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Abstract. Gafur A. 2020. Short Communication: Updated tabular key and improved browser-based interactive key to species of 
Pratylenchus Filipjev (Nematoda: Pratylenchidae). Biodiversitas 21: 3780-3785.  Pratylenchus is the genus of plant-parasitic nematodes 
that attack many crop plants and cause significant economic losses worldwide. Attempts have been made to control the parasitic 
nematodes. However, incorrect identification of species has hindered biological studies on the nematodes and has led to improper and 

inefficient control measures. To facilitate identification of Pratylenchus species, a prototype of a cross-platform, browser-based 
computer-assisted identification key for species of Pratylenchus has been developed, based on the pre-existing tabular key. This paper 
described updates and improvements that have been made to enhance the performance of the prototype key. Updates on the tabular key, 
which the browser-based key was based on, were made primarily to incorporate all-new species that have been subsequently published 
and new data from further reports of existing species. Illustrations of characters and character states were added to the key to help users 
decide which character states best correspond to their specimens. Drawings of each species were also given to provide general  ideas on 
how the species look like.  The user interface has been revised in which species name(s) relevant to selected character state(s) was listed, 
instead of highlighted from a lengthy full list. 
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INTRODUCTION 

Pratylenchus (root-lesion nematodes) has been well 

recognized as one of the most important genera of plant-

parasitic nematodes. Several species of the genus are of 

worldwide distribution and parasitize a wide variety of 

plant species, including a range of crops of primary 

economic importance in all agricultural regions of the 

world (Castillo and Vovlas 2007). The parasites cause 

significant economic losses ranking next only to root-knot 

(Meloidogyne spp.) and cyst (Heterodera spp. and 

Globodera spp.)  nematodes (Jones et al. 2013). All species 

of this genus are intercellular endoparasitic migratory 
nematodes that penetrate the root of the host plants, feed 

and reproduce within the cortical parenchyma of the root, 

leading to reduced root growth and eventually producing 

large necroses and cavities in the root cortex (De Luca et 

al. 2011; Ozbayrak et al. 2019; Jones et al. 2013). The root 

lesions enhance secondary infection by soil bacteria or 

fungi, contributing to more agricultural and economic 

losses (Jones et al. 2013).  

Currently, the genus Pratylenchus includes over 80 

valid species. Traditionally, identification of the species 

relies on morphology and morphometrics. Morphological 

dichotomous (Castillo and Vovlas 2007; Geraert 2013) and 
polytomous (Castillo and Vovlas 2007) keys have been 

developed to assist the identification of adult females. 

However, the species morphological discrimination and 

delimitation remains challenging and time-consuming, 

particularly for nonspecialists, because of the small number 
of available morphological diagnostic characters, the high 

intraspecific variability of the distinguishing features, the 

overlapping morphometric measurements, and the many 

incomplete taxonomic descriptions in the literature 

(Castillo and Vovlas 2007; Oliveira et al. 2011; Troccoli et 

al. 2016; Mokrini et al. 2019). It is particularly difficult in 

the case of mixed species (Mokrini et al. 2016). The 

difficulty hinders further studies on biology, ecology, and 

pathogenicity of the parasites, and this may explain why 

Pratylenchus have been less well studied than some other 

root endoparasitic nematodes, regardless of their economic 
importance (Jones et al. 2013). It further put constraints on 

control strategies and regulatory or quarantine procedures 

(De Luca et al. 2011; Mokrini et al. 2019)  and even on 

development of molecular-based species identification 

protocols as mislabelled sequences of Pratylenchus have 

been detected in public databases (Janssen et al. 2017). 

To facilitate identification of species of Pratylenchus, 

Gafur (2014) prepared a computerized interactive key 

based on a printed tabular key by Castillo and Vovlas 

(2007). Written in SAIKS format (© 2006 Greg 

Alexander), the prototype (first version) key had the 

advantages of compatibility, as it could be used with 
various browsers in different platforms, and of mobility or 

portability, as it could be accessed with smartphones and 

tablets, besides laptops and desktop computers.  However, 

the key also inherited the disadvantages of original SAIKS 

format, primarily in how the species were listed on screen. 
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The lengthy list of species names was always displayed, 

and every time a character state was selected, all species 

relevant to the selected state would be marked green. It 

would be easier for users if only relevant species were 

displayed. Therefore, a revision of the codes of the key was 

needed. It was also recommended that illustrations be 

added to make the key more user-friendly.  

The original tabular key by Castillo and Vovlas (2007) 

covered 68 valid species of Pratylenchus. During the 

preparation of the first version of the present interactive 
key, it was found that four new species have been 

described since the publication of the original 

compendium: P. araucensis, P. floridensis, P. lentis, and P. 

parafloridensis. With the incorporation of the four new 

species, the number of species covered in the prototype key 

was 72. However, further literature search suggested that 

when preparing the original tabular key the authors 

(Castillo and Vovlas 2007) seemed to be unaware of the 

publication of three new species; and during the 

preparation of the prototype interactive key, Gafur (2014) 

overlooked five other new species that were published 
between 2006-2013. Furthermore, five additional valid 

species have been published since 2014. Finally, 

subsequent records of existing species from different parts 

of the globe have provided more data on the morphology of 

the corresponding species. Therefore, an update on the 

species coverage and character data of the key was urgently 

needed.  

The present paper reported the content update of the 

tabular key of Pratylenchus by Castillo and Vovlas (2007) 

and the improvement of the derived interactive key by 

Gafur (2014). 

MATERIALS AND METHODS 

A total of thirteen species of Pratylenchus were added 

to the tabular key of Castillo and Vovlas (2007) that has 

been updated by Gafur (2014): P. musii (Geraert 2013; 

Eisvand et al. 2019); P. gongjuensis (Choi et al. 2006); P. 

kumamotoensis (Mizukubo et al. 2007; Kim et al. 2016); P. 

ispagoli and P. turmeri (Bairwa et al. 2008); P. speijeri (De 

Luca et al. 2012), P. oleae (Palomares-Rius et al. 2014), P. 

quasitereoides (Hodda et al. 2014), P. parazeae (Wang et 

al. 2015; Wu et al. 2019), P. haiduongensis (Nguyen et al. 

2017), P. rwandae (Singh et al. 2018), P. horti (Nguyen et 

al. 2019) and P. capsici (Qing et al. 2019). Two 
morphotypes of P. bolivianus that have been detected 

(Troccoli et al. 2016) were also incorporated in this update. 

The new unnamed species found in North Dakota (Yan et 

al. 2017) was not included because formal species 

designation has not been made. Code indexes for tabular 

key of Castillo and Vovlas (2007) for P. araucensis, P. 

capsici, P. haiduongensis, P. horti, P. oleae, P. parazeae, 

P. rwandae, and P. speijeri were taken, with necessary 

modifications, from the original publications. For other 

species and morphotypes, the code indexes were 

determined based on the description in the corresponding 
publications.  Besides including new species, updates on 

the data matrix were also made by incorporating new 

information from recent records of existing species. The 

updated tabular key was then used to update the content of 

the interactive key to Pratylenchus. 

Improvement of the interactive key was also made by 

adding illustrations of all characters used. Drawings are 

given as hyperlinks attached to the text of character 

descriptions. For every species, drawings of general 

appearance and body parts were also given, excerpted from 

original or subsequently published descriptions. The 

illustrations of species were also given as hyperlinks to the 
text of corresponding species names.
 

Source code of SAIKS-Plus 

(https://github.com/kobevds/saiks-plus), derived from 

SAIKS, was implemented in the present revision. The 

“index.html” file was revised by changing the paths to 

javascript and data files. Update on the Pratylenchus data 

file was made by adding lines for new data.   

The updated and improved version of the browser-

based key is accessible on 

https://biodiversitas.ulm.ac.id/nematoda/pratylenchuskey/. 

RESULTS AND DISCUSSION 

The tabular key codes for additional species and 

morphotypes are given in Table 1. Revised codes for 

existing species are summarized in Table 2. Most existing 

species showed higher variability in one or more characters 

with new records of their occurrence in other localities. The 

increased variability is more prominent in four continuous 

characters: stylet length (C), vulva position (E), post-vulval 

uterine sac (F), and pharyngeal overlapping length (I).
 

With additional thirteen species, the updated tabular 

key now covers 85 valid species of Pratylenchus. The list 

covers all species recognized by Castillo and Vovlas (2007) 
plus three species that might have been overlooked by the 

authors and subsequent publications of new species. 

Geraert (2013) recognized 98 species after which seven 

additional species have been described, making a total of 

105 valid species. The difference in number of valid 

species between the two authorities can be traced back to 

dissenting opinions regarding the taxonomic status of 19 

species. Geraert (2013) did not recognize eleven synonyms 

and eight species Inquirendae listed by Castillo and Vovlas 

(2007).
 

The updated tabular key was then used in updating the 

interactive key of Gafur (2014). Owing to the default 
behavior of the original SAIKS format used, in the 

prototype key all species names are always listed 

altogether, by default in red background; when a character 

state is selected, all species names relevant to the selected 

state will be highlighted green, and the others remain red. 

This may become inconvenient with an extensive list of 

species that every time users have to scroll down to check 

for all relevant species. In the worst case, a user may think 

that only one species is marked and identification has been 

made, unaware that deep down the list another species is 

also marked. This problem becomes more serious with 
small screen of mobile phones. The SAIKS-Plus code used 

in the present revised key allows that when a character state 
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is selected only relevant species are listed on the screen 

(Figure 1). With more character states selected, the list 

becomes shorter and shorter, and eventually only one 

species left meaning that identification has been made.
 

In this revision, illustrations of all eleven characters 

were provided to help inexperienced users determine which 

character states correspond to their specimens. Drawings 

from original or subsequent publications of every species 

were also given to help users gain general ideas on how the 

species look like and build confidence in their 
identification. All illustrations were provided as hyperlinks 

attached to the text of character descriptions or species 

names. Clicking on the hyperlinks will open a new tab 

containing the page of corresponding illustrations of the 

characters or species. Because the key remains accessible 

when illustrations are displayed, users using computers do 

not have to switch view between the key and the 

illustrations. Unfortunately, this advantage is not available 

to users using mobile phones or tablets. 

Conventional printed dichotomous keys to species of 

Pratylenchus have been used for many years (Castillo and 

Vovlas 2007; Geraert 2013). However, the keys embrace 

the disadvantage of dichotomous keys of the painstaking 
revision as new species, synonymy, or homonymy are 

found. This is particularly true with species-rich genera 

such as Pratylenchus. 

 
 
Table 1. Tabular key codes for additional species and morphotypes of Pratylenchus. 

 

Species 
Characters 

A B C D E F G H I J K 

P. bolivianus (amphimictic) 2 2 34 2 3 34 23 12 24 1 1 
P. bolivianus (parthenogenetic) 2 1 4 1 3 4 23 1 24 1 2 
P. capsici 2 2 2 2 2 54 32 2 12 1 2 
P. gongjuensis 2 2 23 2 123 6 23 1 2 1 1 
P. haiduongensis 2 1 4 13 1 56 12 14 1234 1 12 

P. horti 1 2 3 3 2 5 2 1 3 1 1 
P. ispagoli 2 1 34 3 12 2 3 1 2 1 1 
P. kumamotoensis 12 2 2 2 123 456 23 12 23 123 1 
P. musii 1 1 2 34 23 2345 23 2 4 3 1 
P. oleae 2 1 23 2 23 345 23 2 12 1 2 
P. parazeae 2 1 34 3 1 56 23 134 1234 1 2 
P. quasitereoides 2 1 34 2 23 123456 2 2 4 1 1 
P. rwandae 2 1 2 23 2 34 2 1 12   1 

P. speijeri 1 2 34 23 23 456 2 12 123 1 1 
P. turmeri 2 1 4 4 1 3 3 1 3 1 1 

Note: Based on Gafur (2014) update to the tabular key of Castillo and Vovlas (2007). Character notation A-K refers to eleven characters 
described in Castillo and Vovlas (2007).
 
 
 
Table 2. New codes for existing species of Pratylenchus in the tabular key of Pratylenchus. 

 

Species New codes References 

P. brachyurus E34 I234  (Flis et al. 2018) 
P. coffeae C23 E1234 F23456 I1234 (T. T. Nguyen 2010) 
P. crenatus  C23 (Kumari 2015)  
P. curvicauda  E12 J123 (Begum et al. 2019)  
P. delattrei  C23 D12 E12 F3456 G23 I123 (Taheri et al. 2013; Flis et al. 2018) 

P. fallax  A12 C23 E23 F123 (Kim and Chun 2014; Saikai et al. 2019) 
P. goodeyi  B12 C234 E12 (Zhang et al. 2015; Mgonja et al. 2019) 
P. hexincisus  F2345 G23 I123 J23 (Inserra et al. 2007) 
P. hippeastri  C23 F56 I234 (De Luca et al. 2010) 
 E123 F23456 G23 H13 I1234 (Wang et al. 2016; Knoetze et al. 2019) 
P. japonicus  E34 F123 (Ning et al. 2014) 
P. kralli  E12 F13 (Iqbal et al. 2020) 
P. neglectus  C234 F123 G23 I123 (Fayazi et al. 2012; Kumari 2012; Yan et al. 2016; Divsalar et al. 2019) 

P. panamaensis  C34 E23 F23 (Kim and Chun 2014) 
P. parazeae G23 (Wu et al. 2019)  
P. penetrans E23 (Kim and Chun 2014)  
P. pseudocoffeae  C234 E23 (Kim et al. 2016) 
P. scribneri F34 (Yan et al. 2015)  
P. tenuis C23 (Girgan 2019) 
P. thornei C23 I1234 (Fayazi et al. 2012)  
P. vulnus E23 K12 (Bakooie et al. 2012; Chihani-Hammas et al. 2018)  
P. zeae E12 (Severino et al. 2010) 

Note: Based on Gafur (2014) update to the tabular key of Castillo and Vovlas (2007). 



GAFUR et al. – Browser-based key to Pratylenchus 

 

3783 

 
 
Figure 1. Screenshot of the revised and updated browser-based key to Pratylenchus.  Only species relevant to the selected character 
states are displayed on the species list on the right. 

 
 
 

A tabular key to Pratylenchus species has also been 

developed (Castillo and Vovlas 2007) and has since been 

consulted by workers in making descriptions of 

Pratylenchus species. The key inherits the advantage of 
tabular keys in flexibility of selection of characters and 

character states, allowing more probability of successful or 

approximate identification. Despite its usefulness and ease 

of update, however, it holds the limitation of printed keys 

in terms of distribution and availability. With species-rich 

genera such as Pratylenchus, the user-friendliness of the 

tabular key is compromised. 

Based also on the tabular key by Castillo and Vovlas 

(2007) a web-based key to Pratylenchus has been made 

and is available online at 

http://nematodeidentification.mypressonline.com/news/ide

ntification-key-for-pratylenchus-spp/.  The key (referred to 
here as the web-based key) is accessible with minimum 

requirement of a browser application, irrespective of the 

operating system.  Logically, in terms of the core data, 

system requirements, and availability, the web-based key, 

and the present (referred to here as the browser-based) key 

are comparable. However, in the web-based key users have 

to select relevant character states of all eleven characters 

before starting the identification. The key starts and 

displays relevant species only when the execute button is 

clicked. By contrast, one advantage of the present browser-
based key is that users can select any state of any character 

by clicking those most relevant to their specimens. The 

browser-based key responds to every single click of 

selection by displaying all species relevant to the 

combination of character states selected. Therefore, the 

present browser-based key can be considered more 

interactive and user friendly.
 

There are well-established systems for computerized 

taxonomic identification, such as Delta-IntKey (delta-

intkey.com), Lucid (lucidcentral.com), and Xper 

(infosyslab.fr), that can easily create valid and feature-rich 

identification key. However, the systems are not as 
lightweight as the present browser-based key because they 

require installation of proprietary software on the end user's 

machine to produce and to use their keys, and the software 

are basically not cross-platform and not smartphone-

friendly. Lucid recently provides LucidMobile versions of 

their created keys, but each key has to be downloaded and 
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installed on users' phones or tablets. Xper allows users to 

use its services online to create cross-platform, browser-

based single access, and multiaccess keys. Nevertheless, 

the keys produced by Xper, as well as those created with 

Delta-Intkey and Lucid, are less responsive and less 

suitable for small screen compared to the present browser-

based key.
 

On the other hand, the SAIKS and SAIKS-Plus 

systems, on which the browser-based key is based, do not 

require any installation of new applications. Keys can be 
created and edited using any text editor and, more 

importantly, the created keys can be used with practically 

any browser, including ones that by default come with the 

operating systems. The present browser-based key has been 

tested with popular browsers in both Android and iOS 

operating systems, as well as Windows and MacOS. 

Therefore, as an identification tool, the browser-based key 

is not only less hardware demanding, but it also shows 

higher compatibility and portability than the more 

comprehensive systems.
 

With its responsive and interactive features, the present 
browser-based key is appropriate for novice users and for 

identification pieces of training.  Owing to its low resource 

requirement, the key can be used with smartphones and 

tablets even in the fields and remote places. The major 

drawback of the browser-based key, and of any internet-

based keys, compared to the paper-based counterparts is 

that it requires internet connection to use. However, with 

wide availability and improved reliability of internet 

connection these days, it should not be a serious problem 

for most users.
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