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1. Introduction
The root lesion nematodes (Pratylenchus spp.; RLNs) 
rank third behind root-knot (Meloidogyne spp.) and 
cyst nematodes (Heterodera spp. and Globodera spp.) in 
greatest economic impact in crops worldwide. Pratylenchus 
spp. are migratory endoparasites of several economically 
important crops in various climatic regions (Castillo and 
Vovlas, 2007), including Turkey (Kepenekci, 2012). Their 
ability to reproduce within host root tissues enables them 
to survive unfavorably dry conditions, when other soil-
inhabiting nematodes are limited by soil water availability 
(Vanstone et al., 1998). 

Field symptoms associated with Pratylenchus species 
are nonspecific and can be confused with the symptoms 
of other disease-causing agents, nutritional deficiencies, or 
water shortage (Castillo and Vovlas, 2007). Infested roots 
with RLNs show dead cortical and epidermal cells and 
loss of lateral roots and root hairs (Vanstone et al., 1998). 
Generally, invaded plants appear dwarfed with premature 
yellowing of older leaves, and many other growth 
parameters are negatively affected (Smiley et al., 2004). 
These symptoms are similar to those caused by nutrient 

deficiencies (Taylor et al., 1999) or by other fungal root rot 
diseases (Taheri et al., 1994), which makes their diagnosis 
hard in the field. Detecting and correctly identifying 
nematode species is the first step in managing their spread 
and preventing economic damage, yet morphological 
identification of Pratylenchus species is time-consuming 
and requires specialized expertise. It is therefore easier 
and more accurate to use molecular techniques such 
as biotechnological tools (Al-Banna et al., 2004), in 
particularly DNA-based techniques that have been 
designed to differentiate among different Pratylenchus 
species (Al-Banna et al., 2004; Troccoli et al., 2008). 

The RLN P. neglectus severely limits wheat production 
worldwide (Castillo and Vovlas, 2007), with documented 
yield reductions in Asia, Africa, Australia, Europe, and the 
USA (Castillo and Vovlas, 2007). In Turkey, P. neglectus 
has been detected in wheat, vegetables, orchards, fruits, 
and other crops in various regions (Gözel and Elekçioğlu, 
2005; İmren and Elekçioğlu, 2008; Sahin et al., 2008; 
Yıldız and Elekçioğlu, 2011). However, the distribution 
and abundance of P. neglectus on wheat in Bolu Province 
is unknown, which hampers management strategies. 
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Yıldız et al. (2017) recently reported the abundance 
and occurrence of Pratylenchus spp. for two regions of 
Bolu with differing elevations. They reported that the 
abundance (individuals/100 g soil) and occurrence (%) 
of Pratylenchus spp. for the two regions were 20.6% and 
6.5% at 1300 m elevation and 62.5% and 41.2% at 700 
m elevation, respectively. However, they did not report 
Pratylenchus populations to the species level, which is 
a vital component of control methods, particularly for 
wheat breeding programs. 

Damage threshold levels from 0.05–30 nematodes 
per cm3 soil were estimated for P. neglectus on wheat 
depending on the host crop and other existing Pratylenchus 
spp. (Castillo and Vovlas, 2007). Host resistance has been 
widely studied, but very few P. neglectus-resistant cereal 
varieties have been found to date. P. neglectus populations 
can also be managed via crop rotation or cultivation with 
nonhost crops and fallows. However, nematode biology 
and population changes should be monitored for effective 
management, especially under natural field conditions 
(Thompson et al., 2010). 

This study was conducted to investigate the occurrence 
and seasonal variation of P. neglectus with the objectives 
of surveying cereal-growing areas of Bolu Province 
and determining the distribution and abundance of P. 
neglectus, and assessing population changes of P. neglectus 
in wheat-growing areas in Bolu Province. 

2. Materials and methods
2.1. Nematode sampling
A survey was conducted in five districts of Bolu Province 
(40°45′32″N, 31°45′07″E), representing approximately 
61% of the province’s total wheat and barley cropping 
area. Soil samples were collected during April and May in 
2014/15 and 2015/16 for nematode analyses. A total of 75 
samples were taken from the five districts: the provincial 
center (29), Gerede (16), Yeniçağa (15), Dörtdivan 
(10), and Mudurnu (5). Each sample consisted of 10–15 
subsamples containing roots and soils, with the latter 
taken by auger at a depth of 10–20 cm and the final weight 
per sample being 1–2 kg soil. 

Nematode extraction from the soil was performed 
by using flotation, sedimentation, and centrifugation 
methods and followed by the modified Baermann funnel 

(Hooper, 1986); nematodes were extracted from the root 
samples as described by Hooper (1986). Pratylenchus 
populations used in the study were multiplied from 
single nematodes on sterile carrots sliced in a disk form 
and kept in the dark at 23 ± 1 °C until they reached the 
desired abundance (Moody et al., 1973; Pinochet et al., 
1995). After nematode multiplication, carrots disks were 
finely chopped and nematodes were separated from 
the carrot debris by sieving through 100- and 20-µm 
sieves. Nematodes were gathered on the 20-µm sieve and 
nematode-free carrot tissue was discarded. Before DNA 
extraction, nematodes were sterilized overnight using 
6000 ppm streptomycin (Speijer and De Waele, 1997). 
Isolated nematodes were fixed by killing at 55 °C for 30 s 
before immersing in Golden solution 2X (Hooper, 1970). 
They were then counted under a light microscope and 
morphologically identified to the genus level as described 
by Handoo and Golden (1989).
2.2. DNA extraction and SCAR-PCR identification
Representative samples that were preliminarily identified 
using morphological characters as Pratylenchus neglectus 
were further studied using sequence characterized 
amplified region (SCAR)-PCR. Genomic DNA was 
extracted as described by Holterman et al. (2006). Briefly, 
five or more second-stage juveniles (J2) of each population 
were placed in 0.2-mL microtubes containing 25 µL of 
double distilled water (ddH2O) and 25 µL of worm lysis 
buffer WLB+, which contains 950 µL of WLB-, 40 µL of 
proteinase K (20 mg/mL), and 10 µL of mercaptoethanol. 
The WLB- comprised 2 mL of 1 M NaCl, 2 mL of 1 M 
Tris-HCl (pH 8), and 5.5 mL of ddH2O (Holterman et 
al., 2006). Microtubes were frozen at –80 °C for 1.5 h and 
kept for 90 min at 65 °C. The tubes were then placed into 
a thermocycler set for 5 min at 95 °C before they were 
centrifuged at 14,000 rpm for 1 min and stored at –20 °C 
(Waeyenberge et al., 2000).

After DNA extraction, PCR was conducted in a 
reaction mixture of 50 µL. The PCR mix consisted of 1 µL 
of genomic DNA, 25 µL Dream Taq PCR Master Mix (2X) 
(Fermentas Life Sci., Germany), 23 µL of ddH2O, and 1 
µL of forward and reverse primers. Primer sets PNEG and 
D3B were employed to amplify the ITS-rDNA region (Al-
Banna et al., 1994). SCAR-PCR primers for P. neglectus 
(Table 1) were utilized in PCR amplification of the specified 

Table 1. Sequence characterized amplified region (SCAR) primers used to identify 
Pratylenchus neglectus from nematode survey samples in Bolu Province.

Primer name Sequence (5’- 3’) Reference

PNEG (forward) ATGAAAGTGAACATGTCCTC
Al-Banna et al. (2004)

D3B (reverse) TCGGAAGGAACCAGCTACTA
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regions. The polymerase chain reaction consisted of an 
initial denaturation phase at 95 °C for 3 min, followed by 
35 cycles of 30 s at 94 °C, 30 s at 63 °C, and 60 s at 72 °C. 
The reaction was terminated with a final extension cycle at 
72 °C for 10 min. Amplification products were segregated 
at 290 bp by electrophoresis in 2% agarose gels in 1X TAE 
buffer at a 100-V constant currency for about 1.5 h and 
visually observed with ethidium bromide (0.5 µg/mL) 
under UV light.
2.3. Population dynamics of P. neglectus
A population dynamics study of P. neglectus was 
performed under field conditions in the Çaydurt district 
in Bolu, Turkey. Wheat is sown in September–October and 
harvested in June–July in this region. The trial location was 
selected based upon early sampling results that showed an 
average of 720 P. neglectus in samples of 100 g of soil and 
10 g of roots. Climatic conditions of this region are cold 
in winter and hot and slightly humid in summer; annual 
average temperature and precipitation are 10.9 °C and 550 
mm, respectively. Precipitation is mostly in the form of 
snow and rain during early winter and spring (http://www.
mgm.gov.tr/en-us/about.aspx). 

The wheat cultivar Bezostaya was planted on 20 
November 2014 and 25 November 2015. Eighty days 
after planting, five blocks were established based on P. 
neglectus infestation, and then each plot was divided into 
two plots (each 1.5 m × 6 m), for a total of 10 plots. From 
each plot, soil samples (200 cm3) and 10 g of soil and root 
samples were collected in a zigzag pattern to estimate 
nematode densities. Samples of soil were collected from 
the rhizosphere at 20 cm deep, using an auger 2.5 cm in 
diameter. During the experiment, samples were taken 
from each plot for nine consecutive months (November 

to July). P. neglectus was recovered from the soil samples as 
per Hooper (1986) using the modified Baermann funnel 
method and enumerated using a light microscope. 

The P. neglectus reproduction rate was computed using 
the following equation: Rf = Pf/Pi, where Rf is the nematode 
reproduction factor/rate and Pf and Pi are defined as the 
final and initial populations densities, respectively. Rf of 
P. neglectus was calculated for each experimental plot and 
then one-way ANOVA was conducted and significant 
differences among the means were compared using Tukey’s 
test (P < 0.05). Data were transformed using log (x + 1) 
and regression analysis was conducted.

3. Results
3.1. Occurrence of plant-parasitic nematodes
The survey area represented 61% of the barley and wheat 
hectarage in Bolu Province and plant-parasitic nematodes 
were detected in 85% of the samples. Twelve genera were 
identified in infested soil samples: Heterodera, Pratylenchus, 
Pratylenchoides, Paratylenchus, Merlinus, Amplimerlinus, 
Helicotylenchus, Tylenchorhynchus, Ditylenchus, Filenchus, 
and Tylenchus (Table 2). Pratylenchus spp. was found in 
55 (73%) of the 75 total samples, with a mean density of 
1556 nematodes (range: 200–8440) per kg soil while 12% 
of samples had P. neglectus abundance of more than 2500 
nematodes/kg soil (Table 3).
3.2. Identifying Pratylenchus neglectus
Pratylenchus spp. were identified by the presence of a 
heavy stomatostyle, an oblique appearance to the top of 
the intestine (due to a ventral overlapping esophageal 
gland), and V (vulval position from the anterior end 
represented by percentage of body length) in the range of 
73%–88% (Siddiqi, 1972; Townshend and Anderson, 1976; 

Table 2. Abundance of plant parasitic nematodes linked to cereals in 75 localities of Bolu Province 
(nematodes/kg soil).

No. Genus Incidence (%) Average

1 Heterodera 72 1692 ± 28 (4-160)
2 Pratylenchus 73 77,840 ± 1634 (200-8400)
3 Paratylenchus 28 13,800 ± 617 (200-2200)
4 Pratylenchoides 49 31,200 ± 897 (200-3600)
5 Tylenchorhynchus 37 19,600 ± 646 (200-2800)
6 Geocenamus 78 73,000 ± 1148 (200-7400)
7 Amplimerlinus 64 38,800 ± 669 (200-3800)
8 Helicotylenchus or Rotylenchus 38 20,400 ± 677 (200-3600)
9 Ditylenchus 69 23,200 ± 307 (200-1600)
10 Filenchus 96 147,940 ± 1721 (200-9200)
11 Tylenchus 76 51,000 ± 776 (200-3200)
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Fortuner, 1977). PCR with SCAR primer pairs (PNEG/
D3B) was used to identify P. neglectus populations that 
generated 290 bp for the populations analyzed (Figure 
1). Pratylenchus neglectus was found in 17 (22.6%) of the 
75 samples (Table 3). The highest numbers were found in 
the central district, Gerede, and Dörtdivan, which had 
average P. neglectus abundances of 4617, 1640, and 927 per 
kg soil, respectively. The lowest populations were found in 
Mudurnu and Yeniçağa districts with average P. neglectus 
populations of 380 and 470 per kg soil, respectively. 

3.3. Population dynamics of P. neglectus
Weather data recorded at the research site during 2014–
2016 showed that the monthly mean air temperature 
increased from April and reached a peak of 34.2 °C 
and 30.4 °C in June of 2015 and 2016, respectively. The 
temperature started to decline gradually from the middle 
of August to average minimums of 2.2 °C and 4.5 °C in 
January 2015 and 2016, respectively. Soil sample moisture 
content ranged from 4% to 13% during the experiments 
(http://www.mgm.gov.tr/en-us/about.aspx).

Table 3. Pratylenchus neglectus found in soil samples collected in Bolu Province. 

No. District Host Juveniles and
adults/kg soil

Coordinates

Latitude Longitude

1 Gerede Wheat 2640 40°45′08″N 32°12′25″E
2 Gerede Wheat 1460 40°44′06″N 32°10′35″E
3 Gerede Wheat 1620 40°42′15″N 32°08′47″E
4 Gerede Wheat 840 40°43′06″N 32°11′51″E
5 Dörtdivan Wheat 440 40°44′24″N 32°06′45″E
6 Dörtdivan Wheat 1280 40°41′34″N 32°03′34″E
7 Dörtdivan Wheat 1060 40°43′45″N 32°03′34″E
8 Yeniçağa Barley 680 40°46′20″N 32°59′11″E
9 Yeniçağa Wheat 260 40°45′05″N 31°44′56″E
10 Provincial center Wheat 5260 40°45′01″N 31°44′48″E
11 Provincial center Wheat 8440 40°44′55″N 31°44′36″E
12 Provincial center Wheat 5020 40°45′32″N 31°44′18″E
13 Provincial center Barley 4440 40°44′26″N 31°44′12″E
14 Provincial center Wheat 1480 40°44′50″N 31°44′09″E
15 Provincial center Wheat 3060 40°46′02″N 31°43′10″E
16 Mudurnu Wheat 180 40°29′03″N 31°10′55″E
17 Mudurnu Wheat 580 40°27′13″N 31°09′38″E

Figure 1. PCR patterns of Pratylenchus neglectus amplified using SCAR primers. C is 
negative control; M is DNA marker DL 1000.
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Population numbers of P. neglectus were variable and 
all developing forms of the nematode were observed in 
soil samples and root tissues during the experiment. This 
variation in population numbers may be caused by variable 
soil temperatures and moisture (May through July) and 
availability of host plants (September through November). 
P. neglectus populations were positively correlated with 
temperatures between 20 and 25 °C (the average value of 
May) while they negatively correlated with temperatures 
lower than 5 °C and higher than 25 °C. In general, nematode 
abundance in roots fluctuated greatly, with a distinct high 
during April and May in both growing seasons (coinciding 
with soil temperatures of 16.4–22.1 °C). Despite high 
nematode abundance in the soil, the population in roots 
was very low from December to March, which can be 
attributed to lower soil temperatures during these months 
(Figure 2). P. neglectus soil population numbers were 
lowest in February, at 500 and 400 nematodes per kg of soil 
in 2015 and 2016, respectively. Thereafter, they increased 
gradually until May, when there could be up to 8440 
nematodes per kg of dry soil (Figure 2). 

Pratylenchus neglectus multiplication rates ranged 
from 0.7–4.8 for the two years of the experiment, with 
a logarithmic relationship between initial population 
densities and multiplication rates. There was a very weak 
positive correlation (R2 = 0.0148) between reproduction 
factor and final nematode population density, and a weak 
negative correlation (R2 = –0.2362) between the initial 
nematode populations and reproduction factor (Figure 
3). During the 2-year experimental period, nematode 

population numbers ranged from 20 to 120 juveniles and 
adults in samples of 100 g of soil and 10 g of roots.

4. Discussion
This survey reports the widespread occurrence and 
density of RLN Pratylenchus neglectus in wheat and 
barley cropping areas of Bolu Province, Turkey. Gözel and 
Elekçioğlu (2005), İmren and Elekçioğlu (2008), Sahin et 
al. (2008), and Yıldız and Elekçioğlu (2011) reported the 
most economically important RLNs that are common in 
cultivated fields in Turkey, which include P. penetrans, P. 
thornei, P. neglectus, and P. fallax. In Bolu Province, Yıldız et 
al. (2017) recently reported the abundance and occurrence 
of RLNs but did not identify nematodes to the species 
level. Moreover, the relationship between RLNs and wheat 
has not previously been studied in Turkey’s West Black Sea 
region including Bolu Province (Kepenekci, 2012). To our 
knowledge, this is the first comprehensive study reporting 
P. neglectus distribution and abundance on wheat in the 
West Black Sea region of Turkey. 

Pratylenchus neglectus directly affects wheat growth 
and yields, with damage thresholds estimated at 2500 
nematodes per kg of soil in wheat-growing countries 
(Vanstone et al., 1998). In the present study, P. neglectus 
densities exceeded estimated damage threshold levels 
in 14% and 13% of the wheat fields sampled in 2015 
and 2016, respectively. However, the Seben and Mengen 
districts of Bolu Province had low or nonexistent P. 
neglectus populations. This may be attributed to the area’s 
history of less intensive wheat cultivation due to poor 

Figure 2. Population dynamics of Pratylenchus neglectus in the soil during the 2014/15 and 2015/16 growing seasons.
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land conditions (Ferris and McKendry, 1976), or other 
environmental factors such as crop phenology or soil 
temperature, though the soil in this area is silty-clay loam 
or clay loam (www.turkstat.gov.tr), which is considered a 
preferred soil type for P. neglectus (Castillo and Vovlas, 
2007; Thompson et al., 2010, 2017). 

Pratylenchus neglectus populations exceeded 
economic threshold levels in many locations, with 
numbers increasing from the end of April and peaking 
in May, which coincided with average soil temperatures 
of 22.1 °C. Despite high nematode abundance in the soil, 
the population in roots was very low from December to 
March, which can be attributed to lower soil temperatures 
during these months. Similarly, Sahin et al. (2008) found 
that abundance of P. neglectus was low at the beginning of 
November and gradually increased to a peak during June 
and July. They concluded that the density of P. neglectus 
and the other Pratylenchus species correlated with soil 
temperature, though there was a stronger relationship 
for P. neglectus (R = 0.59) than the other Pratylenchus 
species. Likewise, Thompson et al. (2017) proposed that 
nematode seasonal fluctuations indicate a correlation 
between soil temperature and P. neglectus populations, 
with peak populations occurring around 22 °C. 

The current study concurs with the literature in 
that both soil temperature and P. neglectus populations 
peaked at the end of May. Once wheat plants were mature 

in July, the abundance of P. neglectus decreased in the 
rhizosphere and also the downward movement due to 
the increased soil temperatures at the end of this period. 
The optimum soil temperature for embryogenesis of P. 
neglectus was previously assessed to be 25 °C (Vanstone 
and Nicol, 1993). Taylor and Vanstone (1996) indicated 
that the maturation of P. neglectus was completed in 
1–1.5 months under natural conditions, depending on 
environmental conditions. Based on previous studies, 
we estimate that two or three generations of P. neglectus 
could be completed in one growing season in Bolu 
Province. 

Host resistance has been widely studied, but few P. 
neglectus-resistant cereal varieties have been found thus 
far. Crop rotation or cultivation with nonhost crops and 
fallows can reduce P. neglectus populations. However, 
biology and population changes should be monitored 
for effective RLN management, especially under natural 
field conditions (Castillo and Vovlas, 2007; Thompson 
et al., 2010). The occurrence, interactions, and parasitic 
characteristics of P. neglectus on wheat should be further 
investigated. The best strategy for reducing the damage 
caused by P. neglectus would be to use genetically 
resistant and/or tolerant wheat cultivars supported by 
proper agricultural practices. The present study provides 
some knowledge about P. neglectus in Bolu, Turkey, and 
could be useful in RLN management strategies.

Figure 3. Relationship between Pratylenchus neglectus reproduction factors (Rf), initial population densities (Pi), 
and final population densities (Pf) on the wheat cultivar Bezostaya during the 2014/15 and 2015/16 seasons (Δ = 
Pf and □ = Pi).
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