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Plant-parasitic nematodes are not only an important 
constraint on agricultural crop production, but also 
cause both direct and indirect damage to turfgrass, 
which is a ground cover plant. However, studies on 
plant-parasitic nematodes of turfgrass in Korea are 
scarce. A survey for plant-parasitic nematodes was car-
ried out on 13 golf courses in Korea. The results yielded 
28 species/taxa belonging to 16 genera and 12 fami-
lies of plant-parasitic nematodes. Among the isolated 
species, Helicotylenchus microlobus, Mesocriconema 
nebraskense, Tylenchorhynchus claytoni, Mesocrico-
nema sp., and Meloidogyne graminicola were the most 
prevalent species in all management zones. Twelve 
species were new records of plant-parasitic nematodes 
in Korea. Highest maximum densities were showed by 
T. claytoni, Paratylenchus nanus, M. nebraskense, M. 
graminicola, and H. microlobus. Diversity (H’), was 
significantly higher in fairways compared to tees and 
greens, though species evenness (J’) and dominance 
(D) showed no statistically significant differences. This 
information is crucial in nematode problem diagnosis, 
and the subsequent formulation of management strate-
gies.
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taxonomy

Turfgrasses are some of the most widely planted ornamen-
tal grasses, and the turfgrass industry is among the most 
promising economic industries worldwide. Turfgrass is an 
essential resilient raw material used in the establishment of 
outdoor surfaces for sporting activities and other recreation-
al operations, in addition to its natural role in soil stabiliza-
tion (Vandenbossche et al., 2011; Zeng et al., 2012). Turf 
is not only used in commercial settings but also is a desired 
component in establishment of home compound and cem-
etery lawns (Kang et al., 2016). In Korea for example, turf-
grass is utilized as home, school and cemetery lawn covers; 
in addition to the more crucial role in improvement of 
outdoor sports and recreational surfaces (Kang et al., 2016; 
Kim, 1991). The unique cushioning effect reduces inju-
ries compared to poorly or non-turfed surfaces, especially 
in active contact sports activities like rugby and football 
(Gramckow, 1968). The turf industry is currently on the 
increase in Korea, with over 3,056 ha reported to be under 
sod production in 2011. Golf courses provide the biggest 
market (Lee et al., 2014). However, research on effective 
sod production is still in insufficient level; especially with 
regard to the prevailing turfgrass pests and diseases in Ko-
rea. A vast array of pests and diseases; primarily the fungal, 
bacterial and algal infections, plus coleopteran and lepi-
dopteran insect pests are a threat on turf fields (Lee et al., 
2014). More importantly, plant-parasitic nematodes (PPNs) 
stand out as unacknowledged or neglected turfgrass pests. 
This is normally due to the incapacity to identify nematode 
damage symptoms, and the most damaging species of eco-
nomic importance.

Nematodes cause both direct and indirect damage on 
turfgrass (Vandenbossche et al., 2011). Their feeding ac-
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tivity rarely causes total turf death; however, nematodes 
impair the normal root growth and cause symptoms like 
root lesions, necrosis and galling, thus resulting into root 
malfunction for normal water and nutrient uptake (Walker 
et al., 2002). Additionally, root damage induced by nema-
todes provide pathways for entry of fungal and bacterial 
pathogens thus acting in a synergistic way towards reduc-
ing turf root quality, quantity and eventual turfgrass death 
(Vandenbossche et al., 2011). At high population infesta-
tions involving specific nematode-turfgrass combinations, 
total turfgrass death may occur (Hunt and Handoo, 2009; 
McClure et al., 2012; Vandenbossche et al., 2011). A 
number of PPNs have been implicated in damage of turf 
worldwide (Vandenbossche et al., 2011; Zeng et al., 2012). 
Root-knot nematodes (Meloidogyne minor) have been as-
sociated with yellow patch disease on turf in some Euro-
pean countries (Karssen et al., 2004). Over 50 species/taxa 
of PPNs have been recorded on turfgrass in Europe (Van-
denbossche et al., 2011), while 24 species belonging to 19 
genera have been so far recorded on various golf courses in 
USA (Zeng et al., 2012). Mesocriconema spp. (ring nema-
tode), Helicotylenchus spp. (spiral nematode), Trichodorus 
spp. (stubby root nematode), Meloidogyne spp. (root-knot 
nematode), Hoplolaimus spp. (lance nematode), Hemicy-
cliophora spp. (sheath nematode), Xiphinema spp. (dagger 
nematode), and Belonolaimus spp. (sting nematode) are 
considered to be more problematic in both warm and cool 
season turf (Zeng et al., 2012). 

Control and management of PPNs in turfgrass systems 
involve mainly the use of nematicides in addition to proper 
cultural and phytosanitary routines (Crow, 2005; Fleming 
et al., 2008). The soil fumigant 1,3-dichloropropene (1, 
3-D) has been the most widely used nematicide on golf 
courses (Crow et al., 2003; Crow, 2005). However, it’s 
under restricted use in some parts of the world like Eu-
rope due to the side effects the nematicide causes on non-
target organisms and ground-water contamination. Non-
fumigants like imicyafos and fosthiazate are recognized as 
better alternatives against PPNs (Kim et al., 2016; Wada 
and Toyota, 2008; Wada et al., 2011). However, these 
compounds are yet to be tested in turfgrass systems. As 
noted by Crow (2005), it is always desirable to avert nema-
tode problems than dealing with established populations of 
a damaging species. Therefore, phytosanitary measures like 
using nematode free planting materials (turf mats) are im-
portant steps in establishing a sustainable turfgrass system. 
This can be promoted by conducting routine nematode as-
says on commercial sod farms before distribution is done 
to various golf courses.

Not until recently, information on the occurrence, tax-

onomy, diversity and management of PPNs associated 
with turfgrass in Korea has been limited; with only two 
definitive species (Meloidogyne incognita and Tylencho-
rhynchus claytoni), presumed to be associated with turf 
damage on Korean golf courses (Choo et al., 1998, 2000; 
Khan et al., 2008). Meloidogyne marylandi and Tylencho-
rhynchus dubius have also been reported on zoysiagrass 
and Agrostis palustris (Kang et al., 2002, 2003). Other 
records have been limited to genus level (Helicotylenchus, 
Criconema, Pratylenchus, Tylenchorhynchus, Ditylenchus, 
and Tylenchus) (Kang et al., 2002). It is difficult to accu-
rately diagnose nematode problems, as damage essentially 
depends on nematode species, initial population density, 
turfgrass species and soil properties (Perry and Smart, 
1970; Vandenbossche et al., 2011). Thus, correct species 
identification plus an understanding of their diversity on 
turfgrass is a prerequisite for a successful nematode control 
and management strategy. A survey of Korean golf courses 
in April 2017 to 2019 uncovered several species of various 
suborders of PPNs; as detailed by Mwamula et al. (2020a, 
2020b, 2020c, 2020d, 2020e, 2020f). However, it is evi-
dent that little is known about their diversity on turfgrass 
in Korea. This study therefore, was generally designed to 
provide the additional comprehensive overview regarding 
the occurrence and diversity of the main PPNs of economic 
importance on turfgrass in Korea; information that is cru-
cial in the management of PPNs on turfgrass. 

Materials and Methods

Soil sampling. Sod samples were taken from 13 golf 
courses in Korea in the summer of 2018 (Fig. 1). Areas 
with symptoms of nematode damage (stunted growth, less 
dense turf stands, shoot chlorosis, and root galling) were 
preferred during sampling. However, additional explor-
atory sampling was also done in areas with no reported 
nematode symptoms. In addition, sites were selected tak-
ing into consideration the different common grass spe-
cies largely preferred on Korean golf courses (creeping 
bentgrass [A. palustris]; zoysiagrass [Zoysia japonica] and 
Kentucky bluegrass [Poa pratensis]); and (or) management 
zones (fairways, putting greens and tees). The informa-
tion regarding the locality of samples, host grass species 
and soil properties is summarized in Table 1. Each sample 
consisted of 8-12 sod cores (11 cm in diameter and 20 cm 
deep), taken using a standard hole cutter. Soil samples were 
placed in plastic bags and stored at 4°C before analysis to 
prevent nematode population changes (Barker et al., 1969). 
Seventy-one samples (781 sod cores) were processed in 
total.
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Nematode extraction. A 300 g subsample was taken from 
thoroughly mixed individual sod cores. Roots were sepa-
rated from the mineral fraction by washing the 300 g sub-
sample through 850 μm nominal aperture sized sieve. The 
collected roots were subsequently macerated in a blender 
and added to the mineral fraction. Nematodes were extract-
ed from the soil and the macerated roots by combination 
of various extraction techniques (modified Cobb’s siev-
ing; Baermann funnel; and centrifugation) (Jenkins, 1964), 

depending on target nematode species/form. Cysts (when 
present) were collected from 250 μm aperture sieve and 
filtered with Whatman no. 100 filter paper to drain excess 
water. The contents on the filter paper were then directly 
observed under Nikon SM2 1000 stereo microscope to iso-
late cysts. The collected nematode suspension was exam-
ined under a stereo microscope, Nikon SMZ 1000 (Nikon, 
Tokyo, Japan), and PPNs were assayed (identified to genus 
level and enumerated). 

Fig. 1. Map of Korea showing the localities of golf courses sampled. (A) Gapyeong Benest golf club. (B) Sky 72 country club. (C) Any-
ang Benest golf club. (D) Glenrose golf club. (E) Hanmaek country club. (F) Apple Valley golf club. (G) Yangsan country club. (H) 
Dongrae Benest golf club. (I) Gaya country club. (J) Nobel country club. (K) Seokyung Tani country club. (L) South cape owners club. (M) 
Hallasan country club. 
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Table 1. Plant-parasitic nematode species studied; and details on the locality of samples, host plant, and soil properties

Species Locality of sample Host plant Soil type
Hemicycliophora labiata Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Loamy sand

Agrostis palustris Sandy loam
Hemicriconemoides  

brachyurus
Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Loamy sand
Gaya country club, Gyeongsangnam-do Zoysia japonica Loamy soils
Dongrae Benest country club, Busan Zoysia japonica Loamy soils

Mesocriconema curvatum Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy loam
Mesocriconema sp. Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy loam

Yangsan country club, Gyeongsangnam-do Poa pratensis Loamy sand
Mesocriconema nebraskense Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy loam

Dongrae Benest golf club, Busan Zoysia japonica Loamy sand
Apple valley country club, Gyeongsangbuk-do Agrostis palustris Loamy sand
Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Sandy loam
Sky 72 golf club, Incheon Poa pratensis Sandy loam
Yangsan country club, Gyeongsangnam-do Zoysia japonica Loamy sand

Paratylenchus nanus Sky 72 golf club, Incheon Poa pratensis Sandy loam
Agrostis palustris Sandy loam

Helicotylenchus asiaticus Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Sandy loam
Helicotylenchus caudatus Gapyeong Benest golf club, Gyeonggi-do Poa pratensis loam

Yangsan country club, Gyeongsangnam-do Poa pratensis Loamy sand
Helicotylenchus dihystera Yangsan country club, Gyeongsangnam-do Zoysia japonica Sandy loam

Dongrae Benest golf club, Busan Agrostis palustris Sandy loam
Helicotylenchus microlobus Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Sandy loam

Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy
South cape owners club, Gyeongsangnam-do Zoysia japonica Sandy loam
Sky 72 golf club, Incheon Poa pratensis Sandy

Pratylenchus penetrans Anyang Benest golf course, Gyeonggi-do Zoysia japonica Sandy loam
Sky 72 golf club, Incheon Poa pratensis Sandy loam

Pratylenchus zeae Dongrae Benest golf club, Busan Zoysia japonica Sandy loam
Agrostis palustris Sandy loam

Yangsan country club, Gyeongsangnam-do Zoysia japonica Sandy loam
Pratylenchus scribneri Gapyeong Benest golf club, Gyeonggi-do Agrostis palustris Sandy loam
Meloidogyne graminicola South cape owners club, Gyeongsangnam-do Poa pratensis Loamy sand

Hanmaek country club, Gyeongsangbuk-do Zoysia japonica Sandy loam
Meloidogyne marylandi Gapyeong Benest golf club, Gyeonggi-do Zoysia japonica Sandy loam

Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy
Heterodera pratensis Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy

Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Sandy
Heterodera avenae Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Loamy sand
Tylenchorhynchus claytoni Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Sandy loam

Glenrose golf club, Gyeonggi-do Zoysia japonica Sandy loam
Nobel country club, Gyeongsangnam-do Zoysia japonica loam

Tylenchorhynchus  
thermophilus

Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy soils
Sky 72 country club, Incheon Zoysia japonica Sandy loam

Tylenchorhynchus annulatus Yangsan country club, Gyeongsangnam-do Zoysia japonica Loamy sand
Nobel country club, Gyeongsangnam-do Zoysia japonica Loam

Psilenchus hilarulus Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Loamy sand
Filenchus sp. Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Loamy sand
Ditylenchus sp. Gaya country club, Gyeongsangnam-do Zoysia japonica Loamy sand
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Nematode identification and enumeration. PPNs were 
identified up to genus level and counted as promorphs; the 
forms easily recognizable at low magnification (less than 
×100) under stereomicroscope. For Meloidogyne spp., only 
infective juveniles were enumerated. Females and males 
(when present) were only used in species identification. 
Detailed observation on morphology, including genomic 
and mitochondrial DNA studies to characterize the enu-
merated promorph forms to their respective species was 
performed. A specific number of promorph specimens 
(depending on available population) were killed, fixed, and 
processed to pure glycerin (Seinhorst, 1959). Vulval cones 
and perineal patterns (for cyst and root-knot nematode 
species, respectively) were excised from healthy cysts and 
females as described by Van Bezooijen (2006). Measure-
ments and micrographs were taken using a Zeiss imager 
Z2 microscope (Carl Zeiss, Gottingen, Germany) fitted 
with Axio-vision software: Material Science Software for 
Research and Engineering software (Carl Zeiss). The vari-
ous promorphs/genera were characterized to species level 
according to diagnostic criteria using morphological, mor-
phometric and molecular tools as detailed in Mwamula et 
al. (2020a, 2020b, 2020c, 2020d, 2020e, 2020f). Promorphs 
were corresponded to the identified species as described by 
Vandenbossche et al. (2011). Additionally, after the iden-
tification process, when a promorph or a single nematode 
population from the same genus conformed to more than 
one species, proportions of the individual species within 
the examined specimens were presumed to also represent 
the proportion of species in the counted population.

Data analysis. Diversity and related indices: The diver-
sity of PPNs was analyzed by calculating various indices 
including mean intensity, maximum density, and preva-
lence (Boag, 1993). Mean intensity was calculated as the 

number of individuals of a particular nematode species per 
300 g soil in positive samples divided by the total number 
of positive samples; maximum density was defined as the 
maximum number of individuals of a specified nematode 
species per 300 g soil recovered from a sample; and preva-
lence was presented as the number of samples positive for a 
particular nematode species divided by the total number of 
samples examined, expressed as percentages. Additionally, 
the following diversity indices were calculated according 
to Yeates and Bird (1994): 

Evenness J’ = H’/H’max
Dominance Index (Simpson’s dominance): D = S(n/N)2

Diversity H (Shannon Index)= - 

Where n = number of individuals of one particular 
species in a sample; N = total number of nematodes 
identified in the sample; s = number of taxa (species) in the 
sample; pi = proportion of individuals of taxa i in the total 
population; H’max = ln s. Statistical differences among 
diversity indices, considering management zones were 
analyzed using Duncan’s multiple range test (P < 0.05) in 
SAS ver. 9.3 (SAS Institute, Cary, NC, USA).

Results

Twenty-eight species/taxa belonging to 16 genera and 12 
families of PPNs were identified and described from the 
781 sod cores collected from the 13 golf courses distributed 
across Korea. Comprehensive morphological and molecular 
characterization of various studied taxa, including new 
species description were presented in the earlier published 
articles (Mwamula et al., 2020a, 2020b, 2020c, 2020d, 
2020e, 2020f). Among the 28 species/taxa identified, 12 
species/taxa (Tylenchorhynchus thermophilus, Pratylenchus 

Table 1. Continued

Species Locality of sample Host plant Soil type
Neopsilenchus sp. Gapyeong Benest golf club, Gyeonggi-do Poa pratensis Loamy sand

Yangsan country club, Gyeongsangnam-do Poa pratensis Loamy sand
Paratrichodorus minor Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy

Hallasan country club, Jeju-do Zoysia japonica Loamy sand
Paralongidorus koreanensis Seokyung Tani country club, Gyeongsangnam-do Poa pratensis Sandy

Yangsan country club, Gyeongsangnam-do Poa pratensis Sandy loam
Dongrae Benest golf club, Busan Zoysia japonica Sandy loam
Sky 72 country club, Incheon Poa pratensis Sandy

Xiphinema diffusum Yangsan country club, Gyeongsangnam-do Poa pratensis, Zoysia japonica Loamy sand
Sky 72 country club, Incheon Agrostis palustris Sandy

Xiphinema insigne Yangsan country club, Gyeongsangnam-do Zoysia japonica Sandy loam
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zeae, Mesocriconema nebraskense, Mesocriconema sp., 
Neopsilenchus sp., Hemicycliophora labiata, Helicotylenchus 
caudatus, Helicotylenchus microlobus, Helicotylenchus 
asiaticus, Filenchus sp., Meloidogyne graminicola, and 
Paralongidorus koreanensis) are reported as new records 
in Korea. Details regarding the prevalence of each species 
in general, and with respect to grass species; including 
their mean intensities and maximum densities are shown 
in Table 2. H. microlobus (79%), M. nebraskense (62%), 
T. claytoni (50.7%), Mesocriconema sp. (42.3%), and 
M. graminicola (26.8%) in their respective order, were 
generally the most prevalent species in all management 
zones. With respect to grass types (species) H. microlobus 
(59.2%), T. claytoni (28.2%), M. nebraskense (15.5%), and 
P. koreanensis (12.6%) were the most prevalent species on 
zoysiagrass (Zoysia japonica); M. nebraskense (42.3%), H. 
microlobus (16.9%), T. claytoni (14.1%), M. graminicola 

(15.5%), and Paratrichodorus minor (12.7%) dominated 
Kentucky bluegrass (P. pratensis), while T. claytoni 
(8.4%) represented the most prevalent species on bentgrass 
(Agrostis spp.).

The mean intensities of the different species ranged from 
two individuals (Neopsilenchus sp. and Ditylenchus sp.) to 
1050 (Paratylenchus nanus). Other species with high mean 
intensities included; T. claytoni (890), Helicotylenchus 
dihystera (516), H. microlobus (343), Filenchus sp. (452), 
and M. nebraskense (238). Highest maximum densities 
per 300 g soil were displayed by T. claytoni (8785 
individuals on P. pratensis); P. nanus (2,094 individuals 
on P. pratensis); M. nebraskense (1,392 individuals on 
P. pratensis); M. graminicola (1,185 infective juveniles 
on P. pratensis); and H. microlobus (1,160 individuals 
on Z. japonica). The influence of turfgrass management 
zone (fairways, tees and greens) on nematode population 

Table 2. Occurrence and diversity of plant-parasitic nematodes (Tylenchida) in 13 golf courses

Species
Prevalence (%) Mean  

intensity
Maximum  

densityBG KBG ZG Combined
Helicotylenchus microlobus 4.2 16.9 59.2 78.9 343.3 1,160
Helicotylenchus dihystera 1.4 -   1.4 2.8 513.5 813
Helicotylenchus caudatus -   1.4 - 1.4 17.0 29
Helicotylenchus asiaticus -   1.4 - 1.4 27.0 41
Tylenchorhynchus claytoni 8.4 14.1 28.2 50.7 890.3 8,785
Tylenchorhynchus annulatus -   1.4   1.4 2.8 7.5 8
Tylenchorhynchus thermophilus -   1.4   1.4 2.8 101.8 183
Paralongidorus koreanensis 2.8   4.2 12.6 19.7 71.5 164
Xiphinema diffusum 1.4 -   5.6 7.0 53.2 73
Xiphinema insigne - -   1.4 1.4 16.0 28
Paratrichodorus minor - 12.7   4.2 16.9 29.7 265
Mesocriconema sp. 2.8 31.0   8.5 42.3 132.4 749
Mesocriconema curvatum -   1.4 - 1.4 30.5 38
Mesocriconema nebraskense 4.2 42.3 15.5 62.0 238.3 1,392
Hemicriconemoides brachyurus - 12.7   1.4 14.1 40.5 46
Hemicycliophora labiata -   1.4 - 1.4 12.4 33
Paratylenchus nanus -   4.2 - 4.2 1,049.5 2,094
Heterodera avenae -   1.4   1.4 2.8 21.5 33
Heterodera pratensis -   4.2 - 4.2 13.8 28
Pratylenchus penetrans 2.8   4.2   5.6 12.7 22.4 119
Pratylenchus zeae 1.4 -   4.2 7.0 33.5 21
Pratylenchus scribneri 1.4 -   1.4 2.8 5.5 8
Ditylenchus sp. - -   1.4 1.4 2.0 2
Neopsilenchus sp. -   1.4 - 1.4 2.0 3
Psilenchus hilarulus -   1.4 - 1.4 188.0 322
Filenchus sp. -   1.4 - 1.4 452.0 604
Meloidogyne graminicola 4.2 15.5 7. 26.8 76.7 1,185
Meloidogyne marylandi -   1.4   1.4 2.8 7.0 92

BG, creeping bentgrass; KBG, Kentucky bluegrass; ZG, zoysiagrass.
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diversity indices are presented in Table 3. Species evenness 
(J’) and dominance (D) showed no statistically significant 
differences between the management zones. However, 
Diversity (H’), was significantly higher in fairways 
compared to tees and greens.

Discussion

Our study represents one of few major detailed species 
characterizations done on turfgrass worldwide. Twenty-
four species of PPNs were isolated from golf courses in 
North and South Carolina in USA by Zeng et al. (2012); 
while 52 different species/taxa were identified morpho-
logically from both golf courses and football pitches in 
Belgium (Vandenbossche et al., 2011). In Korea, there has 
been limited information on incidence and damage poten-
tial of PPNs on turf; with only four species: M. incognita, 
T. claytoni, M. marylandi, and T. dubius, recorded (Choo 
et al., 2000; Kang et al., 2002; Khan et al., 2008); two of 
which (M. incognita and T. claytoni) have been implicated 
in turfgrass damage. Other records have been identified to 
genus level (Kang et al., 2002). Thus, the current study pro-
vides information for nematode species diagnosis on turf in 
Korea and a basis for developing proper control techniques 
for sustainable turfgrass management system. Investiga-
tions carried out in the past have showed that nematodes 
belonging to genera Mesocriconema, Belonolaimus, Heli-
cotylenchus, Hoplolaimus, Hemicycliophora, Pratylenchus, 
Meloidogyne, Tylenchorhynchus, Paratrichodorus, and 
Trichodorus, constitute the most turfgrass associated 
nematode problems on both cool and warm season grasses 
(Sikora et al., 2001; Vandenbossche et al., 2011; Walker et 
al., 2002; Zeng et al., 2012). Similar findings were evident 
in the current study. H. microlobus, M. nebraskense, T. 
claytoni, Mesocriconema sp., and M. graminicola were re-
corded herein as the most prevalent species in all manage-
ment zones. H. microlobus, T. claytoni, M. nebraskense, 
and P. koreanensis were more prevalent on zoysiagrass 
and Kentucky bluegrass. M. graminicola and P. minor 
were more prevalent on Kentucky bluegrass. Commensu-
rate to studies of Zeng et al. (2012), this study highlights 

the limited influence of grass type on the most common 
PPN species, though species like M. graminicola and P. 
minor were mainly isolated from Kentucky bluegrass com-
pared to zoysia and bentgrass samples. Therefore, species 
specificity is only restricted to few uncommon nematode 
pathogens of turfgrass. Generally, nematode prevalence in 
creeping bentgrass was low, with only T. claytoni record-
ing a relatively higher prevalence. However, it should also 
be noted that creeping bentgrass constitute the minority of 
the golf course surface area covered by turf. In Korea, pref-
erence is mainly given to Kentucky bluegrass and zoysia 
and therefore, this explains the high prevalence of PPNs on 
the two grass types since a limited number of samples were 
collected from creeping bentgrass covered surfaces. 

Zeng et al. (2012) isolated higher number of PPN spe-
cies in bermudagrass than in creeping bentgrass and zoy-
siagrass. However, their results also highlighted that the 
prevalence of PPNs may not necessarily be influenced by 
turfgrass type, as soil types are equally known to play a vi-
tal role in determining PPN prevalence. It is indeed known 
that most PPN damages on turfgrass occur in sandy soils 
(Crow, 2005). Our results are in agreement with this con-
cept and damage of turfgrass on Korean golf courses might 
be more pronounced as most of the golf courses sampled 
are predominantly covered by sandy soils or loamy sand 
soils. Putting greens are normally constructed with more 
than 90% sand (Crow, 2005). This possibly explains why 
the highest maximum densities displayed by T. claytoni, P. 
nanus, M. nebraskense, and M. graminicola were recorded 
on P. pratensis, a common grass type cover used on put-
ting greens in Korea. Some nematode species like P. nanus 
with low prevalence showed high mean intensity and maxi-
mum densities; a finding that represents and supports the 
notion of extreme host specificity in uncommon PPNs on 
turfgrass. 

Species diversity indices; evenness (J’) and dominance 
(D) showed no significant differences among the man-
agement zones. However, diversity (H’), was relatively 
higher in fairways compared to tees and putting greens. 
These results agree with the findings of Zeng et al. (2012) 
except for the differences in H’. However, their results 

Table 3. Effect of management zones on nematode diversity on Korean golf courses

Management zone Diversity H’ Evenness J’ Dominance D
Putting greens 1.32 ± 0.03 b 0.46 ± 0.04 a 0.55 ± 0.02 a
Fairways 1.61 ± 0.03 a 0.67 ± 0.05 a 0.79 ± 0.02 a
Tees 1.31 ± 0.04 b 0.51 ± 0.09 a 0.66 ± 0.04 a
Combination of all management zones 1.94 ± 0.02 a 0.63 ± 0.04 a 0.78 ± 0.02 a

Means fallowed by the same letters denote no significant differences at P ≤ 0.05 by the Duncan’s multiple range test.
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also showed a significant difference between zoysiagrass 
and other turfgrass species; with zoysiagrass showing a 
higher H’ value compared to other grass types. In the cur-
rent study, fairways are largely covered by zoysiagrass 
and therefore, this explains the differences in index H’. It 
is evident that there appears to be higher diversity of PPN 
species on zoysiagrass than in other grass types. It should 
be noted however that the distribution and fluctuation 
differences among nematode populations are a common 
phenomenon in turfgrass ecosystem studies, and different 
PPN populations have been showed to fluctuate depend-
ing on factors like season and root establishments (Jordan 
and Mitkowski, 2006; McGroary et al., 2009; Settle et al., 
2006). More studies are thus justifiable to better understand 
factors influencing the dynamics of various important 
nematodes. Additionally, quantification or estimates of 
turfgrass damage and revenue losses caused by PPNs still 
remains a challenge due to the atypical symptoms and dis-
ease complexes the nematodes cause in association with 
other pathogens. At high population infestations, total turf-
grass death becomes imminent especially involving spe-
cific nematode-turfgrass combinations (Hunt and Handoo, 
2009; McClure et al., 2012; Vandenbossche et al., 2011). 
In our study, high nematode populations were associated 
with stunted growth, lowered turf stands, shoot chlorosis/
yellowing of leaves, and generally a low sod vigor in the 
sites selected during sampling. Such sites often translated 
into high maximum densities of the various species deemed 
to be serious pathogens on turf like Mesocriconema spp., 
Helicotylenchus spp., Paratrichodorus minor and Meloido-
gyne spp. Root-knot nematodes like Meloidogyne minor 
and other key species like H. microlobus have been shown 
to cause yellow patch disease on turf in Europe and USA, 
respectively (Karssen et al., 2004; Subbotin et al., 2011, 
2015). 

In conclusion, this study provides a baseline of infor-
mation on occurrence, and diversity of various species of 
PPNs on turfgrass in Korea and highlights the key preva-
lent species associated with turf damage on Korean golf 
courses. It is evident that damage of turfgrass by nematodes 
on golf courses has been a hidden mystery and the current 
findings calls for devising and dispensation of proper ap-
propriate PPN management techniques to enable proper 
management of turf and thus keep nematode damages be-
low economic threshold levels. 
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