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Abstract 
Red raspberry (Rubus idaeus) production is a vital component of Bulgarian fruit agriculture. The main 

objective of this study was to identify and quantify plant-parasitic nematodes in raspberry in seven 

regions in Bulgaria. In total, 494 soil and root samples from the rizosphere of raspberry were collected. 

Seventeen nematode species belonging to 8 genera of phylum Nematoda were found. In soil and roots, 

the most frequently observed genus was Pratylenchus, presented in the samples by Pratylencus crenatus 

(71.7% and 53.4%), Pratylenchus penetrans (51.6% and 54.2%), and Pratylenchus scribneri (9.2% and 

10.2%). In soil and roots examined the others identified species were: Helicotylenchus digonicus, 

Helicotylenchus dihystera, Meloidogyne arenaria and Meloidogyne hapla. Species Longidorus 

attenuates, Longidorus elongates, Longidorus macrosoma, Tylenchorhynchus elegans, Tylenchorhynchus 

cyllindricus, Tylenchorhynchus claytoni were also common in the soil samples, while Ditylenchus 

dipsaci, Xenocriconemella macrodora, Xiphinema diversicaudatum and Xiphinema pachtaicum were less 

abundant. 

 

Keywords: Plant-parasitic nematodes, species frequency, population density, raspberry, field survey 

 

Introduction 
Red raspberry (Rubus idaeus L.) is a traditional agricultural crop produced in Bulgaria. 

Recently, the interest has resumed in raspberry cultivation and the increasing number of new 

plantations has been established. Fresh and frozen raspberry production has mainly exported to 

western European countries, but also to several markets in Asia. At present time, the change of 

cultivar assortment, the uncontrolled in many cases import of plant materials from different 

locations create the conditions for introducing and accumulation of numerous raspberry pest 

and pathogens, including plant parasitic nematodes. As a consequence, the productive lifetime 

of plantings in several regions of the country has decreased up to 5 years. In addition, 

commercial raspberry growers have made unrecognizing the impact of phytophagous 

nematodes on plant health and crop yield. 

In red raspberry, plant parasitic nematodes attack the roots, destroying the plant tissues and 

lead to stunt growth [1]. The parasites open the entrances into roots for penetration of secondary 

soil-borne fungal and bacterial pathogens [2]. Moreover, some members of the families 

Longidoride and Xiphinematidae are able to transmit very dangerous to plants nepo-virusses 
[3]. Species composition of plant parasitic nematodes in raspberry fields is generally mixed, 

including several endoparasities (Pratylenchus spp., Meloidogyne spp.) semi-endoparasites 

(Helicotylenchus spp., Rotylenchus spp.), and ectoparasites (Criconemoides spp., 

Tylenchorhynchus spp., Longidorus spp., Xiphinema spp.) [4]. 

Phytonematodes of red raspberry in Bulgaria has not yet been thoroughly researched, although 

there are few studies showing the presence of the nematodes in different locations of the 

country. Stoyanov [5] first observed three nematodes species (Pratylenchus penetrans (Cobb), 

Pratylenchus crenatus Loof, Longidorus elongatus (de Man) in producing regions of Sofia and 

Samokov. Afterwards, Samaliev and Stoyanov [6] reported P. crenatus Loof as an endoparasite 

in raspberry fields of Plovdiv region. Tsolova and Koleva [7] identified eighteen nematode 

species in an organic raspberry field and eleven in a conventional field. Nevertheless, 

information on distribution, frequency of occurrence and population density of plant parasitic 

nematodes associated with raspberry in Bulgaria is lacking. The knowledge of nematode-

raspberry associations and interactions in Bulgaria, as well as in Europe are limited, but they 

have examined extensively in the USA and Canada. Distribution, prevalence, reproduction and 

control of phytonematodes in red raspberry have been discussed in these countries for decades [8-11].  
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Considering the importance of red raspberry and its increasing 

cultivation in Bulgaria, as well as the lack of investigations on 

plant parasitic nematodes in the region, the specific objectives 

of this study were to identify nematode species associated 

with raspberry plants, and to determine the frequency and 

population density of the observed parasites.  
 

Materials and methods 

A survey was carried out in different locations of 7 of the 

major raspberry areas in Bulgaria during 2014-2016. The 

investigation regions comprise the municipalities of 

Velingrad, Samokov, Troyan, Popovo, Loznica, Nova Zagora 

and Aytos. Raspberry areas were selected in areas with a 

history of at least 3 years of raspberry production. A total 

number of 494 soil and root samples were collected from 

raspberry fields with conspicuous problem (discolored and 

wilted plant, stunted growth, etc.). Each composite soil 

sample was obtained by randomly collected 10-15 soil cores 

within an area of 1 ha per field, in depth of 20 cm, using a 

hand shovel. The samples were placed in plastic bags, labeled 

and transported to Laboratory of Entomology and 

Nematology at Agricultural University, Plovdiv where the 

samples were stored at 7-10 °C until processed for nematode 

extraction. The roots of at least three raspberry plants were 

taken also representing one investigated field. 

To extract the vermiform nematodes from the soil, two 100 

cm3 sub samples were processed using Cobb’s sieving and 

decanting technique followed by a modified Baerman funnel 

method [12]. For the roots, 10 grams from each sample was 

processed using a method of [13]. Extracted nematodes were 

killed in 65 °C hot water, fixed in TAF and placed in labeled 

containers [14]. Nematodes were counted under dissecting 

stereomicroscope. Only second stage juveniles (J2S) were used 

to calculate the quantity of the root-knot nematodes. Selected 

specimens were processed to dehydratation followed 

Seinhorst’s [15] rapid glycerine method and mounted on 

permanent slides. To identify and confirm nematode species, 

the taxonomic keys were used [16-21]. Identification of root-

knot nematodes were based on examination of perinial 

patterns of adult females, as well as the morphological 

characters of J2S [22]. Identified plant parasitic nematodes were 

often commented in the text as ectoparasites, semi-

endoparasites, endoparasites and ectoparasites vector 

nepovirus, using the trophic group classification described by 

Yeats et al. [23].  

Simple statistics (frequency and density) were performed on 

nematode counts using SPSS 19 statistical package. 
 

Results 

Seventeen species of phytoparasitic nematodes were found in 

the total 494 soil and root samples of raspberry (Tables 1 and 

2). Identified nematode species belong to 6 genera in order 

Tylenchida and 2 genera in order Dorylaimida. 

 

Plant-parasitic nematodes in soil: In the soil samples, genus 

Pratylenchus Thorne was the most conspicuous plant-

parasitic group of nematodes, collected from all investigated 

areas. P. crenatus Loof was the predominant species from this 

genus. It was extracted from the soil of all raspberry regions, 

as the highest frequency was recorded in Loznica (77.6%, 

66.7 nematodes/100 cm3 soil), and the lowest in Nova Zagora 

(31.3%, 20,5 nematodes/100 cm3 soil). P. penetrans (Cobb) 

was detected in sixth of the surveyed areas and its lowest 

frequency was recorded in Troyan (37.5%, 49.0 

nematodes/100 cm3 soil), and highest (75.0%, 36,1 

nematodes/100 cm3 soil) in Nova Zagora. Third species from 

this group, P. scribneri Steiner was found in five of the 

examined regions in relatively low frequency (12.8%) and 

density (5.8 nematodes/100 cm3 soil) (Table 1). 

Longidorus elongatus (de Man) was the most common 

species from the other important group of phytonematodes – 

vectors plant nepo-virusses. This species was found in the 

samples collected from Velingrad, Samokov, Troyan, Popovo, 

Loznica, Nova Zagora and Aytos in frequency varied from 

15.0% (Samokov, 3.0 nematodes/100 cm3 soil) to 44.0% 

(Velingrad, 9.4 nematodes/100 cm3). Another two species, L. 

attenuatus Hooper and L. macrosoma Hooper were recorded 

in mixed populations in the regions of Velingrad, Samokov 

and Nova Zagora, as the frequency of the species were 40.0% 

and 20.0% (14.2 and 6.5 nematodes/100 cm3 soil), 45.0% and 

20.0% (6.4 and 2.5 nematodes/100 cm3 soil), and 12.5% and 

12.5% (17.0% and 8.2 nematodes/100 cm3 soil), respectively 

(Table 1).  

The ectoparasites of genus Tylenchorhynchus Cobb were 

presented in this survey by the species T. elegans Siddqui, T. 

cyllindricus (Cobb) and T. claytoni Steiner (Table 1). The first 

and the third species were found in all investigated regions at 

the average frequency of 10.9% (49.5 nematodes/100 cm3 

soil) and 22.6% (37.4 nematodes/100 cm3 soil), respectively, 

while the second one was detected only in the regions of 

Popovo (5.3%, 27.6 nematodes/100 cm3 soil), Loznica (4.7%, 

34.3 nematodes/100 cm3 soil), and Aytos (28.6%, 19.1 

nematodes/100 cm3 soil). 

Of the soil samples infested with Helicotylenchus Steiner, 

71.4% had H. dihystera (Cobb), 42.9% had H. digonicus 

(Cobb), and 42.9% had both species. The highest frequency 

for H. digonicus (30.0%, 4.7 nematodes/100 cm3 soil) was 

recorded in Samokov, and for H. dihystera (26.8, 15.2 

nematodes/100 cm3 soil) in Troyan, respectively (Table 1). 

The root-knot nematode Meloidogyne hapla Chitwood was 

found in 8.0% (17.0 nematodes/100 cm3 soil), 10.0% (22.5 

nematodes/100 cm3 soil), 11.5% (28.2 nematodes/100 cm3 

soil), and 28.2% (10.2 nematodes/100 cm3 soil) in the samples 

collected from Velingrad, Samokov, Nova Zagora and Aytos, 

respectively. M. arenaria (Neal) was detected only in the soil 

sampled from Nova Zagora (43.8%, 33.4 nematodes/100 cm3 

soil) and Aytos (71.4%, 44.2 nematodes/100 cm3 soil) where 

the species was predominant (Table 1). 

Four other plant-parasitic nematode species, Ditylenchus 

dipsaci (Kühn), Xenocriconemella macrodora (Taylor), 

Xiphinema diversicaudatum (Micoleletzky) and X. 

pachtaicum (Tulaganov) were also found infrequently and in 

low density. 
 

Plant-parasitic nematodes in roots: In 247 root samples 

analyzed were found phytonematodes belonging to 3 genera – 
Helicotylenchus, Meloidogyne Goldi and Pratylenchus (Table 2). 

Migratory endoparasites of genus Pratylenchus was the most 

abundant in all surveyed raspberry areas. One of the species 

from this genus – P. penetrans was recorded in 54.2% (48.6 

nematodes/10 g roots) of samples, while P. crenatus and P. 

scribneri were found in 43.4% (44.8 nematodes/10 g roots) 

and 23.8% (11.1 nematodes/10 g roots) of samples, 

respectively. Sedentary endoparasite M. hapla was found in 

relatively low frequency (8.0-12.5%) and density (22.3-38.8 

nematodes/10 g roots) in four of investigated regions – 

Velingrad, Samokov, Nova Zagora and Aytos. The highest 

frequency (71.4%) and density (65.5 nematodes/10 g roots) of 

M. arenaria was recorded in Aytos. In the region of Popovo 
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was presented the highest frequency (34.2%) and density (7.1 

nematodes/10 g roots) of the mixed population of H. 

digonicus and H. dihystera (Table 2). 

 

Discussion 

In Bulgaria, this survey is the first to demonstrate the 

widespread occurrence, frequency and population densities of 

plant parasitic nematodes associated with red raspberry. The 

high diversity of nematode genera and species presented in 

this study is in line with the evaluation of Tzolova and Koleva 
[7]. Authors working in the area of Kostinbrod, found the 

genera Trichodorus Cobb, Paratrichodorus Siddiqi, 

Longidorus, Pratylenchus, Tylenchus Bastian and 

Tylenchorhynchus in the field of conventional growing of 

raspberry and 4 additional genera – Xiphinema, Paratylenchus 

Micoletzky, Geocenamus Thorne & Malek and 

Helicotylenchus in the field of organic growing of raspberry. 

In our study species from the genera Trichodorus, 

Paratrichodorus, Paratylenchus and Geocenamus were not 

found, but the species D. dipsaci, M. arenaria, M. hapla and 

X. macrodora were observed. Tzolova and Koleva [7] 

identified totally 19 nematode species but did not comment 

they frequency and density. Bélair and Khanizadesh [1] 

reported Meloidogyne spp. and Ditylenchus spp. among the 6 

nematode genera associated with red raspberry in Quebec, 

Canada, while Romanenko et al. [24] observed 9 genera of 

phytoparasitic nematodes in the rhizosphere of raspberries 

growing in the region of Moscow, Russia. Similarly, Poiras et 

al. [4] reported 27 nematode species belonging to 19 genera 

associated with the soil and roots of raspberry in Moldova. 

As was observed in this work, high population densities of 

Pratylenchus have been consistently recorded. Pratylenchs 

crenatus was the predominant species, found in the majority 

of soil samples (71.7%). Its frequency was also high in root 

samples in which the occurrence of P. penetrans (54.2%) was 

higher. In Bulgaria, previous study of Tsolova and Koleva [25] 

has shown that nematodes of genus Pratylenchus tend to be 

more common on raspberry, compared with the other groups 

of plant parasitic nematodes. Authors analyzed samples of 

soil and roots and observed the species: P. crenatus, P. 

pratensis, P. neglectus, P. thornei and P. sonvallatiae. In 

United States, according to McElroy [26] and Kroese et al. [8], 

one of the most important factors limiting the raspberry 

production in this country is the presence of P. penetrans. 

Similarly, Zasada and Walters [27] discussed the presence of P. 

penetrans in nonbearing raspberry fields in USA. Authors 

reported increase of polulation density of the nematode on 

raspberry, cv. Meeker from 38 nematodes/g root and 28 

nematodes/100 cm3 soil to 841 nematodes/g root and 63 

nematodes/100 cm3, respectively in a year. In addition, 

Zasada and Walters [27] state that systemic nematicides must 

be applied for control of P. penetrans. On the contrary, for the 

condition of Northeastern Europe, nematodes vectors of plant 

viruses belonging to genera Longidorus, Xiphinema, 

Trichodorus and Paratrichodorus have been considered as the 

most dangerous to raspberry [4, 24]. In present survey the 

species of genera Trichodorus and Paratrichodorus were not 

observed, but 3 species of genus Longidorus (L. elongatus, L. 

attenuatus and L. macrosoma) and 2 species of genus 

Xiphinema (X. diversicaudatum and X. pachtaicum) were 

found. Longidorus and Xiphinema species were presented in 

considerably low density, varied in different regions between 

2.5 and 17.0 nematodes/100 cm3 soil. Choleva et al. [28] have 

made the first report of L. macrosoma in Bulgaria. Authors 

also discussed the significant pathogenic role of L. elongatus 

as a vector of raspberry ring spot nepo-virus. In this essential 

survey on distribution of nematode virus vectors of raspberry 

crops in Bulgaria, Choleva et al. [28] reported X. 

diversicaudatum, X. pachtaicum, X. vuittenezi Luc & al. and 

X. incertum Lamberti & al. as parasites on raspberry in 12 

localities in the country. Considering this study, as well those 

of Stoyanov [5] and Tzolova and Koleva [7] might be 

concluded the species of genera Longidorus and Xiphinema as 

common for the nematode fauna on raspberry in Bulgaria. 

In the case of root-knot nematodes, M. hapla was found to be 

more common species, observed in four of seven surveyed 

regions, but in low frequency and density. Meloidogyne 

arenaria was recorded only in two of seven investigated 

areas, where the species was predominant in soil and roots of 

raspberry. This is consistent with the results reported by 

Bélair and Khanizadesh [1], which described M. hapla as most 

abundant species of genus Meloidogyne in the raspberry 

fields. 

In the root samples collected for this study, the numbers of 

semi-endoparasites of genus Helicotylenchus were relatively 

low, when they were present. This is consistent with data 

obtained by others, whrein the highest populations in root 

samples were endoparasites of genus Pratylenchus [3, 8]. 

Among the factors that may contribute towards the variation 

in nematode species diversity and density are the soil type, 

climatic condition in the sampled region, and the variety of 

raspberry. Another contributing factor towards the variation in 

population is the plant age. The smallest populations of plant 

parasitic nematodes were observed in young raspberry (up to 

3 years). The greater number of nematodes observed in this 

survey may be conferred on plant age, ranging from one to 

sixth years, and on the history of the raspberry field. 

Presence of T. elegans, T. cyllindricus, T. claytoni, D. dipsaci 

and X. macrodora in raspberry fields indicates highly mixed 

populations of phytonematodes in investigated regions. This 

may lead to increase of the risk of damages on plants and 

different management strategies should be taken by growers 

to control the nematodes in their fields. Currently, 

management of plant-parasitic nematodes on raspberry 

involves the use of preplant fumigation and postplant 

nematicides. However, changes in in fumigation regulation in 

EU may make it extremely difficult to raspberry growers to 

rely on use of fumigant nematocides as a control practice. In 

this situation, a precise nematode identification, determination 

of predominant species and their population densities are 

crucial to choose alternative management practices, such as 

tolerant varieties or application of bioagents. 

Present survey provides a general information on the 

phytonematode distribution in raspberry of the major growing 

areas of Bulgaria. This evaluation for the first time reveals the 

population densities of plant parasitic nematodes in raspberry 

fields and discrabe them as important pests on R. ideus. 

However, more intensive observation including yield 

estimates are required to have a better understanding of the 

pathogenic role of the nematodes in raspberry crops. The 

reproduction rates and damage thresholds are also need to be 

established in the soil types and under the growing conditions 

of different regions in Bulgaria. The results obtained from this 

study present the species composition of nematode 

populations in raspberry fields in the country and indicate 

needs for planning and applying nematode management 

strategies. 
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Table 1: Frequency and density of phytoparasitic nematodes (100 cm3 soil) in raspberry fields in Bulgaria 
 

Nematode species Raspberry growing regions (number of collected soil samples) 

 Velingrad (25) Samokov (20) Troyan (56) Popovo (38) Loznica (85) Nova Zagora (16) Aytos (7) 

 Fa/MNb ±SDc F/MN±SD F/MN±SD F/MN±SD F/MN±SD F/MN±SD F/MN±SD 

Ditylenchus dipsaci (Kühn) - 10.0/7.5±3.8 - - - - 42.9/14.3±2.4 

Helicotylenchus digonicus (Cobb) - 30.0/4.7±2.3 - 7.9/13.3±5.6 8.2/8.3±3.2 - - 

Helicotylenchus dihystera (Cobb) 16.0/21.5±7.6 5.0/11.0±4.5 26.8/15.2±1.7 18.4/5.4±1.8 11.8/27.6±9.6 - - 

Longidorus attenuatus Hooper 40.0/14.2±3.9 45.0/6.4±4.1 25.0/17.8±6.3 13.2/2.6±2.2 20.0/8,5±3.1 12.5/17.0±5.2 - 

Longidorus elongatus (de Man) 44.0/9.4±2.8 15.0/3.0±2.6 39.3/11.8±4.5 23.7/10.0±7.3 31.8/9.2±5.7 37.5/2.2±1.3 28.6/4.0±1.8 

Longidorus macrosoma Hooper 20.0/6.5±4.2 20.0/2.5±1.4 - - - 12.5/8.2±3.1 42.9/10.3±5.5 

Meloidogyne arenaria (Neal) - - - - - 43.8/33.4±13.6 71.4/44.2±20.5 

Meloidogyne hapla Chitwood 8.0/17.0±7.8 10.0/22.5±15.0 - - - 11.5/28.2±14.1 28.2/10.2±6.7 

Pratylenchus crenatus Loof 68.0/61.4±32.7 70.0/40.2±25.6 62.5/38.8±17.6 57.9/87.2±34.4 77.6/66.7±21.8 31.3/20.5±6.0 57.1/31.1±15.2 

Pratylenchus penetrans (Cobb) 56.0/40.6±17.5 - 37.5/49.0±30.3 51.6/91.6±48.7 69.4/45.8±18.3 75.0/36.1±23.4 71.4/8.2±2.9 

Pratylenchus scribneri Steiner 12.0/7.5±3.6 - 19.6/4.3±2.8 15.8/11.0±4.8 10.6/5.4±1.6 6.3/2.7±1.2 - 

Tylenchorhynchus elegans Siddqui 16.0/76.3±38.4 15.0/59.2±26.1 10.7/42.8±17.6 7.9/38.2±22.5 5.9/60.5±32.7 6.3/43.1±21.3 14.3/39.4±15.8 

Tylenchorhynchus cyllindricus (Cobb) - - - 5.3/27.6±11.9 4.7/34.3±20.3 - 28.6/19.1±7.9 

Tylenchorhynchus claytoni Steiner 20.0/52.0±28.6 40.0/42.4±31.0 25.0/29.5±12.8 15.8/19.4±9.7 24.7/73.0±42.4 12.5/25.2±14.0 14.3/20.2±11.8 

Xenocriconemella macrodora (Taylor) - - 5.4/6.2±3.2 - 3.5/4.5±2.6 - - 

Xiphinema diversicaudatum (Micoleletzky) - - 10.7/3.8±1.4 10.5/7.4±3.6 14.1/4.6±2.4 18.8/12.0±5.7 - 

Xiphinema pachtaicum (Tulaganov) 8.0/7.4±3.0 15.0/2.8±1.6 - - - 6.5/5.2±3.2 - 
aF=Relative frequency of occurrence (percentage of samples in which species was found). 
bMN=Mean number of nematodes. 
cSD=Standard deviation of nematodes in 100 cm3 soil. 

 

Table 2: Frequency and density of phytoparasitic nematodes (10 g fresh root) in raspberry fields in Bulgaria 
 

Nematode species 

Raspberry growing regions (number of collected soil samples) 

Velingrad (25) Samokov (20) Troyan (56) Popovo (38) Loznica (85) Nova Zagora (16) Aytos (7) 

Fa/MNb ± SDc F/MN±SD F/MN±SD F/MN±SD F/MN±SD F/MN±SD F/MN±SD 

Helicotylenchus digonicus (Cobb) - 25.0/3.3±1.8 - 10.5/5.2±2.4 8.2/2.7±1.2 - - 

Helicotylenchus dihystera (Cobb) 16.0/7.4±3.5 5.0/2.2±1.4 19.6/10.8±4.3 23.7/1.9±1.4 11.8/12.4±5.6 - - 

Meloidogyne arenaria (Neal) - - - - - 43.8/49.2±21.0 71.4/65.5±37.8 

Meloidogyne hapla Chitwood 8.0/24.0±13.9 10.0/38.8±16.7 - - - 12.5/14.0±4.5 11.5/22.3±10.4 

Pratylenchus crenatus Loof 76.0/82.2±38.5 70.0/57.8±23.9 19.6/20.4±7.6 69.6/28.4±14.9 52.6/102.2±65.7 28.6/13.8±8.5 57.1/18.0±7.6 

Pratylenchus penetrans (Cobb) 56.0/28.5±13.2 - 44.6/30.3±14.4 52.6/152.1±78.7 80.0/81.8±51.4 75.0/29.4±16.7 71.4/17.8±6.5 

Pratylenchus scribneri Steiner 16.0/19.3±12.7 - 25.0/11.5±4.7 13.2/20.8±12.3 10.6/16.2±6.9 6.3/9.8±4.1 - 
aF=Relative frequency of occurrence (percentage of samples in which species was found). 
bMN=Mean number of nematodes. 
cSD=Standard deviation of nematodes in 10 g fresh root.
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