2 g inoculum/plant) amount of R. solani infested 

barley seeds or not infested as a control. Mortality from the double amount of inoculum 

was up to 7%, whereas the mortality from the single amount was 3% (Table 12). More 

vinca burgundy than vinca red died. 
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Table 12. Mortality of warm-season bedding plants grown in pony packs with substrate
that was inoculated or non-inoculated with R. solani and followed by treatments with 
various fungicides.

Mortality (%)

Vinca burgundy (VB)
__________________

Vinca red (VR)
_________________

Treatment

ISu

N=30
IDt

N=30
NIy

N=30
IS

N=30
ID

N=30
NI

N=30

Causal organisms

Abound 0 0 0 0 0 0

Banrot 0 0 0 0 0 0

PlantShield 0 6.7 0 0 3.3 0 R* 

SoilGard 3.3 0 0 0 0 0 R

ZeroTol 3.3 6.7 0 3.3 0 0 R

Control 0 0 0 0 0 0

uInoculated with 1 g of R. solani infested barley seed
tInoculated with 2 g of R.solani. infested barley seed
yNot-inoculated with R. solani
*R = R. solani

There was no effect of treatments on the quality of both cultivars of vinca (Table 

13). Similarly, neither single nor double amount of Rhizoctnia inoculation had any affect 

on the quality of vinca. The quality rating of both cultivars treated with chemical and 

biological fungicides was not different than the inoculated control. This indicated that 

inoculation did not have any detrimental effect on the health of vinca cultivars used in the 

experiment.
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Table 13. The effect of different fungicides on the quality of warm season bedding plants 
in pony packs grown in R. solani inoculated or non-inoculated substrate.

Quality ratingx

Treatment
Vinca burgundy

N=15

Vinca red

N=15

Abound 3.0 aw 3.0 a

Banrot 3.0 a 3.0 a

PlantShield 2.9 a 3.0 a

SoilGard 3.0 a 3.0 a

ZeroTol 2.9 a 3.0 a

Control 3.0 a 3.0 a

xQuality rating at Likert-type scale; 1 = dead, 2 = alive but stunted, 3 = healthy
wMean separation, among the treatments within the same cultivar, by Tukey’s HSD. Means within columns 
followed by the same letter are not significantly different at P <0.05.

There were no differences in dry weights of vinca burgundy due to inoculation (P 

= 0.96) and treatment (Table 14). However, dry weights of vinca red ( P <0.0001) were 

found to be affected by inoculation. Inexplicably, plants grown in the substrate infested 

with the single (1 g inoculum/plant) or double (2 g inoculum/plant) amount of 

Rhizoctonia pathogen yielded 13% and 10% higher dry weights than non-inoculated 

plants when overall means were compared. Dry weights of vinca red treated with 

Plantshield and SoilGard (biocontrol agents) were similar to the control, but significantly 

greater than the plants treated with Abound, Banrot, or ZeroTol. 
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Table 14. The effect of different fungicides on shoot dry weight of warm season bedding 
plants in pony packs grown in R. solani inoculated or non-inoculated substrate.

Dry weight (g)v

Treatment
Vinca burgundy

N=15

Vinca red

N=15

Abound 11.5 aw 12.6 c

Banrot 11.0 a 12.5 c

PlantShield 11.8 a 14.3 a

SoilGard 12.2 a 14.0 ab

ZeroTol 10.3 a 12.8 bc

Control 11.6 a 13.8 abc

wMean separation, among the treatments within the same cultivar, by Tukey’s HSD. Means within columns 
followed by the same letter are not significantly different at P <0.05.
vDry weights are of surviving plants only.

4.4 Landscape phase testing – warm season plants

In this experiment, the mortality of plants was the lowest of all four experiments. 

Even with the inoculated condition, no vinca red plants died and no more than 5% of the 

total plants died in vinca burgundy (Table 15). The cause of 10% mortality under non-

inoculation condition in vinca burgundy was due to pathogens other than R. solani. 
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Table 15. Mortality of warm-season bedding plants grown in 6-L containers with 
substrate that was inoculated or non-inoculated with R. solani and followed by treatments 
with various fungicides.

Mortality (%)

Vinca burgundy

_________________

Vinca red

_________________
Treatment

Iz

N=20
NIy

N=10
I

N=20
NI

N=10

Causal organisms

Abound 0 0 0 0

Banrot 0 10 0 0 Unknown

PlantShield 5 0 0 0 R* and others

SoilGard 0 0 0 0

ZeroTol 5 0 0 0 R

Control‡ 0 0 0 0

zInoculated with R. solani
yNot-inoculated with R. solani
*R = R. solani
‡N for NI = 20

The mortality rate of warm season plants was lower than cool season plants. It 

was a mystery to observe very few dead plants from the inoculation of R. solani as the 

same fungal pathogen has been reported to be devastating to bedding plants, especially 

vinca, in Arizona “(Arizona nursery growers, personal communication)”. The incidence 

of no mortality or no effect on the growth of inoculated control plants was also unusual 

(Table 12 and Table 15). Daniels (1963) mentioned the isolation of R. solani from 

healthy, normal plants and described it as a survival mechanism. 
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Many researchers have found R. solani as a destructive pathogen causing root rot, 

pre and post emergence damping-off, and fruit rot in many horticultural and agronomical 

crops. Lewis et al. (1998) evaluated the pathogenecity of R. solani in eggplant and 

pepper; and found that their stands at 4 weeks were 34% and 48% respectively, whereas 

plant stands of the controls were 90% for eggplant and 92% for pepper. In a similar 

study, tomato and pepper seedlings grown in R. solani infested soilless mix resulted in 

40% and 0% plant stands respectively after 30 and 40 days of growth (Mao et al., 1998). 

Our results were different than those results.  

The quality of both cultivars of vinca was unaffected by inoculation and 

treatments. The quality rating of both cultivars of vinca treated against R. solani was not 

greater than control plants (Table 16). 
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Table 16. The effect of different fungicides on the quality of warm-season bedding plants 
in 6-L containers grown in R. solani inoculated or non-inoculated substrate.

Quality ratingx

Treatment
Vinca burgundy

N=15

Vinca red

N=15

Abound 2.2 aw 2.9 a

Banrot 2.3 a 2.8 a

PlantShield 2.5 a 2.9 a

SoilGard 2.5 a 2.9 a

ZeroTol 2.5 a 2.9 a

Control‼ 2.5 a 2.8 a

xQuality rating at Likert-type scale; 1 = dead, 2 = alive but stunted, 3 = healthy
vMean separation, among the treatments within the same cultivar, by Tukey’s HSD. Means within columns 
followed by the same letter are not significantly different at P <0.05.
‼N for control = 20

Dry weights of vinca red were unaffected by inoculation or treatments. Vinca 

burgundy treated with ZeroTol had a significantly greater biomass than Abound treated 

plants (Table 17). Dry weights between the plants grown in inoculated and non-

inoculated substrate within the cultivar were essentially the same (P = 0.184 VB, P = 

0.499 VR). 
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Table 17. The effect of different fungicides on shoot dry weight of warm-season bedding 
plants in 6-L containers grown in R. solani inoculated or non-inoculated substrate.

Dry weight (g)u

Treatment

Vinca burgundy (VB)

N=15

Vinca red (VR)

N=15

Abound 24.3 bw 44.2 a

Banrot 26.6 ab 48.0 a

PlantShield 30.9 ab 43.8 a

SoilGard 30.6 ab 47.2 a

ZeroTol 34.9 a 47.7 a

Control‼ 31.6 ab 46.7 a

wMean separation, among the treatments within the same cultivar, by Tukey’s HSD. Means within columns 
followed by the same letter are not significantly different at P <0.05.
uDry weights are of surviving plants only.
‼N for control = 20

Both the quality and shoot dry weight are directly associated with health and 

growth of plants. Fungicides are used to control fungal diseases caused by R. solani

(Cotterill, 1993; Dreistadt, 2001). Studies show positive results of biocontrol agents

Trichoderma spp. and Gliocladium spp.  In greenhouse studies, T. harzianum strain T-22

controlled R. solani and Pythium (Harman, 2000). Root rot and damping-off of canola 

caused by the virulent isolates of R. solani AG2-1 and AG 4 were suppressed by T. 

harzianum. Similarly, G. virens suppressed the soilborne disease of tomatoes caused by 

R. solani resulting in 96% seedling stand, which was higher than the non-infested soilless 

mix (90%) and significantly higher than that from untreated seeds in a soilless mix 

infested with pathogens (Mao et al., 1998).
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Additionally, growth enhancement by T. harzianum in floriculture plants has been 

found. Petunias grown 42 days in greenhouse potting mix amended with T. harzianum T-

95 had greater fresh and dry weights, more side branches, and more flower buds 

compared to control plants. In the same experiment, vinca planted in the substrate with T-

95 were significantly taller (Chang et al., 1986). 

Despite encouraging results of R. solani control by Trichoderma spp.

(PlantShield) and Gliocladium spp. (SoilGard), no such effects were obvious in this 

experiment. Overall, they did not exhibit any better results than chemical fungicides 

except in vinca red tested in the nursery phase. Most importantly, due to a lack of 

virulence of the pathogen it was difficult to determine the effect of fungicides against R. 

solani.  The efficacy of biocontrol agents in these experiments could not be ascertained 

either. The inability to achieve control of pathogen in the field after demonstrating a 

positive effect in greenhouse tests have been encountered by researchers using biocontrol

agents (Cook and Baker, 1983; Papavizas, 1985). There are many environmental, 

physical, and biological factors that contribute to this problem. Cotterill (1993) found that 

under field conditions soil type and cultivation method affected the efficacy of fungicides 

used to control of Rhizoctonia root rot caused by R. solani in barley. 

4.5 Effect of temperature on R. solani growth

In-vitro test

 In an in-vitro test conducted to evaluate the growth of R. solani at different 

temperatures, the isolate grew at 13 oC, 25 oC, and 30 oC on day 1.  However, growth 
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rates varied by temperature. Hyphae grew largest at 30 oC followed by 25 oC and 13 oC 

(Fig. 1). There was no growth at 5 oC and 40 oC. On the second day, hyphae growth 

continued to follow the pattern of the first day. 
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Fig. 1. Growth rate of Rhizoctonia solani in PDA incubated at different temperatures.

At 25 oC and 30 oC, the mycelium grew beyond the size of the petri dishes (9 cm) by day 

3. Although the exact quantity of grown hyphae was not measured, R. solani incubated at 

30 oC had the greatest amount of growth. There were still no signs of growth at 5 oC and 

40 oC even after 7 days. 

The above results showed a significant effect of temperature on the growth of the 

R. solani, isolate that was used in the experiments. This finding is in agreement with 

previous studies that state the affect of environmental factors such as temperature and 

humidity on the virulence of R. solani (Dorrance et al., 2003; Gill et al., 2001). 
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4.6 Air temperature of the retractable roof greenhouse (RRGH)

The minimum and maximum air temperatures inside the RRGH for all studies are 

presented in Fig. 2. Maximum temperatures during the nursery phase testing of petunia 

and snapdragon ranged between 20 oC to 38 oC, whereas minimum temperature ranged 

from 4 oC to 12 oC. For the landscape phase testing of the same species, the maximum 

and minimum temperatures were between 30 oC to 43 oC and 12 oC to 20 oC respectively. 

During the nursery phase testing of warm season plants, day temperature increased up to 

45 oC and night up to 25 oC.  A similar trend was observed for the landscape phase testing 

(38 oC to 46 oC day and 18 oC to 24 oC night).

Greatest growth of R. solani was found at 30 oC in the in-vitro test (Fig. 1).  

Previously, studies have been conducted to test the effect of temperature on the virulence 

of the R. solani strain. Kousik et al. (1995) indicated that isolates of AG-4 caused greater 

disease severity on soybean seedlings at 20 oC and 25 oC than at 30 oC in a moist

chamber. In our experiment, day temperatures during the nursery phase testing of cool 

season plants was close to optimum for the pathogen resulting in greatest mortality of all 

four tests. On the other hand, night temperature dropped below 5 oC which was too low 

for R. solani growth. Low day temperature during mid March was due to cloudy and 

rainy weather conditions that favored seedling infection with Pythium and Botrytis. The 

prevailing high day temperatures (≥ 40 oC) for the nursery and landscape phase of cool 

and warm season plants tested in summer may have suppressed the virulence of R. solani.
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Unlike a greenhouse or growth chamber, air temperature of a RRGH is not 

fully controllable, but relies on passive cooling. As the roof and side walls are 

opened or closed, temperature and humidity inside the house are affected. However, 

conditions inside the structure are primarily dependent on outside weather 

conditions.

Studies conducted in greenhouses or growth chambers show a high mortality 

of plants by R. solani (Harris, 1994; Mao et al., 1998). It is important to note that 

climatic conditions of such structures can be controlled to optimum levels. On the 

other hand, environmental conditions of the retractable roof greenhouse, where this 

experiment was conducted are mostly driven by outside conditions and therefore 

fluctuate widely. 

Although it is not clear why the disease pathogen showed lack of virulence, 

one possible reason could be the large fluctuations between day and night 

temperatures. Higher (≥ 40 oC) air temperature in the retractable roof greenhouse 

especially during the nursery and landscape phase testing of warm season plants 

(June through Sept.) could have inhibited fungal sporulation, growth, and disease 

severity in plants. Chase and Conover (1987) found that severity of aerial blight of 

Boston fern caused by R. solani was lower at the air temperature of 38 oC than 35

oC. 

Kaminski and Verma (1985) and Yitbarek et al. (1987) found a wide range 

of virulence within the isolates of same anstomosis group. Isolates of AG2-1 and 

AG4 from seedlings were more virulent than isolates from adult plants. The isolate 
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of R. solani used in this experiment was collected from mature vinca. However, the

same isolate had exhibited over 58% mortality within 7 to 10 days in preliminary 

test conducted in a greenhouse. The stable warm and humid conditions in the 

greenhouse may have resulted in more growth of R. solani.
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5. CONCLUSION, RECOMMENDATIONS, AND IMPLICATIONS

5.1 Conclusion

The Rhizoctonia isolate used in this experiment exhibited a lack of virulence 

resulting in low mortality to bedding plants. There was no significant effect of disease 

inoculation even when the rate was doubled (2 g inoculum/plant), which suggests the

possibility that plants used were tolerant or resistant. Comparatively, more plants died at 

the nursery phase than landscape phase in both cool and warm season plants. The 

mortality rate of cool season plants was greater than warm season plants. Survival of 

petunia white was the lowest in both nursery and landscape phase testing of cool season 

plants. Conversely, no petunia red died in either phase of testing. The quality of petunia 

blue was found superior for all cultivars of petunia (not tested statistically).

The inability of the pathogen to infect plants made the evaluation of fungicide 

efficacy against R. solani impossible. None of the conventional or biocontrol agents 

demonstrated consistent results in controlling or reducing the Rhizoctonia root rot in 

bedding plants. Most of the time, results were not significant, although insignificant 

variations were present. None of the cool or warm season plants treated with Abound 

died in either the nursery or landscape simulated conditions.

In one out of four tests, the biological products PlantShield and SoilGard resulted 

in significantly greater dry weight than chemical fungicides in vinca red tested at the 

nursery phase, but similar to control. ZeroTol caused phytotoxicity when the highest 

recommended rate (20 ml L-1 of water) was applied during the nursery phase testing of 

cool season plants. The symptoms included chlorosis, yellowing, and stunted growth. A 
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significant reduction in dry weight due to phytotoxicity of ZeroTol was observed in all 

cultivars of that phase with the greatest reduction of 64% in petunia red. 

Based on the results of four experiments, the effectiveness of chemical and 

biological products to control Rhizoctonia root rot in bedding plant production could not 

be evaluated. It is not known to what extent the chemical and biocontrol activity of the 

products were affected by biotic (plant species and cultivars, microbial activity of the 

soil), abiotic (soil type or potting substrate, water potential, soil temperature) and cultural 

practices. The wide fluctuation of environmental conditions inside the retractable roof 

greenhouse may have affected in effectiveness of applied fungicides. Moreover,

biocontrol agents are more sensitive to environmental conditions than conventional 

fungicides and require specific conditions for optimal performance. What can be effective 

in one system may be ineffective against another system. Although the effects of 

fungicides were not obvious, they cannot be considered ineffective products. The results 

underline the necessity to specify the capabilities and requirements of fungicides by 

rigorous testing in different crops and environments to draw a concrete conclusion.  

5.2 Recommendations

The problems, such as environmental pollution, toxicity, and food contamination, 

associated with the use of chemicals are inevitable and irreversible, whereas biocontrol 

agents that were used for this experiment pose no such threats. Therefore, biological 

products, especially PlantShield (T. harzianum), are recommended for the control of 

Rhizoctonia root rot in bedding plants if the products are available at a comparable price. 
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Today, people are becoming more aware of the detrimental effects of toxic chemicals and 

at the same time government agencies are imposing more restrictions or even banning

them. Hence, consumers are drawn to “environmentally friendly” products. The 

advantages of biological agents include that they are ecologically sound, safe for workers, 

have no re-entry interval, no phytotoxicity, and no known problem of developing 

resistance. If the growers still prefer to use chemical fungicides, they should choose 

Abound because there was no mortality of plants treated with this fungicide in all four 

experiments. ZeroTol should be avoided because of the phytotoxic effect that was

observed in our experiment.

5.3 Implications

Transfer of information from its source to the target area is crucial for the success 

of any programs. Therefore, flow of information among researchers, extension personnel, 

and growers is needed. Although most nursery growers and landscapers are involved in 

disease management practices, many of them still lack the knowledge how to utilize

biological methods for disease control. Results of this experiment can be useful to 

growers, farm advisors, and educators. Growers can make selections or use the 

recommended effective and least toxic fungicides for their industry. Growers will find 

recommended biological products easy to use and they will require very little change in 

their current management practices. Biological products, particularly the PlantShield 

(Trichderma harzianum) and SoilGard (Gliocladium virens), are applied just once as a 

preventive measure, whereas multi-applications are required for chemicals. This can 
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increase profit by reducing the cost of product purchase, application cost for labor, and 

regulatory compliance. Additionally, biological products will not only reduce losses 

caused by disease, but also pose no threat to workers’ health. The use of non-toxic 

products will contribute to reduction of environmental pollution and ecosystem 

contamination, which is a growing demand of the public and government.

The information will also be useful for high school teachers and students; those 

who are involved in teaching and learning agriculture. Disease management is the 

integral part of plant care and management in agriculture. Teachers can explain to their 

students about different methods of disease control an d compare how a biological method 

is different from a chemical method by using this research information. This subject

provides teachers with an opportunity to educate their students about pesticide use in 

agriculture and its impact on the environment and human health. Many high schools that 

offer agricultural education operate greenhouses to provide hands-on experience to their 

students in growing plants. There is no doubt that they will encounter disease problems 

and they will need to control them. Unfortunately, there are very few registered chemical 

products available for use in greenhouses. Additionally, chemicals can pose great risks to 

students’ health. If the greenhouses are in proximity to classrooms, it will be impossible 

to employ chemical methods of control. Hence, students  can choose biocontrol agents 

that are known to be safer.

The biological methods of disease control have yet to flourish. Educating the 

public about the possible options, product availability, and their effectiveness is crucial 

for the success of a disease management plan. Therefore, it is important that scientific



70

information such as results of these studies, reach the ultimate users, growers and 

extension personnel. Extension personnel can present options for disease control steering 

users towards the use of safer and more sustainable products. Educating people via 

publications, seminars, and workshops is necessary. Although our data on effectiveness 

of biological agents in controlling Rhizoctonia root in bedding plants is inconclusive,

many previous studies support that fact. Today, the demand of safer products is

increasing. Fortunately, PlantShield (Trichoderma harzianum) and SoilGard 

(Gliocladium virens) are registered products and are sold in the US market already.

Integrating disease management with appropriate growing practices in the culture of 

bedding plants will result in high quality plants with the potential of a healthier 

environment.
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