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POPULATION DYNAMICS AND MANAGEMENT OF Belonolaimus longicaudatus ON 

STRAWBERRY IN FLORIDA 
 

By 
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December 2006 

Chair:  D. W. Dickson 
Major Department:  Entomology and Nematology 
 

Commercial production of strawberry (Fragaria x Ananassa) in Florida is adversely 

affected by the sting nematode Belonolaimus longicaudatus.  This study was conducted to 

determine (i) the nematode’s dynamics and movement in soil, (ii) pathogenicity on vegetables 

commonly double-cropped after strawberry, (iii) alternatives for methyl bromide (mbr) for 

strawberry and effectiveness of reduced rates of fumigants when applied under virtually 

impermeable film (VIF), (iv) the pathogenicity of different isolates of sting nematode on 

strawberry, and (v) tolerance of commercially grown strawberry cultivars to sting nematode.  

Sting nematode densities increased on strawberry shortly after their planting in October.  

Populations increased until January when densities peaked and began to decline thereafter.  Sting 

nematodes could be recovered from soil at all depths sampled from 0 to 79-cm deep throughout 

the year, although their densities remained low at depths below 26 cm.  The potential for this 

nematode to survive in-bed fumigation with mbr and move up through the soil profile was 

demonstrated.  Sting nematodes were pathogenic to and reproduced on six vegetables.  They did 

not increase on watermelon, and increased more on sweet corn and tomato than on cantaloupe, 

cucumber, pepper, and squash.  Strawberry yields and weed densities in beds fumigated with 1,3-
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dichloropene plus chloropicrin combined with oxyfluorfen herbicide were equivalent to mbr 

treated beds.  Reducing rates of mbr by 25 and 50% did not negatively affect tomato yield or 

root-knot nematode galling when applied under VIF film as compared to a full rate of mbr in 

conjunction with standard polyethylene mulch.  Five different sting nematode isolates tested 

were pathogenic on strawberry, but the isolate from strawberry was the most virulent of all 

isolates tested.  Sting nematode negatively impacted all commercial strawberry cultivars tested.  

The nematode caused a reduction in yield and plant root weights; however, in one experiment, 

sting nematode reproduction did not differ among the cultivars tested. 
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CHAPTER 1 
GENERAL INTRODUCTION 

Strawberry (Fragaria x Ananassa), is produced annually on nearly 2,900 ha in Florida.  

Most of the production is centered in west-central Florida in the Plant City-Dover region of 

Hillsborough County.  During the 2001 and 2002 growing season, 14.7 million flats were 

produced on 2,834 ha, and had a farm gate value of $153.5 million (Anonymous, 2003).  The 

strawberry growing season begins in September when the soil is fumigated with methyl bromide 

(mbr) and polyethylene mulch-covered beds are formed.  Bare-root strawberry transplants are 

planted in October and established with overhead irrigation for about 2 weeks.  Strawberry 

harvesting begins in late November and continues until late March or April, as long as market 

pricing remains profitable. 

The first historical record of sting nematode (Belonolaimus longicaudatus) in the Plant 

City-Dover region of Florida was documented by Brooks and Christie (1950), who noted a 

disease of strawberry during the 1946-47 growing season.  Several characteristic symptoms were 

associated with this disease.  Stunted plants were first observed in small circular patterns that 

gradually increased in size until larger areas were prevalent.  Affected plants produced no new 

growth.  The leaf edges turned brown, with the discoloration expanding from the edges to midrib 

and engulfing the entire leaf.  Plants afflicted with the disease lacked fine feeder roots and their 

root tips were often killed, thereby causing lateral roots to develop which were also killed.  The 

root systems of infected plants had very coarse roots with knobby tips, which are commonly 

known today as “stubby or abbreviated roots.”  Badly infected plants often die.   

In 1950, sting nematode was reported to be common in soil samples from strawberry fields 

in the Plant City-Dover region of Hillsborough County (Brooks and Christie, 1950).  Later it was 

determined that this nematode was B. longicaudatus and not B. gracilis.  The pathogenicity of B. 
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longicaudatus has been reported on strawberry (Christie et al., 1952), and for other crops such as 

peanut (Good, 1968; Owens, 1951; Perry and Norden, 1963), cotton (Crow et al., 2000a; 2000c; 

Graham and Holdeman, 1953), celery and sweet corn (Christie, 1952), collards, kale and 

cauliflower (Khoung, 1974), and citrus (Standifer and Perry, 1960; Suit and DuCharme, 1953).  

These studies document the importance of B. longicaudatus as a highly virulent, crop-damaging 

species.  However, there are no reports as to its vertical distribution and population dynamics 

within strawberry fields throughout the year in Florida, its pathogenicity on different strawberry 

cultivars, and no explanation for the failures of mbr to provide season-long control in Florida’s 

annual production system.  Furthermore, differences were reported in pathogenicity, host range, 

and morphology among populations of sting nematode from different geographical regions or 

hosts (Abu-Gharbieh and Perry, 1970; Robbins and Barker, 1973; Robbins and Hirschmann, 

1974).  The pathogenicity and virulence of sting nematode populations on strawberry from the 

Plant City-Dover region thus may differ from other sting nematode populations from other areas 

in Florida. 

An assessment is needed of the pathogenicity and virulence of the sting nematode 

population from the Plant City-Dover region on strawberry cultivars grown in Florida.  

Documentation is also needed on its pathogenicity and virulence on other vegetable and small 

fruit crops produced in this region including those double-cropped after strawberry.  The 

objectives of this study were to monitor the population density of the nematode in the soil profile 

throughout the year, to determine the efficacy of several chemicals that may serve as mbr 

alternatives, and to provide possible reasons why mbr is ineffective in providing season long 

control of this pathogen (Noling and Gilreath, 2002; Noling and Becker, 1994). 
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CHAPTER 2 
REVIEW OF LITERATURE 

Taxonomy 

Sting nematodes, Belonolaimus longicaudatus Rau, 1958, have been reported as important 

plant-parasitic nematodes since the 1940s.  Belonolaimus gracilis Steiner, 1942, the first species 

described in this genus, was recovered from soil around roots of slash (Pinus taeda) and longleaf 

(Pinus elliotti) pines in nurseries in Ocala, Florida.  It was reported later that B. gracilis was a 

rare species and had not been observed since its original description (Rau, 1958).  This led to the 

description of a new species, B. longicaudatus, which differed from B. gracilis in that it had a 

longer tail and a shorter stylet (Rau, 1958).  B. longicaudatus is widely distributed in Florida, 

where it occurs on a wide number of hosts and is currently recognized as the most common sting 

nematode in the United States (Rau, 1958, 1961). 

After B. longicaudatus and B. gracilis were described, three more North American species 

were identified, including B. euthychilus Rau, 1963, B. maritimus Rau, 1963, and B. nortoni Rau, 

1963.  Description of three other species followed with B. hastulatus Colbran, 1960, from 

Queensland, Australia, B. lineatus Roman, 1964, from Puerto Rico, and B. lolii Siviour & 

McLeod, 1979, from Australia.  Two other sting nematode species, B. anama Manteiro & 

Lordello, 1977, and B. jara Manteiro & Lordello, 1977, were transferred from the genus Ibipora.  

Currently, nine species are accepted:  B. gracilis, B. longicaudatus, B. euthychilis, B. maritimus, 

B. nortoni, B. anama, B. jara, B. lineatus, and B. lolii (Fortuner and Luc, 1987; Smart and 

Nguyen, 1991).  B. hastulatus was transferred to the genus Tylenchorhynchus (Fortuner and Luc, 

1987). 
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Host Range 

Sting nematode is an economically important pathogen of a wide range of horticultural, 

agronomic, ornamental, and forest crops.  B. longicaudatus was first associated with agronomic 

crops (e.g., corn, cotton, soybean, and peanut in Virginia (Owens, 1951) and corn, cotton, 

soybean, and cowpea in South Carolina) (Graham and Holdeman, 1953).  In Florida, its 

pathogenicity was established on vegetables, namely strawberry, celery, and sweet corn (Christie 

et al., 1952).  Sting nematode is pathogenic on citrus, which is one of the most economically 

important crops in Florida (Christie, 1959; Esser and Simpson, 1984; Suit and DuCharme, 1953; 

and Duncan et al., 1996).  The nematode also is pathogenic to turfgrasses, particularly 

bermudagrass (Cynodon dactylon) and its respective hybrids that are grown on golf courses, 

athletic fields, and home lawns throughout the state (Giblin-Davis et al., 1991; 1992; Perry and 

Smart, 1970; Rivera, 1963).  Most recently sting nematode was shown to be pathogenic on 

cotton (when grown in rotation with potato) and potato, causing yield losses on both crops (Crow 

et al., 2000a, b).  Sting nematode also is associated with many weed species (Esser, 1976; 

Holdeman, 1955; Kerr and Wysong, 1979).  

Other agronomic, forage, and horticultural crops reported as hosts include millet, clover, 

oat, lespedeza, tobacco, snap bean, sweet potato, onion, pepper, winter pea, and lima bean 

(Holdeman, 1955).  Grass hosts reported for this nematode include sudan, bermuda, St. 

Augustine, and centipede.  Watermelon, okra, and tobacco were identified as non-hosts 

(Holdeman, 1955).  The plants that were identified as hosts of B. longicaudatus isolates from 

North Carolina and Georgia were characterized as excellent hosts, good hosts, poor hosts, non-

hosts, and differentiating hosts based on their ability to reproduce on each host (Robbins and 

Barker, 1973).  Excellent hosts included white clover, corn, pearl millet, soybean, muscadine 

grape, strawberry, potato, Chinese elm, pecan, johnsongrass, and hairy crabgrass.  Good hosts 
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included peanut, oat, carrot, peach, Japanese holly, bentgrass, and wild carrot.  Poor hosts were 

cotton, Camilla, gladiolus, jimson weed, lambsquarters, and cocklebur.  Non-hosts included 

tobacco, asparagus, okra, watermelon, buckthorn plantain, pokeweed, and sandbur.  Some plants 

gave a differentiating response between the North Carolina and Georgia isolates that were related 

to pathogenicity and virulence.  These included snap bean, eggplant, blueberry, lettuce, turnip, 

onion, rabbiteye blueberry, cabbage, loblolly pine, bermudagrass, fescue, curled dock, and wild 

garlic.  In Florida, 116 hosts and 27 resistant or non-hosts were listed for isolates of B. 

longicaudatus (Esser, 1976).  

Geographical Distribution 

Distribution of B. longicaudatus was originally thought to be limited to the southeastern 

coastal plain region of the United States, which included all of Florida and portions of Georgia, 

South Carolina, North Carolina, and Virginia (Christie et al., 1952; Graham and Holdeman, 

1953; Holdeman, 1955; Owens, 1951).  B. longicaudatus also has been reported on turfgrass in 

Alabama (Sikora et al., 2001).  Since the 1950’s the nematodes distribution has grown to include 

Alabama (Sikora et al., 2001), New Jersey (Hutchinson and Reed, 1956; Myers, 1979), Arkansas 

(Riggs, 1961), Kansas (Dickerson et al., 1972), Nebraska, Texas (Christie, 1959; Norton, 1959; 

Wheeler and Starr, 1987), and, most recently, California (Mundo-Ocampo et al., 1994).  All of 

the sting nematodes reported are believed to be B. longicaudatus with the exception of the sting 

nematode found in Nebraska, which is morphologically similar to B. nortoni (Kerr and Wysong, 

1979).  B. longicaudatus has been reported internationally in the Bahamas, Bermuda, and Puerto 

Rico (Perry and Rhoades, 1982), and Costa Rica (Lopez, 1978).  It is widely assumed that the 

pathogen was exported out of the United States on infested turfgrasses from Florida or Georgia 

sod farms (Perry and Rhoades, 1982). 
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Intraspecific Variations 

Several reports have been published regarding variations in pathogenicity, host range, and 

morphology among different geographical isolates (Abu-Garbieh and Perry, 1970; Owens, 1951; 

Perry and Norden, 1963; Robbins and Barker, 1973; Robbins and Hirschmann, 1974; Han, 

2001).  The pathogenicity of B. longicaudatus has been reported on many different crops 

including peanut (Good, 1968; Miller, 1972; Owens, 1951), cotton (Baird et al., 1996; Crow et 

al., 2000a; Crow et al., 2000c; Graham and Holdeman, 1953), potato (Crow et al., 2000b), 

strawberry, celery,  and sweet corn (Christie et al., 1952), collard, kale, and cauliflower (Khoung, 

1974, Khoung and Smart, 1975), and citrus (Duncan et al., 1996; Esser and Simpson, 1984; 

Standifer and Perry, 1960; Suit and DuCharme, 1953).  Isolates of sting nematode in Virginia 

were reported to be pathogenic to peanut, whereas the Georgia and Florida isolates are not 

pathogenic on peanut (Owens, 1951).  It is also known that populations of B. longicaudatus in 

North Carolina are pathogenic on peanut (Cooper et al., 1959). 

Three different isolates of B. longicaudatus collected from different hosts in Florida had 

different responses to host plants tested (Abu-Garbieh and Perry, 1970).  Isolates obtained from 

citrus (rough lemon rootstocks) reproduced well on citrus but failed to reproduce on strawberry.  

Two different isolates obtained from sites where corn was grown were able to reproduce on 

strawberry but not on rough lemon rootstock.  Although morphological differences were subtle 

among these three isolates, the differentiating host responses alone were not sufficient to separate 

and describe new species.  The three Florida isolates of B. longicaudatus were all capable of 

reproducing on peanut, contradicting earlier reports (Perry and Norden, 1963; Good, 1968); 

however, field damage on peanut has not been reported (Dickson and De Waele, 2005). 

Morphological differences also have been reported for isolates of B. longicaudatus 

collected from different locations and host plants.  Morphometric variation of B. longicaudatus 
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was reported among isolates taken from citrus groves on Florida’s central ridge (Lake, Polk, and 

Highland Counties) compared to isolates collected from northeastern Polk County (Duncan et al., 

1996).  These isolates from northeastern Polk County tended to have longer stylets than tails, 

unlike all other populations (Duncan et al., 1996).  Recently, genetic diversity has been 

documented among sting nematode populations in Florida.  It is possible that some isolates of 

sting nematodes may need reclassification (Gozel et al., 2003; Han et al., 2006). 

Population Dynamics and Biology of B. longicaudatus 

Sting nematode life cycle, feeding habits, development and reproduction have been studied 

using in-vitro cultivation on excised Zea mays roots (Han, 2001; Huang and Becker, 1997).  

Within 24 hours, sting nematode females began to feed and lay eggs.  Four days after egg 

deposition, first-stage juveniles molted in the egg.  Second-stage juveniles hatched 5 days after 

egg deposition.  Three additional molts occurred within 29 days of the original egg deposition 

(Huang and Becker, 1997).  Sixty days after inoculation an average of 529 nematodes and 83 

eggs was obtained from a culture on excised corn roots with an initial innoculum of 60 females 

and 40 males (Huang and Becker, 1997).  Little is known about feeding habits and survival 

stages of the sting nematode; however, it has been documented that all stages are found in the 

soil throughout the year in Florida (Christie et al., 1952). 

Successful reproduction for sting nematode is limited by several factors, the most 

important of which are soil type, temperature, and moisture.  Sting nematode was only found in 

Virginia farms in the “A” horizon of the soil profile and also where the soil texture was 84 to 

94% sand (Miller, 1972).  The optimum size of soil particles for maximum reproduction is from 

120 to 370 µm (Robbins and Barker, 1974).  

 Temperature also is important for sting nematode development, survival and reproduction.  

In Florida, nematode reproduction was greater at 29.4 °C than at 26.7 °C, and was greatly 
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reduced at 35 °C (Perry, 1964).  Egg development required ca. 9 days at 18 oC, 5 days at 23 oC, 

and 3.7 days at 28 oC, whereas no eggs were laid at 33 oC (Han, 2001).  It also was determined 

that sting nematodes would migrate down into the soil profile if temperatures in the top 2.5 cm of 

soil reached 39.5 °C (Boyd and Perry, 1969; Boyd et al., 1972).  In forage fields in Florida the 

effects of seasonal temperatures on sting nematode population densities were observed, and it 

was determined that sting nematodes favored mean soil temperatures between 26 and 28 oC 

(Boyd and Dickson, 1971).  

The effects of soil moisture on reproduction and distribution within the soil profile was 

examined by several researchers.  Sting nematode numbers were highest when soil moisture was 

from 15 to 20% (Brodie and Quattlebaum, 1970).  Nematode reproduction was optimized at a 

moisture level of 7%, which was determined to be greater than that which occurred at 2% or 30% 

(Robbins and Barker, 1974).   

Both temperature and moisture are important in the vertical distribution of the nematode.  

In North Carolina, sting nematode population densities were greatest at 15 to 30 cm depths 

between November and April.  Some nematodes were found at 30 to 45 cm and very few at 0 to 

15 cm (Potter, 1967).  This study suggested that the nematodes present in the 30 to 45 cm soil 

layer could possibly represent an overwintering population, which may conceivably escape 

fumigation, that could reinfest crops in the subsequent season (Potter, 1967).  Also, in North 

Carolina, populations of the sting nematode were highest at 0 to 7.5 cm depth from October to 

January (Barker, 1968).  Before October, population densities were highest at the 7.5 to 15 and 

15 to 30 cm depths, and few specimens were found at the 30 to 35 cm depth (Barker, 1968).  In 

March and April, the nematode almost disappeared at all depths, whereas population densities 

increased slightly in May and June (Barker, 1968).  The numbers of sting nematodes were 
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significantly greater throughout the year at depths of 0 to 20 cm than at 20 to 40 cm in a 

commercial cabbage-potato field in Hastings, FL (Perez et al., 2000). 

Minor factors, such as light intensity effects on plant growth, have been implicated in 

playing a role in sting nematode reproduction (Barker et al., 1975).  One study has shown that 

when cotton was grown in a greenhouse with 12 hours of supplemental light, reproduction of the 

nematode increased compared with natural light alone (Barker et al., 1975). 

Management of B. longicaudatus 

Sting nematode has plagued strawberry growers in the Plant City-Dover area for the past 

50+ years.  In 1964, it was reported that approximately 97% of all the commercial strawberry 

acreage was treated with a nematicide (Overman, 1965).  Little has changed since then. 

Currently, nearly all of the strawberry hectarage in Florida is fumigated with methyl bromide 

(mbr) (Mossler and Nesheim, 2004).  Problems associated with sting nematode in strawberry 

fields dates back to the late 1940’s when it was first reported that strawberry plants grown in soil 

fumigated with 1,2-dichloropropane-1,3-dichloropropene (D-D) had increased plant vigor and 

fruit yields (Brooks and Christie, 1950).  Later, the improved plant vigor and fruit yields were 

identified to be a result of sting nematode control.  In 1952, it was suggested that strawberry 

growers in the Plant City region could effectively manage sting nematode by an in-the-row 

application of soil fumigants (type not specified) (Christie et. al, 1952).  In the 1960’s the use of 

polyethylene mulch and herbicides in conjunction with preplant nematicides resulted in four-fold 

increases in yields (Overman, 1965).  Preplant application of ethylene dibromide, 1,3-

dichloropropene plus metam sodium (Vorlex), methyl bromide plus chloropicrin, Sarolex, and 

Zinophos all reduced sting nematode populations as compared to nontreated plots for up to 6 

weeks after planting (Overman, 1965).  However, with all of these preplant chemicals (except 

methyl bromide plus chloropicrin), sting nematode population densities were higher than 
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nontreated plots at 18 weeks after application.  Sting nematode continued to be a problem in 

commercial strawberry fields in the 1970’s where preplant fumigation was being used, 

sometimes in conjunction with a preplant soil-drench applied nematicide (Overman, 1972).  

Problems associated with preplant fumigation at that time included the following: (i) soil must be 

treated 2 to 3 weeks before planting, (ii) fumigation only controlled nematodes that were present 

at the time of application, but provided no protection later as the population resurged, (iii) and 

the fruit set could be reduced because unfavorable weather conditions combined with fumigation 

could prolong vegetative development (Overman, 1972).  By the 1980’s the preferred control 

tactic being used by growers was a preplant application of methyl bromide.  Attempts to show 

that soil solarization could be used to manage sting nematode met with only moderate success.  

Although yields were not different between fumigated and solarized plots, it was noted that 

plants in solarized plots began to decline 6 weeks after strawberry planting (Overman et al., 

1987).   

Strawberry growers are currently limited in their options for sting nematode control.  The 

phase out of mbr in 2005 is complete, but its use is currently continuing under a Montreal 

Protocol interaction treaty approved critical use exemption plan (Karst, 2005; Lehnert, 2006).  

Currently, there are very few preplant chemicals registered for use on strawberry, and no 

postplant chemicals are available for controlling nematodes in strawberry in Florida.  Most 

recently, field trials have been focused on the most promising alternatives to mbr and have been 

conducted in Dover, FL, for sting nematode management on strawberry (Gilreath et al., 2003; 

Noling et al., 2002).  The most promising alternatives included 1,3-D (Telone C-35, Telone-II, 

Dow AgroSciences LLC, Indianapolis, IN), chloropicrin, and metam sodium alone or in 
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combination with herbicides.  Strawberry yields obtained with these treatments have been nearly 

equivalent to yields obtained with mbr (Gilreath et al., 2003; Noling and Gilreath, 2002). 

Experimentation using nematicides and preplant fumigants was conducted on a number of 

crops for control of sting nematode.  Ethylene dibromide (EDB) (Dowfume W-40) provided 

effective control of sting nematode on snap bean, cabbage, and pepper in Lake Monroe, FL 

(Christie, 1953), and EDB, D-D, and 1,2 dibromo-3-chloropropane(DBCP) were efficacious on 

sweet potato and soybean in South Carolina (Holdeman, 1956).  Both soil fumigants, 1,3-D and 

metam sodium, and fenamiphos effectively reduced sting nematode population densities on 

broccoli and squash (Rhoades, 1987).  Studies conducted using EDB, 1,3-D, and aldicarb for 

sting nematode management in potato increased marketable yield (Weingartner and Shumaker, 

1990).  Fosthiazate was as effective in reducing sting nematode numbers on bermudagrass as 

fenamiphos (Giblin-Davis et al., 1993).   

Different fumigant application methods are promising for sting nematode management in 

strawberry and other crops, especially for products other than methyl bromide.  In 2002, a new 

application system for applying 1,3-D products, the Yetter Avenger coulter system, was 

developed by Mirusso Fumigation (Delray Beach, FL) (Anonymous, 2001a; b; Noling and 

Gilreath, 2002).  With this equipment the placement and containment of fumigants (e.g., 1,3-D) 

are improved especially by the closure of the soil opening that remains after passage of the 

coulter-chisel through the soil.  If these chisel slits remain open there is a premature loss of 

fumigants into the atmosphere.  With the improved containment by the Avenger coulter system 

volatilization from the soil is reduced after application.  Applying fumigant products such as 

metam sodium, carbon disulfide, and emulsified 1,3-D with and without chloropicrin on 

strawberry through the drip system (chemigation) for sting nematode control has been tested 
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with favorable results (Noling and Gilreath, 2002).  The use of parachisels or subsurface hooded 

chisels improved the efficacy of 1,3-D compared with a conventional chisel application (Riegel 

et al., 2001). 
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CHAPTER 3 
POPULATION DYNAMICS OF Belonolaimus longicaudatus IN COMMERCIAL 

STRAWBERRY FIELDS IN PLANT CITY-DOVER, FL 

Introduction 

Strawberry (Fragaria x Ananassa) is produced on nearly 2,900 ha in Florida, with most of 

the production centered in west-central Florida in the Plant City-Dover region.  During the 2003 

and 2004 growing season, 13.6 million flats were produced on 2,875 ha, having a farm gate 

value of $178 million dollars (Anonymous, 2005).  For the past 26 years Florida has maintained 

a 5 to 8% market share of the total United States strawberry production (Sjulin, 2004).   

Currently, 99% of the production hectarage is fumigated by an in-bed application with 

methyl bromide (mbr) (Mossler and Nesheim, 2004).  The use of mbr as a broad-spectrum 

fumigant for strawberry began during the mid-to late 1960s (Overman, 1965; 1972).  Following 

mbr application, bedded rows are formed and covered with low density polyethylene mulch 

(PE).  A single drip tape for irrigation is applied simultaneously under the polyethylene mulch 

near the bed center.  This is nearly an ideal production system in that most weeds and soilborne 

pathogens are managed effectively, plus the system prevents premature leaching of fertilizers by 

heavy rainfall.  However, a major limitation to the system is poor sting nematode control.   

This nematode is a pathogen of great concern for Florida strawberry growers.  During the 

1960s and 1970s this pathogen was managed effectively with mbr, and other fumigant and 

nonfumigant nematicides (Overman, 1965; 1972).  The number of products registered for 

nematode control on strawberry during the late 1970s and early 1980s declined.  As a 

consequence almost all strawberry growers began treating their fields solely with mbr.  

Currently, many commercial strawberry fields in the Plant City-Dover, FL region that were 

fumigated with mbr before planting experience substantial losses from sting nematode 

parasitism.  It is unknown why mbr fails to provide season long control of this pathogen.  This is 
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one of the few cases where a soilborne pathogen or pest resurfaces to cause major economic 

losses following treatment with mbr.  Other examples include poor control of stubby-root 

nematode Trichodorus spp. (Perry, 1953; Rhoades, 1968; and Weingartner et al., 1983) and 

Carolina geranium Geranium carolinanum (Noling, Pers. Comm.).  The vertical distribution of 

sting nematodes at the time of fumigation may be an important reason why this pathogen 

rebuilds to damaging levels within the first 6 weeks following the transplanting of strawberry 

(Potter, 1967).  It was suggested previously that sting nematodes at deeper soil depths (30 to 45 

cm) were capable of surviving fumigation and could reinvade the root zone in subsequent 

seasons (Potter, 1967).     

Our objectives were to (i) determine the seasonal population densities of sting nematodes 

at five soil depths on three commercial strawberry fields that were treated with mbr in the Plant 

City-Dover, FL region, (ii) determine the number of infective sting nematodes at different depths 

within 2 weeks after fumigation, and (iii) determine ability of the sting nematode to move in the 

soil profile.  

Materials and Methods 

Studies were conducted in three commercial strawberry fields that were heavily infested 

with sting nematode.  They were all located within an 8 km radius in the Plant City-Dover 

region.  Each field was denoted by the name of the manager or owner of the farms.  The first 

field site (Duke’s farm) had continuous strawberry production that dated back to the 1950s.  

Predicated on the success of the strawberry season, squash (Curcurbita pepo), cantaloupe 

(Cucumis melo var. reticulatis), or pepper (Capiscum annum) was double-cropped.  The soil at 

this location was classified as Seffner fine sand (96% sand, 2% silt, 2% clay; 1% OM).  The 

second field site (Beauchamp farm) had a history of continuous strawberry production that dated 

back more than 15 years and the grower double-cropped with cucumber.  Sting nematode caused 
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near-total losses in the 2002-2003 growing season so the grower planted cucumber in the field 

instead of strawberry during the 2003-2004 season.  Symptoms of sting nematode damage 

appeared in an adjacent strawberry field managed by the same grower in November 2004 and 

sampling was moved to that location. The soil at both locations was classified as Seffner fine 

sand (95% sand, 3% silt, 2% clay; 1.5% OM).   The third field site, (English farm) had an 

uncertain history of strawberry production, but continuous strawberry production dated back to 

at least 2000.  A mixture of eggplant (Solanum melongena), cucumber (Cucumis sativus), 

cantaloupe, and sweet corn (Zea mays var. rugosa) were double-cropped annually.  The soil at 

this location was classified as a Seffner fine sand (94% sand, 2% silt, 4% clay; <1% OM).    

Strawberry production.  Strawberry season began each September when fields were 

disked, prepared for bedding, and fumigated.  In late September, fertilizer was broadcast and 

beds were formed and fumigated in one tractor pass.  Polyethylene mulch was laid, and a single 

drip tube was placed simultaneously in the fumigated beds.  Fumigant (typically methyl 

bromide-chloropicrin) formulations, rates, and strawberry cultivars planted, double-crops, and 

cover crops differed with each farm (Table 3-1).  Growers purchased strawberry transplants from 

Canadian nurseries and planted them in late October.  Overhead irrigation was applied 

intermittently during the warmest periods of the day for approximately 2 weeks to establish 

transplants.  Strawberry harvesting began in December and continued through February.  The 

double-crop was planted in March.  The double-crop season ended in late May when the mulch 

was removed, fields were disked, and a cover crop planted (Beauchamp only).  The Duke’s and 

English fields were left in weed fallow following the double-crop until the following season.   

Sampling.  Soil sampling to estimate sting nematode densities was initiated on different 

dates for the three field sites (Table 3-1).  After initiation, sampling continued on a monthly basis 
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for nearly three full strawberry seasons.  An AMS soil bucket auger (American Falls, ID) (13-

cm-long, 10-cm-diam.) was used to remove soil cores at six soil depths (0 to 13, 13 to 26, 26 to 

39, 39 to 52, 52 to 65, and 65 to 78 cm).  Three sampling locations at each farm were chosen 

arbitrarily during the season among strawberry plants that showed visible symptoms of sting 

nematode damage.  At other times when strawberry plants were removed, soil samples were 

taken in the same beds where a double crop was planted in the same vicinity as for strawberry.  If 

no beds existed, sampling sites were chosen arbitrarily in areas where nematode damage to 

strawberry was noted.  Samples were returned to the lab and nematodes were extracted from a 

100 cm3 subsample of soil using the centrifugal-flotation method (Jenkins, 1964).  All life stages 

of sting nematodes, except eggs, were counted using an inverted microscope at 20× 

magnification, and the mean number of nematodes was determined from three samples from 

each depth.  Soil temperature was recorded at each of six depths: 6.5, 19.5, 32.5, 45.5, 58.5, and 

71.5 cm throughout the season using temperature data recorders (StowAway Tidbit, Onset 

Computer Corp., Bourne, MA).  These six depths represent the midpoint of the depth at which 

the soil cores, previously mentioned above, were taken.  Volumetric soil moisture reading was 

taken from each sample with a soil moisture meter (Fieldscout TDR 100, Spectrum 

Technologies, Plainfield, IL).  Monthly mean soil temperature and moisture readings were 

quantitatively related with the sting nematode monthly nematode population densities using 

regression analysis with a linear model (SAS Institute, 2000, Cary, NC). 

Soil bioassay.  During the fall of 2004, the viability and reproductive potential of sting 

nematode occurring in soil collected at different depths at the Duke’s farm was determined.  On 

5 October 2004, 5 days following fumigation by in-bed chisel injection of a mixture of 67% mbr 

and 33% chloropicrin (350 lbs/acre) was applied to preformed beds with two chisels, 26-cm 
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spacing, 26-cm deep using a bed-press unit.  Eight subsamples of soil were collected with the 

same AMS bucket auger described above from each of six depths (0 to 13, 13 to 26, 26 to 39, 39 

to 52, 52 to 65, and 65 to 78 cm).  Nematodes were extracted from a 100-cm3 subsample of soil 

using the centrifugal-flotation method (Jenkins, 1964).  All life stages except eggs were counted 

using an inverted microscope at 20× magnification to determine the initial population from each 

sample (not determining whether dead or alive).  The remaining soil from each sample was 

thoroughly mixed (ca. 1,400 cm3) and was placed in a 13.2-cm-diam. clay pot in a greenhouse.  

The pots were arranged on a bench in a completely randomized block design with eight 

replicates for each soil depth.  Three seeds of sweet corn cv. Silver Queen were planted in each 

pot.  Fifteen grams of Osmocote (Scotts, Marysville, OH) 20% N, 20% P2O5, and 20% K2O 

fertilizer was incorporated into the soil in each pot. 

Forty-five days after planting corn, plants and soil were removed from the pots and 

returned to the laboratory.  A 100-cm3 soil sample was taken where nematodes were extracted 

and counted as stated above.  A ratio of final population numbers (Pf) to initial population 

numbers (Pi) was calculated to express nematode reproduction (Griffin and Asay, 1996).  Data 

were transformed log10 (x + 1) before analysis and subjected to analysis of variance (ANOVA) 

followed by mean separation using Duncan’s multiple-range test (SAS Institute, 2000, Cary, 

NC). 

Nematode movement.  To determine if sting nematode is capable of migrating through 

the soil profile, plant-chamber columns were built.  Three lengths of 9.9-cm-diam. 

polyvinylchloride pipe (PVC), each 45, 59, and 89 cm in length, were used for migration 

columns.  Each length was replicated five times for a total of 15 tubes.  A 13-cm section of the 

same pipe were cut and affixed with PVC cement to each migration tube to form a plant 
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chamber.  A 12 × 12 cm piece of screen with 500-µm pore openings (Nytex, Bioquip Products, 

Rancho Dominguez, CA) was affixed with PVC glue between each plant chamber and migration 

tube.  The screen prevented roots from growing down into the migration chamber, therefore 

nematodes had to move up the migration tube, through the screen, into the plant chamber to feed.   

Soil (ca. 200 kg) was taken from between the rows of polyethylene mulched beds within 

the strawberry field at the Duke’s farm and autoclaved at 121 oC at 124 kPa for 99 minutes.  

Each migration tube and plant chamber was filled with this soil to approximate the bulk density 

that was present in the field.  A 100 cm3 sample of sting nematode infested soil that was pre-

determined to contain ca. 424 sting nematodes/100-cm3 of soil was placed in the bottom of each 

migration tube and the bottom was sealed with a plastic cap.  Three seeds of sweet corn cv. 

Silver Queen were planted 2.4-cm-deep in each plant chamber.  The plants were fertilized with 

15 g of coated fertilizer as described above.  Forty-five days after nematodes were introduced, 

soil from around the sweet corn roots was removed and nematodes were extracted using the 

centrifugal-flotation method (Jenkins, 1964) from a 100 cm3 subsample.  Sting nematodes were 

counted with the aid of an inverted microscope at 10× magnification.  

Results 

Population dynamics.  Population densities of sting nematode were highest at all three 

field sites during the months of December, January, and February (Fig. 3-1).  However, 

population densities from year to year within field sites followed the same trends only at Duke’s 

farm at the 0 to 13 cm depth during all three strawberry growing seasons (Fig. 3-1).  This was the 

only location managed in a near identical manner from year to year.  There were variations in 

crop planted (cucumber was planted at the Beauchamp farm instead of strawberry one year) and 

farming practices (English farm retained a new manager after September 2003).   
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At the Duke’s farm at the 0-13-cm depth, population levels began to increase each 

November, 30 to 45 days after strawberry planting.  Population densities within the top 13 cm 

continued to increase November through January, then peak, and declined until June when 

population levels dropped to 10 to 15 nematodes/100 cm3 of soil and remained low until the 

following growing season.  During the 2002-2003 and 2003-2004 growing seasons sting 

nematodes were found in soil samples at all depths during each month (Figs. 3-2; 3-3).  Among 

depths other than 0 to 13 cm, sting nematode densities were generally highest in the 13 to 26 cm 

and 26 to 39 cm depths (Figs. 3-2; 3-3).  Sting nematodes remained low in the 52-65 and 65-78 

cm depths throughout the year (Figs. 3-2; 3-3).  During 2004, there was an additional population 

peak occurring at deeper soil depths during March and April (Fig. 3-3).   

At the Beauchamp field site, population densities were highest in January of 2003 and 

2005 (Fig. 3-1).  However, from October 2003 to May 2004 this grower planted cucumber 

instead of strawberry in October 2003 and February 2004.  Sting nematode numbers never 

reached 100 nematodes/100 cm3 of soil in the 0 to 13 cm depth while cucumber was being grown 

in the field (Fig. 3-1).  Sting nematode population densities remained low during this time, 

especially at 13 to 78 cm depths (Figs. 3-4; 3-5), when cucumber was in production.  Sting 

population densities were again highest during January and February 2005 and declined 

thereafter (Fig. 3-1).  During this same time period sting nematode densities also increased in the 

26 to 39 cm depth (Fig. 3-5). 

At the third location, English field site, nematode population densities were highest during 

February 2003 (Fig. 3-1) and January 2004 (Fig. 3-1).  The planting of cantaloupe as a double-

crop after strawberry tended to increase sting nematode population densities at all depths 

sampled from April through August 2003 (Figs. 3-1; 3-6).  Sting nematode population densities 
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at the 0 to 13-cm-depth did not increase at the English farm on strawberry from November 

through December 2004 and January 2005 (Fig. 3-1).   

Linear regression equations quantitatively relating both mean monthly soil temperatures 

and soil moisture to nematode population densities (0 to 13 cm depth) were significant (P ≤ 

0.05).  There was no significant relationship between soil temperature or moisture to nematode 

population densities at all other depths sampled.  The linear model Y = -17.141x + 475.35 (R2 = 

0.569, P ≤ 0.02) was fitted to the untransformed data for soil temperature and nematode 

population density.  The linear model Y = -5.1904x + 57.506 (R2 = 0.0247, P ≤ 0.05) was fitted 

to the untransformed data for soil moisture and nematode population density.  

Soil-bioassay.  The highest initial population densities of sting nematodes was in the 0 to 

13, 13 to 26, and 26 to 39 cm depths, whereas the highest overall population densities were 

detected in the 13 to 26 cm depth (P ≤ 0.05) (Table 3-2).  The highest final population densities 

in pots where nematodes were raised on corn were from the 26 to 39, 39 to 52, 52 to 65, and 65 

to 78 cm depths, which were different from soil assayed from the 0 to 13 cm depth (P ≤  0.05) 

(Table 3-2).  However, Pf/Pi ratios from soil taken from 39 to 52, 52 to 65, and 75 to 78 depths 

were greater than from soil taken from 0 to 13 and 13 to 26 cm depths (P ≤ 0.05) (Table 3-2).  

Nematode movement.  Within 45 days, a mean number of 12, 21, and 16 nematodes were 

recovered from plant chambers affixed to 45, 59, and 89-cm migration tubes, respectively.  A 

mixture of juveniles, females, and males were recovered from each of the plant chambers.     

Discussion 

One of the reasons that mbr has been ineffective at controlling sting nematode in 

commercial strawberry fields in the Plant City-Dover, FL region may be due, in part, to the 

nematode migrating down into the soil profile during the summer months, presumably because 

of both soil temperature and food source-quality or quantity (Potter, 1967).  In a cotton 
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production system in Florida, declines in sting nematode population densities were attributed to 

the quality or absence of a food source (Crow et al., 2000c).  In Hastings, FL sting nematode 

numbers were highest in the 0 to 20 cm depths in cabbage and potato rotations; however, sting 

nematode numbers were present in the 20 to 40 cm depths and increased during the summer 

months (Perez et al., 2000).  In another study in a soybean field, sting nematode was 

predominately recovered in the top 30 cm of soil, however, this nematode was detected at soil at 

depths down to 60 cm (Brodie, 1976).  In this same study, at depths below 60 cm, the clay 

content increased above 15% and thus was presumably unhabitable by sting nematode (Robbins 

and Barker, 1974). 

Population decreases in strawberry fields during the months of February and March are not 

directly affected by temperature alone, but perhaps more directly affected by quality and quantity 

of food source (Brodie, 1976).  Mean monthly temperatures in the 0 to 13 cm depths during 

February, March, and April 2003 were 19.4, 20.4, and 22.8 oC, respectively.  During 2004, mean 

monthly temperatures in the 0 to 13 cm depths during the months of February and March were 

20.4 and 21.6 oC, respectively.  Temperatures in excess of 30 oC were reported as levels that 

would negatively impact sting nematodes (Boyd et al., 1972; Boyd and Perry, 1969; Han, 2001; 

Perry, 1964).   

Soil moisture appeared to have only a short-term effect on nematode population change.  A 

common practice that one of the growers (Duke’s) employed at the end of each growing season 

was to remove the polyethylene mulch from the beds leaving the live plants.  During a dry, hot 

spring, the soil dries out rapidly, plants wilt, and nematodes appeared to respond by moving 

down in the soil profile to avoid desiccation.  In one instance, after a period of drying in the 

spring of 2004, a period of rainy weather allowed strawberry plants to recover and put on 
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growth.  As a consequence, sting nematode population densities increased slightly from the 

previous month at all depths sampled, but ultimately declined the following month.  This 

demonstrates the need to destroy the strawberry crop after the final harvest, any delays in 

eliminating the food source may allow sting nematode densities to increase, which could 

ultimately create more of a problem in subsequent seasons.  It has been demonstrated that an 

application of metam sodium through the drip irrigation at the end of the strawberry season is 

effective in killing the strawberry plants (Noling et al., 2006).   

In greenhouse experiments, it was clearly demonstrated that some of the sting nematodes 

recovered from a commercial strawberry field at depths below 26 cm were alive and infective 

following mbr application.  In these experiments, nematode pf/pi ratios were highest in depths 

below 39 cm, reinforcing the theory that sting nematodes at deeper soil depths (30 to 45 cm) 

were capable of surviving fumigation and could reinvade the root zone in subsequent seasons 

(Potter, 1967).  I observed (under a microscope) that nematodes were moving, and thus 

presumed to be alive in soil taken from 13 to 26 cm deep.  The reason for this is not known, but 

could possibly be a result of improper application, layers of impermeable soil (hardpan), or non-

decomposed plant residues (Lembright, 1990).  Experiments conducted in Tifton sandy loam soil 

demonstrated that gas formulations of mbr (chisel injected 15 to 20 cm deep) and covered with 

polyethylene mulch) had the highest mbr gas concentrations in the 0 to 15 cm depths (Rohde et 

al., 1980).  Concentrations of mbr were higher in the 0 to 15 cm depths than at 30, 45, and 60 cm 

depths and the concentration of mbr decreased with greater depths (Rhode et al., 1980).  Further 

experimentation is needed to determine whether the concentration of mbr after fumigation in 

these commercial strawberry fields, at depths greater than 39 cm, is sufficient to kill sting 

nematode.   
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Movement of plant-parasitic nematodes in the soil profile has been clearly demonstrated 

for Meloidogyne incognita, Radopholus similis, and Tylenchulus semipenetrans (Baines, 1974; 

Prot and Van Gundy, 1981; Tarjan, 1971).  In PVC chamber experiments, movement of M. 

incognita second-stage juveniles was affected by clay content of the soil, nematodes were 

incapable of moving up in the soil profile in 100% sand (Prot and Van Gundy, 1981).  By 

demonstrating the survival capabilities of sting nematodes at deeper depths after fumigation, it 

was necessary to demonstrate the ability of these nematodes to move up to the root zone of 

strawberry plants from these deeper depths.  Studies conducted in controlled environments (PVC 

chambers) showed that nematodes could indeed move nearly 80 cm in 45 days.  It appears that 

the sand-silt-clay ratio in these soils present within the fields of this particular strawberry grower 

are conducive to movement of sting nematode in the soil profile.  Further experiments are 

needed, replicated at different time intervals, to determine precisely how fast these nematodes 

can move up to the root zone after fumigation.      
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Table 3-1.  General production practices for three cropping seasons (2002-2005) and the dates soil samples were taken to determine 
densities and depth distribution of Belonolaimus longicaudatus for each of three commercial strawberry farms in Plant 
City-Dover, FL 2002-2005. 

____________________________________________________________________________________________________________ 
 
Farm   Fumigant  Formulation  Rate/ha   Strawberry   Double-crop   Cover   Sampling 
        (mbr:pic)   (broadcast)  cultivar   planted    crop   initiated 
____________________________________________________________________________________________________________ 
Duke’s   methyl   67:33    393 kg   Camarosaa   none    noneb   Sept 2002 
    bromide           Festivalc 
 
Beauchamp methyl   80:20    449 kg   Festivalc   cucumber   cowpea  Jan 2003 
    bromide                       
    metam   ------    114 liters 
    potassium 
 
 
English  methyl   98:2    449 kg   Camarosad   cantaloupe   noneb   Jan 2003 
    bromide           Camino Reale              
      
____________________________________________________________________________________________________________ 
 a2002-2003 season  
      bFields left fallow during summer months, weeds predominate 
      c2003-2004, 2004-2005 season  
      d2003-2004 season 
      e2004-2005 season 
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Table 3-2.  Greenhouse soil bioassay for Belonolaimus longicaudatus residing in soil at six depths in a commercial strawberry field at 
the Duke’s farm, 5 days after fumigating with methyl bromide, 2004. 

____________________________________________________________________________________________________________ 

 

Depth (cm)   Initial population (Pi)a   Final population (Pf)b    Pf/Pi ratio 

____________________________________________________________________________________________________________ 

0 to 13       4.2 bc       0.4 b      0.1 b   

13 to 26    10.0 a       5.3 ab      0.4 b 

26 to 39      7.3 ab     19.3 a      2.0 ab 

39 to 52      2.9 cd     16.9 a      6.1 a 

52 to 65      1.9 d     12.2 a      5.7 a 

65 to 78      1.1 d     11.0 ab      5.9 a 

____________________________________________________________________________________________________________ 

Data are means of eight replicates.  Means within a column with the same letter are not different (P ≤ 0.05) according to 
Duncan’s multiple-range test.  Data were transformed log10(x + 1), before analysis, but untransformed arithmetic means are 
presented. 

 aNematodes were extracted from 100 cm3 of soil using the centrifugal-flotation method. 
 bNematodes were extracted 45 days after inoculation from 100 cm3 of soil using the centrifugal-flotation method. 
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Figure 3-1.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between September 
2002 and March 2005 at a 0 to 13 cm depth with a bucket auger (13-cm-long, 10-cm-diam.) from three commercial 
strawberry fields located in Plant City-Dover, FL.  
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Figure 3-2.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between September 
2002 and December 2003 at five depths from 13 to 78 cm deep with a bucket auger (13-cm-long, 10-cm-diam.) from 
Duke’s farm located in Dover, FL.  
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Figure 3-3.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between January 2004 
and February 2005 at five depths from 13 to 78 cm deep with a bucket auger (13-cm-long, 10-cm-diam.) from Duke’s farm 
located in Dover, FL  



 

 

38

0

10

20

30

40

50

60

70

Jan
-03

Feb
-03

Mar-
03

Apr-
03

May
-03

Jun
-03

Jul
-03

Aug
-03

Sep
-03

Oct-
03

Nov
-03

Dec-
03

13-26 cm

26-39 cm

39-52 cm

52-65 cm

65-78 cm

M
ea

n 
nu

m
be

r o
f s

tin
g 

ne
m

at
od

es
/1

00
 c

m
   3  o

f s
oi

l

 

Figure 3-4.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between January 2003 
and December 2003 at five depths from 13 to 78 cm deep with a bucket auger (13-cm-long, 10-cm-diam.) from 
Beauchamp farm in Dover, FL.  
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Figure 3-5.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between January 2004 
and March 2005 at five depths from 13 to 78 cm deep with a bucket auger (13-cm-long, 10-cm-diam.) from Beauchamp 
farm in Dover, FL.  
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Figure 3-6.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between January 2003 
and December 2003 at five depths from 13 to 78 cm deep with a bucket auger (13-cm-long, 10-cm-diam.) from English 
farm located in Dover, FL.  
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Figure 3-7.  Population densities of Belonolaimus longicaudatus extracted from 100 cm3 of soil taken monthly between January 2004 
and January 2005 at five depths from 13 to 78 cm deep with a bucket auger (13-cm-long, 10-cm-diam.) from English farm 
in Dover, FL.  
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CHAPTER 4 
PATHOGENICITY OF Belonolaimus longicaudatus ON VEGETABLES COMMONLY 

GROWN AFTER STRAWBERRY IN PLANT CITY-DOVER, FL  

Introduction 

At the end of the strawberry (Fragaria x Ananassa) season in Florida many growers 

choose to double-crop their strawberry hectarage (Albregts and Howard, 1985; Duval et al., 

2004a).  Double-cropping is important to the economic success of vegetable growers in Florida 

and the southern United States (Gilreath et al., 1999).  During the 2002 season 56% of the 

surveyed strawberry hectarage had a crop grown on the same polyethylene mulched beds 

immediately after the strawberry crop concluded in February or March (Anonymous, 2002).  

Double crops identified in the survey included cantaloupe (Cucumis melo var. reticulatus), 

watermelon (Citrullus lanatus), squash (Curcurbita pepo), cucumber (Cucumis sativus), pepper 

(Capsicum annuum), eggplant (Solanum melongena), and tomato (Lycopersicon esculentum).  At 

the time that growers were planting the double crop the population densities of sting nematodes 

on strawberry were declining in the surface soil horizon (Hamill and Dickson, 2003). 

Planting a crop that is less susceptible to sting nematode would be a good way to 

incorporate a season-long sting nematode management program.  This nematode is known to 

have a very wide host range (Esser, 1976; Holdeman, 1955; Robbins and Barker, 1973); 

however, there is little information available on the susceptibility of the commonly grown double 

crops to the strawberry sting nematode population. The planting of a less susceptible or non-host 

crop such as watermelon (Holdeman, 1955) could reduce numbers of nematodes in strawberry 

fields during the spring and early summer months (March-June).  Also, by reducing the number 

of nematodes that oversummer in these strawberry fields, it may be possible to reduce injury to 

the subsequent strawberry crop.   
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The objective was to evaluate seven vegetables commonly planted as double-crops for 

their susceptibility to sting nematode obtained from strawberry grown in the Dover-Plant City, 

FL region.  

Materials and Methods 

Nematode culture.  An isolate of B. longicaudatus that was collected from infested soil 

taken from around roots of stunted strawberry plants in a commercial strawberry field (Dover, 

Hillsborough County, FL) was cultured in the greenhouse.  The nematodes were extracted by the 

Baermann method (Ayoub, 1977) and approximately 200 adult nematodes were transferred 

manually to each of twenty 13.2-cm-diam. clay pots filled with pasteurized sandy soil (95.5% 

sand, 2.0% silt, and 2.5% clay).  Sweet corn (Zea mays var. rugosa cv. Silver Queen) was 

planted in each pot.  Plants were fertilized once with 15 g of slow release fertilizer (20% N, 20% 

P2O5, and 20% K2O) and maintained in a greenhouse at 25 ± 5 oC.  Adult nematodes collected 

from these pots were used as inoculum for the following experiment. 

Greenhouse experiment.  Seven vegetables selected for the experiment were: (i) sweet 

corn cv. Silver Queen, (ii) tomato cv. Rutgers, (iii) pepper cv. California Wonder, (iv) cantaloupe 

cv. Athena, (v) cucumber cv. Dasher II, (vi), squash cv. Yellow Crookneck, and (vii) watermelon 

cv. Sangria.  Initially three seeds were planted in each pot and later thinned to a single plant.  All 

vegetables were direct-seeded (except tomato and pepper, which included ca. 6 week old 

transplants) in 13.2-cm-diam. clay pots filled with pasteurized sandy soil (95.5% sand, 2.0% silt, 

and 2.5% clay).  Each plant was fertilized with 15 g of controlled release fertilizer incorporated 

into the soil (20% N, 20% P2O5, and 20% K2O).  Pots were arranged in a randomized complete 

block design on a greenhouse bench with five replicates, and noninoculated controls were 

included for each vegetable.  Pots were inoculated manually by placing 25 males and 25 females 
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of sting nematode into a 2.5 cm deep depression near the base of plant stems.  The nematodes 

were hand picked following extraction by the Baermann method (Ayoub, 1977). 

Data collection.  After 40 days, plants were destructively sampled.  Roots were oven-dried 

at 90 oC for 1 week and dry root weights were recorded.  Nematodes were extracted from 100-

cm3 of soil using the centrifugal-flotation method (Jenkins, 1964).  Sting nematodes were 

counted using an inverted microscope at 20× magnification.  Nematode numbers per 1,400 cm3 

of soil (each 13.2-cm-diam. pot contained ca. 1,400 cm3 of soil) were used to determine the 

percentage increase in nematode densities (Pi/Pf ratio).  Data were transformed by arcsin √(x) 

before analysis and subjected to analysis of variance (ANOVA) followed by mean separation 

using Duncan’s multiple-range test (SAS Institute, 2000, Cary, NC). 

Field experiment.  The seven vegetables as listed above were planted on 24 February 

2004 on strawberry beds with 71-cm bed tops spaced 132-cm apart prepared in a commercial 

grower’s field infested with sting nematode.  Each plot was approximately 3.5 m long.  The soil 

at this location was classified as Seffner fine sand (96% sand, 2% silt, 2% clay; 1% OM).  Each 

treatment consisted of 10 plants that were arranged in a completely randomized design with four 

replicates.  Before planting, nine soil cores were removed from each plot using a 20-cm deep, 

2.5-cm-diam. cone-shaped sampling tube.  Cores from each plot were composited and nematodes 

were extracted from a 100 cm3 aliquant by the centrifugal-flotation method (Jenkins, 1964).  

Sting nematodes were counted using an inverted microscope at 20× magnification.  Forty-two 

days after the initial sampling, a second set of soil samples were taken from each plot as stated 

above.  Nematodes were again extracted and counted as above.  A reproductive factor was 

calculated for each treatment (Rf = Pf/Pi; reproductive factor = final nematode population/initial 

nematode population) (Griffin and Asay, 1996).  Data were transformed by arcsin √(x) before 
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analysis and subjected to analysis of variance (ANOVA) followed by mean separation using 

Duncan’s multiple-range test (SAS Institute, 2000, Cary, NC). 

Results 

Greenhouse experiments. All vegetables, except watermelon, grown in soil inoculated 

with sting nematode had lower root weights than those grown in noninoculated soil and had an 

Rf index >1 (P ≤ 0.05) (Table 4-1; Fig. 4-1).  The reproduction rate on sweet corn was higher 

than all other crops, and the index was more than 8-fold greater than the mean of all four 

curcurbits (P ≤ 0.05) (Fig. 4-1).  Tomato also proved to be an excellent host for sting nematode 

with a 6-fold greater reproductive rate than the mean of all four curcurbits (Fig. 4-1).   

Field experiment.  All treatments, except watermelon, had a Rf >1.  The Rf for sweet corn 

was highest for all crops tested except tomato (P ≤ 0.05).  No differences in the reproductive 

rates were detected among tomato, pepper, and cantaloupe (Fig. 4-2). 

Discussion 

Watermelon was a nonhost for the strawberry population of sting nematode, which is 

consistent with previous findings (Holdeman, 1955; Robbins and Hirschmann, 1974).  It is 

important to validate the host range of sting nematode populations from different locations on 

different crops because recent literature suggests that some populations may be different species 

(Gozel et al., 2003; Han, 2001).  Examples of differences in host range among different 

populations of sting nematodes are recurrent in the literature (Abu-Gharbieh and Perry, 1970; 

Owens, 1951; Robbins and Barker, 1973).  However, contradicting reports are also reported.  For 

example, a Florida sting population was incapable of reproducing on peanut (Owens, 1951), 

whereas others reported peanut as a suitable host (Abu-Gharbieh and Perry, 1970).  

Sting nematode reproduction rates in the field never reached equivalent numbers to those 

obtained on the same crops grown in the greenhouse, thus Rf values were much lower in the field 
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than expected.  However, root systems of all field-grown plants, except watermelon, showed 

classic abbreviated root symptoms typical of sting nematode damage.  Although there was a 

reduction in root systems of all susceptible plants in the greenhouse, the classic abbreviated root 

symptom typical of sting nematode was rarely observed.  It is likely that the more extensive root 

systems observed for greenhouse grown plants contributed to higher sting nematode densities. In 

summary, choosing watermelon as a crop to grow after strawberry in the Dover-Plant City region 

would be a good choice if the primary goal was to reduce sting nematode population densities.  

In both greenhouse and field experiments watermelon was shown to be a nonhost and would not 

increase nematode population densities.  Also, incorporating watermelon as a double-crop in 

fields badly infested with sting nematodes would be a component suitable for a season-long 

nematode management program.   
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Table 4-1.  Comparisons of dry root weights of seven vegetable crops grown in pasteurized soil 
inoculated with 50 Belonolaimus longicaudatus per 13-cm-diam. pots and compared 
with noninoculated control. 

______________________________________________________________________________ 
 
    Dry root weight (g/plant) ± SEMa 
______________________________________________________________________________ 
 
Cropb           Noninoculated          Inoculated             
______________________________________________________________________________ 
Corn              20.9 ± 4.1 a         5.7 ± 0.8 b 

 
Tomato             17.6 ± 3.0 a                    5.4 ± 0.9 b 

 
Pepper                         26.8 ± 3.1 a         4.2 ± 0.6 b 

 
Cantaloupe               6.7 ± 0.9 a                    0.9 ± 0.2 b 

 
Cucumber             11.7 ± 2.5 a         5.7 ± 1.9 b 

 
Squash                           9.5 ± 1.8 a                    1.2 ± 0.5 b 

 
Watermelon               1.9 ± 0.6 a         1.2 ± 0.3 a 
_____________________________________________________________________ 
 

aMeans followed by the same letter across rows were not significantly different (P ≤ 
0.05), according to Duncan’s multiple-range test.  Data were transformed by arcsin √(x) before 
analysis, but untransformed arithmetic means are presented. 

bAll crops were direct seeded into pots except tomato and pepper (ca. 6 week old 
transplants).  
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Figure 4-1.  Comparison of reproductive factor values for Belonolaimus longicaudatus (sting nematode) inoculated on seven vegetable 
crops commonly double-cropped with strawberry.  The crops were grown in 13.2-cm-diam. clay pots in the greenhouse.  
[Rf = Pf/Pi; reproductive factor = final nematode population density/initial nematode population density].  Bars with the 
same letter are not significantly different according to Duncan’s multiple-range test (P ≤ 0.05).  Data were transformed by 
arcsin √(x) before analysis, but untransformed arithmetic means are presented. 
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Figure 4-2.  Comparison of reproductive factor values for Belonolaimus longicaudatus (sting nematode) on seven vegetable crops 

commonly double-cropped with strawberry.  The crops were grown in a commercial strawberry field after final strawberry 
harvest.  [Rf= Pf/Pi; reproductive factor = final nematode population density/initial nematode population density].  Bars 
with the same letter are not significantly different according to Duncan’s multiple-range test (P ≤ 0.05).  Data were 
transformed by arcsin √(x) before analysis, but untransformed arithmetic means are presented. 
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CHAPTER 5 
FIELD TESTING AND VALIDATION OF CHEMICAL ALTERNATIVE STRATEGIES TO 

METHYL BROMIDE ON STRAWBERRY 

Introduction 

Strawberry (Fragaria x Ananassa) is a high value crop in Florida that requires in-bed 

fumigation for production (Mossler and Nesheim, 2004).  The greatest pest and pathogen 

concerns for Florida strawberry growers include the sting nematode Belonolaimus longicaudatus 

(Noling, 1999; Overman, 1972; Overman et al., 1987), anthracnose (Colletotrichum spp.), weeds 

such as Carolina geranium (Geranium carolinanum), and various arthropods including spider 

mites (Tetranychus urticae) and sap beetles (Carpophilus spp.) (Mossler and Nesheim, 2004; 

Whidden et al., 1995).  Currently 99% of the strawberry hectarage in Florida is fumigated with 

methyl bromide (mbr) (Mossler and Neshheim, 2004).  The phase out of mbr in 2005 is 

complete, but its use is currently continuing under a Montreal Protocol treaty approved critical 

use exemption plan (Trout, 2005).  At this time, the most promising chemical replacement 

strategy is to combine chemical treatments (fungicides, nematicides, and herbicides) to provide 

similar broad spectrum control to that of mbr.  The fumigant, chloropicrin, provides control of 

soilborne fungal organisms (Dunn and Noling, 2003), whereas the fumigant nematicide, 1,3-

dichloropropene (1,3-D) provides sting nematode control (Noling and Gilreath, 2002; Noling et 

al., 2003; Smart and Locascio, 1968), and herbicides with the active ingredient, oxyfluorfen, 

provide weed control in strawberry (Daugovish et al., 2004).  Arthropods are managed with 

various insecticides and biologicals (Duval et al., 2004b) 

Study objectives were to test a combination of pest-specific soil-applied pesticides via 

different application techniques, e. g., 1, 3-D plus chloropicrin (via drip, in-bed, or broadcast 

applied) along with an alternative herbicide, to control the spectrum of weeds and pathogens that 

plague strawberry producers.  Other mbr alternatives investigated include metam sodium 
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(Gilreath et al. 2003; Rhoades, 1987) and Plant Pro, a water soluable iodine based compound 

(Kokalis-Burelle and Dickson, 2003).  All treatments were compared against an in-bed mbr 

application, which is currently the grower standard (Mossler and Nesheim, 2004).     

Materials and Methods 

Field inoculation of sting nematode.  During April-June, 2002 soil infested with sting 

nematodes was collected from commercial strawberry fields in Dover, FL and transported to the 

Plant Science Research and Education Unit located in Citra, FL.  The field, which was initially 

tracked using a tractor with 1.8 m wheel spacing was 21 m wide and 183 m long and soils in the 

field were classified as a mixture of Arredondo and Sparr fine sand (96% sand, 2.5% silt, 1.5% 

clay, 1.5% OM, pH 6.5).  A cultivating sweep was used to open a furrow ca. 20-cm deep on 1.8 

m centers in the center of the wheel tracks.  Infested soil was placed in these furrows and 

covered.  In May 2002 the field was planted to sweet corn (Zea mays var. rugosa cv. Silver 

Queen).  After harvest the field was tilled and planted to sorghum (Sorghum bicolor cv. 

Silomaster D).  Sorghum was tilled under in August 2002 and the field was prepared for autumn 

strawberry planting.  This succession of susceptible crops was planted to increase sting nematode 

population densities within the field.     

Field trials.  Two field trials were conducted during the fall-spring 2002-2003 and 2003-

2004 seasons, with each referred to as trials 1 and 2, respectively.  For both trials a randomized 

complete block design was used with four replicates.   

Trial 1 − treatments and methods of application.  The proprietary products evaluated 

were: Inline (65% 1, 3-dichloropropene [1, 3-D] and 35% chloropicrin), Telone C35 (65% 1, 3-D 

and 35% chloropicrin), Telone II (96% 1, 3-D), and Goal 2XL (oxyfluorfen) (Dow 

AgroSciences, Indianapolis, IN); Vapam HL (42% metam sodium) (AMVAC, Los Angeles, 
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CA); and Plant Pro 20 EC (20% water soluble iodine based compound [Kokalis-Burelle and 

Dickson, 2003]) (Ajay North America, Powder Springs, GA).   

Nine treatments tested were: (i) nontreated control; (ii) drip applied Inline at 243 liters/ha 

plus Goal 2XL at 0.56 kg ai/ha); (iii) drip applied Vapam at 701 liters/ha; (iv) in-bed chisel 

applied Telone C35 at 331 liters/ha plus Goal 2XL at 0.56 kg ai/ha; (v) broadcast chisel applied 

Telone II at 168 liters/ha plus in bed chisel applied chloropicrin at 135 kg/ha, plus Goal 2XL at 

0.56 kg ai/ha; (vi) bed spray incorporated Plant Pro 20EC at 181 kg/ha; (vii) bed spray 

incorporated Plant Pro 20 EC at 135 kg/ha; (viii) drip applied Plant Pro 20 EC at 135 kg/ha; and 

(ix) in-bed chisel applied 67% mbr and 33% chloropicrin at 397 kg/ha.   

Methods used for the application of the above mentioned treatments were:  Drip = applied 

in irrigation water to preformed bed via a single twin-wall drip tape (Chapin, Watertown, NY) 

placed in the center of the 52.8-cm-wide bed and ca. 2.5-cm below the soil surface with emitters 

spaced 26.4 cm apart and a flow rate of 1.9 liters/minute per 30.5 m over a period of 4 hours; In-

bed chisel injection = applied on a preformed bed with two chisels, 26-cm spacing, 26-cm deep 

using a mini-combo bed press unit (Kennco, Ruskin, FL); Bed spray incorporated = applied over 

the top of a preformed bed with three Floodjet TFV10 nozzles (TeeJet Spraying Systems, 

Wheaton, IL), spaced 76-cm apart at 255 kPa in 9,463 liters of water/ha, rototilled in while re-

bedding; Broadcast chisel injection = applied on flat soil surface by a commercial applicator 

(Mirruso Fumigation, Delray Beach, FL) using a Yetter Avenger coulter injection system 

(Yetter, Colchester, IL) with six chisels spaced 26-cm apart and 26-cm deep, then bedded 7 days 

later.  Goal XL herbicide was applied over the preformed bed surface with three 8004 TeeJet 

nozzles (TeeJet Spraying Systems, Wheaton, IL), spaced 39.6-cm, at 255 kPa in 284 liters of 

water/ha. 
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Trial 2 − treatments and methods of application.  The proprietary products evaluated 

were: Telone II, Telone C35, Goal 2XL, and K-Pam HL (60% metam potassium) (AMVAC, Los 

Angeles, CA).  Eight treatments tested were: (i) nontreated control; (ii) broadcast chisel applied 

Telone II applied at 168 liters/ha plus in bed chisel applied chloropicrin at 135 kg/ha plus Goal 

2XL at 0.56 kg of ai/ha; (iii) in bed chisel applied Telone C-35 at 327 liters/ha plus Goal 2XL at 

0.56 kg ai/ha; (iv) drip applied K-Pam HL at 568 liters/ha; (v) drip applied InLine at 243 

liters/ha; (vi) K-Pam HL broadcast spray incorporated at 568 liters/ha plus drip applied InLine at 

243 liters/ha 5 days after K-Pam HL application; (vii) in bed chisel applied chloropicrin at 135 

kg/ha; (viii) in bed chisel applied mbr 67:33 at 397 kg/ha.   

Methods used for the application of the above mentioned treatments were identical with 

those mentioned above with the exception of broadcast spray incorporated of Goal 2XL = 

applied over the flat soil surface with three floodjet TFV10 nozzles, (TeeJet Spraying Systems, 

Wheaton, IL) spaced 76-cm, at 255 kPa in 153 liters of water/ha, rototilled in, then bedded. 

Trial 1.  Twenty-four days post-fumigation, strawberry cv. Camarosa transplants 

(Strawberry Tyme Farms, Simcoe, ON) were set with 26-cm-spacing staggered (double row) on 

the bed top, ca. 80 plants per bed.  Applications of both N (ammonium nitrate) and K2O (muriate 

of potash) were applied weekly at 4.3 kg/ha via drip irrigation for a total of 24 applications.  

Overhead irrigation was applied during the first 10 days following transplanting to aid in plant 

establishment.  Arthropods were managed with methomyl and malathion, and fruit and foliar 

pathogens were managed with captan, azoxystrobin, and thiophanate-methyl (Duval et al., 

2004b).  Strawberry was harvested weekly beginning in February and yields compared among 

treatments.  Estimates of nematode population densities were determined 6 weeks after 

transplanting and then again after the final strawberry harvest by collecting soil samples.  Nine 
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soil cores per treatment were removed with a cone-shaped sampler (20-cm-deep, 2.5-cm-diam.) 

and composited.  Sting nematodes were extracted from 100 cm3 of soil by a centrifugal-flotation 

method (Jenkins, 1964) and counted using an inverted microscope at 20× magnification.  Data 

were transformed by arcsin √(x) before analysis and subjected to analysis of variance (ANOVA) 

followed by mean separation using Duncan’s multiple-range test (SAS Institute, 2000, Cary, 

NC). 

Trial 2.  Strawberry cv. Festival was used during 2003-2004.  All other fertilizer and 

insecticide-fungicide applications remained the same as mentioned above.  Efficacy was 

determined as in 2002-2003; however, an additional evaluation was made by identifying and 

counting the number of Carolina geranium weeds per plot.  Strawberry harvesting began in 

January and was terminated on 1 April 2004.  Plant foliage was twisted off and a double-crop of 

cantaloupe was planted.  Cantaloupe cv. Athena was planted from seed in April.  Applications of 

both N (ammonium nitrate) and K2O (muriate of potash) were applied weekly at 4.3 kg/ha via 

drip irrigation for a total of 10 applications.  Arthropods and diseases were managed with weekly 

sprays rotating methomyl, malathion, azoxystrobin, and chlorothalonil (Duval et al., 2004b).  

Harvest data collected included the numbers and weights of cantaloupe fruit.  Data were 

transformed by arcsin √(x) before analysis and subjected to analysis of variance (ANOVA) 

followed by mean separation using Duncan’s multiple-range test (SAS Institute, 2000, Cary, 

NC).  

Results 

2002-2003.  Strawberry was harvested for 10 weeks and marketable weights of fruit 

among treatments were not different (P ≤ 0.05) (Table 5-1).  The highest number of sting 

nematodes were from soil samples taken after the final harvest from plots treated with a 
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broadcast application of 1,3-D (Telone II) followed by an in-bed application of chloropicrin (P ≤ 

0.05) (Table 5-1).  No phytotoxicity was observed in any of the treatment plots. 

2003-2004.  Strawberry was harvested for 12 weeks.  Compared to nontreated controls, 

highest marketable yields were obtained in plots treated with (i)1,3-D plus chloropicrin (Telone 

C35), (ii) metam potassium plus 1,3-D and chloropicrin (InLine), (iii) mbr, and (iv) chloropicrin 

(P ≤ 0.05) (Table 5-2).  The highest numbers of sting nematodes after final harvest were detected 

in plots treated with metam potassium at 574 liters/ha (P ≤ 0.05) (Table 5-2).  Where oxyfluorfen 

was incorporated the lowest densities of Carolina geranium plants were detected as compared to 

the nontreated plots (P ≤ 0.05) (Table 5-3).  Plots treated with metam potassium or chloropicrin 

alone had higher Carolina geranium densities than nontreated plots (P ≤ 0.05) (Table 5-3).  Plots 

treated with InLine via drip irrigation and mbr had the highest weight of marketable cantaloupe 

fruit compared to nontreated plots (P ≤ 0.05) (Table 5-4).  No phytotoxicity was observed in any 

of the treatment plots. 

Discussion 

Although relatively large quantities (ca. 2,000 kg) of sting nematode infested soil were 

transferred to the Citra field research site, sting nematode densities remained low relative to 

numbers found infecting strawberry in Dover-Plant City, FL (Hamill and Dickson, 2003).  

Similar small increases in sting nematode population densities also were observed previously in 

chemical evaluations conducted on strawberry at another location in Gainesville, FL (Locascio et 

al., 1999).   

Experiments that were conducted in 2002-2003 and 2003-2004 both evaluated fumigant 

chemical alternatives to mbr such as 1,3-D formulations and methylisothiocyanate (MITC) 

generators that can be applied via drip irrigation for soilborne pest and pathogen control 

(Desaeger et al., 2004; Noling and Becker, 1994), and thus warranted further testing for efficacy 



 

56 

against sting nematode.  However, achieving control of targeted pathogens with application of 

fumigants via the drip irrigation can be difficult on the sandy soils of Florida.  A drip applied 

fumigant is subject to differences in concentration within the soil profile as it radiates out from 

drip tape emitters (Lembright, 1990).  Also, in these two field seasons, broadcast applications of 

1,3-D (Telone II) were tested for nematode control, followed a week later by an in-bed 

application of chloropicrin for soilborne disease management.   

Strawberry growers routinely apply overhead irrigation to their fields to optimize soil 

moisture before bed formation.  In both field seasons this practice was duplicated at Citra; 

however before bedding and applying chloropicrin, which was applied 7 days after Telone II 

broadcast, irrigation was not re-applied.  All other treatments were applied on the same day as 

the broadcast application of Telone II on pre-wet soil.  This did not seem to be a problem at the 

time, however in retrospect, it seems evident that bed formation under proper soil moisture 

conditions was critical.  Two of the five treatment plots where 1,3-D (Telone II) was applied 

broadcast lay fallow for a week, before bedding and in-bed chloropicrin application, had the 

polyethylene mulch torn from them.  Bed integrity was not of the same quality as in the other 

treated plots.  Two plots treated with 1,3-D (Telone II) plus chloropicrin in-bed had the lowest 

number of fruits as well as lowest marketable weight of cantaloupe fruits.  This was due mainly 

to the quality of bed formation and thus two of the replicates had the polyethylene mulch torn 

from them when strawberry plants were removed.  In other field experiments, broadcast 

applications of 1,3-D (Telone II) did not penetrate compaction or “traffic” layers (1,3-D not 

detected by sampling) that were present in many commercial fields in Dover-Plant City, FL 

(Noling et al., 2003).  
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After the 2002-2003 growing season it became evident that weed control was going to be a 

significant issue when applying alternative treatment strategies that did not have a herbicide 

component.  Ongoing research suggested that oxyfluorfen applied at 0.56 kg of a.i./ha under the 

PE mulch as a fallow-bed treatment 30 days before strawberry planting provided effective 

control of winter annuals (Gilreath and Santos, 2005; Stall, pers. comm.).  In these trials Carolina 

geranium was especially problematic and yields with some treatments may have been reduced 

due to relatively high weed densities.  Further research that includes virtually impermeable film 

(VIF), to enhance retention of soil applied fumigants, and other integrated pest management 

practices (eradication, preventing seed maturation, and hand weeding) may be necessary to 

manage this particular weed species (Noling and Gilreath, 2004).  In these trials, even mbr failed 

to control this weed.  Under field conditions, double-cropped vegetables were often severely 

affected by sting nematode.  

Cantaloupe is a popular crop grown after strawberry because it can be direct seeded and 

advanced planning of a planting date is often not needed (Duval et al., 2004a).  During the past 

three seasons it was observed that sting nematode damaged field grown cantaloupe in Dover-

Plant City, FL region.  However, no below ground damage (abbreviated roots) or significant 

increases in nematode population densities occurred in these experimental plots located at Citra, 

FL  
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Table 5-1.  Marketable yield of strawberry, and pre-harvest and post-harvest densities of Belonolaimus longicaudatus (sting 
nematode) as affected by nematicide treatments in Citra, FL, 2002-2003. 

____________________________________________________________________________________________________________  
 
Treatment and    Application  Weight of       Pre-harvesta                    Post-harvestb 
broadcast rate/ha   method  marketable fruit         sting nema/100 cm3        sting nema/100cm3  
                 (kg/ha)   soil    soil 
____________________________________________________________________________________________________________ 
 
Nontreated        -         22,393   0.25   2.0 b  

InLine, 243 liters   In-bed         23,267   0.25    4.0 b 

Metam sodium, 701 liters  Drip         23,267   0.25   4.5 b 

Telone C35, 327 liters   In-bed          25,889   0.75   5.5 b 

Telone II, 168 liters +    Broadcast, in-bed       24,410   0.25            10.0 a  

chloropicrin, 135 kg    

Plant Pro 20 EC, 136 kg  Drip         24,275   0.75   5.5 b 

Plant Pro 20 EC, 136 kg  Broadcast        22,393   0.75   3.3 b 
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Table 5-1. ( cont.) 

____________________________________________________________________________________________________________  
 
Treatment and    Application  Weight of       Pre-harvesta                 Post-harvestb 
broadcast rate/ha   method  marketable fruit         sting nema/100 cm3     sting nema/100 cm3  
                   (kg/ha)   soil     soil 
____________________________________________________________________________________________________________ 
 
Plant Pro 20 EC, 181 kg  Drip         22,393   0.0   4.3 b 

Mbr/pic 67:33    In-bed         26,794   1.5   6.5 b 

____________________________________________________________________________________________________________ 
Data are means of four replicates.  Means within a column with the same letter are not different (P ≤ 0.05) according to 

Duncan’s multiple-range test.  Data were transformed by arcsin √(x), before analysis, but untransformed arithmetic means are 
presented. 

aMean number of sting nematodes per 100 cm3 of soil taken with a 2.5-cm-diam. cone-shaped sampling tube from around 
strawberry roots 4 weeks after strawberry plant establishment. 

bMean number of sting nematodes per 100 cm3 of soil taken with a 2.5-cm-diam. cone-shaped sampling tube from around 
strawberry roots after final strawberry harvest. 
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Table 5-2.  Marketable yield of strawberry, and pre-harvest and post-harvest densities of Belonolaimus longicaudatus (sting 

nematode) as affected by fumigant treatments in Citra, FL, 2003-2004. 
____________________________________________________________________________________________________________  
 
Treatment and    Application        Weight of   Pre-harvesta                  Post-harvestb 
broadcast rate/ha   method        marketable fruit        sting nema/100 cm3 sting nema/100 cm3 

            (kg/ha)              soil    soil   

  

____________________________________________________________________________________________________________ 
 
Nontreated       -   40,549 b         0.4   1.8 c   

InLine, 243 liters   Drip   43,373 b                       0.8   2.2 c                                                     

Metam potassium, 561 liters  Drip   44,046 b         0.0   5.5 b 

Telone C35, 327 liters   In-bed    45,861 a         0.4   7.2 a 

Telone II, 168 liters, +   Broadcast,  44,969 b         0.4   2.0 c 

chloropicrin, 135 kg   in-bed   

Metam potassium 561 liters,  Broadcast, drip  45,524 a         0.4   1.0 c 

      65% 1,3-D and 35% 

      chloropicrin, 243 liters 
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Table 5-2.  (cont.) 

____________________________________________________________________________________________________________  
 
Treatment and    Application        Weight of   Pre-harvesta                  Post-harvestb 
broadcast rate/ha   method        marketable fruit        sting nema/100 cm3  sting nema/100 cm3 

           (kg/ha)            soil     soil    

____________________________________________________________________________________________________________ 

Mbr/pic 67:33, 393 kg  In-bed   48,484 a         0.4   1.8 c 

Chloropicrin, 135 kg   In-bed   45,996 a         0.4              2.0 c 

____________________________________________________________________________________________________________ 

Data are means of four replicates.  Means within a column with the same letter are not different (P ≤ 0.05) according to 
Duncan’s multiple range test.  Data were transformed by arcsin √(x), before analysis, but untransformed arithmetic means are 
presented. 

aMean number of sting nematodes per 100 cm3 of soil taken with a cone-shaped sampling tube from around strawberry roots 4 
weeks after strawberry plant establishment. 

bMean number of sting nematodes per 100 cm3 of soil taken with a cone-shaped sampling tube from around strawberry roots 
after final strawberry harvest. 
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Table 5-3.  Number of Carolina geranium plants as affected by fumigant and herbicide treatments in Citra, FL, 2003-2004. 
____________________________________________________________________________________________________________ 
 
Fumigant treatment and   Application  Herbicide treatment       Number of Carolina geranium/ 
broadcast rate/ha   method  and broadcast rate a.i./haa           12.2 m row 

____________________________________________________________________________________________________________ 
 

Nontreated       -          -     19.4 b   

InLine, 243 liters   Drip     oxyfluorfen, 0.56 kg/ha                                12.6 b                                                              

Metam potassium, 561 liters  Drip                  -                                                        29.6 a 

Telone C35, 327 liters   In-bed       oxyfluorfen, 0.56 kg/ha                                 8.6 c 

Telone II, 170 liters, +   Broadcast,     oxyfluorfen, 0.56 kg/ha     8.6 c 

      chloropicrin, 135 kg  in-bed   

Metam potassium 561 liters, + Broadcast, drip      -     23.2 a 

      InLine, 243 liters  

Mbr/pic 67:33, 393 kg  In-bed       -     14.0 b 

Chloropicrin, 135 kg   In-bed       -     23.2 a 

___________________________________________________________________________________________________________ 

Data are means of five replicates.  Means within a column with the same letter are not different (P ≤ 0.05) according to 
Duncan’s multiple range test.  Data were transformed √(x + 1), before analysis, but untransformed arithmetic means are presented. 

aAll oxyfluorfen herbicide treatments were applied with three 8004 TeeJet nozzles (TeeJet Spraying Systems Co., Wheaton, 
IL.), spaced 39.6-cm, at 255 kPa in 284 liters of water/ha. 
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Table 5-4.  Marketable numbers and yields of cantaloupe as affected by fumigants when planted as a double-crop after strawberry, 
Citra, FL, 2004. 

____________________________________________________________________________________________________________ 
 
Fumigant treatment and   Application  Number of fruits/ha      Weight of fruits    
broadcast rate/ha   method                 (kg/ha) 

____________________________________________________________________________________________________________ 
 

Nontreated                                             -                                            3,551 a     8,314 b  

InLine, 243 liters   Drip               3,981 a                                                11,242 a                                                           

Metam potassium, 560 liters  Drip               4,196 a                                               10,009 ab 

Telone C35, 327 liters   In-bed                4,227 a     9,354 b 

Telone II, 168 liters, +   Broadcast,        968 b     1,559 c  

      chloropicrin, 135 kg  in-bed   

metam potassium 561 liters, + Broadcast, drip   4,438 a     9,652 b 

      InLine, 243 liter 
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Table 5-4.  (cont.) 
____________________________________________________________________________________________________________ 
 
Fumigant treatment and   Application  Number of fruits/ha      Weight of fruits    
broadcast rate/ha   method                 (kg/ha) 

____________________________________________________________________________________________________________ 

Mbr/pic 67:33, 393 kg  In-bed    4,169 a              11,022 a 

       

Chloropicrin, 135 kg   In-bed    4,331 a                9,853 b   

  

____________________________________________________________________________________________________________ 

Data are means of five replicates.  Means within a column with the same letter are not different (P ≤ 0.05) according to 
Duncan’s multiple-range test.  Data were transformed by arcsin √(x), before analysis, but untransformed arithmetic means are 
presented.  
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CHAPTER 6 
PATHOGENICITY OF FIVE STING NEMATODE ISOLATES ON STRAWBERRY 

Introduction 

Yield losses due to sting nematode feeding within some commercial strawberry (Fragaria 

x Anansassa) fields may be as high as 100% (Noling, pers. comm.).  Prior investigation has 

shown that different pathotypes or physiological races of sting nematode occur in the 

southeastern United States (Abu-Gharbieh and Perry, 1970; Duncan et al., 1996; Robbins and 

Hirschmann, 1974).  Genetic analysis of different populations has suggested that some of these 

isolates may be different species in the genus Belonolaimus (Gozel et al. 2003; Han, 2001).  

Prior experiments determined that two sting nematode isolates (Sanford and Fuller’s crossing) 

were not pathogenic on strawberry (Abu-Gharbieh and Perry, 1970).  The former was from a 

vegetable production region, and the latter was from a citrus production region.  The objective of 

these experiments was to test for differences in virulence among different sting nematode 

isolates on strawberry. 

Materials and Methods 

Nematode isolates.  Populations of sting nematodes were collected from the following 

locations in Florida: (i) a corn (Zea mays, unknown variety) field at a dairy farm in Trenton, (ii) 

Orange Blossom golf course in Belleview, (iii) a sugarcane (unknown Saccharum hybrid) field 

in Indiantown, (iv) a commercial strawberry field (Benson Duke’s Farm) in Dover, and (v) a 

citrus (unknown Citrus hybrid) grove at the Citrus Research and Education Center in Lake 

Alfred.  The original isolates were retrieved June 2002 (Trenton), July 2002 (Indiantown), 

September 2002 (Lake Alfred), and October 2002 (Belleview), whereas the isolate from Dover 

was retrieved multiple times because it was used for other experiments.  All isolates except 
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Dover and Lake Alfred were initially detected in soil samples that were processed through the 

Florida Nematode Assay Laboratory. 

Nematode culture.  Nematodes were extracted by the Baermann method (Ayoub, 1977).  

Approximately 200 adults were transferred manually into 13.2-cm-diam. clay pots filled with 

pasteurized sandy soil (95.5% sand, 2.0% silt, and 2.5% clay).  Sweet corn (Zea mays var. 

rugosa ‘Silver Queen’) was planted in each pot, except for pots with the Lake Alfred population 

which was raised on rough lemon (Citrus jambhiri).  A polymer-coated fertilizer (Osmocote, 

Scotts, Marysville, OH) (20% N, 20% P2O5, and 20% K2O) was incorporated monthly and pots 

maintained in a greenhouse at 25 ± 5 oC.  Soil from pots containing nematode cultures was 

examined every 60 days by Baermann method to ensure presence of nematodes.  Nematodes that 

were extracted were then manually transferred to new pots with a new host plant.    

Greenhouse experiments.  Strawberry cv. Sweet Charlie transplants were obtained from a 

strawberry nursery (Nourse Farms, South Deerfield, MA) and planted in 13.2-cm-diam. clay pots 

filled with pasteurized sandy soil.  Fertilization was the same as previously mentioned.  Pots 

were arranged in a randomized complete block design with five replicates, and a non-inoculated 

control was included.  Treatment pots were inoculated manually with each isolate of sting 

nematodes (25 males and 25 females) per pot, obtained by the Baermann method.  Each 

experiment was repeated. 

Data collection.  After 40 days, strawberry plants were destructively sampled.  Strawberry 

roots were oven-dried at 90 oC for 1 week and dry root weights were recorded.  Nematodes were 

extracted from 100-cm3 of soil using the centrifugal-flotation method (Jenkins, 1964) and 

counted using an inverted microscope at 10× magnification.  Data were transformed by arcsin 
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√(x) before analysis and subjected to analysis of variance (ANOVA) followed by mean 

separation using Duncan’s multiple-range test (SAS Institute, 2000, Cary, NC). 

Results 

Results from the two experiments were tested for heterogeneity and determined to be 

different; thus data were not combined (P ≤ 0.05). 

Experiment 1.  Dry root weights of strawberry inoculated with the Dover nematode 

isolate were lower than root weights from non-inoculated pots (P ≤ 0.05) (Table 6-1).  All 

nematode isolates reproduced on strawberry and reproduction ranged from 3-fold for LA to 4.5-

fold greater for the Dover and Belleview isolates.  Nematode reproduction on strawberry was 

greater for the Dover and Belleview isolates as compared to the Lake Alfred isolate (P ≤ 0.05) 

(Table 6-1). 

  Experiment 2.  Dry root weights of strawberry inoculated with the Dover nematode 

isolate were lower than root weights from nontreated pots (P ≤ 0.05) (Table 6-1).  Nematode 

reproduction was greatest for the Dover isolate (P ≤ 0.05).  Other than the Dover isolate, only the 

Belleview isolate reproduced. 

Discussion 

The results obtained from the two experiments differed greatly.  In the first experiment, all 

nematode isolates increased a minimum of 3-fold.  In the second experiment only the Dover 

isolate reproduced.  In general, the dry root weights of strawberry were greater in the second 

experiment as compared to the first which indicates there was likely less nematode feeding in the 

second experiment. 

Upon close examination, it was discovered that all isolates, except for the Dover isolate, 

were infected with Pasteuria spp.  Considerable efforts were made to screen these Pasteuria 

infected (Giblin-Davis et al., 2001) isolates so as to inoculate with only healthy individuals.  The 
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second experiment was initiated in February 2004.  At that time all isolates had lower numbers 

of sting nematodes and it was difficult to find specimens free of Pasteuria spp. for 

experimentation.  Nematode reproduction in the second experiment was considerably lower than 

in the first experiment.  Pasteuria spp. could be responsible for suppressing nematode 

reproduction.  In both experiments, the Dover isolate was the most virulent, causing the greatest 

reduction in root growth.  However, lack of virulence in the other isolates may have been due to 

the presence of Pasteuria spp. in these populations. 

Propagation of sting nematodes under greenhouse conditions was difficult and oftentimes 

quite variable.  Precise conditions for maintaining cultures were not known at that time.  It is 

possible that critical components include a certain temperature range and soil moisture (Robbins 

and Barker, 1974) as well as adequate cycling of host plants as to insure the quality of the food 

source has not deteriorated.     
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Table 6-1.  Mean dry root weights and nematode reproduction of different isolates of Belonolaimus longicaudatus (sting nematode) 
grown on strawberry cv. Sweet Charlie in a greenhouse in 13.2-cm-diam. pots.  

____________________________________________________________________________________________________________ 
 
Isolate (Location)     Dry root weight (g)        Sting nematodes/100 cm3 of soila  
  
 
     Experiment 1   Experiment 2   Experiment 1  Experiment 2  
____________________________________________________________________________________________________________ 
 
Trenton        9.8 ab     15.9 a     14.0 ab   2.4 c 
 
Belleview      10.6 a     14.6 b     16.4 a   5.0 b  
 
Indiantown        9.3 ab     14.3 b     14.0 ab   3.6 bc  
 
Dover         8.5 b     12.3 c     16.0 a            11.0 a 
 
Lake Alfred      10.1 a     14.7 b     11.2 b   3.2 bc 
 
Noninoculated      11.4 a     14.4 b                                   0 c                            0 d 
____________________________________________________________________________________________________________ 
 Data are means of five replicates.  Means within a column with the same letter are not different according to Duncan’s 
multiple-range test (P ≤ 0.05).  Data were transformed by arcsin √(x) before analysis, but untransformed arithmetic means are 
presented. 
 aPots contained ca. 1,400 cm3 of soil. 
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CHAPTER 7 
EFFECTS OF REDUCED RATES OF TELONE C35 AND METHYL BROMIDE IN 

CONJUNCTION WITH VIRTUALLY IMPERMEABLE FILM TECHNOLOGY ON WEEDS 
AND NEMATODES 

Introduction 

For approximately the past 35 years vegetable growers in the southern United States have 

been using methyl bromide (mbr) very effectively as a part of a polyethylene mulch production 

system (Locascio, et al., 1999; Noling and Becker, 1994).  This system includes raised beds 

tightly covered with polyethylene mulch, high fertility rates, and drip or subsurface irrigation.  

Often, the system entails double cropping (a primary crop followed by a second crop on the same 

mulched beds).  Double cropping is very important to the economic success of this production 

system in Florida and the southern United States (Gilreath et al., 1999).  A primary soil treatment 

before the first crop is needed that will also provide for satisfactory production of a second crop 

or rotational crop that is planted on the original polyethylene mulch covered beds.  In Florida, 

fresh market tomato (Lycopersicon esculentum) is generally considered as a primary crop 

followed by cucumber (Cucumis sativus), bell pepper (Capsicum annuum), or eggplant (Solanum 

melongena).  Tomato is valued at more than $600 million and represents nearly 30% of the total 

value of all vegetable crops grown in Florida, and bell pepper and eggplant are valued at $220 

and $15 million, respectively (Anonymous, 2003). 

Growers depend on mbr as part of the polyethylene mulch production system because it 

provides economical management of nematodes, most soilborne diseases, and weeds (Noling and 

Becker, 1994).  Mbr is especially effective in controlling yellow (Cyperus exculentus) and purple 

(C. rotundus) nutsedge as compared to other preplant treatments (Gilreath et al., 2004; Gilreath 

and Santos, 2004; 2005; Locascio et al., 1999).  The fumigant is injected into the soil in 

preformed beds where it kills nematodes, fungi, and weed seeds (Lembright, 1990).   After 
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injected into beds, mbr rapidly dissipates allowing for a short re-entry period and planting 48 

hours following application.  When mixed with chloropicrin (e.g., 33% chloropicrin) this 

chemical remains in the soil solution and soil air pores for a longer period of time.  Because of 

lower volatility and the reduced rate of biological degradation of chloropicrin compared to mbr, 

there is an extended re-entry period and a longer waiting period before planting.  

Methyl bromide has been identified as an ozone-depleting substance and has been 

completely phased out, effective 1 January 2005, under the Montreal Protocol (Lehnert, 2006; 

Rich and Olson, 2004; Trout, 2005).  Currently, under the United States nomination and critical 

use exemption (CUE) program growers are allowed to continue using a specified allocation of 

mbr (Anonymous 2005; Lehnert, 2006).  These nominations are evaluated yearly and granted to 

commodity groups who have demonstrated attempts to reduce rates and emissions of the product.  

The lower production rate of mbr, a requirement of the phaseout, is increasing cost.  

The use of virtually impermeable film (VIF) mulch technology coupled with lower rates of 

mbr may serve to lower emissions from the soil, maintain the same efficacy on soilborne pests 

and pathogens, and reduce or essentially eliminate emissions of the fumigant from the mulched 

beds (Noling, 2004).  VIF film has been shown to be at least 75-fold less permeable to mbr than 

conventional low-density polyethylene mulch films (LDPE) and may be as much as 500 to 

1,000-fold less permeable than LDPE films (Yates et al., 2002).  

A likely alternative to mbr for tomato production in Florida is 1,3-D formulated with 35% 

chloropicrin (Telone C35, Dow AgroSciences, Indianapolis, IN).  The benefits of using VIF are 

reducing fumigant rates yet maintaining marketable vegetable yield, and equivalent reductions of 

root-knot nematode galling, nutsedge densities, and root rotting comparable to that obtained with 

standard mulch films (Gilreath et al. 2004;2005; Locascio et al., 2002; Nelson, et al., 2000).  VIF 
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retained larger amounts of mbr, 1,3-D, and chloropicrin in the root zone with longer residential 

time in the subsurface of field soil than LDPE after application of mbr or 1,3-D plus chloropicrin 

(Telone C35) by standard chisel injection, Avenger coulter injection (Yetter, Colchester, IL) 

(Anonymous, 2001a,b), or drip irrigation (Ou et al., 2005).  With the improved retention, 

concentrations of 1,3-D and chloropicrin under the VIF covered beds were greater than that in 

the LDPE covered beds after application of 1,3-D plus chloropicrin (Telone C35) (Ou et al., 

2005).  However, no data is available on the effects of VIF on efficacy of 1,3-D plus chloropicrin 

(Telone C35), whether applied at labeled rates or lower rates.  Objectives were to determine the 

efficacy of lower rates of mbr and 1,3-D plus chloropicrin (Telone C35) compared to standard 

rates under LDPE vs. VIF, and 1,3-D plus 35% chloropicrin emulsified (InLine, Dow 

AgroSciences, Indianapolis, IN) and metam potassium (60 % a.i.) (K-pam HL, American 

Vanguard, Newport Beach, CA) applications via drip irrigation for the double crop.  1,3-D plus 

chloropicrin (Telone C35) applied at lower rates was included to provide growers information on 

its effectiveness as an alternative to mbr. 

These experiments focusing on reducing fumigant rates and the uses of VIF were carried 

out in tomato and squash because an available site in a commercial strawberry field infested with 

sting nematodes could not be identified.  Past attempts to artificially inoculate a field site with 

sting nematode had been unsuccessful, and an available site at a University of Florida 

experiment station was available, had a uniform distribution of root-knot nematodes, and was 

more suited to conducting this experiment.  The system of growing tomato and squash using 

reduced rates of fumigants in conjunction with VIF can be used as a model system for strawberry 

should promise be demonstrated in these experiments.    



 

73 

Materials and Methods 

Experiments were conducted at the Plant Science Research and Education Unit, University 

of Florida located in Citra, FL.  Field dimensions were 21 m wide by 183 m long.  The site used 

in spring 2004 was artificially inoculated in the summer of 1999 by distributing infected 

Meloidogyne arenaria tomato cv. Rutgers roots placed in 25-cm-deep plowed furrows spaced 7 

m apart, and the site used in fall 2004 was similarly inoculated using tomato roots infected with 

M. javanica.  Over time, both sites have become infested with mixed populations of 

Meloidogyne spp.  Endemic plant-parasitic nematodes populations of Trichodorus spp. and 

Criconemoides spp. also were present at the time of each experiment.  Root-knot nematodes 

were maintained at uniform, high levels by planting okra (Hibiscus esculentum cv. Clemson 

Spineless) across the field where experiments were conducted.  The field sites also had a 

moderate to heavy infestation of both purple and yellow nutsedges.  Classification of soils in the 

field ranged from Arredondo fine sand to Sparr fine sand, both loamy, siliceous, hyperthermic 

Grossarenic Paleudults with characteristics of 95% sand, 3% silt, 2% clay, 1.5% OM, and pH 

6.5. 

Treatments were arranged in a split-plot design with four replicates.  Fumigant treatments 

comprised the whole-plots and mulch type (VIF and LDPE) comprised the sub-plots.  All 

treatments were applied in raised beds 23-cm tall, 91-cm wide, 12-m long and spaced on 1.8-m 

centers.  Raised beds were formed using a Kennco powerbedder (Kennco Mfg., Ruskin, FL).  

Immediately before bed formation a 6-17-16 (N-P2O5-K2O) fertilizer mix was banded over the 

plots at 842 kg/ha.  After bed formation, fumigant treatments were applied with a Kennco mini-

combo unit (Kennco Mfg., Ruskin, FL) and beds were covered with mulch.  The virtually 

impermeable mulch was 0.356 mm black on white (Hytibar Flex, Klerks Plastic Products Mfg., 

Richburg, SC), LDPE mulch was 0.254 mm black embossed (Pliant Plastics, Muskegon, MI).  A 
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single drip tube (8 mil, 30-cm emitter spacing) with a flow equivalent of 1.9 liters/minute/30.5 m 

of row (Roberts Irrigation Products, San Marcos, CA) was inserted into the bed center at the 

same time the beds were fumigated and covered with mulch.  All fumigant treatments were 

applied with three chisels per bed, 26.4-cm spacing, 26.4-cm deep.  Additional N and K2O were 

applied via drip tube as ammonium nitrate and muriate of potash, respectively in 8 weekly 

applications divided equally to deliver a total of 168 kg/ha N and 168 kg/ha K2O for the crop.  

Foliar fungal pathogens were managed using chlorothalonil, mancozeb, and azoxystrobin, and 

arthropod pests were managed using methomyl and esfenvalerate (Maynard et al., 2004).   

Spring tomato.  Fumigants evaluated include 67% mbr and 33% chloropicrin (mbr 67:33) 

at 197, 295, and 393 kg/ha and 1,3-D plus chloropicrin (Telone C35) at 164, 243, and 327 

liters/ha.  The calibration of rates was done by weight with a closed system (the fumigant was 

shunted into a spare cylinder during the calibration process).  A nontreated control bed was 

included for a total of seven treatments.  Tomato cv. Tygress was transplanted in March 2004.  

Fruit was harvested and root-knot nematode root galling was rated in June 2004.  Data collected 

included: (i) number of nutsedge plants per replicate (4 weeks after transplanting), (ii) harvest 

data, tomato fruit from each treatment were graded (Kerian speed sizer, Kerian Machines Inc., 

Grafton, ND ) into extra-large, large, medium, and culls and each of the first three categories 

weighed for marketable yield, and (iii) after the final harvest, six plant root systems, chosen 

arbitrarily, were dug per plot and subjected to a root-gall rating based on a 0 to 100 scale where 0 

= no visible galls, 10 = 10% of the root system galled...100 = 100% of the root system galled 

(Barker et al., 1986).  All data were subjected to ANOVA and mean separation by Duncan’s 

multiple-range test. 
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Double crop fall cucumber.  After the final spring tomato harvest, all tomato plants were 

sprayed with a non-selective herbicide (paraquat) at 0.4 liters/ha.  Two weeks later remaining 

plant debris was manually removed from the beds.  The black plastic was sprayed over with 

white Kool Grow paint (Suntec Paints, Gainesville, FL) at 37.9 liters product in 378.5 liters 

water.  On 12 August 2004 beds were seeded with cucumber cv. Dasher II ca. 25 seeds per bed.  

Beds were fertilized five times weekly via drip irrigation with 13.4 kg/ha N and K2O formulated 

as ammonium nitrate and muriate of potash, respectively.  All fungicide and insecticide 

applications were made as specified for the spring tomato crop.  Cucumber fruit were harvested 

once weekly for 6 weeks in 2004 and marketable fruit was weighed for yield.  After the final 

harvest, six plant root systems, chosen arbitrarily, were dug per plot and galling determined 

based on the subjective root-gall rating scale of 0 to 100, where 0 = no visible galls, 10 = 10% of 

the root system galled...100 = 100% of the root system galled (Barker et al., 1986).  All data 

were subjected to ANOVA and mean separation by Duncan’s multiple-range test.  

Fall squash.  Methods in the fall were the same as the spring, except that a white on black 

low density polyethylene (LDPE) mulch was used. The VIF was the same Hytibar flex, but laid 

with the white side exposed to surface, LDPE was 0.254 mm white on black embossed (Pliant 

Plastics, Muskegon, MI).  Fumigants evaluated were (i) mbr 67:33 at 393, 295, and 197 kg/ha, 

(ii) 98% mbr plus 2% chloropicrin (mbr 98:2) at 197 kg/ha, (iii) 1,3-D pus chloropicrin (Telone 

C35) at 327 liters/ha, (iv) chloropicrin at 136 kg/ha, and (v) chloropicrin at 136 kg/ha plus 

metam potassium applied via the drip system at 561 liters/ha, plus (vi) a nontreated control for a 

total of eight treatments replicated four times.  Fumigant treatments comprised the whole-plots 

and mulch type comprised the sub-plots.  Experiments were initially designed to be conducted 

with tomato and then double cropped with squash, but the tomato seedlings that were initially 
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transplanted in August 2004 were severely injured by strong winds and heavy rainfall from 

hurricanes. 

Results 

Spring tomato.  There was an interaction (P ≤ 0.05) between fumigants and mulch type 

for densities of nutsedge plants per meter square, thus comparisons were made only within 

mulch types.  Under VIF film, all fumigant treatments except 1,3-D plus chloropicrin (Telone 

C35) at 164 liters/ha (lowest rate) had lower nutsedge densities than nontreated plots (P ≤ 0.05) 

(Table 7-1).  Under LDPE film, treatments of mbr 67:33 at 393 and 295 kg/ha and 1,3-D plus 

chloropicrin (Telone C35) at 327 liters/ha had lower nutsedge densities than nontreated plots (P 

≤ 0.05) (Table 7-1).   

For marketable yield of tomato fruit and galling of tomato roots there was no interaction (P 

> 0.05) between fumigants and mulch type, therefore the data were combined for analyses.  All 

fumigant treatments had higher marketable yields of tomato fruit as compared to nontreated plots 

(P ≤ 0.05) (Table 7-1).   All treatments, except 1,3-D plus chloropicrin (Telone C35) at 164 

liters/ha, had gall ratings lower than nontreated plots (P ≤ 0.05) (Table 7-2).  

Double crop fall cucumber.  No interactions were detected (P > 0.05) between fumigants 

and mulch type for marketable yield of cucumber fruit or galling of cucumber roots, thus the data 

were combined for the two mulch types.  All fumigant treatments had higher marketable yields 

than nontreated plots except mbr at 392 kg/ha (P ≤ 0.05) (Table 7-3).  None of the fumigant 

treatments had gall ratings significantly different than nontreated plots (P ≤ 0.05) (Table 7-3). 

Fall squash.  There was no interaction (P > 0.05) between mulch type and fumigant 

treatments for marketable yield and gall ratings, thus data were combined for the two variables.  

All fumigant treatments had higher marketable yields than nontreated plots except both 

chloropicrin treatments (with and without metam potassium) (P ≤ 0.05) (Table 7-4).  All 
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fumigant treatments had lower gall ratings than nontreated plots except the two chloropicrin 

treatments (with and without metam potassium) (P ≤ 0.05) (Table 7-4).  A significant interaction 

occurred (P ≤ 0.05) between fumigant and mulch type for nutsedge density per treatment and 

thus treatments were compared only within mulch type.  Under VIF mulch, all treatments except 

chloropicrin or chloropicrin plus metam potassium controlled nutsedges better than the control 

(P ≤ 0.05) (Table 5).  There was a higher density of nutsedge following chloropicrin plus metam 

potassium than in the nontreated control (P ≤ 0.05).  Under LDPE mulch none of the treatments 

were different than the nontreated control except chloropicrin plus metam potassium which had 

higher nutsedge densities (P ≤ 0.05). 

Discussion 

In these experiments we planned to further demonstrate the advantage of using virtually 

impermeable film technology to enhance fumigant efficacy when applied at labeled rates as well 

as determining the effects of these fumigants applied at a 25 and 50% reduction of labeled rates.  

To date, formulations containing 1,3-D plus chloropicrin have shown the most promise as 

alternatives to mbr (Gilreath and Santos, 2004). However, the lack of activity of this chemical 

against weeds remains an impediment to its use as a drop-in replacement for mbr.  In the spring 

tomato trial, treatments containing 1,3-D plus chloropicrin (Telone C35) at 327 liters/ha in 

conjunction with both VIF and LDPE films significantly reduced nutsedge densities and root 

galling, and increased marketable yields of primary grown crops.  Although good nutsedge 

control was obtained with 1,3-D plus chloropicrin (Telone C35) in our trial, such results are 

inconsistent from year to year (Dickson, pers. comm.).  In the spring trial we attempted to reduce 

the rates of this treatment to 243 and 164 liters/ha.  In all instances the densities of nutsedge 

plants emerging through the plastic beds increased, the root-gall indices increased, and the 
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marketable yield decreased.  Thus, in the fall of 2004 we purposely omitted the reduced rates of 

1,3-D plus chloropicrin (Telone C35). 

In spring grown tomato, reducing the rate of mbr applied under VIF made it possible to 

reduce nutsedge densities and root-knot nematode galling while maintaining yields comparable 

to those obtained under standard dosage regardless of mulch type.  Similar findings were 

reported with half-rates of mbr under VIF in spring grown tomato (Nelson et al. 2000).  In fall 

grown squash, all mbr treatments led to larger marketable yields of fruit and lower root-knot 

nematode gall ratings regardless of film type. 

Double-cropping has become essential to the economic survival of vegetable growers in 

Florida.  In our experiments we hoped to demonstrate the efficacy of reduced rates of mbr and 

1,3-D in conjunction with VIF against root-knot nematodes in double-cropped cucumber.  The 

results that we obtained were unexpected.  In general, treatments that had the lowest marketable 

yields of tomato had the highest marketable yields of cucumber.  No treatment, rate, or mulch 

type demonstrated any control of root-knot nematode in double cropped cucumber.  All 

treatments had gall ratings greater than 80%.  We had attempted, in a separate experiment, to 

demonstrate that applying either 65% 1,3-D plus 35% chloropicrin (Inline) or metam potassium 

before planting would provide control of root-knot nematodes on the second crop.  However, this 

experiment was ruined by a succession of three hurricanes that hit Florida in the fall of 2004.  

Further experiments should be designed to utilize these two fumigants applied via drip irrigation 

before a second crop is planted, and compare their efficacy with the use of resistance genes, in a 

primary crop, to limit nematode reproduction on the first crop (Rich and Olson, 2004). 

Because the mulched beds were left undamaged by the hurricanes, squash was planted in 

mid-October to salvage the experiment.  The late planting of squash and the lack of a primary 
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crop led to lower than expected galling of roots.  One interesting observation in the fall studies 

concerned nutsedge densities in each of the treatments.  In treatments where chloropicrin was 

applied in-bed followed by metam potassium via drip irrigation, nutsedge densities were 

significantly higher than nontreated plots.  Nutsedge plants in all plots treated with chloropicrin 

were notably more vigorous and healthy than nutsedge plants in nontreated plots.  It appears that 

chloropicrin in combination with metam potassium, at the rates that we tested, has more of a 

stimulating effect on nutsedge rather than producing an herbicidal effect. 
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Table 7-1.  Effects of fumigant, fumigant rate, and mulch type on control of nutsedge, Citra, FL, 
Spring 2004. 

_____________________________________________________________________ 
 
Fumigant       Broadcast rate/haa      Nutsedge plants/m2 

 
                       Mulch type 
_____________________________________________________________________ 
                 VIFb     PEc 

_____________________________________________________________________ 
Nontreated        -      33.0 a   50.0 a 

Methyl bromide     393 kg        0.8 d     1.3 d 

Methyl bromide     295 kg        0.8 d     5.3 c 

Methyl bromide     197 kg        1.8 c   28.3 ab   

1,3-D plus 35% chloropicrin  327 liters       5.8 bc   11.8 b 

1,3-D plus 35% chloropicrin  243 liters        6.0 bc  32.5 a 

1,3-D plus 35% chloropicrin  164 liters      16.3 ab  32.3 a 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aRates were based on 1.8 m row spacing. 
 bVirtually impermeable film 0.356 mm black on white. 
 cStandard commercial polyethylene mulch 0.254 mm black embossed. 
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Table 7-2.  Main effect of fumigant and rate (mean of VIFa and PEb mulch) on total marketable 
yield of tomato, Citra, FL, Spring 2004. 

_____________________________________________________________________ 
 
Fumigant      Broadcast rate/hac      Total marketable yield 
                            (boxes/ha)d 

    
                   Mulch type mean 

_____________________________________________________________________ 
Nontreated        -        3,319 d   

Methyl bromide     393 kg          8,745 ab 

Methyl bromide     295 kg        8,183 b 

Methyl bromide     197 kg          9,105 a 

1,3-D plus 35% chloropicrin  327 liters         7,962 b 

1,3-D plus 35% chloropicrin  243 liters          7,315 c 

1,3-D plus 35% chloropicrin  164 liters        5,936 c 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aVirtually impermeable film 0.356 mm black on white. 
 bStandard commercial polyethylene mulch 0.254 mm black embossed. 
 cRates were based on 1.8 m row spacing. 
 dTotal marketable yield equals yields of extra-large, large, and medium tomatoes (Kerian 
Speed Sizer).  One box is equivalent to 11.36 kg. 
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Table 7-3.  Main effect of fumigant and rate (mean of VIFa and PEb mulch) on galling of tomato 
roots, Citra, FL, Spring 2004. 

_____________________________________________________________________ 
 
Fumigant       Broadcast rate/hac      Gall ratingd 

 
                  Mulch type mean 

_____________________________________________________________________ 

Nontreated        -        31.6 a   

Methyl bromide     393 kg            1.4 d 

Methyl bromide     295 kg          2.0 d 

Methyl bromide     197 kg            6.8 c 

1,3-D plus 35% chloropicrin  327 liters         15.2 b  

1,3-D plus 35% chloropicrin  243 liters          17.0 b 

1,3-D plus 35% chloropicrin  164 liters        41.5 a 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aVirtually impermeable film 0.356 mm black on white. 
 bStandard commercial polyethylene mulch 0.254 mm black embossed. 
 cRates were based on 1.8 m row spacing. 
 dBased on a 0 to 100 scale, where 0 = no galls, 10 = 10% of the root system galled… 100 = 
100% of root system galled. 
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Table 7-4.  Main effect of fumigant and rate (mean of VIFa and PEb mulch) on total marketable 
yield of double-cropped cucumber, Citra, FL, Fall 2004. 

_____________________________________________________________________ 
 
Fumigant       Broadcast rate/hac    Total marketable yield 
                            (kg/ha) 

 
                  Mulch type mean 

_____________________________________________________________________ 
Nontreated        -        1,549 d   

Methyl bromide     393 kg             500 e 

Methyl bromide     295 kg        2,923 c 

Methyl bromide     197 kg          3,168 ab 

1,3-D plus 35% chloropicrin  327 liters         3,086 bc 

1,3-D plus 35% chloropicrin  243 liters          4,375 a 

1,3-D plus 35% chloropicrin  164 liters        4,460 a 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aVirtually impermeable film 0.356 mm black on white. 
 bStandard commercial polyethylene mulch 0.254 mm black embossed. 
 cRates were based on 1.8 m row spacing. 
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Table 7-5.  Main effect of fumigant and rate (mean of VIFa and PEb mulch) on galling of double-

cropped cucumber, Citra, FL, Fall 2004. 
_____________________________________________________________________ 
 
Fumigant       Broadcast rate/hac      Gall ratingd 

 
                  Mulch type mean 

_____________________________________________________________________ 
Nontreated        -        80.0 a   

Methyl bromide     393 kg          88.7 a 

Methyl bromide     295 kg        92.5 a 

Methyl bromide     197 kg          80.9 a 

1,3-D plus 35% chloropicrin  327 liters         96.1 a  

1,3-D plus 35% chloropicrin  243 liters          84.1 a 

1,3-D plus 35% chloropicrin  164 liters        87.7 a 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aVirtually impermeable film 0.356 mm black on white. 
 bStandard commercial polyethylene mulch 0.254 mm black embossed. 
 cRates were based on 1.8 m row spacing. 
 dBased on a 0 to 100 scale, where 0 = no galls, 10 = 10% of the root system galled… 100 = 
100% of root system galled. 
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Table 7-6.  Main effect of fumigant and rate (mean of VIFa and PEb mulch) on total marketable 
yield of fall-grown squash, Citra, FL, Fall 2004. 

_____________________________________________________________________ 
 
Fumigant       Broadcast rate/hac    Total marketable yield 
                           (kg/ha) 

 
                  Mulch type mean 

_____________________________________________________________________ 
Nontreated        -        2,353 b   

Methyl bromide 67:33    393 kg          3,367 a 

Methyl bromide 67:33    295 kg        3,339 a 

Methyl bromide 67:33    197 kg          4,333 a 

1,3-D plus 35% chloropicrin  327 liters         4,422 a 

Methyl bromide 98:2    197 kg           4,915 a 

Chloropicrin      133 kg         2,381 b 

Chloropicrin plus metam   133 kg, 561 liters     2,110 b 

potassiumd 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aVirtually impermeable film 0.356 mm black on white. 
 bStandard commercial polyethylene mulch 0.254 mm black embossed. 
 cRates were based on 1.8 m row spacing. 
 dChloropicrin was applied as an in-bed treatment followed by metam potassium applied 
through the drip irrigation. 
 



 

86 

Table 7-7.  Main effect of fumigant and rate (mean of VIFa and PEb mulch) on gall ratings of 
fall-grown squash, Citra, FL, Fall 2004. 

_____________________________________________________________________ 
 
Fumigant       Broadcast rate/hac    Total marketable yield 
                           (kg/ha) 

 
                  Mulch type mean 

_____________________________________________________________________ 
Nontreated        -         20.6 a   

Methyl bromide 67:33    393 kg             1.9 cd 

Methyl bromide 67:33    295 kg           4.4 cd 

Methyl bromide 67:33    197 kg             8.2 bc 

1,3-D plus 35% chloropicrin  327 liters            5.0 cd 

Methyl bromide 98:2    197 kg              0.0 d 

Chloropicrin      133 kg          17.6 a 

Chloropicrin plus metam   133 kg, 561 liters      11.9 ab 

potassiumd 

_____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aVirtually impermeable film 0.356 mm black on white. 
 bStandard commercial polyethylene mulch 0.254 mm black embossed. 
 cRates were based on 1.8 m row spacing. 
 dChloropicrin was applied as an in-bed treatment followed by metam potassium applied 
through the drip irrigation. 
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Table 7-8.  Effects of fumigant, fumigant rate, and mulch type on control of nutsedge on fall-
grown squash, Citra, FL, Fall 2004. 

_____________________________________________________________________ 
 
Fumigant       Broadcast rate/haa      Nutsedge plants/m2 

   
                  Mulch type 
_____________________________________________________________________ 
                 VIFb     PEc 

_____________________________________________________________________ 
Nontreated        -      19.1 b   18.0 bc  

Methyl bromide 67:33    393 kg        3.9 d   15.9 c 

Methyl bromide 67:33    295 kg        6.5 cd   21.5 bc     

Methyl bromide 67:33    197 kg      11.9 cd   24.0 bc     

1,3-D plus 35% chloropicrin  327 liters       0.0 d   11.4 d     

Methyl bromide 98:2    197 kg        2.4 d   12.8 d 

Chloropicrin      133 kg      23.9 ab   29.6 ab   

Chloropicrin plus metam   133 kg, 561 liters   35.1 a   40.9 a 

potassiumd 

____________________________________________________________________ 

 Data are means of four replicates.  Means within columns with the same letter are not 
different according to Duncan’s multiple-range test (P ≤ 0.05) 
 aRates were based on 1.8 m row spacing. 
 bVirtually impermeable film 0.356 mm black on white. 
 cStandard commercial polyethylene mulch 0.254 mm black embossed. 
 dChloropicrin was applied as an in-bed treatment followed by metam potassium applied 
through the drip irrigation. 
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CHAPTER 8 
TOLERANCE OF COMMERCIALLY AVAILABLE STRAWBERRY CULTIVARS GROWN 

IN DOVER, FL TO STING NEMATODE, Belonolaimus longicaudatus 

Introduction 

Belonolaimus longicaudatus is a highly virulent pathogen of strawberry Fragaria x 

Ananassa (Christie et al., 1952; Noling, 2004).  Due to the impending phase out of methyl 

bromide (mbr), research efforts have focused not only on chemical alternatives, but also cultural 

practices to reduce sting nematode injury to strawberry (Hamill and Dickson, unpubl.).  There is 

no known resistance in strawberry to sting nematode however, strawberry cultivars are known to 

differ in response to infection by other plant-parasitic nematodes, e.g., lesion nematode, 

Pratylenchus penetrans Cobb, 1917, (Adams and Hickman, 1970; Dale and Potter, 1998; 

Kimpinski, 1985).  There are reports where different cultivars of crop plants respond differently 

to sting nematode.  For example, Coker 100WR cotton was a good host for a South Carolina 

population of sting nematode (Holdeman and Graham, 1953), but Stoneville 7A was a poor host 

(Robbins and Barker, 1973).  In turfgrass, Tifway bermudagrass was tolerant to sting nematode.  

There was less root reduction on this cultivar compared to cultivars Midiron, Tifdwarf, Tifgreen, 

Tifgreen II, Tifway II, and Turfcote (Giblin-Davis et al., 1992).   

The importance of developing resistance or tolerance to sting nematode within strawberry 

germplasm is currently being emphasized (Chandler, pers. comm.).  One recently released 

cultivar, Festival, was speculated to have sting nematode tolerance by growers however, this was 

never documented experimentally.  The objective of this project was to evaluate whether 

strawberry cultivars commonly grown in the Plant City-Dover region of Florida would respond 

differently to the virulence of sting nematodes.   
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Materials and Methods 

2003-2004 Sting nematode infested and noninfested sites.  The experiment was 

conducted in two separate fields, one with a history of sting nematode infestation and the other 

without a history of sting nematode.  The infested site was located on the Benson Duke farm, 

whereas the noninfested site was located on the Southwest Florida Research and Education 

Center, Dover, FL.  These two field sites were located ca. 0.5 km apart and soil analysis show 

them to have near identical soil type.  The sites had a long history of strawberry production 

dating back to the 1950’s.  The experiment was conducted in an area ca. 15 ×15 m2.  At the 

Duke’s farm the experiment was place within an area with a known sting nematode problem 

even though fumigated annually with mbr.   

Both sites had raised beds 24.7-cm high, and 69.2-cm wide, spaced on 1.2 m centers and 

fumigated with 67% mbr and 33% chloropicrin at 392 kg/ha.  Two weeks after fumigation, 

seedlings of five cultivars, Treasure, Camarosa, Carmine, Festival, and Sweet Charlie 

(Strawberry Tyme Farms, Simcoe, ON) were planted in a RCBD with four replicates.  

Strawberry plants were set with 26.4-cm spacing staggered in double rows on the bed top, 20 

plants per replicate.  Data collected from these sites included: (i) fruit harvested from each 

treatment three times during the growing season, (ii) nematode numbers, and (iii) dried root 

weight.  Soil samples for nematode extraction were taken from each plot by collecting 20 soil 

cores, ca. 500 cm3 of soil total, from each plot with a 2.5-cm-diam. cone-shaped sampling tube 

and composited.  Nematodes were extracted from 100 cm3 of soil by the centrifugal-flotation 

method (Jenkins, 1964), and counted using an inverted microscope at 20× magnification.  Soil 

was collected 4 weeks after planting and again after final strawberry harvest.  Four strawberry 

root systems were removed per plot and oven-dried at 90 oC for 2 weeks.  Data were transformed 



 

90 

√(x + 1) before analysis and subjected to analysis of variance (ANOVA) followed by mean 

separation using Duncan’s multiple-range test (SAS Institute, 2000, Cary, NC). 

2004-2005 Duke’s farm.  Two experiments were conducted, one located in an area 

determined free of sting nematodes based on nematode extraction from soil samples and the 

second located in an area with a history of sting nematode damage.  Soil samples, nematode 

extraction, counts, and fumigation practices were as reported for 2003.  Two weeks after 

fumigation, five cultivars, Camino Real, Camarosa, Festival, Ventana (Strawberry Tyme Farms, 

Simcoe, ON), and Carmine (Allen Nursery, Centreville, NS) were planted in a RCBD with four 

replicates in both locations.  Strawberry plants were set with 26.4-cm spacing staggered in 

double rows on the bed top, 20 plants per replicate.  The data collected from this site were the 

same as stated above for 2003 except that two strawberry plants were dug from each plot, 10 

weeks after planting, and again at the end of the strawberry season.  The root systems and plant 

foliage were separated and each were oven dried at 90 oC for 2 weeks and weighed.  Data were 

transformed √(x+ 1) before analysis and cultivars grown in infested and noninfested soil were 

compared using single degree of freedom contrasts using the GLM model (SAS Institute, 2000, 

Cary, NC). 

Results 

2003-2004 Sting nematode infested and noninfested sites.  At the infested site, mean 

fruit weights and dry root weights for all cultivars were not different (P > 0.05) (Table 8-1).  

Initial nematode population densities were not different for any of the treatments (P > 0.05); 

however, a greater number of sting nematodes were recovered from soil samples taken from 

around roots of cv. Treasure as compared to all other cultivars except Camarosa (P ≤ 0.05) 

(Table 8-2). 
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At the noninfested site, the cv. Treasure had the highest mean fruit weight of all cultivars 

tested, whereas Camarosa had the lowest mean fruit weight (P ≤ 0.05) (Table 8-1).  Dry root 

weights for all cultivars at this site were not different (P > 0.05) (Table 8-1). 

All cultivars grown at the noninfested site had greater yields than those grown at the 

infested site, ranging from 2-fold for Camarosa to 4-fold for Treasure.  Mean dry root weights 

were 2-fold greater for all cultivars at the non-infested site as compared to the infested site. 

2004-2005 Duke’s Farm.  Ten weeks after planting, only the cv. Festival had lower dry 

root weights grown in infested soil as compared to noninfested soil (P ≤ 0.05) (Table 8-2).  Also, 

at 10 weeks after planting, the cvs. Festival, Camino Real, and Ventana had lower dry leaf 

weights when grown in infested soil as compared to noninfested soil (P ≤ 0.05) (Table 8-3).  

At the end of the strawberry season (ca. 18 weeks after planting), nearly all dry leaf and 

root weights were higher for cultivars grown in noninfested soil as compared to cultivars grown 

in infested soil (P ≤ 0.05) (Tables 8-2; 8-3).  Only the cv. Camino Real had dry leaf weights that 

were not different when grown in infested as compared to noninfested soil (P > 0.05) (Table 8-

3).  

Fruit harvest (2005).  The cvs. Festival and Camarosa had greater fruit weights from 

plants picked in noninfested plots as compared to infested plots (P ≤ 0.05) (Table 8-4).  The cvs. 

Festival and Camarosa had yields more than 2-fold greater when grown in noninfested soil as 

compared to infested soil.  

Discussion 

To test the tolerance of strawberry cultivars within commercial strawberry fields, 

experiments were conducted in two separate locations.  There were a number of factors that 

could not be controlled that affected the results.  First, sting nematode distribution within fields 

is often too patchy for a randomized complete block design.  Secondly, arranging a design 
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blocked by nematode density is difficult because of the number of samples that need to be taken 

to assure that the blocks contain equivalent sting nematode numbers, and also whether the 

individuals detected are healthy and will feed and reproduce.  And lastly it was difficult to find 

grower fields that have sufficient sting nematodes for experimentation but also have sting 

nematode free areas within the field where control plots can be located. 

During the course of these experiments it seemed evident that all five commercial cultivars 

were severely impacted by sting nematodes.  Abbreviated root symptoms were observed on all 

five cultivars at the Duke’s farm in both 2003-2004 and 2004-2005. 

At the Dover station only one of the five cultivars, Camarosa, had a lower amount of 

harvested fruit.  The above ground plant growth appeared normal, but when roots were dug at the 

end of the season they were nearly 100% galled by Meloidogyne hapla.  The infection by M. 

hapla certainly could be responsible for the lower yields.  Since the Camarosa transplants all 

came from the same place, all Camarosa plants were dug from the Duke’s farm as well as 

another research farm in Citra, FL, where other experiments were being conducted.  Roots from 

cv. Camarosa plants dug at Plant Science Research and Education Unit located in Citra, FL, were 

also galled, and the species was again identified as M. hapla.  At the Duke’s farm, however, none 

of the plant roots were galled.  It is difficult to ensure that transplants received from nurseries in 

Canada are free of nematode pathogens; however, it is common to find them infected with 

Pratylenchus penetrans, M. hapla, and Verticillium dahliae.  

 Experiments conducted in 2004-2005 demonstrated that cultivars with increased vigor 

appeared to be less affected by low densities of sting nematodes.  The cvs. Camino Real and 

Ventana grew larger than the other cultivars evaluated regardless of whether grown in infested or 

noninfested soil.  These two cultivars have peak fruit production during March and April, but 
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horticulturally, they are not as acceptable to growers as cvs. Festival or Treasure.  Growers prefer 

cultivars that begin producing fruit earlier in the growing season.  Prices for fruit are always 

highest in late December through February and usually decline after 1 March.  The cv. Carmine 

planted in fall of 2004 was received from a different nursery (Allen Nursery) than other cultivars.  

The root systems of these plants were noticeably more vigorous than the other cultivars received 

from Strawberry Tyme farms.  It is estimated that the initial root densities of these plants was 

more than 3-fold greater than the other cultivars from Canada.  Perhaps the increased density of 

roots on strawberry transplants could be a major factor in reducing losses to sting nematode. 
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Table 8-1.  Fruit and dry root weights, and nematode reproduction at final harvest on five commercially produced strawberry cultivars 

grown in Belonolaimus longicaudatus infested and noninfested field soil, Dover, FL 2003-2004. 
____________________________________________________________________________________________________________ 
 
            Fruit weight (g)             Dry root weight (g)     Nematode reproductiona  
____________________________________________________________________________________________________________ 
  
Cultivar    Infested   Noninfested      Infested        Noninfested                    Pib    Pfc 
____________________________________________________________________________________________________________ 
Treasure   819 a  3,792 a    10.6 a   18.8 a    5.0 a   193.6 a  

Festival   1,110 a  3,051 b     9.9 a   21.7 a    4.8 a  131.8 b  

Sweet Charlie   906 a  2,721 b     8.9 a   19.7 a    3.8 a  105.0 b 

Carmine   948 a  2,940 b     9.3 a   15.7 a    4.0 a  118.8 b 

Camarosa    1,053 a  1,971 c   10.5 a   21.7 a    3.4 a  160.0 ab 

___________________________________________________________________________________________________________ 
  Data are means of four replicates.  Means within columns with the same letter are not different according to Duncan’s 
multiple-range test (P ≤ 0.05).  Data were transformed by arcsin √(x), before analysis, but untransformed arithmetic means are 
presented. 
  aDuke’s farm only, no sting nematodes present in experimental plots at Dover experiment station. 
  bInitial population (Pi) determined from 100 cm3 of soil taken with a cone-shaped sampling tube before fumigation. 
  cFinal population (Pf) determined from 100 cm3 of soil taken with a cone-shaped sampling tube at final harvest (March 2004). 
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Table 8-2.  Root weights of five strawberry cultivars grown in a commercial strawberry field (Duke’s farm) in noninfested soil and 
soil infested soil with Belonolaimus longicaudatus, 2004-2005. 

____________________________________________________________________________________________________________ 
 
    Grams of root 10 weeks after plantinga         Grams of root at final harvesta 
____________________________________________________________________________________________________________ 
 
Cultivar    Infested  Noninfested Significance  Infested Noninfested Significance 
____________________________________________________________________________________________________________ 
Carmine     24.3     25.3   NS    13.3   33.3    ** 

Festival     19.7    29.5  **    12.9   30.4   **  

Camino Real     24.9   25.3  NS    15.9   25.5    * 

Camarosa     20.6   25.2  NS    11.9   26.9   ** 

Ventana     20.6   23.2  NS    13.9   32.1   ** 

____________________________________________________________________________________________________________ 
 Data are means of four replicates.  Data were transformed by arcsin √(x) before analysis, but untransformed arithmetic means 
are presented. 
 aRoots were oven dried at 90 oC for 2 weeks before weighing. 
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Table 8-3.  Leaf weights of five strawberry cultivars grown in a commercial strawberry field (Duke’s farm) in noninfested soil and soil 
infested with Belonolaimus longicaudatus, 2004-2005. 

____________________________________________________________________________________________________________ 
 
    Grams of leaves 10 weeks after plantinga                Grams of leaves at final harvesta 

    ___________________________________  _____________________________________ 
    
Cultivar    Infested  Noninfested Significance  Infested Noninfested Significance 
____________________________________________________________________________________________________________ 
Carmine     46.9     59.7   NS    44.6    125.1   ** 

Festival     37.1    65.3  **    45.7    117.9  **  

Camino Real     36.9   59.9   *    86.4    108.9  NS 

Camarosa     36.9   50.5  NS    44.1    132.9  ** 

Ventana     42.2   91.7    ***    81.2    162.4  ** 

____________________________________________________________________________________________________________ 
 

 Data are means of four replicates.  Data were transformed by arcsin √(x) before analysis, but untransformed arithmetic means 
are presented. 
 aLeaves were oven dried at 90 oC for 2 weeks before weighing. 
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Table 8-4.  Fruit weights of five strawberry cultivars grown in a commercial strawberry field 
(Duke’s farm) in sting nematode (Belonolaimus longicaudatus) infested and 
noninfested soil, 2004-2005. 

_______________________________________________________________ 
 
Cultivar    Mean fruit weight         
     (kg/20 plants)a               

_______________________________________________________________ 
 
     Infested  Noninfested Significance    
_______________________________________________________________ 
Carmine     1.5     1.9    NS     
 
Festival     0.9    2.0        ***     
  
Camino Real     0.6   1.0                   NS     
 
Camarosa     0.7   1.5   **     
 
Ventana     1.2   0.9        NS     
_______________________________________________________________ 
 

 Data are means of four replicates.  Data were transformed √(x + 1) before analysis, but 
untransformed arithmetic means are presented.   
 aFruit were harvested three times at 2 week intervals beginning 11 January 2005. 
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