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ABSTRACT 

Aphelenchoides fragariae is a species of foliar nematode that is an increasingly 

widespread pathogen of ornamental crops with a wide host range, attacking more than 250 plants 

species in 47 plant families. The most recognizable field symptom of foliar nematodes is the 

interveinal lesions on leaves. Previously, chemical treatments using active ingredients such as 

methyl bromide, oxamyl and parathion were effective against foliar nematodes. However, due to 

environmental concerns and their high toxicity, these chemicals are no longer available for foliar 

nematode control. The overall goal of this study is therefore to determine the effectiveness of 

several new, reduced-risk nematicides against foliar nematodes on certain popular ornamental 

plants in Hawaiʻi. Specific objectives are 1) the efficacy of several newly developed nematicides 

for managing foliar nematodes on the fern species Microlepia strigosa; and 2) if these newly 

developed nematicides have phytotoxicity effects on ornamental plants commonly used in Hawaiʻi's 

landscape industry; Microlepia strigosa, Frangipani, Raphiolepsis indica, Hibiscus, 

Phalaenopsis, and Anthurium adreanum. Foliar nematodes were extracted from infected fern 

tissues using the Baermann funnel technique. These nematodes were cultured in the lab using 

carrot discs and the cultures were refreshed every 5-7 weeks. New nematicides ESP 715 

consisting of fluopyram as the active ingredient (a.i.) along with two other bionematicides, MBI 

304 and Majestene, with a.i. of Chromobacterium spp. strain extract and Burkholderia spp. strain 

extract, respectively, were tested for potential control of Aphelenchoides spp. on Microlepia 

strigosa. Height, width and weight of fern were assessed weekly over 6 weeks after foliar 

nematode inoculation on the leaves. Foliar nematode damage was assessed at the end of the 

experiment. In addition, ESP 715, MBI 304 and Majestene were examined for phytotoxicity on 

M. strigosa, Frangipani, R. indica, Hibiscus, Phalaenopsis, and A. adreanum at various rates: 

Fluopyram at 0 ml/L, 0.33 ml/L, 0.66 ml/L and 1.34 ml/L. Except palapalai which was only 

tested with 2 rates of fluopyram: 0.66ml/L and 1.34 ml/L. Additionally MBI 304 and Majestene 

were examined for phytotoxiticy on M. strigosa plants: MBI 304 at 4,793 mg/L and MBI 205 at 

20 ml/L. All plants treated with these nematicides received three applications at 14-day intervals. 

Untreated plants were included as the control. No visual foliar phytotoxicity symptoms were 

observed on all treatments throughout the 26-week evaluation period for Frangipani, R. indica, 
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Hibiscus, Phalaenopsis, and A. adraeanum and the 14-week period for bionematicides on M. 

strigosa., except for fluopyram on M. strigosa. Fluopyram at both tested rates caused visual 

phytotoxicity effects. 0.66 ml/L of fluopyram caused severity ratings of 1.05 on the 0-5 scale. 

1.34 ml/L of fluopyram caused severity ratings of 0.95. Severity ratings for both rates of 

fluopyram were significantly higher than the noninoculated control and significantly lower than 

the inoculated control. However, fluopyram did not suppress foliar nematodes. Burkholderia and 

Chromobacterium did not suppress the number of foliar nematodes significantly but reduced the 

numbers by 65.7% and 75.8%, respectively. Although various plant growth factors were stunted 

on hibiscus, orchid, anthurium, indian hawthorn and plumeria by fluopyram, it did not affect the 

marketability of the plants as no visual foliar phytotoxicity symptom was observed.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ......................................................................................................... ii 

ABSTRACT .................................................................................................................................. iii 

LIST OF FIGURES .................................................................................................................... vii 

Chapter 1. Introduction and Research Objectives ......................................................................... 1 

1.1 Foliar nematode Aphelenchoides fragariae ................................................... 1 

History......................................................................................................... 1 

Biology ........................................................................................................ 2 

Symptoms ................................................................................................... 3 

1.2 Ornamental Plants Important for Hawaiʻi’s Ornamental and Landscape 

Industry  ................................................................................................................. 4 

Hibiscus....................................................................................................... 4 

Palapalai ...................................................................................................... 4 

Anthurium ................................................................................................... 4 

Plumeria ...................................................................................................... 5 

Indian Hawthorn ......................................................................................... 5 

Phalaenopsis ................................................................................................ 5 

1.3 Current Control Measures of Foliar Nematodes ......................................... 5 

History......................................................................................................... 5 

New Control Approach ............................................................................... 6 

1.4 Research Objectives ........................................................................................ 7 

Chapter 2. Nematicide Efficacy Against Foliar Nematode on Ornamental Plants...…….………8 

2.1 Introduction ..................................................................................................... 8 

2.2 Materials and Methods ................................................................................... 8 

Nematode Inoculum .................................................................................... 8 

Nematicide Efficacy .................................................................................... 9 

Weather ..................................................................................................... 10 

Statistical Analysis .................................................................................... 11 

2.3. Results ........................................................................................................... 11 



vi 

 

ESP Trial ................................................................................................... 11 

MBI Trial .................................................................................................. 11 

2.4 Discussion....................................................................................................... 16 

Chapter 3. Phytotoxicity Effects on Ornamental Plants Caused by New 

Nematicide……………….……………………………………………………………................17 

3.1 Introduction ................................................................................................... 17 

3.2 Materials and Methods ................................................................................. 17 

Experimental Design ................................................................................. 17 

Data Collection ......................................................................................... 18 

Weather ..................................................................................................... 19 

Statistical Analysis .................................................................................... 19 

3.3 Results ............................................................................................................ 19 

3.4 Discussion....................................................................................................... 20 

Chapter 4. Conclusions and Considerations ................................................................................ 29 

Chapter 5  References.................................................................................................................. 30 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

LIST OF FIGURES 

Figure 1.1 Foliar nematode (Aphelenchoides fragariae) feeding damage causing 

interveinal lesions on the foliage of palapalai (Microlepia strigosa) ................................. 3 

Figure 2.1 Figure 2.1 Population of Aphelenchoides fragaraie on Microlepia strigosa 6 

weeks after treated with fluopryam ................................................................................... 12 

Figure 2.2. Ratings of foliar nematode severity on Microlepia strigosa inoculated with 

Aphelenchoides fragaraie and treated with fluopyram ..................................................... 13 

Figure 2.3 Ratings of foliar nematode severity on Microlepia strigosa inoculated with 

Aphelenchoides fragaraie and treated with Burkholderia  or Chromobacterium 10 weeks 

after chemical treatment .................................................................................................... 14 

Figure 2.4 . Plant canopy width of Microlepia strigosa inoculated with Aphelenchoides 

fragaraie and treated with Burkholderia or Chromobacterium 10 weeks after chemical 

treatment  .......................................................................................................................... 15 

Figure 2.5. Population of Aphelenchoides fragaraie on Microlepia strigosa 10 weeks 

after treatment with Burkholderia or Chromobacterium .................................................. 16 

Figure 3.1 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on hibiscus 

height over a 26-week period ............................................................................................ 22 

Figure 3.2 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on hibiscus 

weight over a 26-week period ........................................................................................... 22 

Figure 3.3 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on orchid spike 

length over a 26-week period ............................................................................................ 23 

Figure 3.4 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on orchid 

weight over a 26-week period ........................................................................................... 23 

Figure 3.5 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on anthurium 

number of flowers over a 26-week period ........................................................................ 24 

Figure 3.6 Effects of fluopyram treatments on anthurium flower petiole length over a 26-

week period ....................................................................................................................... 24 

Figure 3.7 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on indian 

hawthorn width over a 26-week period ............................................................................ 25 



viii 

 

Figure 3.8 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on indian 

hawthorn weight over a 26-week period ........................................................................... 25 

Figure 3.9 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on plumeria 

height over a 26-week period ............................................................................................ 26 

Figure 3.10 Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on plumeria 

stem diameter over a 26-week period ............................................................................... 26 

Figure 3.11 Fluopyram phytotoxicity severity ratings on M. strigosa for each treatment 

throughout the 14-week period ......................................................................................... 27 

Figure 3.12 Chromobacterium and Burkholderia phytotoxicity severity ratings on M. 

strigosa for each treatment throughout the 14-week period ............................................. 28



1 

 

Chapter 1. Introduction and Research Objectives 

1.1. Foliar nematode Aphelenchoides fragariae 

Plant-parasitic nematodes are microscopic roundworms that have detrimental effects on 

their hosts (Handoo, 1998). Plant-parasitic nematodes have negative effects on edible crops, 

ornamentals, turf, and forest trees. There are over 4,100 species of plant-parasitic nematodes that 

cause an estimated $US 80 billion loss per year worldwide (Decraemer and Hunt, 2006; Nicol et 

al., 2011). Aphelenchoides fragariae is a species of foliar nematode that is an increasingly 

widespread pathogen of ornamental crops with a wide host range, attacking more than 250 plant 

species in 47 plant families (Franklin, 1965). The wide host range is the reason why controlling 

this nematode is difficult (Dropkin, 1980). This species tends to feed inside tender leaves of plants 

and negatively impact ornamental plants growing in greenhouses, nurseries, and in the landscape 

(Dunn, 2005; Ritzema-Bos, 1891).  

Aphelenchoides fragariae has a variety of common names, including bud and leaf 

nematode, fern nematode, strawberry spring dwarf nematode, and strawberry crimp nematode 

(CABI, 2017). The nematodes are commonly associated with temperate regions, being reported 

across the United States and in various countries around the world. A. fragariae is found on a 

diverse range of plants including ferns and bedding plants (Kohl, 2011). They are known to feed 

ecto- and endoparasitically on the above ground parts of plants, but can also be considered 

mycetophagous (Winslow, 1960; Hunt, 1993). In order to infect the host plant leaves, A. fragariae 

migrate up plant stems or are transported by water onto the leaf and enter through the stomata. 

Moisture such as dew, rain, and overhead irrigation favor nematode infection and aid in dispersal 

(Wallace, 1959; Winslow, 1960).  

Aphelenchoides fragariae was first described by E. A. Ormerod when he sent infected 

strawberry plants to Ritzema-Bos in England. The visible symptoms on the plants included 

stunting and a deformity on the crown and lateral branches similar to a cauliflower, thus describing 

it as “cauliflower disease.” The infected sample was sent in 1890, leading to Ritzema-Bos naming 

the nematodes that cause the disease A. fragariae the following year in 1891 (Goodey, 1933). 

The common name strawberry crimp nematode was given to A. fragariae because of its 

association with damage among California strawberries. When seen on strawberries, foliar 
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nematodes may cause symptoms such as curled or crinkled leaves (crimp), deformed buds and 

flowers, or a reduction in flowering and in fruit set. The name strawberry crimp nematode should 

not be frequently used because it may be misleading as the nematode affects many other hosts and 

causes various symptoms (UC IPM, n.d.). A. fragariae is associated with the reduction of 

strawberry yields around the world, including up to a 60% yield reduction in Ireland and is 

involved in strawberry decline in France (Kohl, 2011).  

Aphelenchoides spp. are obligate parasites, feeding on the above-ground parts of plants. 

They enter and exit a leaf through the stomata on either side of a leaf or penetrate the epidermis 

on the underside of a leaf. Water is a major factor in the movement and dispersal of foliar 

nematodes (Strümpel, 1967; Wallace, 1959). Moisture such as overhead irrigation and rainfall 

allow nematodes to migrate from one plant to another and transfer from leaf to leaf (Lehman, 

1996). Peak populations of A. fragariae were observed from March to May and November to 

January in Poland, being influenced by factors like moisture and temperature. These nematodes 

are able to survive in a dormant state in desiccated leaves for up to 46 days and can survive in the 

soil without a host for up to 3 months (Stewart, 1921; Kohl, 2011). Therefore, removal of infected 

plant debris has been suggested as a good sanitation practice to manage this nematode. 

After migrating through water films from plant stems to the leaves, A. fragariae penetrate 

through the leaf’s stomata. Inside the leaves, nematodes are able to migrate, feed, molt, and lay 

their eggs throughout the leaf (Hesling and Wallace, 1961). Female nematodes will lay 25-32 eggs. 

These eggs will hatch within 3-4 days and mature within 6-12 days. The average life cycle taking 

approximately 2 weeks (Strumpel, 1967). A. fragariae, similar to typical plant-parasitic 

nematodes, goes through four different juvenile stages and four different molts in order to become 

either an adult male or female. The nematodes reproduce amphimictically (Cayrol and Dalmasso, 

1975). The nematodes’ destructive feeding causes the distinct symptomatic features such as the 

interveinal chlorosis and necrosis of the leaf, which may lead to defoliation. Sufficient moisture 

may allow nematodes to migrate from leaf to leaf and severely damage the plant. Juvenile and 

adult nematodes are able to survive the winter in desiccated leaves for some period of time. These 

dead leaves may also act as transportation for the nematodes when moved or blown around, helping 

to disperse the nematodes to new host plants (Hesling and Wallace, 1961). 
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The most recognizable field symptom of foliar nematodes are the interveinal lesions on the 

foliage (Fig. 1.1). Although, these lesions may also be caused by several bacterial diseases that 

consist of similarly confined vein patterns. In order to differentiate between the two, simple 

laboratory tests such as a Baermann funnel assay can be conducted to confirm the presences of 

nematodes. The plant cells that the nematodes feed on lose color, turn brown and eventually die. 

These symptoms are visible in the plant’s leaves, the darkest lesions usually being desiccated.  

 

Figure 1.1. Foliar nematode (Aphelenchoides fragariae) feeding damage causing 

interveinal lesions on the foliage of palapalai (Microlepia strigosa). 

 

These lesions are interveinal due to the fact that the nematodes are so delicate they’re unable to 

move easily through tough leaf tissue. After the nematodes have fed on one interveinal area, they 

exit the leaf through the stomata in order to enter a new area of healthy plant tissue on which to 

feed. When two plants come into direct contact, the nematodes with the help of free moisture, 

transfer and are easily dispersed from one plant to another (Dunn, 2005).       
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1.2. Ornamental Plants Important for Hawaiʻi’s Ornamental and Landscape Industry 

The plants used in this thesis research include Anthurium adraeanum, Frangipani, 

Raphiolepis indica, Phalaenopsis, Hibiscus, and Microlepia strigosa. These plant species were 

chosen because of their high value and popularity as ornamental plants in Hawaiʻi.  

Hibiscus sp.is a perennial, woody ornamental popular in home gardens and landscapes 

(Gettys, 2012). The hibiscus flowers have wide funnels, vary in color and have crimson centers. 

Hibiscus plants that are perennials will typically reach mature height within 2 to 3 years with 

sufficient moisture (Russ, 2004). These plants thrive in full sun and in loamy soil that is kept moist 

during the summer blooming period, although, it grows well in wet soil conditions and can survive 

in poorly drained sites (West and Preece, 2004). Hibiscus is known to be affected by scales and 

nematodes (Knight et al., 1997). 

Fern plants have been reported to be hosts of foliar nematodes, more specifically palapalai 

(Microlepia strigosa) is a known host for A. fragraie (Kohl, 2011). Palapalai is of the 

Dennstaedtiaceae and indigenous to Hawaiʻi. This fern thrives in shady and moist habitats 

(Anonymous, 2019). The palapalai fern has rich green foliage and is often used to make lei for 

hula competitions (Cook, 2013). In 1997, the estimated wholesale value of cut fern fronds in the 

United States exceeded $60 million per year (Uchida and Kadooka, 1997). 

Anthurium (Anthurium andraeanum) is second in trade value among tropical cut flowers 

in Hawaiʻi, after the orchid. Anthurium belongs to the Araceae and is native to Colombia and 

Ecuador (Chen et al., 2003; Dufour and Guerin 2003; Govaerts and Frodin, 2002). It is a slow-

growing, monocotyledonous perennial that thrives in shady, warm, and humid climates. The main 

ornamental characteristics of this flower is its brightly colored spathe leaf and protruding 

inflorescence, which is called a spadix (Collette et al., 2004). Anthuriums produce long lasting 

flowers year-round, each leaf axil producing one flower. The plant keeps the sequence of leaf, 

flower, and new leaf throughout its life cycle, however leaf emergence differs with changing 

environmental conditions. The summer months are favorable for plant growth, whereas the lower 

temperatures and less light of winter months are less favorable to plant growth (Higaki et al., 

1995). In Hawaiʻi, A. fragariae is known to cause foliar blight of anthurium, which can be deadly 

in young plants (Hunter et al., 1974).  
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Plumeria (Plumeria sp.) are native to tropical Americas and belongs to the Apocynaceae 

(Criley, 2005; Zahid et al., 2010). They grow as small flowering trees and are commonly used as 

an ornamental, for shade, or in plant groupings (Nelson, 2009). With a broad, round-headed 

canopy, the tree is usually as wide as it is tall. Some types of plumeria shed their leaves annually, 

shedding leaves during the winter and having new leaf emergence during or following the spring. 

Flowers of various colors including white, red, pink, yellow, and colors in between, bloom from 

March to October (Criley, 2005). The plumeria flowers have a sweet aroma and are primarily used 

for making leis. Their average annual sales value in the state of Hawaiʻi from 2004 to 2009 was 

an estimated $505,000 (Nelson, 2009).  

Indian Hawthorn (Rhaphiolepis indica) belongs to the Rosaceae and is native to southern 

China and Japan. It has been cultivated across the U.S. and is often used as a foundation shrub for 

landscapes (Heartsill, 2017). It is generally a low-growing, evergreen, shrub that grows clusters of 

small flowers (Russ, 2016). Indian Hawthorn grows best on well-drained soils and it tolerates 

drought conditions and salinity well. Plants with less than 6 hours of sun are more susceptible to 

leaf spot diseases and may start to defoliate, but good air circulation could help to deter that. Indian 

Hawthorn is known to be affected by soil nematodes and scales (Gilman, 1999). 

The Phalaenopsis orchid (Phalaenopsis sp.) is a member of the Orchidaceae and is native 

throughout southeast Asia (Yim, 2014; Dressler, 1993). They are monopodial consisting of a short 

upright stem and large fleshy leaves that resemble the moth they’re named after (Yim, 2014).  

Phalaenopsis orchids have a diverse distribution throughout Asia, thus the floral seasons may vary 

for individual phalaenopsis species. Most of the species have a single flowering time per year in 

response to the changing of seasons, but there are a few species that bloom twice a year or at 

irregular times (Ikedo, n.d.). In 2000, the wholesale value of potted and blooming moth orchids 

was over $100 million (USDA, 2001). Out of all the orchid species, the moth orchid is the most 

popular for potted plants (Wang, 2002).   

1.3. Current Control Measures of Foliar Nematodes 

Previously, chemical treatments using active ingredients such as oxamyl and parathion 

were observed to be effective against foliar nematodes (Kohl, 2011). Due to environmental 

concerns and their toxicity, these chemicals are no longer available for foliar nematode control 

(Kohl, 2011). In 1997, methyl bromide was effectively used against soil fungi, soil-based 
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nematodes, insects and weeds, making it the fourth most commonly used pesticide in the United 

States at the time. Although successful in killing these pathogens, it also killed the plant as well. 

Methyl bromide is considered an ozone-depleting substance and was regulated by the Montreal 

Protocol to eliminate the use of it in developed countries by 2005 (Chitwood, 2003).   

Modern chemical control for foliar nematodes is now more environmentally friendly, 

although variable results have been reported (Kohl, 2011). Some chemical treatments were 

observed to be unsuccessful in killing nematodes in infected leaves despite being able to kill 

nematodes in water suspensions. Chlorfenapyr, typically used as a miticide, is currently labeled to 

control foliar nematodes on ornamentals in the greenhouse. Against thin-leaved plants such as 

anemone, this chemical proved to reduce foliar nematode populations, unlike crops with thicker 

leaves such as lantana where it seemed to be less effective (Kohl, 2011).  

A total of three new nematicides will be tested throughout this thesis project. ESP 715 was 

developed by Bayer.  MBI 304 and 305, two microbial based products, are developed by Marrone 

Bio Innovations. The active ingredient of ESP 715 (Bayer, Leverkusen, Germany) is fluopyram, 

which is also a SDHI (succinate dehydrogenase inhibitor) fungicide (Crow et al., 2017). The 

succinate dehydrogenase complex is the smallest complex in the respiratory chain. As a fungicide, 

fluopyram inhibits fungal respiration (Avenot and Michailides, 2010). In the case of nematodes, 

fluopyrams mode of action is to block a nematodes cellular respiration and restrict their ability to 

produce energy. Nematodes affected by this active ingredient will be drained of energy, straighten, 

become immobile, eventually stop feeding, and die (Backed by Bayer, 2017). Multiple field trials 

using the active ingredient fluopyram have been conducted on turf and golf courses in the United 

States (Crow et al., 2017). Researchers at the University of Florida found that fluopyram reduced 

sting nematode population densities and treated turf response positively 6 to 8 months or longer 

after one single application. Trials using fluopyram against Anguina pacificae, the Pacific shoot-

gall nematode, were conducted by J. Baird, Marco Schiavon, M. Mundo and J. O. Becker at the 

University of California, Riverside. One to two applications of extremely low rates of fluopyram 

provided season-long protection on putting greens against high populations of A. pacificae. These 

trials were conducted on golf courses located from the coastal Monterey Peninsula to the San 

Francisco Bay Area (Crow et al., 2017). MBI 304 is a bionematicide modeled after a 

Chromobacterium spp. based biopesticide, Grandevo (Marrone Bio Innovations, Davis, 
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California). The Chromobacterium spp. strain extract fends off, stops feeding of, reduces 

reproduction, and induces mortality in sucking and chewing insects, flies and mites thus prevents 

the development of damaging populations of these pests. This product has not yet been tested on 

nematodes (Marrone Bio Innovations Annual Report, 2015). The Chromobacterium extract from 

MBI 304 has been previously used in a biopesticide, Grandevo for nuts, fruits, vegetables, turf and 

ornamentals (Marrone Bio Innovations, 2017). MBI 305 is a bionematicide also known as 

Majestene (Marrone Bio Innovations, Davis, California), which was approved by the EPA in 2014. 

It is based on an extract of Burkholderia spp. strain A396 and modeled after Venerate. The 

Burkholderia spp. strain extract degrades exoskeletons and interferes with molting in insects and 

mites. This product has previously been reported to work against soybean cyst, root-knot, lesion, 

stunt, reniform, lance and burrowing nematodes (Marrone Bio Innovations Annual Report, 2015).  

Anecdotal observation suggested that Majestene has effects against eggs, juveniles and adult 

lesion, root-knot, dagger, stunt, reniform and soybean cyst nematodes. Majestene reduced galling 

in potatoes, strawberries, tomatoes, peppers, cucurbits, corn, and onions (Marrone Bio 

Innovations, 2017).  

1.4. Research Objectives 

The overall goal for this thesis research is to identify new, reduced-risk nematicides against 

foliar nematodes for use on certain ornamental plants. Specific objectives are to: 

1) Determine the efficacy of ESP 715, MBI 304 and Majestene for managing foliar 

nematodes on palapalai fern, and 

2) Determine if ESP 715, MBI 304 and Majestene are phytotoxic to ornamental plants 

commonly used in Hawaiʻi landscape industry. 
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Chapter 2. Nematicide Efficacy Against Foliar Nematodes on Ornamental Plants 

 

2.1. Introduction 

Aphelenchoides spp. are abundant throughout the United States, Canada and Europe and 

are known to cause serious damage on many ornamentals including ferns in nursery and landscape 

settings (Grewal and Jagdale, 2001; Heinlein, 1982; Johnson and Gill, 1975; Richardson and 

Grewal, 1993; Southey, 1993). Infected ornamental plants suffer visual disfigurement and reduced 

growth. Furthermore, returned shipments of nematode-infected plants cause millions of dollars in 

loss of revenue for nurseries. These losses demonstrate the need for additional foliar nematode 

control options. 

Previously, hot water treatments have been used to control A. fragariae in infected hosta 

and fern plants (Jagedale and Grewal, 2004). A 90°C water drench was effective as a preventative 

treatment in autumn or spring in reducing foliar nematode infection of hosta without affecting the 

plant vigor. As for hot water treatments on fern, a different protocol may be needed. The hot water 

treatments did not reduce nematode infection/population but there were also no damaging effects 

observed on plant growth (Jagedale and Grewal, 2004). Hot water drenches may be further 

researched and possibly used as an alternative control method for foliar nematodes on fern. Until 

that time, a need for chemical control methods or other control methods are needed for foliar 

nematodes for homeowners and nursery managers alike. Although there are various chemicals that 

have suppressed foliar nematode (Jagdale and Grewal, 2002; LaMondia, 1999), the U.S. 

Environmental Protection agency (EPA) has banned the use of these products due to concerns 

regarding the environmental pollution and risks to human health (Nixon, 2001; Schulze, 2001). 

The objective of this experiment was to determine the efficacy of ESP 715, MBI 304 and 

Majestene for managing foliar nematodes on palapalai fern.  

2.2. Materials and Methods 

Nematode Inoculum 

Foliar nematodes were collected from infected fern samples provided by a local nursery 

located on the windward side of the island of Oʻahu. Symptomatic leaves were placed in Baermann 

funnels at room temperature for 2 days. Nematodes were harvested from the funnels by draining 

into centrifuge tubes and filled with water to 50 ml. After at least 24 hours, the top 45 ml was 
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pipetted out of the tube leaving 5 ml of nematode solution. These nematodes were observed under 

a compound microscope and morphologically identified as Aphelenchoides sp. The nematodes 

were transferred onto sterile carrot disc cultures. Carrot disc cultures were established and 

maintained using the protocol of Coyne et al. (2014). Store bought carrots were used and all tools 

were autoclaved before use. The cultures were maintained in the dark at around 21-23°C. 

Nematodes were reinoculated onto new carrot discs every 5-7 weeks to further increase the 

population. Inoculation method comparisons were conducted on hibiscus and fern plants before 

starting the experiment to confirm that our inoculation technique was feasible. Leaves were 

randomly selected and wrapped with wet tissue paper. Inoculations were done using a pipette to 

place nematodes directly onto the damp tissue paper covering each leaf. Each individual leaf was 

inoculated with juvenile and adult nematodes and the whole plant was then covered with a black 

plastic bag for 72-96 hours in accordance to Walker et al. (1997). After allowing the nematode 

populations to establish for 6 weeks foliar nematode symptoms were visible. Symptomatic leaves 

were then removed, placed into Baermann funnels, and nematodes were then extracted proving the 

symptoms to be caused by the foliar nematodes. 

Nematicide efficacy 

Efficacy was determined for ESP 715, MBI 304 and Majestene against A. fragariae on 

palapalai fern, Microlepia strigosa. ESP and MBI products were evaluated in separate trials. The 

experiments consisted of 4 replications per treatment and included noninoculated negative and 

inoculated control plants, for a total of 24 plants. The experiment was conducted at Magoon 

Research Station in Mānoa. Plants were placed on benches in a shade house in a completely 

randomized design. Plants were watered manually according to their watering needs. ESP 715 was 

tested at 0.66 and 1.34 ml a.i/L. MBI 304 was tested at 4,793 mg/L and MBI 305 was tested at 20 

ml/L. Controls consisted of untreated noninoculated and untreated inoculated plants. Five to 6 

weeks after nematode inoculation, all chemicals were applied using a hand-held sprayer. The 

sprayer was calibrated prior to use to allow for sufficient canopy coverage using 6 ml per plant. 

One chemical application was made at the beginning of the experiment as a curative treatment. 

Nematode symptom evaluations were conducted weekly through 6 weeks starting 1 week after the 

initial application. Weekly severity ratings were evaluated on a 1-5 scale, the higher the number 

the more visual nematode symptoms were observed. Each week, two independent evaluations were 
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made, and the scores combined. The ESP trial was conducted from December 2018 to February 

2019 and the MBI trial was conducted from February 2019 to April 2019. 

Final nematode populations were assessed from the foliage. At the end of the ESP trial, all 

symptomatic leaves were collected and placed in Baermann funnels for final nematode population 

assessments. At the end of the MBI trial, all fronds from each plant were collected 10 weeks after 

the experiment and placed in Baermann funnels for final nematode assessments. Fronds were 

placed in Baermann funnels, nematodes extracted and counted. All fronds from each plant in the 

MBI trial were collected 10 weeks after the treatment. Funnels were drained into centrifuge tubes 

and filled with water to 50 ml. After at least 24 hours the top 45 ml was pipetted out, leaving 5 ml 

of nematode solution. 6 ml of boiling water was then added to each solution to relax the nematodes 

and final nematode counts were assessed. 

Initial evaluations were conducted the same day as treatment applications and final 

evaluations were conducted when fronds were collected for nematode assay. Weekly plant 

evaluations and symptom ratings were recorded through 6 weeks starting 7 days after the initial 

application. Two independent ratings were made on damage. Data were taken on the overall 

nematode damage (%) on an individual plant. Average damage was recorded from only the 

symptomatic leaves of each plant. Damage was rated on a 0-5 scale as: 0 = 0%, 1 = 1-20%, 2 = 

21-40%, 3 = 41-60%, 4 = 61-80%, and 5 = 81-100% visual nematode damage. Plant height, width, 

and weight were recorded at initial and final evaluations. 

Weather 

Daily weather conditions were obtained from www.wunderground.com. Data were 

collected on low, high and average temperatures, and average precipitation in Honolulu, Hawaiʻi. 

Typical temperatures and precipitation for the duration of the ESP715 trial (December 2019 to 

April 2019) were high 28.6°C, low 18.8°C, average 24.2°C, and average precipitation 0.074 cm. 

For the MBI 304 and Majestene trials (January 2019 to April 2019) high 29.7°C, low 17.1°C, 

average 24.0°C, and average precipitation 0.06 cm. High winds from a winter storm occurred from 

February 8, 2019 to February 10, 2019 (www.wunderground.com). 
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Statistical Analysis 

The data were checked for normality. Plant growth and phytotoxicity data over the course 

of the experiment were analyzed using repeated measure analysis. Data were log [log10(x+1)] and 

square root [sqrt(x+1)] transformed when needed using SAS (SAS Inc., Cary, NC). Means were 

separated using Waller–Duncan k-ration (k=100) t-test. Only true means were presented. 

2.3 Results 

ESP Trial 

In the ESP trial, the noninoculated plants remained nematode free at the end of the 

experiments. Similar nematode populations were observed in all treatments except the 

noninoculated control in the EPS trial (P=0.4993, Fig. 2.1). The greatest populations were 

recovered from those plants receiving no fluopyram and lowest in the 1.34 ml fluopyram/L rate 

(P<.0001, Fig. 2.1). Plant damage was greatest in the control (0 ml fluopyram/L rate). Plant 

damage decreased at the 0.66 and 1.34 fluopyram rates compared to the 0 rate (Fig. 2.2). No 

difference in height (P=0.3684), width (P=0.7498), or weight (P=0.1873) was detected during the 

6-week period.  

MBI Trial 

MBI trials observed various results with severity. The inoculated control had the highest 

severity at 1.27 (p<0.0001, Figure 2.3) with the noninoculated control having the lowest average 

ratings for and severity at 0.42. The Burkholderia treatment had severity ratings that that were 

significantly lower than the inoculated control and higher than the noninoculated control. Severity 

ratings were significantly lower than the inoculated control and Burkholderia treatments but higher 

than the noninoculated control. There was no significant difference in height (p=0.9747) and 

weight (p=0.371) over the 6-week period. Width was observed to be significantly higher than all 

other treatments (p=0.008, Figure 2.4). A significant difference in nematode numbers per plant 

was seen in the MBI trial by the two control treatments (p=0.5458, Figure 2.5). The inoculated 

control had the highest number of nematodes compared to the noninoculated control having the 

lowest. 

 



12 

 

 

Figure 2.1. Population of Aphelenchoides fragaraie (N+ = inoculated, N- =  

nematode free) on Microlepia strigosa 6 weeks after treatment with fluopyram at 0, 0.66, 

or 1.34 ml ai./L. Columns (n= 12) topped by the same letters are not different accordin to 

Waller-Duncan k-ratio (k=100) t-test. 
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Figure 2.2. Ratings of foliar nematode severity on Microlepia strigosa inoculated with 

Aphelenchoides fragaraie (N+ = inoculated, N- = nematode free) and treated with 

fluopyram (0, 0.66, or 1.34 ml ai./L) 6 weeks after chemical treatment. Scale for percent 

of visible nematode symptoms on plant foliage: 0=0%, 1=1-20%, 2=21-40%, 3=41-60%, 

4=61-80%, 5=81-100%.,. Columns (n=12) topped by the same letters are not different 

according to Waller-Duncan k-ratio (k=100) t-test. 
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Figure 2.3. Ratings of foliar nematode severity on Microlepia strigosa inoculated with 

Aphelenchoides fragaraie (N+ = inoculated, N- = nematode free) and treated with 

Burkholderia (Br = Majestene) or Chromobacterium (Cs) 10 weeks after chemical 

treatment. Scale for percent of visible nematode damage on plant foliage: 0=0%, 1=1-

20%, 2=21-40%, 3=41-60%, 4=61-80%, 5=81-100%. Columns (n=12) topped by the 

same letters are not different according to Waller-Duncan k-ratio (k=100) t-test. 
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Figure 2.4. Plant canopy width (cm) of Microlepia strigosa inoculated with 

Aphelenchoides fragaraie (N+ = inoculated, N- = nematode free) and treated with 

Burkholderia (Br = Majestene) or Chromobacterium (Cs) 10 weeks after chemical 

treatment. Columns (n= 12) topped by the same letters are not different according to 

Waller-Duncan k-ratio (k=100) t-test. 
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Figure 2.5. Population of Aphelenchoides fragaraie (N+ = inoculated, N- = nematode free) on 

Microlepia strigosa 10 weeks after treatment with Burkholderia (Br = Majestene) or 

Chromobacterium (Cs). Columns (n= 12) topped by the same letters are not different according 

to Waller-Duncan k-ratio (k=100) t-test.  

 

2.4 Discussion 

These new nematicides show promise in the management of foliar nematode in fern. 

Neither, fluopyram, Burkholderia, nor Chromobacterium adversely affected growth of palapalai. 
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Chapter 3. Phytotoxicity Effects on Ornamental Plants Caused by New Nematicide 

 

3.1 Introduction 

Phytotoxicity, or plant injury, occurs when plants are exposed to certain chemicals or 

contaminants (Singh and Srivastava, 2015). Chemicals applied to control a pest may inadvertently 

cause damage to the plant and reduce its value. Both foliar sprays and soil drenching may cause 

injury to the leaves or flowers of plants. Phytotoxicity may be observed as different symptoms 

include leaf speckling, marginal necrosis or chlorosis, brown or yellow patches or spots, stunting, 

leaf distortion, or plant death (Getter, 2015). Phytotoxicity negatively affects the health and/or 

aesthetics of the plant and may result in reduced revenue.  

Chemical products and their a.i. used in this experiment included ESP 715 with fluopyram, 

MBI 304 with Chromobacterium and Majestene with Burkholderia. Previously, fluopyram 

fungicide treatments saw phytotoxicity effects on soybean cotyledons. These effects resulted in 

discoloration on the tips of cotyledons, which can resemble disease or other abiotic stress (Wise et 

al, 2015). The Chromobacterium spp. strain extract was previously evaluated for phytotoxicity on 

marigolds. There was no phytotoxicity effects seen, with all ratings being 0% of phytotoxicity 

(Vafaie and Rydzak, 2015). Majestene was evaluated for phytotoxicity on a variety of crops as 

read on the specimen label, results were not presented (Marrone Bio Innovations, 2017).  

The objective of this experiment was to determine the phytotoxicity of fluorpyram, and 

formulations of Burkholderia and Chromobacterium. 

3.2. Materials and Methods 

Experimental Design 

The plants were obtained from commercial sources. Six plant species were evaluated: 

anthurium (Anthurium andraeanum), plumeria (Plumeria sp.), Indian hawthorn (Rhaphiolepis 

indica), orchid (Phalaenopsis sp.), hibiscus (Hibiscus sp.), and palapalai (Microlepia strigosa). 

The trial was conducted at Magoon Research Station. Plants were placed in a completely 

randomized design on benches in a shade house or in the open. Hibiscus, plumeria, and indian 

hawthorn plants were placed on open benches in full sun. Anthurium, phalaenopsis, and palapalai 

plants were placed on a bench inside the shade house. Plants were watered manually as needed. 

Hibiscus, phalaenopsis, and anthurium were evaluated between December 2017 to July 2018. 
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Indian hawthorn and plumeria were evaluated between March 2018 to October 2018. Palapalai 

was evaluated from January 2019 to July 2019. 

Fluopyram, as the Bayer test formulation ESP 715, was evaluated at 0.33 ml/L, 0.66 ml/L, 

and 1.34 ml/L. Burkholderia, as MBI 304, and Chromobacterium, as Majestene were only 

evaluated on palapalai at rates of 20 ml/L and 4,793 mg/L, respectively. Fluopyram was tested 

only at 0.66 ml/L and 1.34 ml/L for palapalai. A control consisting of water was included with 

each plant species. ESP 715 and MBI 304 were applied using a hand-held sprayer, calibrated prior 

to use, to ensure canopy coverage. Based on the plant size, chemical applications were applied 

from 6 to 8 ml per plant. Three chemical applications were made 14 days apart. The experiment 

consisted of 10 replications of each chemical concentration tested for a total of 40 individual plants 

per plant species. Plumeria had 5 replications per each treatment and palapalai had 4 replications 

per treatment due to low plant availability. 

Data Collection 

Evaluations were conducted 7 days after each chemical application and then once a month 

for 5 months after the last application. For palapalai, monthly evaluations were made for 2 months. 

Initial evaluations were made before the first chemical application and final evaluations were made 

after the last observation day. For palapalai, initial data taken the same day as the first chemical 

application and final data were taken on the same day as the final day of observations. Plant weight 

was recorded for all plant species and were recorded at initial, final, and monthly evaluations. 

Before collecting plant weights, plants were saturated with water and allowed to naturally drain 

for 90 minutes before weighing. Initial, weekly and final evaluations of other plant growth 

parameters other than weight differed by the individual plants, being adjusted to the specific plant 

species growth habits and based on the IR-4 Project protocol. 

Weekly plant evaluations were conducted 7 days after each chemical application. 

Phytotoxicity severity was evaluated on the affected leaves, rated on a scale from 0-5 (Reis et al., 

2010). Plants were maintained for 5 months or 2 months for palapalai to evaluate growth defects. 

Monthly observations focused on stunting. Data were collected if there was any damage to the 

flowers and/or bud development. 
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Weather 

Daily weather conditions during this experiment were obtained from 

www.wunderground.com. Data was taken on factors such as, the low, high and average 

temperature, percent of precipitation and percent of humidity in Honolulu, Hawaiʻi. Typical 

temperatures and precipitation for the duration of the hibiscus, orchid, anthurium trial (December 

2017-June 2018): high temperature 28.4°C, low 19.9°C, average daily temperature 24.2°C, 

average precipitation 4.34 centimeters. For plumeria and Indian hawthorn (March 2018-September 

2018): high temperature 30.5°C, low 22.2°C, average daily temperature 26.4°C, average 

precipitation 2.65 centimeters. For palapalai ESP 715 trial (January 2019-April 2019): high 

temperature 29.7°C, low 17.1°C, average daily temperature 24.0°C, average precipitation 0.06 

centimeters. For palapalai MBI 304 and Majestene trial (March 2019-June 2019): high temperature 

31.4°C, low 19°C, average daily temperature 25.9°C, average precipitation 0.02 centimeters. 

Tropical storm warnings posted on 8/22/18 and 9/12/2018 may have impacted the trials but 

evaluations continued. Winter storm warning of high winds occurred from February 8, 2019 to 

February 10, 2019 may have impacted the palapalai ESP trial, but evaluations continued 

(www.wunderground.com). 

Statistical Analysis 

The data were checked for normality. Plant growth and phytotoxicity data over the course 

of the experiment were analyzed using repeated measure analysis. Data were log [log10(x+1)] and 

square root [sqrt(x+1)] transformed when needed using SAS (SAS Inc., Cary, NC). Means were 

separated using Waller–Duncan k-ratio (k=100) t-test. Only true means were presented. 

3.3 Results 

No visual foliar phytotoxicity symptoms were observed for fluopyram at any of the tested 

rates on hibiscus, orchid, anthurium, Indian hawthorn, or plumeria throughout the 26-week period. 

Hibiscus: The control had significantly higher height than all other treatments, whereas 

chemically treated plants were consistently similar (P=0.006, Fig. 3.1). On the other hand, the 

control had the lowest weight and the chemical treatments resulted in significantly higher weight 

(P=0.0187, Fig. 3.2). There was no difference between any of the treatments in stem diameter 

measurements (P=0.1079). 
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Orchid: Spike length was highest in the control and descended significantly to 0.33 ml/L 

and 0.66 ml/L while 1.34 ml/L fell between 0.33 and 0.66 (P<.0001, Fig. 3.3). Weight was heaviest 

in the 1.34 ml/L treatment and significantly lower in all other treatments (P=0.0013, Fig. 3.4). 

Anthurium: The number of flowers descended in order from 0.66 ml/L, 1.34 ml/L, 0.33 

ml/L and control respectively (P<.0001, Fig. 3.5). Flower petiole lengths were longest in control 

and 0.33 ml/L. Those rates were significantly higher than 1.34 ml/L and 0.66 ml/L treatments, 

which was the rate with the shortest petiole lengths (P<.0001, Fig. 3.6). There was no difference 

in weight among any treatments (P=0.1976). 

Indian Hawthorn: The 0.33 ml/L treatment had the biggest width, 1.34 ml/L with the lowest 

and the other two treatments falling in between (P<.0001, Fig. 3.7). Weight was lowest in 0.33 

ml/L treatment and highest in 0.66 ml/L treatment, with the rest of the treatments falling in between 

(P=0.0013, Fig. 3.8). There were no differences in height among treatments in the 26-week period.  

Plumeria: Height was highest in the control and 0.66 ml/L treatments, and lowest in 1.34 

ml/L treatment (P=0.0308, Fig. 3.9). Stem diameter was biggest in 0.66 ml/L treatment, and lowest 

in the control and 0.33 ml/L treatment (P=0.0127, Fig. 3.10). There was no difference in weight 

among treatments throughout the 26-week period.  

 Palapalai: There were no differences in height (P=0.2951), width (P=0.6084) or weight 

(P=0.9392) among fluopyram treatments throughout the 14-week period. Palapalai was the only 

plant species to experience some visual foliar phytotoxicity symptoms, as early as the first 

observation. These symptoms were seen on all treatments except the control. Severity was similar 

in both chemical treatments which were significantly higher than the control (P<.0001, Fig. 3.11). 

In the Chromobacterium and Burkholderia treatments there were no differences in height 

(P=0.3054), width (P=0.242), or weight (P=0.2224) were observed in any of the treatments 

throughout the 14-week period. Phytotoxicity (P=0.3271) was not different between any of the 

treatments, the highest ratings observed being no higher than a 0.4 on the 0-5 phytotoxicity rating 

scale.  

3.4 Discussion 

No phytotoxicity effects were observed on five of the plant species used in the experiment. 

Hibiscus, phalaenopsis orchid, anthurium, Indian hawthorn and plumeria were tolerant to the rates 

of which fluopyram was applied. Differences in weight and other factors may be due to multiple 
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variables in the environment including: weather, physical damage, feeding pests and loss of soil 

overtime. Personal observations suggested that fluopyram could have acted as a possible snail 

deterrent when comparing chemical treatments and the control plants. After extensive snail 

feeding, control methods including snail bait and manual removal were used to suppress the snail 

population. 

Palapalai having daintier foliage could be the reason that phytotoxicity effects were seen 

on this plant species. Although being the only plant species to experience phytotoxicity damage 

on the foliage, the damage ratings did not exceed a 3 in severity with averages being below a 1.4 

in all damage ratings. There were no statistical differences between the control and bionematicide 

treatments, suggesting that they did not cause any phytotoxicity effects but may have been affected 

by outstanding variables such as weather, emerging disease and pests. 

Symptomatic flowers were found on some hibiscus and orchid plants. Various symptoms 

including, flower deformity, discoloration and minor necrosis could be the result of outstanding 

variables and were not proven to be caused by the chemical itself. These variables included, 

physical damage from wind and/or falling over, emerging plant diseases or pests. Recovery was 

observed on majority of the plants by the end of the experiment, except what is believed to be 

Botrytis cinerea on orchid flowers which were present prior to experiments. 
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Figure 3.1. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram/L on 

hibiscus height over a 26-week period. Columns (n= 70) with the same letters 

are not different according to Waller-Duncan k-ratio (k=100) t-test. 

 

Figure 3.2. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on hibiscus 

weight over a 26-week period. Columns (n= 70) with the same letters are not different 

according to Waller-Duncan k-ratio (k=100) t-test. 
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Figure 3.3. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on orchid  

spike length over a 26-week period. Columns (n= 70) with the same letters are not 

different according to Waller-Duncan k-ratio (k=100) t-test.  

 

Figure 3.4. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on orchid 

weight over a 26-week period. Columns (n= 70) followed by the same letters are not 

different according to Waller-Duncan k-ratio (k=100) t-test. 
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Figure 3.5. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on  

anthurium number of flowers over a 26-week period. Columns (n= 70) followed by  

the same letters are not different according to Waller-Duncan k-ratio (k=100) t-test. 

 

Figure 3.6. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on anthurium 

petiole length over a 26-week period. Columns (n= 70) followed by the same letters are 

not different according to Waller-Duncan k-ratio (k=100) t-test. 
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Figure 3.7. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on indian 

hawthorn width over a 26-week period. Columns (n= 70) followed by the same  

letters are not different according to Waller-Duncan k-ratio (k=100) t-test. 

 

Figure 3.8. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on indian 

hawthorn weight over a 26-week period. Columns (n= 70) followed by the same  

letters are not different according to Waller-Duncan k-ratio (k=100) t-test. 
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Figure 3.9. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on  

plumeria height over a 26-week period. Columns (n= 35) followed by the same  

letters are not different according to Waller-Duncan k-ratio (k=100) t-test. 

 

Figure 3.10. Effects of fluopyram at 0, 0.33, 0.66, or 1.34 ml fluopyram /L on  

plumeria stem diameter over a 26-week period. Columns (n= 35) followed by the  

same letters are not different according to Waller-Duncan k-ratio (k=100). 
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Figure 3.11. Fluopyram phytotoxicity severity ratings on M. strigosa for each treatment 

throughout the 14-week period. Rating scale for percent of visible nematode symptoms 

on plant foliage: 0=0%, 1=1-20%, 2=21-40%, 3=41-60%, 4=61-80%, 5=81-100%. 

Control: control, 0.66: 0.66 ml/L of fluopyram and 1.34: 1.34 ml/L of fluopyram. 

Columns (n= 24) followed by the same letters are not different according to Waller-

Duncan k-ratio (k=100) t-test. 
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Figure 3.12. Chromobacterium and Burkholderia phytotoxicity severity ratings on M. strigosa for 

each treatment throughout the 14-week period. Rating scale for percent of visible nematode 

symptoms on plant foliage: 0=0%, 1=1-20%, 2=21-40%, 3=41-60%, 4=61-80%, 5=81-100%. 

Control: control, 0.66: 0.66 ml/L of fluopyram and 1.34: 1.34 ml/L of fluopyram. Columns (n= 

24) followed by the same letters are not different according to Waller-Duncan k-ratio (k=100) t-

test. 
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Chapter 4. Conclusions and Considerations 

With limited control methods against foliar nematodes we are looking at newly developed 

nematicides that are effective and safe for the plants. There are no products currently on the market 

that are successful and/or registered to be used against foliar nematodes. Limitations like these 

make production especially difficult for fern growers.  

Foliar applications of newly developed nematicide products from Marrone Bio 

Innovations, MBI 304 using a Chromobacterium spp. strain extract and Majestene using a 

Burkholderia spp. strain extract, suppressed 75.8% and 65.7% of foliar nematodes, respectively.  

In addition, these bionematicides did not cause phytotoxicity on palapalai. Fluopyram did 

not suppress foliar nematodes, and it caused significant phytotoxicity on palapalai. No 

phytotoxicity by fluopyram was observed on all other plants tested (Frangipani, R. indica, 

Hibiscus, Phalaenopsis, and A. adreanum). Although some stunting of growth was observed, this 

did not affect the quality (marketability) of the plants. In particular, plant weight of hibiscus and 

orchid were increased by fluopyram, possibly due to snail hindrance of the chemical.  

The use of bionematicides containing Chromobacterium and Burkholderia are suggested 

for the control of foliar nematodes on palapalai. Along with chemical applications, pruning of 

nematode symptomatic fronds may result in increased nematode suppression. Using proper 

irrigation techniques will also limit the spread of the nematodes. The combination of these methods 

is more likely to ensure the reduction of foliar nematodes within nurseries and greenhouses. 

 Future studies are needed to examine foliar nematode control on other plant species using 

fluopyram, Chromobacterium and Burkholderia. Biological products are good alternatives to 

traditional chemical products. The direction that some companies are going with these products, 

using biological active ingredients rather than chemicals, is a viable direction for the future of 

modern nematicides. Continuing to test various biological agents and/or products against pests will 

increase our chances of developing more environmentally friendly yet effective control methods 

against pests.  

 

 



30 

 

Chapter 5. References 

Avenot, H. F., & Michailides, T. J. (2010). Progress in understanding molecular mechanisms and 

evolution of resistance to succinate dehydrogenase inhibiting (SDHI) fungicides in 

phytopathogenic fungi. Crop Protection, 29(7), 643-651. doi:10.1016/j.cropro.2010.02.019 

Backed By Bayer: Indemnify - The next-generation nematicide. (n.d.). Retrieved from 

https://www.environmentalscience.bayer.us/turf-and-ornamentals-management/golf-course-

management/portfolios-and-solutions/nematode-zone/indemnify 

Chen, J., McConnell, D. B., Henny, R. J., & Everitt, K. C. (2003). Cultural Guidelines for Commercial 

Production of Interiorscape Anthurium. IFAS Extension. Retrieved July 7, 2019, from 

https://www.plantgrower.org/uploads/6/5/5/4/65545169/ep15900.pdf. 

Chitwood, D. J. (2003). Encyclopedia of Agrochemicals (Vol. 3). NY: John Wiley and Sons. 

Collette, V. E., Jameson, P. E., Schwinn, K. E., Umaharan, P., & Davies, K. M. (2004, September 29). 

Temporal and spatial expression of flavonoid biosynthetic genes in flowers of Anthurium 

andraeanum. Physiologia Plantarum. Wiley Online Library. Retrieved July 7, 2019, from 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.2004.00402.x 

Cook, L. (2013, March 21). The sweet smells of competition. Honolulu Star-Advertiser. Retrieved 

July 7, 2019, from www.staradvertiser.com/2013/03/31/hawaii-news/the-sweet-smells-of-

competition/ 

Coyne, D. L., Adewuyi, O., & Mbiru, E. (2004). Protocol for in vitro culturing of lesion nematodes: 

Radopholus similis and Pratylenchus spp. on carrot discs. Retrieved July 9, 2019, from 

https://cgspace.cgiar.org/handle/10568/80756 

Criley, R. A. (2005). Plumeria in Hawaii [Pamphlet]. Honolulu, HI: College of Tropical Agriculture 

and Human Resources. 

Crow, W. T., Becker, J. O., & Baird, J. H. (2017, July). New Golf Course Nematicides. Golf Course 

Magazine. Retrieved July 7, 2019, from https://www.gcsaa.org/gcm/2017/july/new-golf-course-

nematicides. 



31 

 

Decraemer, W., & Hunt, D. J. (2006). Structure and classification. In R. N. Perry & M. Moens (Eds.), 

Plant Nematology (pp. 3–32). Wallingford, UK; Cambridge, MA, USA: CABI. 

Dressler, R. L. (1993). Phylogeny and classification of the orchid family. Portland, Or.: Dioscorides 

Press. 

Dropkin, V. H. (1980). Introduction to plant nematology. New York: Wiley. 

Dufour, L., & Guérin, V. (2003). Growth, developmental features and flower production of Anthurium 

andraeanum Lind. in tropical conditions. Scientia Horticulturae, 98(1), 25-35. doi:10.1016/s0304-

4238(02)00196-6 

Dunn, R. A. (2005). Foliar nematodes as pests of ornamental plants. IFAS Extension,3. Retrieved July 

7, 2019, from http://nematology.ifas.ufl.edu/assaylab/Documents/Foliar nematodes.pdf 

Getter, K. (2015). Plant Phytotoxicity in the Greenhouse. MSU Extension. Retrieved July 7, 2019, 

from https://www.canr.msu.edu/news/plant_phytotoxicity_in_the_greenhouse. 

Gettys, L. A. (2012). Genetic Control of White Flower Color in Scarlet Rosemallow (Hibiscus 

coccineus Walter). Journal of Heredity, 103(4), 594-597. doi:10.1093/jhered/ess009 

Gilman, E. F. (1999). Raphiolepis indica. University of Florida Cooperative Extension Service. 

Retrieved July 7, 2019, from http://hort.ufl.edu/shrubs/RAPINDA.PDF 

Goodey, T. (1933). Plant Parasitic Nematodes and the Diseases They Cause. Annals of the 

Entomological Society of America, 27(2). Retrieved July 7, 2019, from 

https://academic.oup.com/aesa/article-abstract/27/2/340/195704?redirectedFrom=PDF. 

Govaerts, R., & Frodin, D. G. (2002). World checklist and bibliography of Araceae (and Acoraceae). 

Kew: Royal Botanic Gardens. 

Grewal, P. S., & Jagdale, G. B. (2001). The Hosta Journal,32, 64-66. Retrieved July 9, 2019. 

Heartsill, W. (2017). Planting Indian Hawthorn. Alabama Cooperative Extension System. Retrieved 

July 7, 2019, from http://news.aces.edu/blog/2017/05/17/planting-indian-hawthorn/ 



32 

 

Heinlein, M. S. (1982). Symptomology and host range of Aphelenchoides fragariae (Unpublished 

master's thesis). Ohio State University. 

Hesling, J. J., & Wallace, H. R. (1961). Observations on the biology of chrysanthemum eelworm 

Aphelenchoides ritzema-bosi (Schwartz) Steiner in florists chrysanthemum. Annals of Applied 

Biology, 49(1), 195-203. doi:10.1111/j.1744-7348.1961.tb03602.x 

Higaki, T., Lichty, J. S., & Moniz, D. (n.d.). Anthurium Culture in Hawai'i. Hawaii Cooperative 

Extension Service. Retrieved July 7, 2019. 

Hunter, J. E. (1974). A Foliar Disease of Anthurium Seedlings Caused by Aphelenchoides 

fragariae. Phytopathology, 64(2), 267. doi:10.1094/phyto-64-267 

Ikedo, T. (n.d.). Morphology, Regional Difference and Taxonomy. Retrieved July 7, 2019, from 

http://www.ranwild.org/Phalaenopsis/module/introduction/intro2/Efeaturehead.html 

Jagdale, G. B., & Grewal, P. S. (2002). Identification of alternatives for the management of foliar 

nematodes in floriculture. Pest Management Science, 58(5), 451-458. doi:10.1002/ps.472 

Jagdale, G. B., & Grewal, P. S. (2004). Effectiveness of a Hot Water Drench for the Control of Foliar 

Nematodes Aphelenchoides fragariae in Floriculture. Journal of Nematology, 36, 49-53. Retrieved 

July 7, 2019, from 

https://www.researchgate.net/publication/24178693_Effectiveness_of_a_Hot_Water_Drench_for

_the_Control_of_Foliar_Nematodes_Aphelenchoides_fragariae_in_Floriculture. 

Johnson, J. W., & Gill, D. L. (1975). Chemical control of foliar nematodes (Ahpelenchoides fragariae) 

on ‘Fluffy Ruffles’ fern. Plant Disease Reporter, 59, 272-274. Retrieved July 7, 2019, from 

http://agris.fao.org/agris-search/search.do?recordID=US19760066458 

Knight, K. W., Barber, C. J., & Page, G. D. (1997). Plant-parasitic Nematodes of New Zealand 

Recorded by Host Association. Journal of Nematology,29, 640-656. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2619821/pdf/640.pdf. 

Kohl, L. M. (2011). Foliar Nematodes: A Summary of Biology and Control with a Compilation of 

Host Range. Plant Health Progress, 12(1), 23. doi:10.1094/php-2011-1129-01-rv 



33 

 

LaMondia, J. A. (1999). Efficacy of insecticides for control of Aphelenchoides fragariae and 

Ditylenchus dipsaci in flowering perennial ornamentals. Journal of Nematology, 31, 644-649. 

Retrieved July 7, 2019, from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2620411/pdf/644.pdf. 

Lehman, P. S. (1996). Dispersal modes for foliar nematodes. Gainesville: Fla. Dept. Agric. & 

Consumer Services, Division of Plant Industry. 

Marrone Bio Innovations - Annual Report. (2015, November 10). Retrieved July 7, 2019, from 

investors.marronebio.com/secfiling.cfm?filingID=1193125-15-372823&CIK=1441693 

Marrone Bio Innovations - Grandevo. (2019, May 10). Retrieved from 

https://marronebioinnovations.com/ag-products/brand/grandevo/ 

Marrone Bio Innovations - Majestene. (2019, May 10). Retrieved July 7, 2019, from 

https://marronebioinnovations.com/ag-products/brand/majestene/ 

Marrone Bio Innovations - Venerate. (2019, May 10). Retrieved July 7, 2019, from 

https://marronebioinnovations.com/ag-products/brand/venerate/ 

Nelson, S. (2009). Plumeria Rust. University of Hawaii Cooperative Extension Program,1-6. 

Nicol, J. M., Turner, S. J., Coyne, D. L., Nijs, L. D., Hockland, S., & Maafi, Z. T. (2011). Current 

Nematode Threats to World Agriculture. Genomics and Molecular Genetics of Plant-Nematode 

Interactions, 21-43. doi:10.1007/978-94-007-0434-3_2 

Nixon, P. (2001). U.S. EPA Cancels Diazinon Uses. Retrieved July 7, 2019, from 

http://www.pesticidesafety.uiuc.edu/newsletter/html/200101a.html 

Palapalai. (n.d.). Retrieved July 7, 2019, from 

http://data.bishopmuseum.org/ethnobotanydb/ethnobotany.php?b=d&ID=palapalai 

Polomski, B., & Russ, K. (2017, November 14). Indian Hawthorn. Retrieved July 7, 2019, from 

http://www.clemson.edu/extension/hgic/plants/landscape/shrubs/hgic1078.html 



34 

 

Reis, T. C., Neves, A. F., Andrade, A. P., & Santos, T. D. (2010). Efeitos de fitotoxidade na soja RR 

tratada com formulações e dosagens de Glifosato. Revista De Biologia E Ciências Da Terra, 10, 

34-43. Retrieved July 9, 2019, from https://www.redalyc.org/pdf/500/50016930003.pdf. 

Richardson, P. N., and P. S. Grewal. (1993). Nematode pests of glasshouse crops and mushrooms. In 

K. Evans, D. L. Trudgill, and J. M. Webster (Eds.), Plant-parasitic nematodes in temperate 

agriculture (pp 501–544). Wallingford, UK; CAB International. 

Russ, K. (2004, December 27). Hibiscus. Retrieved July 7, 2019, from 

https://hgic.clemson.edu/factsheet/hibiscus/ 

Schulze, L. (2001). Federally Registered Restricted Use Pesticides. University of Nebraska Lincoln 

Extension. Retrieved July 7, 2019, from 

https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=3012&context=extensionhist. 

Singh, S. O., & Srivastava, K. (2015). Handbook of research on uncovering new methods for 

ecosystem management through bioremediation. Hershey, PA: Information Science Reference. 

Southey, J. F. (1993). Nematode pests of ornamental and bulb crops. Wallingford, UK: CAB 

International. 

Stewart, F. H. (1921). The Anatomy and Biology of the parasitic Aphelenchi. Parasitology, 13(2), 

160-179. doi:10.1017/s0031182000012397 

Strümpel, H. (1967). Beobachtungen Zur Lebensweise Von Aphelenchoides Fragariae in Lorraine-

Begonien. Nematologica, 13(1), 67-72. doi:10.1163/187529267x00931 

UC IPM. (2018, July). Agriculture: Strawberry Pest Management Guidelines. Retrieved July 7, 2019, 

from https://www2.ipm.ucanr.edu/agriculture/strawberry/nematodes/ 

Uchida, J. Y., & Kadooka, C. Y. (1997, May). Diseases of leatherleaf fern caused by Calonectria and ... 

Retrieved July 7, 2019, from https://www.ctahr.hawaii.edu/oc/freepubs/pdf/PD-11.pdf 

USDA. (2000). Floriculture Crops 2000 Summary. Retrieved July 9, 2019, from 

https://books.google.com/books?id=_SNTCjyGy3oC&pg=PA127&lpg=PA127&dq=U.S. 

Department of Agriculture Floriculture crops summary 



35 

 

2000&source=bl&ots=zEvtE5DLEW&sig=ACfU3U0vIWE_CjbkgCP632do1K2w__dWMQ&hl

=en&sa=X&ved=2ahUKEwik2IiNiqnjAhWVtp4KHeqRB2wQ6AEwBXoECAkQAQ#v=onepag

e&q=U.S. Department of Agriculture Floriculture crops summary 2000&f=false 

Vafaie, E. K., & Rydzak, P. M. (2017). Insecticidal Control of Western Flower Thrips. Arthropod 

Management Tests. doi:10.1093/amt/tsx091 

Walker, J. T., Oetting, R. D., Johnston-Clark, M., & Melin, J. B. (1997). Evaluation of Newer 

Chemicals for Control of Foliar Nematode on Begonias. Journal of Environmental Horticulture, 

15(1), 16-18. Retrieved July 7, 2019, from https://hrijournal.org/doi/abs/10.24266/0738-2898-

15.1.16. 

Wallace, H. R. (1959). Movement Of Eelworms: V. Observations On Aphelenchoides Ritzema-Bosi 

(Schwartz, 1912) Steiner, 1932 On Florists‘ Chrysanthemums. Annals of Applied Biology, 47(2), 

350-360. doi:10.1111/j.1744-7348.1959.tb02550.x 

Wang, Y., & Konow, E. A. (2002). Fertilizer Source and Medium Composition Affect Vegetative 

Growth and Mineral Nutrition of a Hybrid Moth Orchid. Journal of the American Society for 

Horticultural Science,127(3), 442-447. doi:10.21273/jashs.127.3.442 

West, T., & Preece, J. (2004). Effects of Thidiazuron And Nutrient Salt Formulations On 

Micropropagation Of Hardy Hibiscus (Hibiscus Moscheutos L.). Acta Horticulturae,(630), 293-

297. doi:10.17660/actahortic.2004.630.36 

Wise, K., Mueller, D., Kandel, Y., Young, B., Johnson, B., & Legleiter, T. (2015, May 28). Are Pre-

Emergence Herbicides Hurting Ilevo-Treated Soybeans? Retrieved July 9, 2019, from 

https://www.no-tillfarmer.com/articles/4752-are-pre-emergence-herbicides-hurting-ilevo-treated-

soybeans 

Yim, E. (2014, August 2). Moths in Full Bloom. Retrieved July 7, 2019, from 

http://www.nst.com.my/news/2015/09/moths-full-bloom 


