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Population Dynamics of the Lance Nematode (Hoplolaimus galeatus)  
in Creeping Bentgrass 

D. M. Settle, Department of Plant Pathology, J. D. Fry, Department of Horticulture and Recreation Resources, and 
T. C. Todd and N. A. Tisserat, Department of Plant Pathology, Kansas State University, Manhattan 66506 

Numerous species of plant-parasitic 
nematodes feed on the roots of creeping 
bentgrass grown for golf course putting 
greens (9,13–15,31,32,43,48–51,54,56). 
These nematodes, alone or in various com-
binations, may contribute to a decline in 
turf quality during periods of warm soil 
temperatures that can evoke drought or 
heat stress (7,16,21,25,29,33,37,46,50). 
However, conclusive proof of their patho-
genicity to this cool-season turfgrass is 
lacking in most cases and, instead, has 
been inferred by turfgrass scientists and 
golf course superintendents based on the 
negative effects nematodes can have on 
warm-season turfgrasses in the southern 
United States. 

Nematode populations on putting greens 
may fluctuate with time. Blackburn et al. 
(5) found that fluctuations of Hoplolaimus 
galeatus populations on a velvet creeping 
bentgrass (Agrostis canina L.) putting 
green were due to natural reproductive 
cycles. Davis et al. (14) reported that ring 
nematode (Criconemella curvata (Raski) 
Luc and Raski) population densities fol-
lowed a similar seasonal pattern on all 
creeping bentgrass greens at the same golf 

course. Lucas et al. (31) observed that H. 
galeatus and stubby root nematode 
(Paratrichodorus christei (Allen) Siddiqi) 
populations in a creeping bentgrass putting 
green peaked in June, declined in August, 
then increased again through December. 
They found that low H. galeatus densities 
in midsummer were associated with re-
duced creeping bentgrass growth due to 
high soil and air temperatures. Todd and 
Tisserat (50) observed that C. ornata and 
H. galeatus population densities peaked in 
midsummer. In contrast, Wick and Vittum 
(56) found that populations of H. galeatus 
and several other nematode species fluctu-
ated with time, but did not always follow a 
consistent seasonal trend. Nematode popu-
lations on creeping bentgrass greens also 
may be spatially aggregated. Todd and 
Tisserat (50) reported that spatial aggrega-
tion of H. galeatus and C. ornata increased 
through the summer. 

The influence of cultural practices on 
lance nematode population densities in 
creeping bentgrass is largely unknown. 
Davis and Dernoeden (13) found that 
application of activated sewage sledge 
and poultry waste increased lance nema-
tode populations on a creeping bentgrass 
putting green compared with several 
other organic nitrogen sources. This is 
contrary to reports that indicate that 
organic N sources and organic soil 
amendments are capable of suppressing 
plant-parasitic nematodes (10,24,40). 
Walker et al. (55) reported that Hop-
lolaimus spp. population densities were 
negatively correlated with soil bulk den-
sity. They speculated that water-holding 
capacity of the soil increased at higher 

bulk densities and resulted in decreased 
nematode activity. 

The purpose of our research was to 
monitor spatial and temporal distributions 
of the lance nematode in naturally and 
artificially infested creeping bentgrass 
plots maintained at putting green mowing 
heights. We also assessed the effects of 
cultivar, mowing height, and irrigation 
practices on lance nematode population 
densities. 

MATERIALS AND METHODS 
Microplots. Twenty microplots were es-

tablished in June 2000 on a sand-based 
putting green at the Rocky Ford Turfgrass 
Research Center, Manhattan, KS. The 
green, which was seeded to A-4 creeping 
bentgrass at 49 kg/ha in fall 1998, had a 
root zone of 97.5% sand and 2.5% clay, 
with a pH of 7.5. Microplots were spaced 1 
m apart in a 4-by-5-m area. Each microplot 
consisted of a 30.5-cm-diameter schedule-
40 PVC tube (Diamond Plastics Corp, 
Grand Island, NE) placed into the green to 
a depth of 38 cm. The PVC tube was in-
stalled vertically so that the upper edge of 
the tube was flush with the putting green 
surface to permit mowing. Sod within each 
tube was removed, washed thoroughly to 
remove adhering sand and soil particles, 
and stored at 4ºC. Soil mix in each tube 
was removed, bulked, mixed, and steamed 
at 80ºC for 90 min. The mix was aerated 
by turning the soil by hand daily for 1 
week and then placing it back into the 
microplots. No phytoparasitic nematodes 
were detected in the steamed mix. 

H. galeatus inoculum was extracted 
from 380 liters of naturally infested soil 
collected from a second bentgrass putting 
green at the same location using a modi-
fied sucrose flotation technique (28). Other 
phytoparasitic nematodes were present at 
low populations but were not detected in 
the final inoculum following extraction. 
On 6 June 2000, microplots were infested 
with one of three H. galeatus (adults + 
juveniles) population densities. Individual 
microplots were infested by pouring 50 ml 
of nematode-free filtrate (control), or 50, 
100, and 200 ml of filtrate containing 50 
H. galeatus/ml of water on the soil surface 
in the microplots (hereafter referred to as 
1/2×, 1×, and 2× rates). The washed bent-
grass sod then was placed on top of the 
infested soil. Treatments were arranged in 
a completely randomized block design 
with five replications. 
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The putting green containing the mi-
croplots received 1 cm of water at 0600 h 
three times weekly (3 cm/week) and was 
clipped at 4.0 mm height 6 days per week. 
The green was fertilized with nitrogen at 
270 kg ha–1 in each year. Timing of indi-
vidual applications varied yearly; however, 
generally, N at 25 to 49 kg ha–1 was ap-
plied every 4 weeks between 1 April and 1 
October in each year. Brown patch 
(Rhizoctonia solani) and dollar spot (Scle-
rotinia homoeocarpa) were controlled with 
periodic preventive applications of azox-
ystrobin (Heritage 50 WG; Syngenta Crop 
Protection Inc, Greensboro, NC) at 0.3 kg 
a.i. ha–1 and triadimefon (Bayleton 50 DF; 
Bayer Corp, Kansas City, MO) at 0.8 kg 
a.i. ha–1, respectively. Insecticides were not 
used for the duration of the study. Mi-
croplots were top dressed with sand peri-
odically to compensate for soil settling. 

Putting green. An 8-by-24-m putting 
green area consisting of four bentgrass 

cultivars was used to evaluate the effects of 
mowing and irrigation on nematode popu-
lations. The root zone mixture had a sand 
content of 97.9%, an organic matter con-
tent of 2.1%, a pH of 7.3, and a bulk den-
sity of 1.5 g cm–3. The green was naturally 
infested with phytoparasitic nematodes. H. 
galeatus populations dominated but Cri-
conemella, Paratrichodorus, Hemicyclio-
phora, and Helicotylenchus spp. also were 
present in low populations (20 to 90 per 
100 g of dry soil). 

Treatments were arranged in a strip-
strip-strip plot design with three replica-
tions. Main plots consisted of two 4-by-8-
m irrigation strips. The entire green was 
irrigated with 1 cm of water at 0600 h 
three times weekly (3 cm/week) using an 
automated irrigation system. One of the 
irrigation strips received supplemental 
hand watering (0.5 cm/day) 6 days per 
week at 1400 h for a total irrigation of 6.0 
cm/week. Subplots were four 2-by-8-m 

bentgrass cultivar strips of Penncross, 
Crenshaw, L-93, or Providence that were 
seeded in May 1996 at 49 kg ha–1. Cultivar 
subplots were split into two 1-by-8-m sub-
subplots that were mowed at 3.2 or 4.0 mm 
6 days per week. The entire green was 
mowed 6 days per week to a height of 4.0 
mm with a triplex greensmower. Sub-
subplots requiring the 3.2-mm clipping 
height were mowed again with a walk-
behind greensmower. 

Nematode extraction. H. galeatus 
populations in field microplots were de-
termined approximately every month from 
July 2001 to October 2003 by systemati-
cally collecting (clockwise progression) 
two soil cores 2 cm in diameter by 13.5 cm 
deep. Core holes were filled with sand. 
Bulked, mixed soil (75 g) was processed 
for nematodes. Nematodes were extracted 
using a modified sucrose flotation tech-
nique (28). Each soil sample was placed in 
a 3.8-liter beaker that was filled with water 
to suspend soil and sand particles. The 
suspension was poured immediately 
through two nested sieves (850-µm to cap-
ture plant debris and 38-µm to capture 
nematodes). Washings that consisted of 
nematodes and the organic fraction of the 
soil were collected and the procedure was 
repeated. Contents of the 38-µm sieve were 
centrifuged for 1 min at 183 rad s–1 with-
out braking. Water was decanted and the 
remaining soil pellet was resuspended in 
40 ml of a 45% sucrose solution. The su-
crose suspension was centrifuged for 1 min 
at 183 rad s–1 and the supernatant was 
decanted onto a 25-µm sieve to retain 
nematodes. Nematodes were collected in 
10 ml of water and aliquots of this suspen-
sion were used to identify all phytopatho-
genic nematodes by light microscopy. 
Lance nematodes were enumerated and 
classified into juvenile (J2 or J3+J4) or 
adult life stage (male or female) by meas-
uring body length and observing presence 
or absence of sexual morphological traits. 
Approximately 100 g of the remaining soil 
sample was used to calculate gravimetric 
soil moisture content ([fresh weight – dry 
weight]/fresh weight) and nematode popu-
lation densities were standardized by 
weight (per 100 g of dry soil). 

Endoparasitic nematode populations 
were monitored monthly during July to 
October 2003 from the microplots and 
once during August 2003 from the putting 
green. For endoparasitic enumeration, a 
4.5-by-10-cm core was collected. The top 
1 cm of the core containing stolons and 
leaves was removed, and the remaining 
core was split into two lengthwise seg-
ments. Each segment was weighed, and 
half was retained for ectoparasitic extrac-
tion as previously mentioned. The remain-
ing half was washed carefully in running 
tap water over a 355-µm sieve to retain all 
roots. Roots of one segment were placed in 
a 125- or 250-ml flask filled with water 
and aerated for 1 week. Aeration was ac-

 

Fig. 1. Seasonal fluctuations of Hoplolaimus galeatus juvenile, adult, and total populations per 100 g 
of soil in a creeping bentgrass putting green during 2000 to 2002. Monthly averages are from 96 (48 in
2000) sample sites from four creeping bentgrass cultivars. Bars represent standard errors. 
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complished by directing pressurized air to 
the bottom of each flask via aquarium tub-
ing to maintain a slow bubble. Water was 
added to flasks to compensate for evapora-
tion as needed. H. galeatus endoparasites 
were collected by pouring the water over 
two nested sieves (600- or 355-µm mesh to 
capture the roots and a 25-µm mesh to cap-
ture nematodes). Roots were dried at 45ºC 
for 1 week and weighed. 

Field plot sampling varied slightly from 
the microplots. Nematode populations 
were determined monthly (except January) 
by removing three 2-by-13.5-cm soil cores 
from two subsamples from individual 
treatment plots. In 2000, the 24 plots 
measuring 2 by 8 m were divided in half, 
giving a total of 48 sample sites, each rep-
resenting a 2-by-4-m area. During 2001 to 
2002, the additional irrigation treatment 
doubled the number of plots to 48. Again, 
individual 1-by-8-m plots were divided in 
half, giving a total of 96 sample sites, each 
representing a 1-by-4-m area. The location 
for each subsample was systematically 
rotated monthly among four quadrants 
within each sampling site to reduce 
chances of resampling areas where cores 
had been removed. 

The low clipping (3.2-mm) and daily ir-
rigation treatments were terminated in 

October 2002, but otherwise plots in 2003 
were maintained as described previously. 
Analyses of variance of data were per-
formed with the PROC GLM and MIXED 
procedures (44). Means were separated 
using Fisher’s protected least significant 
difference test (P < 0.05 unless otherwise 
stated). In some cases, seasonal H. galea-
tus population densities were summarized 
using an area under the curve (AUC) for-
mula, where AUC = ([average H. galeatus 
populations in June + July]/2) + ([H. 
galeatus number in July + August]/2) + 
([H. galeatus number in August + Septem-
ber]/2) (23,53). Surface maps of spatially 
aggregated H. galeatus populations across 
the research putting green were created by 
Kriging using Surfer 8 (Golden Software 
Inc., Golden, CO). 

RESULTS 
Adult H. galeatus populations in a creep-

ing bentgrass putting green fluctuated during 
summer, peaked in early October in 2000 and 
early August in 2001 and 2002, and then 
declined rapidly during the latter part of the 
month (Fig. 1). Population densities re-
bounded in fall but then decreased by ap-
proximately 50% through winter into April. 

Seasonal fluctuations in H. galeatus 
populations were not apparent in mi-

croplots in 2000 or 2001 (Fig 2). By 2002, 
H. galeatus at the 1/2× and 1× inoculum 
rates had a seasonal development similar 
to that of the naturally infested putting 
green field plots, except that populations 
peaked in early July. In 2003, H. galeatus 
population densities increased from June 
through August and then declined slightly 
during September. 

Initial H. galeatus inoculum levels in 
microplots influenced nematode popula-
tions (Figs. 2 and 3). The 2× inoculum rate 
resulted in the highest average populations 
(AUC values) in 2000 and 2001. In 2002, 
AUC values for the three inoculum levels 
were similar and, by 2003, population 
densities had reversed, with the highest H. 
galeatus numbers occurring in microplots 
originally inoculated at the 1/2× rate. 

Ectoparasitic populations of H. galeatus 
in both the naturally and artificially in-
fested plots were composed primarily of 
adults (Figs. 1 and 3). The ratios of female 
to male nematodes in the naturally infested 
plot were 32:29, 163:113, and 209:106 per 
100 g of soil in 2000, 2001, and 2002, 
respectively (Fig. 2). Ratios of female to 
male nematodes in microplots increased 
from approximately 1:1 in 2000 (25:25 per 
100 g of soil) to 2:1 (336:191 and 295:146 
per 100 g of soil) in 2003 and 2004. Juve-

Fig. 2. Monthly Hoplolaimus galeatus populations in A-4 creeping bent-
grass microplots at four initial inoculum levels. Area under the curve
(AUC) values not followed by the same letter are significantly different
according to Fisher’s least significant difference comparison of least-
squares means (P ≤ 0.05). 

Fig. 3. Monthly adult (male and female) and juvenile Hoplolaimus galea-
tus populations in A-4 creeping bentgrass microplots at four initial inocu-
lum levels. Area under the curve (AUC) values not followed by the same 
letter are significantly different according to Fisher’s least significant 
difference comparison of least-squares means (P ≤ 0.05). 



Plant Disease / January 2006 47 

nile numbers in the naturally infested plot 
were relatively low (<100 per g of soil) 
and constant in all months sampled except 
August 2002 (Fig. 1). Juveniles, averaged 
for all months, were 14% (4% J2 and 10% 
J3+J4) of the total nematode population in 
2001 and 19% (4% J2 and 15% J3+J4) in 
2002. 

Total endoparasitic populations of H. 
galeatus in the naturally infested putting 
green plots were similar to the ectopara-
sitic populations (341 versus 312 per 100 g 
of soil); however, the proportion of adults 
to juveniles differed, with juveniles com-
posing 94% of all endoparasites (Fig. 4). 
We observed a similar population structure 
in microplots in July through October 2003 
(Fig. 5). 

Populations of H. galeatus were aggre-
gated in the naturally infested plot (Fig. 6). 
In 2000, aggregates of high H. galeatus 
population densities were located near the 
center and northwestern edge of the plot, 
whereas nematodes were either at low 
densities or absent in southern quadrants. 
Populations in 2001 and 2002 tended to be 
uniformly higher but still spatially aggre-
gated throughout the plot. Aggregates were 
not necessarily in the same location as the 
previous year. 

There were no differences in H. galeatus 
populations among the four creeping bent-
grass cultivars (Table 1). Similarly, irriga-
tion regimes did not significantly alter total 
or adult H. galeatus ectoparasitic popula-
tions in either 2001 or 2002 (Table 1). 
Clipping height differentially influenced 
total ectoparasitic H. galeatus population 
densities among all cultivars except 
Penncross in 2002 but not in 2001 (Table 
1; Fig 7). Compared with the 0.32-cm 
clipping height, average nematode popula-
tions in plots clipped at 0.4 cm were 25% 
higher in Crenshaw and 23% higher in 
Providence in 2002. In contrast, nematode 
populations in L-93 were 25% higher at 
the 0.32-cm clipping height. During peak 
juvenile H. galeatus populations in August 
2002 (Fig. 1), similar clipping height ef-
fects occurred in Providence and L-93, but 
not Crenshaw (Table 1). Ectoparasitic 
juvenile populations were 42% greater at 
the 0.4-cm clipping height in Providence 
and 33% greater at the 0.32-cm clipping 
height in L-93. 

DISCUSSION 
H. galeatus populations varied season-

ally in naturally infested soil. In general, 
populations increased from late spring 
through midsummer, declined in August, 
and increased again in the fall. Chapman 
(8) reported that populations of H. galea-
tus on Kentucky bluegrass (Poa pratensis 
L.) were consistently lowest in August. 
Lucas et al. (31) reported similar popula-
tion fluctuations of H. galeatus and stubby 
root (Paratrichodorus sp.) on creeping 
bentgrass in North Carolina. They con-
cluded that the midsummer reduction in 

nematode populations followed a decline 
in turfgrass root health and biomass result-
ing from high soil temperatures. Soil tem-
peratures exceeding 30ºC result in creep-
ing bentgrass root mortality (3,26,27,38). 
Thus, increasing nematode populations in 
late spring and early summer probably are 
the result of a combination of favorable 
soil temperatures for nematode reproduc-
tion and optimal conditions for root growth 
(i.e., feeding sites), whereas late-summer 
decline is associated with root mortality 
and decreased root biomass associated 
with high temperatures. A similar phe-
nomenon has been reported to occur on 
bermudagrass (Cynodon dactylon (L.) 
Pers.) putting greens in California infested 
with the sting nematode, Belonolaimus 
longicaudatus (4). This decline was 
thought to be caused by a reduced food 
supply. 

H. galeatus populations in microplots 
did not exhibit the seasonal fluctuations in 
2000 or 2001 that we observed in the natu-
rally infested plots. This may be explained, 
in part, by the fact that H. galeatus popula-
tion densities in the plots were relatively 
low in these years and less prone to fluc-
tuations associated with seasonal changes 
in root biomass. Seasonal fluctuations 
were observed by the third year.  

We observed a population increase and 
then a gradual decline in microplots inocu-
lated with the highest level of H. galeatus, 
whereas populations at the lowest inocu-
lum level continued to increase steadily. 
Density-dependent changes in nematode 
populations are commonly observed and, 
in this case, are likely the result of differ-
ential root damage from nematode feeding. 
Also, antagonistic soil microbial activity 
can contribute to population declines (10). 

 

Fig. 5. Root feeding habit of Hoplolaimus galeatus in A-4 creeping bentgrass microplots. Monthly 
populations represent means of 16 microplots. Bars represent standard errors. 

 

Fig. 4. Root feeding habit of Hoplolaimus galeatus in a creeping bentgrass putting green. Populations 
represent means of 96 samples collected in August 2003. Bars represent standard errors. 
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For example, the antagonist Pasteuria 
penetrans is a common pathogen of H. 
galeatus (12,20,36). However, we saw no 
evidence of Pasteuria spp. or other preda-
tors or pathogens during our sampling of 
the microplots. 

Approximately half the H. galeatus 
populations in creeping bentgrass mi-
croplots were endoparasitic and, of those, 
over 90% were juveniles. Chapman (8) 
found that a majority of H. galeatus 
endoparasites were juveniles in Kentucky 
bluegrass. Giblin-Davis et al. (18) reported 
that 80 to 90% of H. galeatus in St. Au-
gustinegrass were endoparasitic and that 

juveniles were the most common life 
stage. Therefore, H. galeatus juveniles are 
found feeding primarily in turfgrass roots, 
whereas adults are found feeding primarily 
outside roots. 

H. galeatus populations in the naturally 
infested creeping bentgrass putting green 
were aggregated spatially in a pattern simi-
lar to that reported by Todd and Tisserat 
(50). These aggregation patterns were not 
temporally stable and, in some cases, the 
population dynamic changed relatively 
rapidly. For example, H. galeatus popula-
tions at the southern edge of the putting 
green went from very low levels to popula-

tions exceeding 2,000 per 100 g of soil in 
less than 2 years. Migration of nematodes 
to uninfested areas may occur with putting 
green management practices such as core 
aeration or via active migration of nema-
todes in soil. Although this might explain 
initial establishment, it does not fully elu-
cidate the aggregated pattern. Other fac-
tors, including nematode interactions with 
the host, microbes, edaphic factors, and 
cultural practices, have been associated 
with spatial aggregation (2,17,22,35,45). 

H. galeatus populations were not influ-
enced by bentgrass cultivar. The number of 
cultivars we tested was small, but the re-
sults suggest that differences among bent-
grass genotypes to H. galeatus parasitism 
may be limited. H. galeatus feeds on a 
wide host range that includes both mono-
cots and herbaceous and woody dicots 
(1,11,39,41,42,47,52), and this may make 
finding differences in feeding preference 
among cultivars difficult. 

We hypothesized that daily irrigation 
would increase soil moisture content and 
reduce nematode populations, but this was 
not the case. The irrigation regimes we 
employed were similar to those golf course 
superintendents would use, but they did 
not result in large differences in soil mois-
ture content (data not shown) between 
treatments. Browning et al. (6) reported 
that H. galeatus populations were reduced 
by 93% in annual bluegrass or creeping 
bentgrass turf and soil cores saturated with 
water for 1 week in the greenhouse com-
pared with cores held at 50% water hold-
ing capacity. However, they were unable to 
influence H. galeatus numbers in the field 
by daily flooding of turf for one month. 
We conclude that irrigation practices 
commonly employed on putting greens are 
unlikely to influence H. galeatus popula-
tions. 

Giblin-Davis et al. (19) found that low-
ering the clipping height of fairway-
maintained ‘Tifgreen’ bermudagrass from 
1.3 to 0.65 cm reduced H. galeatus popula-
tions, but only at lower soil depths. We 
also observed a slight reduction in H. 
galeatus populations in Providence and 
Crenshaw in 2002 but not 2001. Low clip-
ping heights can reduce bentgrass root 
production, increase summer root mortal-
ity (30), reduce carbohydrate levels (34), 
and potentially decrease feeding sites for 
nematodes. However, aggressive manage-
ment practices (aeration, fertilization, and 
optimal irrigation) used on putting greens 
may ameliorate the negative effects of low 
mowing on H. galeatus. H. galeatus popu-
lations were greater in L-93 plots at the 
low clipping height in 2002. At the higher 
clipping height, L-93 became puffy and 
was prone to mowing injury caused by 
excessive removal of green leaf area, and 
resulted in exposure of underlying stolons. 
This might have negatively impacted the 
bentgrass health and resulted in a decrease 
in H. galeatus populations. 

Fig. 6. Spatial distribution of Hoplolaimus galeatus in July 2000 and August 2001 and 2002 in a 
creeping bentgrass putting green. 
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In summary, we observed dynamic 
temporal and spatial fluctuations in H. 
galeatus populations in creeping bent-
grass. In general, early July is the best 
time to estimate ectoparasitic H. galeatus 
numbers; however, care must be taken in 
interpreting results based on bulked soil 
samples from individual greens because 
of the aggregated nature of the nematode 
population. 
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