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Sting nematode (Belonolaimus longicaudatus) is an important pest of bermudagrass 

(Cynodon dactylon), and other turfgrasses grown in the southeastern United States.  On 

bermudagrass, B. longicaudatus causes severe damage to lateral roots, decreased water and 

nutrient uptake, and decreased rates of evapotranspiration leading to reduced turf quality, color, 

and density.  Field experiments from January 2005 to March 2007 were conducted to monitor the 

seasonal dynamics of B. longicaudatus populations, bermudagrass root growth, and soil 

temperatures on four bermudagrass fairways in Florida in order to develop an empirical optimum 

time for nematicide application.  Seasonal fluctuations in B. longicaudatus and root growth 

varied among locations and years, but similar trends were observed in all four trials for 

nematodes and root growth.  Linear regression models relating root length to nematode 

population densities (0 - 15 cm depth) were significant (P ≤ 0.10) at three of four sites.  At the 

FLREC site, root length and nematode population were correlated (P ≤ 0.10) in April and May.  

At the IW site root length was related to nematode population (P ≤ 0.10) in June, September, and 

October.  At the SP site, root length and B. longicaudatus population densities were significantly 

related (P ≥ 0.10) only in July.  However, regression analysis did not provided consistent 

predictive models to characterize relationships between B. longicaudatus and root length.   
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In 2006, two field experiments were conducted to compare the effects of early spring, late 

spring, mid-summer, or early fall applications of the nematicide 1,3-dichloropropene (1,3-D) on 

sting nematode populations and bermudagrass roots, and to determine the optimum time to apply 

nematicide treatments to golf course turf in Florida.  Treatments were untreated control, and 1,3-

D applied at  46.76 liters/ha in March, May, July, or  September.  Belonolaimus longicaudatus 

population densities and root lengths were evaluated following treatments.  At the SP course, 

1,3-D application did not reduce (P ≥ 0.10) population densities of B. longicaudatus compared to 

the untreated control at any sampling date.  However, root length increased compared to the 

untreated plots after March and May treatments of 1,3-D.  Root lengths were greater (P ≥ 0.10) 

at 4, 12 and 16 weeks following the March 1,3-D treatment compared with the untreated plots. 

Root lengths were greater (P ≤ 0.10) at 4, 8 and 12 weeks after the May treatment of 1,3-D 

compared to the untreated.  At the CR course, 1,3-D treatments had no effect (P ≥ 0.10) on sting 

nematode populations or root lengths.   

These results suggest that the optimum time for nematicide application is when the roots 

are actively growing.  Our results show that maximum root growth and correlation of root 

growth and nematode numbers occur primarily from April to June, depending on location in the 

state and seasonal differences.  This time period was verified by nematicide timing trials 

showing optimum benefit from nematicides applied in March or May. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

Introduction 

Warm-season turfgrasses, such as hybrid bermudagrass (Cynodon L), St. Augustinegrass 

(Stenotaphrum), and seashore paspalum (Paspalum), that are grown in the southeastern United 

States and California are susceptible to damage by phytoparasitic nematodes (Perry et al., 1970; 

Rhoades, 1962; Hixson et al., 2004).  The most destructive nematode to these turfgrasses is the 

ectoparasitic sting nematode, Belonolaimus longicaudatus Rau (Johnson, 1970; Winchester and 

Burt, 1964).  On bermudagrass, B. longicaudatus causes severe damage to lateral roots, 

decreased water and nutrient uptake, and decreased rates of evapotransporation, which can 

reduce turf quality, color, and density (Johnson, 1970; Busey et al., 1991). 

Current strategies to reduce damage from this pest are limited to preplant or post-plant 

nematicides (Bekal and Becker, 2003).  However, a review of organophosphates by the U.S 

Environmental Protection Agency has led to the withdrawal of ethoprop for use on turf in 2001 

and the voluntary cancellation of all product registrations of fenamiphos effective 31 May 2007 

(Anonymous, 2002).  The loss of these organophosphate nematicides has led to the development 

of new nematicides and biorationals, and new uses for existing nematicides.  One of the most 

effective of these is 1,3-dichloropropene (1,3-D), the active ingredient in Curfew® Soil 

Fumigant (Dow AgroSciences, Indianapolis, IN).  Crow et al. (2003; 2005) reported that post-

plant applications of 1,3-D at 55 kg a.i./ha can significantly lower populations of B. 

longicaudatus on bermudagrass.  

 Use of 1,3-D is typically limited to one application per year.  However, a single 

application of 1,3-D often is insufficient to achieve season-long control of B. longicaudatus.  

Therefore, it is critical to correctly time this application in order to maximize its efficacy.  To do 
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this, it is necessary to have a better understanding of the factors affecting the seasonal population 

dynamics of B. longicaudatus. 

Belonolaimus longicaudatus 

Taxonomy 

  Steiner (1949) first established the genus Belonolaimus with the discovery and 

description of Belonolaimus gracilis.  This species was first collected from the rhizosphere of 

slash pine in the Ocala National Forest near Ocala, FL.  Over the next few years B. gracilis was 

reported to be a pathogen of strawberry, corn, celery, millet, sorghum, peanut, cotton, soybean 

and cowpea (Christie, 1952, 1953; Christie et al., 1952; Owens, 1951; Holderman and Graham, 

1953). 

 In 1958, Rau described B. longicaudatus, which soon became accepted as the more 

common sting nematode.  The major morphological differences separating these species are that 

B. longicaudatus has a longer tail and a shorter stylet than B. gracilis (Rau, 1958).  Later Rau 

(1963) described three additional species of Belonolaimus: B. euthychilus, B. maritimus, and B. 

nortoni.  Since then, four more species have been added:  B. anama, B. jara, B. lineatus, and B. 

lolii (Fortuner and Luc, 1987).  Recent molecular work by Gozel et al. (2006) suggests that a 

large amount of genetic variability in the relatively conserved D2/D3 expansion segments of the 

large subunit rRNA gene within and between nominal Belonolaimus species should challenge 

our thinking about how species are defined for this polymorphic genus. 

Biology 

 Belonolaimus longicaudatus is a bisexual species which exclusively reproduces through 

amphimixis, with males generally accounting for 40% of the population (Huang and Becker, 

1999).  The B. longicaudatus life cycle consists of an egg stage, four juvenile stages, four molts, 
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and an adult stage.  Females lay eggs in pairs, one coming from each ovary when food is readily 

available (Han et al., 2006; Huang and Becker, 1999).  

At 28 ºC, B. longicaudatus is able to complete its life cycle in 24 days on excised corn 

roots grown in vitro (Huang and Becker, 1999).  However in 2006, Han et al. reported variation 

on the duration of the life cycle among isolates originating from different geographical locations 

and on different hosts when cultured on excised corn roots at 28 ºC.  Isolates that originated from 

cotton in Tifton, GA, from bermudagrass in Gainesville, FL, and from potato in Hastings, FL, all 

completed their life cycle in 18 to 20 days, whereas isolates from citrus in Lake Alfred, FL, and 

from corn in Scotland County, NC, completed their life cycle in 23 and 25 days respectively.   

In Florida the highest population level of B. longicaudatus was found on forage grasses 

during April and May when maximum air temperatures were below 30 ºC.  Furthermore, B. 

longicaudatus moved deeper into the soil in late spring when soil moisture decreased and 

temperature increased (Perry and Dickson, 1972).  During June and July, numbers of B. 

longicaudatus decreased when the monthly average air temperature was above 32.2 ºC (Boyd 

and Perry, 1970).  Soil temperatures ranging between 26 to 28 ºC were the most favorable for B. 

longicaudatus on 17 tropical grasses in Gainesville, FL (Boyd and Dickson, 1971).  In addition, 

there was no increase in B. longicaudatus juveniles at soil temperature of 20 ºC and juveniles 

were absent at 35 ºC on Pensacola bahiagrass and Pangola digitgrass.  The highest reproduction 

of B. longicaudatus occurred at 26 to 29 ºC, but the greatest damage on both grasses occurred at 

21 to 27 ºC.  Robbins and Barker (1974) found that the highest reproductive rate of B. 

longicaudatus occurred at 25 to 30 ºC, and Perry (1965) reported that the reproductive rate was 

greater at 29.4 ºC than at 26.7 ºC.  
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 The optimum storage temperature for B. longicaudatus in soil was 13 ºC, and rapid 

decline of nematode populations occurred at 36 ºC (Barker et al., 1969).  Belonolaimus 

longicaudatus can be kept alive in clean water for three to five months at 1.66 ºC and for eight to 

ten days at room temperature (Brooks, 1964).   

Soil moisture also was an important factor in the activity of B. longicaudatus, especially 

their vertical distribution.  Highest populations of B. longicaudatus occurred when soil moisture 

averaged between 15 and 20% (Brodie and Quattlebaum, 1970).  Robbins and Barker (1974) 

found that reproduction of sting nematode was greater at a moisture level of 7% than at 30% or 

2%. 

Thames (1959) found that fine-textured soils inhibited the movement and reproductive 

ability of B. longicaudatus.  Robbins and Barker (1974) found that B. longicaudatus increased 

only in soil with a minimum of 80% sand a maximum of 10% clay.  Furthermore, Robbins and 

Barker (1974) found that silca sand with diameter range of 120 to 370 µm diameter silica 

provided the optimum soil particle sizes for reproduction.  However, Rhoades (1980) found a 

Florida population of B. longicaudatus was capable of reproducing as rapidly in steamed or 

treated muck soils as in fine sandy soils, although they did not reproduce well or live long in 

untreated muck soil.  This may indicate that steaming or chemical treatment of the soil may 

eliminate limiting biotic factors.  Hunt et al. (1973) suggested that such biotic factors may 

influence the electron charge on organic soil particles and theorized that the primary suppressing 

agent for motility of B. longicaudatus is a positively charged organic compound.  Higher motility 

of the nematodes occurred in cationic exchange extracts and vice versa in anionic exchange 

extracts. 

13 



 

Geographic Distribution 

 In the United States, B. longicaudatus has been reported along the Atlantic coastal plain 

from Virginia to Florida (Holdeman, 1955) and along the Gulf coasts of Alabama (Christie, 

1959), Mississippi (Smart and Nguyen, 1991), Louisiana (Holdeman, 1955), and Texas (Christie, 

1959).  Additionally, B .longicaudatus has been reported in Arkansas (Riggs, 1961), Kansas 

(Dickerson et al., 1972), Missouri (Perry and Rhoades, 1982), Oklahoma (Russell and Sturgeon, 

1969), New Jersey (Hutchinson and Reed, 1956), Connecticut (Holdeman, 1955), and more 

recently in California (Mundo-Ocampo et al 1994). 

 Outside of the United States B. longicaudatus has been reported from Costa Rica (Lopez, 

1978) and Mexico (Smart and Nguyen, 1991), and on golf courses in the Bahamas, Bermuda, 

and Puerto Rico, which had imported turfgrass sod from Florida or Georgia (Perry and Rhoades, 

1982). 

Disease Symptoms and Pathogenicity on Warm-Season Turfgrasses   

 Perry and Rhoades (1982) reported B. longicaudatus as an important pathogen of warm 

season turfgrasses.  Crow (2005) reported that B. longicaudatus, Hoplolaimus galeatus, 

Hemicycliophora spp., and Meloidogyne .spp. are the most commonly found nematodes on warm 

season turfgrasses on golf courses in Florida.  Furthermore, Crow (2005) reported that B. 

longicaudatus was the nematode most commonly found at potentially damaging numbers. 

 Christie (1953) reported that feeding by B. longicaudatus occurs along the sides of the 

succulent roots causing necrotic lesions at the apices or along the margins of roots, cavities 

overlapped by external root cells, rupture of cell walls, coagulation of the protoplasm of cells 

bordering the cavities, and a maturation of the meristem near lesions. 

 Symptoms caused by B. longicaudatus on turfgrass can vary somewhat depending on 

inoculum level, turfgrass cultivar, and the age of the plant when its roots are first attacked 
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(Christie, 1959).  However, in general the root system of turfgrasses is greatly reduced and 

exhibits stubby, coarse roots with dark lesions along the root and root tips (Perry and Rhoades, 

1982).  Shoot symptoms consist of stunting, premature wilting, leaf chlorosis, reduction in turf 

density, and death of turfgrass plant.   

 In greenhouse studies of B. longicaudatus on ‘Ormond’ bermudagrass, a severe reduction 

in the root systems and in top growth was found, combined with a severe yellowing of leaves 

(Winchester and Burt, 1964).  Johnson (1970) reported that the number of fibrous roots produced 

by six bermudagrass cultivars decreased as the number of sting nematodes infecting the plants 

increased.  Additionally, sting nematode parasitism on bemudagrass resulted in thin, long, weak 

stems, reduction in stolon production, and chlorsis.  In greenhouse experiments on St. 

Augustinegrass, Rhoades (1962) found that B. longicaudatus caused severe chlorosis and a 

reduction in root weight.  Root dry weights and evapotranspiration rates were adversely affected 

by B. longicaudatus in laboratory studies of susceptible diploid St. Augustinegrass genotypes 

when compared with unaffected polyploids (Busey et al., 1991; Giblin-Davis et al., 1992).  

Hixson et al. (2004) reported that B. longicaudatus was highly pathogenic to seashore paspalum 

(Paspalum) and that B. longicaudatus greatly decreased root growth.  

Bermudagrass 

 Bermudagrass is a warm season perennial adapted to tropical and subtropical climates.  In 

Florida, bermudagrass is utilized by 93% of golf courses for playing surfaces (Haydu and 

Hodges, 2002).  It grows best under extended periods of high temperatures, mild winters, and 

moderate to high rainfall.  Temperature is the main environmental factor that limits its 

adaptability to tropical and subtropical areas of the world (Beard, 1973).  In general, 

temperatures below -1.0 ºC kill the leaves and stems of bermudagrass.  Research has 

demonstrated that bermudagrass will continue to grow with night temperatures as low as 1.0 ºC 
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if day temperatures are near 21.0 ºC.  However, when daily temperatures drop below 9.9 ºC, 

growth stops and the grass begins to discolor (McCarty et al., 2001).  After the first killing frost, 

leaves and stems of bermudagrass remain dormant until average daily temperature rises above 

9.9 ºC for several days.  In warm frost-free climates, bermudagrass remains green throughout the 

year, but growth is significantly reduced at the onset of cool nights.  Bermudagrass growth is 

optimum when air temperatures are between 29 ºC and 38 ºC (McCarty et al., 2001) 

Soil temperatures are also important to the growth and development of bermudagrass turf.  

Soil temperatures above 15.5 ºC are required for significant shoot growth, with optimum 

temperatures of 27 ºC to 35 ºC. Soil temperature also greatly influences root growth.  

Bermudagrass looses 50% of its root mass when temperatures drop to -8.0 ºC to -5.0 ºC 

(McCarty et al., 2001).  Bermudagrass root growth is optimum between 24ºC and 35 ºC.  

Bermudagrass has a high light requirement and does not grow well under shaded conditions.  

The duration of the light period also influences growth and development of bermudagrass.  Both 

increased light intensity and day length increase rhizome, stolon, and leaf growth in 

bermudagrass, whereas in low light conditions it develops narrow, elongated leaves; thin upright 

stems; elongated internode; and weak rhizomes.  Consequently, bermudagrass develops a very 

sparse turf under moderate shade (Beard, 1973). 

Cultural Practices   

Effective and consistent management of B. longicaudatus on golf course relies heavily on 

chemical control tactics such as 1,3-D and Fenamphios.  However, many golf courses do not 

implement such practices due the high costs of chemicals.  A cheaper but not as an effective 

alternative management tactic to chemicals is to implementing sound cultural practices to 

improve plant health.  Such practices include incorporating organic amendments which has been 

shown to help reduce nematode damage to turf (Giblin-Davis et al., 1988).  In addition 
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increasing the mowing height also has been shown to improve turf quality (Giblin Davis et al., 

1991).  In much of the southern United States, overseeding provides a more aesthetically 

pleasing golf course, and the growing turf is more tolerant to golf cart traffic, divots, and weed 

invasions (Beard, 1973).  However Crow and Lowe, 2005 reported that overseeding may allow 

for reproduction of B. longicaudatus.   

Objectives 

The research reported hereafter was performed from January 2005 to March 2007 on four 

bermudagrass fairway sites naturally infested with B. longicaudatus.  The objectives of the 

research were to: 

1. Model the population dynamics of B. longicaudatus in infested bermudagrass in   

   response to temperature and root growth.  

2. Utilize population dynamics of B. longicaudatus and root lengths to predict the   

   most effective application time for a nematicide to control B. longicaudatus on    

   bermudagrass in Florida. 
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CHAPTER 2 
SEASONAL FLUCTUATIONS OF Belonolaimus longicadatus IN BERMUDAGRASS 

Introduction 

Belonolaimus longicaudatus Rau is an important pest of bermudagrass (Cynodon dactylon 

L.) and other turfgrasses grown in the southeastern United States.  It is found predominately in 

soils with >80% sand content (Robbins and Barker, 1974).  Feeding by B. longicaudatus can 

cause varying degrees of damage to root systems depending on plant type and age when the root 

system is first attacked.  On bermudagrass, B. longicaudatus feeding typically causes severe 

damage to lateral roots that decrease water and nutrient uptake, but rarely kills the plant 

(Christie, 1959; Johnson, 1970).  However, B. longicaudatus can predispose turfgrass to adverse 

conditions such as drought stress, heat stress, and malnutrition which could lead to a reduction in 

turf quality (Lucas, 1982).  

Current strategies to reduce damage from this pest are limited to preplant or postplant 

nematicides (Bekal and Becker, 2003).  However, options for chemical control have been 

reduced with the withdrawal of ethoprop and the voluntary cancellation of all product 

registrations of fenamiphos effective 31 May 2007 (Anonymous, 2002).  The loss of these 

organophosphate nematicides has led to the development of new uses for existing nematicides.  

One of the most promising of these is 1, 3-dichloropropene (1,3-D) the active ingredient in 

Curfew® Soil Fumigant (Dow AgroSciences, Indianapolis, IN).  Crow et al. (2003; 2005) 

reported that post-plant applications of 1,3-D at 55 kg a.i./ha significantly lowered populations of 

B. longicaudatus on bermudagrass.  However, 1,3-D is typically limited to one application per 

year on golf courses due to its high application cost.  Because 1,3-D has no residual activity, 

sting nematode numbers can rebound quickly following an application (Crow et al., 2005).  In 

order to maximize the efficacy of a single application, 1,3-D should be applied when B. 
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longicaudatus populations are expected to increase and/or when they are capable of doing the 

most damage to the grass roots.  Therefore, the seasonal population dynamics of B. 

longicaudatus on bermudagrass must be determined to predict the optimal timing of 1,3-D 

application.  The objective of this study is to monitor the seasonal dynamics of B. longicaudatus, 

bermudagrass root growth, and soil temperatures on golf course fairways in Florida in order to 

develop a empirically optimum time for nematicide application.  This validity of this theoretical 

model will be tested in later studies.  

Materials and Methods 

 Studies were conducted from January 2005 to March 2007 on four bermudagrass fairway 

sites naturally infested with B. longicaudatus along with, Hoplolaimus galeatus (Cobb Thorne) 

Trichodorus sp., Hemicycliophora sp., Mesocriconema sp., and Meloidogyne sp.  Trial 1 

(January 2005to December 2006) was established at the University of Florida Ft. Lauderdale 

Research and Education Center (FLREC), Broward County, FL, and trial 2 (February 2005to 

January 2006) at the Ironwood Golf Course (IW), Gainesville, FL.  Trials 3 and 4 (March 2006-

November 2006) were established at the Club Renaissance golf course (CR) and at the Sandpiper 

Golf Club (SP), both in Sun City, FL. 

Experimental Sites 

In all trials, golf course fairways had stands of ‘Tifway 419’ bermudagrass.  Soil in the 

experimental area at the FLREC was classified as Margate fine sand with a composition of 96% 

sand, 3% silt 1% clay; with 7% organic matter and pH 7.1.  Soil in the experimental area at IW 

was classified as Tavares fine sand with a composition of  93% sand, 3.7% silt, 3.3% clay; <1% 

organic matter and pH 6.5.  Soil at CR and SP was classified as Fort Meade loamy fine sand.  At 

CR the soil had a composition of 95% sand, 3.5% silt, 1.5% clay; <1% organic matter and pH 

6.3.  Soil at SP was 94% sand, 4.3% silt, 1.7% clay; 3% organic and pH 6.0.  Experimental areas 
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were maintained under golf course fairway conditions.  Mowing, fertilization, and irrigation 

were provided by the maintenance staff at all sites.  The fairways were mowed three times a 

week without buckets at a cutting height of 1.3 cm except when weather prevented.  Overhead 

irrigation was applied using an overhead automatic irrigation system on an as-needed basis 

determined by the golf course superintendent.  At all sites, soil temperatures were recorded at 15-

cm depth throughout the experiment using temperature data recorders (StowAway Tidbit, Onset 

Computer Corp., Bourne, MA).  Temperatures were recorded ever hour and the mean was then 

calculated for each day and for the entire month.  To add to the aesthetics of the golf course for 

winter play fairways were overseeded with perennial ryegrass [Lolium L.] at 250kg seed /ha, in 

October of 2005 and 2006 at IW and CR.  However, six weeks prior to the initiation of these 

trials, a selective herbicide Foramsulfuron (Revolver® Bayer Environmental Science) was 

applied at 1Liter/ha to remove perennial ryegrass from the research plots.  Core aerification was 

carried out once a year at all sites.  No other cultural practices were carried out during the 

experiment.      

Experimental Design 

Eight weeks prior to the first sampling date 30 plots, 2-m² with 0.5-m borders between 

plots were arranged in a grid at each site and nematode samples were collected from each plot.  

Nematode samples consisted of nine soil cores 1.9-cm-diam. × 7.5-cm-deep from each plot 

combined to make a single sample.  Nematodes were extracted from a 100-cm3 subsample using 

sugar flotation with centrifugation (Jenkins, 1964) and counted using an inverted light 

microscope at 10 × magnification.  Twelve plots at the FLREC and IW sites and four plots at the 

CR and SP sites were used.  Belonolaimus longicaudatus population densities in the plots ranged 

from 10 to 200 nematodes /100 cm3 soil. 
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Sampling and Evaluation 

 After the initial nematode sampling to select plots, the protocol was modified so that both 

nematode and root samples could be extracted from the same cores.  Three cores from each plot 

were removed arbitrarily using tee samplers.  At FLREC and IW, the cores were 5-cm-diam. × 

15-cm-deep, with a total volume of 300 cm3.  At CR and SP cores were 2.5-cm-diam. × 15-cm-

deep, with a total volume of 75 cm3.  Samples were taken at monthly intervals throughout the 

duration of the trials.  Nematodes were extracted from each individual core using centrifugal 

flotation (Jenkins, 1964).  For ease of comparison among sites, nematode numbers and root 

lengths were converted and reported per 300 cm3 volume. 

Root samples were obtained from the same cores that were used to determine plant- 

parasitic nematode populations.  Roots were caught on an 18 mesh (1000 µm) kitchen sieve and 

placed into 50-ml plastic centrifuge tubes.  Five drops (0.25 ml) of 1% methylene blue mixture 

was added to 30 ml of tap water to stain the roots.  After a minimum of 24 hours in solution, the 

roots were removed, placed on a 75-µm-pore sieve, and washed free of excess dye.  Stained roots 

were placed into a glass bottom tray and scanned on a flat bed scanner (Epson Perfection 4990 

Photo) to create a bitmap image of the roots.  The bitmap images were imported into the 

WinRhizo (Regent Instruments, Chemin Sainre-Foy, Quebec) software program to measure root 

lengths from the scanned images.   

Data Analysis 

Linear regression models were used to relate nematode population densities with root 

growth and monthly mean soil temperature using SAS (SAS Institute, Carry, NC) software.  

Empirical observations were used to detect seasonal trends in nematode population and root 

length increases and declines. 
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Results 

Seasonal fluctuations in B. longicaudatus populations and root lengths were different for 

each location (Figs. 2-1; 2-2; 2-3; 2-4).  At the FLREC site, initial populations of B. 

longicaudatus were 91 B. longicaudatus/300 cm3 of soil in January 2005 (Fig. 2-1).  The B. 

longicaudatus populations declined in February before increasing in March.  In April, B. 

longicaudatus populations reached a season high with a mean of 118 B. longicaudatus/300 cm3 

of soil (Fig. 2-1).  This was followed with a decrease in B. longicaudatus population in May and 

June to means of 91 and 30 B. longicaudatus/300 cm3 of soil, respectively (Fig. 2-1).  

Populations of B. longicaudatus then increased in July before declining through the rest of the 

year.  Belonolaimus longicaudatus populations reached a season low in December with a mean 

of 10 B. longicaudatus/300 cm3 of soil (Fig. 2-1).   

Root lengths at the FLREC site followed a similar trend as the B. longicaudatus 

populations from February through December.  Root length increased from 611 to 696 mm/300 

cm3 of soil before reaching a season high of 1189 mm/300 cm3 of soil (Fig. 2-1).  Root length 

declined in May and June before increasing to a mean of 1080 mm/300 cm3 of soil in July.  In 

August root length declined again to a mean of 716 mm/300 cm3 of soil (Fig. 2-1).  Root length 

remained constant for the next two months.  Root length declined in November before reaching a 

season low of 251 mm/300 cm3 of soil in December (Fig. 2-1).  

At IW, B. longicaudatus population density was greatest in February with a mean of 

130/300 cm3 of soil (Fig. 2-2).  Belonolaimus longicaudatus populations declined from March 

through May, with means of 91, 80, and 62/300 cm3, respectively.  In June, B. longicaudatus 

populations increased slightly to 75/300 cm3 of soil before declining in July to 14 B. 

longicaudatus/300 cm3 of soil (Fig. 2-2).  Populations of B. longicaudatus increased again in 

August and September before declining in October.  In November and December B. 
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longicaudatus population densities remained unchanged before reaching a season low in January 

with a mean of 9 B. longicaudatus/300 cm3 of soil (Fig. 2-2).  Root lengths at IW followed 

similar trends to that of B. longicaudatus population from March through December.  Root 

lengths declined from March to May and increased in June to a mean root length of 246 mm/300 

cm3 of soil (Fig. 2-2). In September root lengths reached a season high with a mean length of 327 

mm/300 cm3 of soil (Figs. 2-2).  Root length declined from October through December with root 

lengths of 300, 235, and 185 mm/300 cm3 of soil (Fig. 2-2).  In January root length increased to 

207 mm/300 cm3 of soil (Fig. 2-2). 

At the SP site sting nematode populations were more stable, increasing from March to May 

with means of 172, 240, and 275 sting nematodes/300 cm3 of soil, respectively (Fig. 2-3).  In 

June, sting nematode populations declined before reaching their highest in July with a mean of 

320/300 cm3 of soil.  Populations declined in again in August, reaching their lowest with a mean 

of 128 sting nematodes/300 cm3 of soil, respectively (Fig. 2-3).  However, in September sting 

nematode populations increased with a mean of 200/300 cm3 of soil.  In October and November 

sting population densities declined with means of 295 and 102 sting nematodes/300 cm3 of soil, 

respectively.  Root length at the SP site decreased from March to May with means of 1052, 756, 

and 476 mm/300 cm3 of soil, respectively (Fig. 2-3).  In June, July and August root length 

increased with means of 672, 896 and 1388 mm/300 cm3 of soil.  In September root lengths were 

greatest with 3416 mm/300 cm3 of soil (Fig. 2-3).  Thereafter root lengths declined to 1060 

mm/300 cm3 of soil in November.   

At the CR site sting nematode populations were more variable, rapidly increasing from 

March to April with means of 353 and 763, respectively before reaching a season high in May 

with 1075/300 cm3 of soil (Fig. 2-4).  From June to October nematode population declined with 
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means of 730, 536, 368, and 250/300 cm3 of soil, respectively.  However, in November nematode 

population increased rapidly to a mean of 488 nematodes/300 cm3 (Fig. 2-4).  

Root lengths at CR increased from March to May with means of 114, 119, and 204 

mm/300 cm3 of soil, respectively.  In June root lengths reached a season high of 264 mm/300 

cm3 of soil (Fig. 2-4).  In July root lengths declined to 167 mm/300 cm3 of soil before increasing 

again in August.  Root length reach a season low in September with a mean of 131 mm/300 cm3.   

In October root length increased before declining in November to a root length mean of 158 

mm/300 cm3 of soil (Fig. 2-4). 

Linear regression models relating mean root length to nematode population densities (0- 15 

cm depth) were significant (P ≤ 0.10) on some sampling dates at FLREC, IW, and SP (Table 2-

1).  However at CR, relationships between mean root lengths and nematode population densities 

models were never significant (P ≥ 0.10) (Table 2-1).  At the FLREC site, linear regression 

models were significant (P ≤ 0.10) in April and May; at IW they were significant in June, 

September, and October: and at SP, they were significant in July (Table 2-1).  At all sites, linear 

regression models relating temperature and B. longicaudatus densities were not significant (P ≥ 

0.10). Average monthly high and low temperatures at FLREC and IW ranged from 27 to 37 ºC 

and 18 to 27 ºC, respectively.  At CR and SP, average monthly high and low temperatures ranged 

from 29 to 34 ºC and 21 to 26 ºC, respectively. 

Discussion 

Correlations were observed between root length and B. longicaudatus at FLREC, IW, and 

SP (Table 2-1).  However, regression analysis did not provide conclusive, predictive models to 

characterize relationships between B. longicaudatus and root length.  At most, significant 

relationships occurred at only 3 of the 4 sites on any one date (e.g., FLREC in April, May; IW in 

June, September, and October and SP in July).  This suggests that root length had an effect on 
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population densities of B. longicaudatus, but other environmental factors also may have been 

affecting root growth (Robbins and Barker, 1974; Huang and Becker, 1999).  Furthermore, root 

lengths could also have been adversely affected by root pathogens (Elliott, 1995), insects, or by 

other plant parasitic nematodes (Johnson, 1970).  

Populations of B. longicaudatus fluctuated greatly at each site (Figs. 2-1; 2-2; 2-3; 2-4).  

These fluctuations may have been influenced by a combination of food, soil moisture, vertical 

movement, and temperature.  Temperature, moisture, and vertical movement have great affect on 

B. longicaudatus population densities (Boyd and Perry, 1970; McSorley and Dickson, 1990; 

Robbins and Barker, 1974).  Furthermore, Crow et al. (1997) attributed a decline in B. 

longicaudatus populations in cotton to quality or absence of a food source.  However, little work 

has been done quantifying the effects of each of these factors in controlled experiments.  Further 

research examining the combinations of these factors may help in predicting B. longicaudatus 

population dynamics in the future.  

Differences in B. longicaudatus behavior among sites could also be attributed to 

differences in ecotypes.  Han et al. (2006) reported that the life cycle duration of B. 

longicaudatus collected from citrus in Lake Alfred, FL was three days longer at 28 ºC than that 

of B. longicaudatus collected from bermudagrass in Gainesville, FL.  This evidence may suggest 

that B. longicaudatus populations within Florida may react differently to environmental 

conditions, which could account for some variation in the population dynamics.  Gozel et al. 

(2006) have recently shown that several distinct genotypes comprise the polymorphic grouping 

that is currently considered a single species, i.e., B. longicaudatus.  This genetic variability 

supports the suggestion of different ecotypes or even different cryptic species with differing 

population dynamics and life history traits.     
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Root length fluctuations were highly variable among sites (Figs. 2-1; 2; 2-3; 2-4).  A 

combination of environmental conditions and maintenance practices may have influenced these 

seasonal fluctuations (Duble, 1996).  At IW, pine trees in close proximately to the research site 

reduced solar irradiance to the plots in June, July, and August. Reduction in irradiance can cause 

bermudagrass to thin and loose turf coverage (Bunnell et al., 2005), leading to a decline in root 

growth.  These conditions were observed at the IW site.  Once the plots thinned and lost turfgrass 

coverage, the plots never recuperated throughout the duration of the experiment.  Temperature 

differences between sites also could have influenced root fluctuations at each location (DiPaola 

et al., 1982).  Soil temperatures at the FLREC, SP and CR site were optimum for root growth for 

three months longer than that at IW.  Soil temperatures were never low enough to cause root 

growth to completely cease at FLREC, SP, and CR.  However, at IW, temperatures did fall 

below the root growth base temperature of 10 ºC (DiPaola et al., 1982), which could probably 

influenced root growth.  

In conclusion, B. longicaudatus and root growth were highly variable among sites.  

However, both B. longicaudatus populations and root lengths generally increased during the 

spring months, especially from April to June.  Significant correlations between root growth and 

B. longicaudatus also were observed at some point during the spring at most sites.  These results 

suggest that, depending on location in the state and seasonal differences, April through June may 

be the optimum time to apply nematicides to turf.  Future research in a controlled environment 

may be more effective in examining the effects of root growth and temperature on B. 

longicaudatus populations.  

 

 



 

 

 

Fig. 2-1. Population densities of Belonolaimus longicaudatus and root lengths from 300 cm3 of soil from bermudagrass and soil 
temperatures at the Ft. Lauderdale Research and Education Center, Ft. Lauderdale, FL (January 2005 – December 2005).  
Data are means ± standard error.   
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Fig. 2-2. Population densities of Belonolaimus longicaudatus and root lengths from 300 cm3 of soil from bermudagrass and soil 
temperatures at Ironwood Golf Course, Gainesville, FL (February 2005 - January 2005).  Data are means ± standard error.  

28 



 

 
 

Fig. 2-3. Population densities of Belonolaimus longicaudatus and root lengths from 300 cm3 of soil from bermudagrass and soil 
temperatures at Sandpiper Golf Course, Sun City, FL (March 2006 - November 2006).  Data are means ± standard errors. 
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Fig. 2-4. Population densities of Belonolaimus longicaudatus and root lengths from 300 cm3 of soil from bermudagrass and soil 
temperatures at Club Renaissance Golf Course, Sun City, FL (March 2006 - November 2006).  Data are means ± standard 
errors.  

 

 



 

Table 2-1. Linear regression number of Belonolaimus longicaudatus/300 cm3 of soil (Y) on root 
length 300 cm3 of soil (x) from four golf course fairways in Florida sampled monthly.  

Montha  Y=  r²  P    
Ft Lauderdale Research Center 

January  ns  0.0032  0.7429 
February  ns  0.0054  0.6715 
March  ns  0.0031  0.7483 
April  203.2 - 0.0712x  0.1500  0.0192 
May  141.2 - 0.0423x  0.0820  0.0791 
June  ns  0.0122  0.5205 
July  ns  0.0507  0.1868 
August  ns  0.0047  0.6910 
September  ns  0.0061  0.6513 
October  ns  0.0008  0.8760 
November  ns  0.0048  0.6869 
December  ns  0.0145  0.4838 

 Ironwood  Golf Course 
February  ns  0.0704  0.1177 
March  ns  0.0088  0.5858 
April  ns  0.0154  0.4708 
May  ns  0.0092  0.5775 
June  114.6 - 0.1587x  0.1800  0.0081 
July  ns  0.0500  0.1129 
August  ns  0.0001  0.9512 
September  62.15 - 0.0888x  0.1212  0.0349 
October  25.41 - 0.0355x  0.1121  0.0486 
November  ns  0.0006  0.8866 
December  ns  0.0049  0.6887 
January  ns  0.0192  0.4710 

Club Renaissance  
March  ns  0.1012  0.3134 
April  ns  0.1078  0.2975 
May  ns  0.2150  0.1289 
June  ns  0.1859  0.1855 
July  ns  0.0226  0.6419 
August  ns  0.0344  0.5639 
September  ns  0.0177  0.6799 
October  ns  0.0070  0.4054 
November  ns  0.1842  0.1639 

Sandpiper Golf Course 
March  ns  0.0500  0.4819 
April  ns  0.1724  0.1795 
May  ns  0.0001  0.9794 
June  ns  0.2294  0.1613 
July  118.4 - 0.1474x  0.3015  0.0802 
August  ns  0.0648  0.4245 
September  ns  0.1311  0.2475 
October  ns  0.0044  0.8376 
November   ns   0.0414   0.5260 

 
a Month of Sampling, ns = not significant, df= 11 
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CHAPTER 3 
TIMING OF NEMATICIDE APPLICATIONS ON TURF TO REDUCE DAMAGE CAUSED 

BY Belonolaimus longicaudatus 

Introduction 

Warm season turfgrasses grown in the southeastern United States and California, such as 

hybrid bermudagrass (Cynodon dactylon, are susceptible to damage by phytoparasitic nematodes 

(Perry et al, 1970; Rhoades, 1962).  The most destructive nematode in these turfgrass ecosystems 

is the ectoparasitic sting nematode, Belonolaimus longicaudatus Rau (Johnson, 1970; Winchester 

and Burt, 1964). 

 Belonolaimus longicaudatus is a bisexual species which reproduces exclusively via 

amphimixis (Smart and Nguyen, 1991).  It is found primarily in soils with >80% sand content 

(Robbins and Barker, 1974. In Florida, B. longicaudatus is the most destructive nematode on 

bermudagrass and is considered a major pest by the golf course industry in the state (Crow et al., 

2003).  On bermudagrass, B. longicaudatus causes severe damage to lateral roots, decreased 

water and nutrient uptake, and decreased rates of evapotranspiration, leading to reduced turf 

quality, color, and density (Boyd and Perry, 1969; Busey et al., 199;1 Johnson, 1970). 

Current strategies to reduce damage from this pest are limited to preplant or post-plant 

nematicides (Bekal and Becker, 2003).  However, a review of organophosphates by the U.S 

Environmental Protection Agency has led to the withdrawal of ethoprop for use on turf in 2001 

and the voluntary cancellation of all product registrations of fenamiphos effective 31 May 2007 

(Anonymous, 2002). The loss of these organophosphate nematicides has led to the development 

of new uses for existing nematicides.  One of the most promising of these is 1, 3-dichloropropene 

(1,3-D) the active ingredient in Curfew® Soil Fumigant (Dow AgroSciences, Indianapolis, IN).  

Crow et al. (2003; 2005) reported that post-plant applications of 1,3-D at 55 kg a.i./ha lowered 

populations of B. longicaudatus on bermudagrass.  Due to application cost and revenue loss from 

32 



 

the 24-hour reentry requirement for 1,3-D, most golf courses in Florida can afford to apply 1,3-D 

only one time per year.  Because 1,3-D has no residual activity, it is important to apply the 

fumigant during the time when it can give the most lasting effect.  Theoretically, this would be 

during a season where roots are actively growing and nematode populations are increasing.  

Research on the population dynamics of sting nematode, bermudagrass root growth, and soil 

temperatures on four bermudagrass sites in Florida were presented in Chapter 2.  In those studies 

it was found that the most sustained period of sting nematode population increase and root 

development occurred during the spring months.  While results of that research suggest that 

spring might be the optimum time to apply nematicides, this theory needs to be verified 

experimentally.  The objectives of this study were: 1) to compare the effects of early spring, late 

spring, mid-summer, and early fall applications of 1,3-D on sting nematode populations and 

bermudagrass roots, and 2) to determine the optimum time to apply nematicide treatments to golf 

course turf in Florida. 

Materials and Method 

In 2006, trials were established on two golf course fairways in central Florida that were 

naturally infested with sting nematodes.  Trial 1 was established at the Club Renaissance golf 

course (CR), Sun City, FL, and trial 2 at the Sandpiper Golf Club (SP), Sun City, FL. 

In both trials, golf course fairways had existing stands of ‘Tifway 419’ bermudagrass.  

Average monthly high and low temperature ranged from 29 to 34 ºC, and 21 to 26 ºC at CR and 

SP, respectively.  The experimental area was maintained under golf course fairway conditions.  

Mowing, fertilization, and irrigation were provided by the golf course operations staff at both 

sites.  Both golf course fairways were mowed three times a week without buckets at a cutting 

height of 1.3 cm except when weather prevented.  Irrigation was applied on an as-needed basis as 

determined by the golf course superintendent using an overhead automatic irrigation system.  To 
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add to the aesthetics of the golf course for winter play, the CR fairway was overseeded in 

October of 2005 and 2006 with ‘Allsport’ perennial ryegrass.  The SP course was not 

overseeded.  Core aerification was carried out once per year on both courses.  No other cultural 

practices were carried out during the experiment.      

Six weeks prior to the first nematicide treatments, 60 plots, 2-m² with 0.5-m borders, were 

arranged in a grid at each site and nematode samples were collected from each plot.  Nematode 

samples consisted of nine soil cores 1.9-cm-diam. × 7.5-cm-deep combined to make a single 

sample from each plot.  Nematodes were extracted from a 100-cm3 subsample using sugar 

flotation with centrifugation (Jenkins, 1964) and counted using an inverted light microscope at 

10 × magnification.  Only plots with >25 sting nematodes/100 cm3 of soil, designated “high risk 

of damage” by the Florida Nematode Assay Lab (Crow et al, 2003), were included in the 

experiment.  The experimental design was a randomized complete block with five treatments and 

4 replications.  Plots were assigned to blocks based on pretreatment counts of sting nematode so 

that the treatments in each block all had similar initial population densities.  The five treatments 

were 1,3-D applied in March, May,  July, or  September, and an untreated control.  The1,3-D 

was injected by a commercial applicator (Hendrix and Dail Inc. Palmetto, FL) at a rate of 46.76 

liters/ha with a nitrogen gas pressurized application rig.  Immediately after nematicide 

application, approximately 1.25 cm of irrigation was applied as specified in the Curfew® Soil 

Fumigant label. 

Sampling and Evaluation 

Nematodes  

 In both trials, three cores (2.5-cm-diam. and 15-cm-depth) were removed arbitrarily from 

each plot using a tee sampler to determine plant-parasitic nematode populations and root lengths.  
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Nematode samples were taken one day prior to the first nematicide treatments and at monthly 

intervals thereafter.  On months when nematicide applications were made, the samples were 

taken the day prior to the application date.  Nematodes were extracted from each soil core using 

the centrifugal flotation method (Jenkins, 1964).  Following extraction, plant-parasitic nematodes 

were counted using an inverted light microscope.  

Roots   

Root samples were obtained from the same cores that were used to determine plant- 

parasitic nematode populations.  Roots were caught on a 18 mesh (1000 µm) kitchen sieve and 

placed into 50-ml plastic centrifuge tubes. Roots were then placed into a glass bottom tray and 

scanned in a flat bed scanner (Epson Perfection 4990 Photo) to create a bitmap image.  The 

bitmap images were imported into the WinRhizo (Regent Instruments, Chemin Sainre-Foy, 

Quebec) software program for analysis. This program was used to measure root lengths from the 

scanned images.   

Data Analysis 

Since pretreatment B. longicaudatus means and root lengths were quite variable, analysis 

of covariance was performed on nematode count data and root lengths to compare adjusted 

treatment means following 1,3-D application.  Differences between treatments and the untreated 

control were analyzed by Dunnett's t test.  All nematode data were transformed using log(x+1) 

for analysis, although the untransformed means are presented.  All data analyses were performed 

using SAS software (SAS Institute, Cary, NC). 

Results 

At the SP site, 1,3-D applications did not reduce (P ≥ 0.10) population densities of B. 

longicaudatus (Fig. 3-1) compared to the untreated control at any sampling date.  However, root 

lengths increased after the March and May treatments of 1,3-D compared to the untreated.  Root 
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lengths were greater (P ≤ 0.10) at 4, 12, and 16 weeks following the March 1,3-D treatment 

compared with the untreated control.  Root lengths were greater (P ≤ 0.10) at 4, 8 and 12 weeks 

after the May treatment of 1,3-D compared to the untreated (Figs. 3-2).  At the CR site, 1,3-D 

treatments had no effect (P ≥ 0.10) on sting nematode populations (Fig. 3-3), or root lengths 

(Fig. 3-4). 

Discussion 

At either golf course, no visual differences (P ≥ 0.1) in turfgrass quality, color, or density 

were observed between untreated control and any of the plots treated with1,3-D throughout the 

experimental period (data not shown).  This may have been due to the failure to apply a 

minimum of 5 kg/ha of water-soluble nitrogen 3 day before treatment or within 30 days 

following treatment as stated by the label.  Luc et al. (2007) reported similar results, with no 

improvement in turf quality with applications of 1,3-D only.  

At both SP and CR, reductions in B. longicaudatus population following nematicide 

application were not detected using the sampling protocols used in this research.  These results 

differ from previous reports (Crow et al., 2003) which revealed decreases in B. longicaudatus 

population densities following slit injections of 1,3-D.  However, different sample protocols 

were used in each study.  Crow et al. (2003; 2005) arbitrarily removed nine (2.5-cm-diam and 

10.2-cm-depth) cores, compared to three cores (2.5-cm-diam and 15-cm-depth) removed in this 

experiment.  Increasing the number of cores taken may have helped to reduce the variation 

caused by the spatial distribution of the nematodes.  The number of locations sampled is more 

critical than the size and shape of individual cores because of the clustered spatial distributions 

of B. longicaudatus populations (McSorely, 1987).  Furthermore, in May and July at CR and SP, 

thunderstorm and heavy rain (5 cm) occurred the night before treatments. Subsequent saturation 

of the soil may have reduced the efficiency of 1,3-D to diffuse through the rootzone and kill B. 
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longicaudatus.  In addition, at CR, the applicator misapplied the 1,3-D in May and July which 

may be why reductions in B. longicaudatus densities were not observed.  Significant increases (P 

< 0.1) in root length were observed following 1,3-D treatments in March and May at SP.  Crow 

et al. (2003) reported similar increase in total root length following slit injections of 1,3-D.  

Furthermore, they also observed a reduction in the numbers of B. longicaudatus which could be 

one factor contributing to the increase in root length.  However, at both SP and CR, no 

significant reductions in B. longicaudatus populations were observed but increase in root length 

was observed at SP.  This increase in root length may have been caused either by a decline in B. 

longicaudatus population densities or a reduction in parasitism after 1,3-D treatments.   

Findings based on this research suggest that March or May applications of 1,3-D to 

bermudagrass in Florida are more effective than July or September 1,3-D applications for the 

improvement of root growth in fairways infested with  B. longicaudatus.   



 

 

 

Fig. 3-1. Effects of application time of 1,3-dichloropropene on Belonolaimus longicaudatus population densities at Sandpiper Golf 
Course, Sun City, FL (March 2006 - November 2006). 
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Fig. 3-2. Effects of application time of 1,3-dichloropropene on root length at Sandpiper Golf Course, Sun City, FL (March 2006 - 
November 2006).  Asterisk indicates treatment is different from untreated (P < 0.1). 
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Fig. 3-3. Effects of application time of 1,3-dichloropropene on Belonolaimus longicaudatus population densities at Club Renaissance 
Golf Course, Sun City, FL (March 2006 - November 2006).   
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Fig. 3-4. Effects of application time of 1,3-dichloropropene on root length at Club Renaissance Golf Course, Sun City, FL (March 
2006 - November 2006).  
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CHAPTER 4 
SUMMARY 

With more than 1,300 golf courses and over three million acres of residential landscape 

(Haydu and Hodges, 2002), Florida is not only a prime location for golfers but also for the sting 

nematode Belonolaimus longicaudatus.  The data reported herein indicates that seasonal 

fluctuations of B. longicaudatus densities and bermudagrass root growth are highly variable 

within the state of Florida. Root growth can influence B. longicaudatus fluctuations. However, 

regression analysis provided no good predictive models to characterize relationships between B. 

longicaudatus and root length (Chapter 2). Our data also suggest that 1, 3-dichloropropene (1,3-

D) is most effective at improving root growth when applied in March or May. (Chapter 3). 

In January 2005 and March 2006 four trials; one in North Florida (IW) one in South 

Florida (FLREC) and two in central Florida (SP and CR), were conducted to monitor the 

seasonal dynamics of B. longicaudatus, bermudagras root growth, and soil temperatures on golf 

course fairways in Florida in order to determine the optimum time for nematicide application.  At 

the FLREC site populations of B. longicaudatus and root length followed similar trends for most 

of the study. Both B. longicaudatus population densities and root length increased from February 

to April and declining in May.  In July and August trends between B. longicaudatus densities and 

root growth were observed again with both B. longicaudatus and root growth increasing and then 

declining. From September to October B. longicaudatus population densities and root growth 

remain stable. However, in November and December while B. longicaudatus densities remain 

steady root length declined.   

  Like FLREC B. longicaudatus population densities and root growth shared similar trends 

at IW.  From March through June similar trends were observed between B. longicaudatus 

population densities and root growth, with both declining from March to May and increasing in 
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June.  However, in July B. longicaudatus reduced rapidly while root growth remained stable.  

From August to October similar trends were observed between B. longicaudatus population 

densities and root growth with both B. longicaudatus population densities and root lengths 

increasing in August and September and declining in October.  For the rest of the study B. 

longicaudatus population densities remained constant.  However root lengths continue to decline 

in November and December before increasing again in January.     

At SP, no clear relationship was observed between B. longicaudatus population densities 

and root lengths.  From March through May B. longicaudatus populations increased while root 

length decreased.  In June B. longicaudatus populations decreased while root growth increased.  

However, in July similar trends were observed between B. longicaudatus populations densities 

and root length with both increasing.  In August B. longicaudatus populations densities reduced 

while root length continued to increase. Both B. longicaudatus densities and root growth 

increased in September and declined in October. In November root length continued to decline 

with B. longicaudatus densities increasing. 

At CR both B. longicaudatus populations densities and root length increased in April and 

May. However, in June B. longicaudatus population densities decline and root growth increased. 

In July both B. longicaudatus population densities and root length declined. In addition, 

root length continued to decline from August to October before increasing in November.  

Belonolaimus longicaudatus populations increased in August and decline in September before 

increasing and declining again in October and November.  

In all four trials similar trends were observed between nematodes and root lengths. Linear 

regression models relating mean root length to nematode population densities (0 to 15 cm depth) 

were significant (P ≤ 0.10) at FLREC, IW and SP.  However, regression analysis provided no 
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good predictive models to characterize relationships between B. longicaudatus and root length.  

This suggests that root length had an effect on population densities of B. longicaudatus.  

However, other environmental factors also had an effect. At all sites, linear regression models 

relating temperature and B. longicaudatus densities were not significant (P ≥ 0.10), although 

trends were observed, especially at FLREC.    

In March of 2006 two trials were initiated to determine the optimum time to apply 

nematicides.  At SP and CP no differences in population densities of B. longicaudatus among 

treatments were detected (P ≥ 0.10) at any sampling date.  However, at SP root length increased 

after March and May treatments of 1,3-D compared to the untreated control.  Root lengths were 

greater (P ≤ 0.10) at 4, 12 and 16 weeks following the March 1,3-D treatment compared with the 

untreated control.  Root lengths were greater (P ≤ 0.1) at 4, 8 and 12 weeks after the May 

treatment of 1,3-D compared to the untreated.   

In conclusion correlations between root growth and B. longicaudatus showed a weak 

relationship.  Furthermore, similar trends were observed between soil temperature and 

nematodes and root growth especially at FLREC.  The results from this study indicate that 

applications of 1, 3-D in April - July are the most effective in reducing B. longicaudatus 

densities, and improving root growth.  However, it should be emphasized that the optimum 

month for treatment may vary from one year to the next and from one location to another.  

Variation in maintenance practices, rainfall and temperature from one golf course to the next will 

greatly influence the timing and the responses observed from 1,3-D applications. 
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