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Abstract. Kambarov S, Eshova K, Narzullayev S, To’xtasinov F, Zokirov O, Turdiev Z, Otakulov B, Tursunova S, Khujamov S. 2025. 

Diversity of onion nematode fauna in agrocenoses of different altitudinal zones in Fergana Valley, Uzbekistan. Biodiversitas 26: 4479-

4489. During research conducted from 2020 to 2024, the biodiversity of nematode fauna associated with onion plants (Allium cepa) 

cultivated in agrocenoses across different altitudinal zones of the eastern part of the Fergana Valley was thoroughly investigated. As part 

of the study objectives, a total of 276 samples were collected from the onion root system and its surrounding rhizosphere soils during the 

spring, summer, and autumn seasons using the route survey method, of which nematodes were detected in 245 samples. The samples 

were processed following Berman's funnel technique. Based on the obtained results, 39 nematode species belonging to 7 orders and 

classified within the classes Adenophorea and Secernentea were identified in the onion root system and rhizosphere soils, representing 

22 genera. An uneven distribution of the identified species across the altitudinal zones was observed. Within the faunal composition, 

species of the order Rhabditida were the most diverse in terms of species richness. The study demonstrated that nematode species 

composition and ecological structure vary significantly depending on the altitudinal zones. In the lower hill zone, 34 species were 

recorded, whereas 30 species were documented in the upper hill zone and 12 species in the lower mountain zone. This indicated a link 

between these patterns and the region's ecological characteristics. According to Bongers' classification, nematodes identified in onion 

fields were assigned as follows: 7 species to the Cp-1 group, 26 species to Cp-2, 2 species to Cp-3, 3 species to Cp-4, and 1 species to 

Cp-5. Aporcelaimellus obtusicaudatus (C-p 5), which occurred across all three zones, is considered a highly specialized and adaptable 

species. The results of the study provide a scientific basis for a deeper understanding of the region's biodiversity and for managing the 

dynamics of nematode fauna in agrocenoses. 
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INTRODUCTION 

Soil organisms are considered among the most 

important factors ensuring its formation and functional 

state. Within the soil, organisms ranging from 

microorganisms to vertebrates occupy different ecological 

niches and perform their respective functions. Among these 

communities, nematodes, though microscopic, attract 

attention as organisms with a profound impact. They are 

among the most widespread multicellular organisms in the 

soil (Bardgett and van der Putten 2014), contributing to the 

decomposition of plant residues and standing out due to 

their crucial role in the food web (Wilschut and Geisen 

2021). Studying the nematode fauna in natural and artificial 

ecosystems, as well as conducting comparative analyses, 

allows for understanding soil successional processes, 

assessing soil health, and revealing the specific features of 

nematode fauna formation in agrocenoses. These natural 

and artificial ecosystems not only contribute to the climatic 

characteristics of their respective regions but also serve as 

habitats and food sources for numerous living organisms 

(Narzullayev 2022; Narzullayev et al. 2023). Furthermore, 

due to their wide distribution and ease of extraction from 

soil, nematodes are frequently studied as indicators reflecting 

the organic and mineral properties of soil (Lu et al. 2020; 

Suyadi et al. 2021). Mycophagous fungi in rhizosphere 

soils are known to affect the mycorrhizal sheath, thereby 

indirectly influencing the plant defense system (Zhang et 

al. 2020), whereas ectoparasitic nematodes mechanically 

damage roots, facilitating the entry of pathogenic 

microorganisms (Özturk et al. 2018; Archidona-Yuste et al. 

2020). 

Currently, as part of global efforts to ensure food 

security, managing pests and parasitic species in the 

cultivation of economically important vegetable crops 

remains a critical challenge. Among the most significant 

agricultural parasites, Plant-Parasitic Nematodes (PPN) 

occupy a distinct position, as they cause considerable yield 

losses in crops. This issue is particularly relevant in the 

cultivation of economically important crops, especially 

onion production. To date, more than 4,100 PPN species 
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have been identified, many of which cause severe damage 

to major agricultural crops (Bernard et al. 2017).  

Onion (Allium cepa L.), a biennial plant belonging to 

the family Amaryllidaceae, is an economically important 

vegetable crop (Yavuzaslanoglu et al. 2019). Although 

typically biennial, certain cultivars have been developed 

through breeding that can produce marketable bulbs 

directly from seeds within a single growing season. In its 

wild form, onion produces a small bulb in the first year, the 

main bulb developing in the second year, followed by 

flowering and seed production. The structure of the onion 

plant includes a root system and a bulb protected underground 

by 2-5 layers of outer scales, whereas aboveground it is 

characterized by green leaves (Sekara et al. 2017). 

Onion is widely consumed in its dried form and as 

green onion in salads, highlighting its versatility in various 

culinary and cultural applications. It is not only valued for 

its unique flavor and aroma but also for its nutritional 

benefits, being rich in health-promoting phytochemicals 

that confirm its dietary significance (Kumar et al. 2022). In 

Uzbekistan, rapid population growth has increased the 

demand for food products, which has, in turn, driven the 

expansion of major agricultural crops like onions. According 

to statistical data, onion production in Uzbekistan 

amounted to 1,200 and 1,214.3 tons in 2021 and 2022, 

respectively, while in 2023 this figure increased to 1,318.5 

tons, reflecting the annual growth trend in demand for 

onions (National Statistics Committee 2025). However, 

merely expanding onion plantations will not resolve this 

issue. Identifying the species composition of pests that 

affect onions and developing effective pest control 

strategies is essential. This is particularly critical for newly 

established agrocenoses, where the nematode fauna has yet 

to be thoroughly studied. Research on the nematode fauna 

in the Eastern Fergana region has been limited since the 

1970s-1980s (Adylova 1972; Karimova 1974). Recently, 

modern molecular-genetic techniques have been applied to 

study nematode fauna in Uzbekistan (Mirzaev et al. 2024; 

Narzullayev and Subbotin 2025), and some studies have 

explored nematode fauna patterns in agrocenoses 

(Narzullayev et al. 2024). With increasing conversion of 

biocenoses into agrocenoses, the spread of nematodes from 

natural habitats poses greater risks. Therefore, research in 

this field is vital for identifying parasitic species impacting 

onion cultivation and providing a scientific foundation for 

their management. 

MATERIALS AND METHODS 

Study area 

The study was conducted in the eastern part of the 

Fergana Valley, Uzbekistan, a region of Central Asia located 

between the Tianshan and Alay mountain ranges (Figure 

1). The Fergana Valley is surrounded by mountains, with 

its geographical structure consisting of the Turkestan and 

Alay ranges in the south, the Fergana and Otoynoq ranges 

in the east, the Chatkal range in the north, and the Qurama 

and Qoramozor ranges in the northwest (Kholikov 2020). 

The study area is divided into different altitudinal zones 

according to vegetation cover. Based on the classification of 

K.Z. Zokirov, the distribution is categorized into desert, 

foothill, mountain, and pasture zones. In particular, the 

desert zone is defined at an altitude of 0-400 meters above 

sea level (masl), the foothill zone at 400-1,200 masl, and 

the mountain zone at 1,200-3,000 masl. Each altitudinal zone 

is further subdivided into several subzones (National Atlas 

of Uzbekistan 2020). For the study of onion nematode 

fauna, the foothill zone (lower and upper foothill subzones) 

and the mountain zone (lower mountain subzone) were 

selected. This choice was made because, in recent years, 

biocenoses in these areas have been developed and 

converted into onion plantations. 

 

 

Figure 1. Coordinates of the sampling sites in Fergana Valley, Uzbekistan 
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Table 1. Geographic coordinates of the sampling sites and their 

associated host plants 

 

Latitude  Longitude Host plant Location 

40.799197 72.817350 Onion Eastern Fergana Valley 

40.799198 72.817351 Onion Eastern Fergana Valley 

40.799199 72.817352 Onion Eastern Fergana Valley 

40.758517 72.873750 Onion Eastern Fergana Valley 

40.758517 72.873750 Onion Eastern Fergana Valley 

40.770856 72.860161 Onion Eastern Fergana Valley 

40.781075 72.847594 Onion Eastern Fergana Valley 

40.780025 72.838161 Onion Eastern Fergana Valley 

40.791983 72.847581 Onion Eastern Fergana Valley 

40.802031 72.871422 Onion Eastern Fergana Valley 

40.821972 72.853442 Onion Eastern Fergana Valley 

40.799197 72.817350 Onion Eastern Fergana Valley 

40.807775 72.807553 Onion Eastern Fergana Valley 

40.655014 72.665125 Onion Eastern Fergana Valley 

40.656339 72.653911 Onion Eastern Fergana Valley 

40.658803 72.645747 Onion Eastern Fergana Valley 

40.674517 72.671125 Onion Eastern Fergana Valley 

40.679892 72.677244 Onion Eastern Fergana Valley 

40.683258 72.679564 Onion Eastern Fergana Valley 

40.683258 72.664286 Onion Eastern Fergana Valley 

40.686319 72.664153 Onion Eastern Fergana Valley 

40.689978 72.672131 Onion Eastern Fergana Valley 

40.793047 72.632725 Onion Eastern Fergana Valley 

40.596511 72.685058 Onion Eastern Fergana Valley 

40.596722 72.686447 Onion Eastern Fergana Valley 

40.597144 72.686733 Onion Eastern Fergana Valley 

40.595519 72.686869 Onion Eastern Fergana Valley 

40.598600 72.643444 Onion Eastern Fergana Valley 

40.598892 72.648353 Onion Eastern Fergana Valley 

40.589722 72.648950 Onion Eastern Fergana Valley 

40.580431 72.646914 Onion Eastern Fergana Valley 

40.595144 72.601908 Onion Eastern Fergana Valley 

40.579269 72.479031 Onion Eastern Fergana Valley 

40.579269 72.479031 Onion Eastern Fergana Valley 

40.596372 72.458450 Onion Eastern Fergana Valley 

40.600347 72.447294 Onion Eastern Fergana Valley 

40.607542 72.444975 Onion Eastern Fergana Valley 

40.610803 72.445403 Onion Eastern Fergana Valley 

40.622867 72.469181 Onion Eastern Fergana Valley 

40.628625 72.462158 Onion Eastern Fergana Valley 

40.488147 72.403947 Onion Eastern Fergana Valley 

40.485125 72.404028 Onion Eastern Fergana Valley 

40.498944 72.389778 Onion Eastern Fergana Valley 

40.497400 72.385214 Onion Eastern Fergana Valley 

40.547128 72.324736 Onion Eastern Fergana Valley 

40.568331 72.302644 Onion Eastern Fergana Valley 

40.572061 72.283672 Onion Eastern Fergana Valley 

40.580956 72.350217 Onion Eastern Fergana Valley 

40.572061 72.283672 Onion Eastern Fergana Valley 

40.592161 72.277047 Onion Eastern Fergana Valley 

40.613417 72.207881 Onion Eastern Fergana Valley 

40.605672 72.204331 Onion Eastern Fergana Valley 

40.603817 72.201144 Onion Eastern Fergana Valley 

40.619581 72.138350 Onion Eastern Fergana Valley 

40.612969 72.108803 Onion Eastern Fergana Valley 

40.614331 72.112575 Onion Eastern Fergana Valley 

40.621589 72.123203 Onion Eastern Fergana Valley 

40.573019 72.182062 Onion Eastern Fergana Valley 

40.606337 72.217483 Onion Eastern Fergana Valley 

40.612365 72.241684 Onion Eastern Fergana Valley 

Note: Onion: Allium cepa L. 
 

Soil sampling and nematode extraction 

Samples were collected during the spring, summer, and 

autumn seasons from the root systems of onion plants and 

the surrounding soils in various agrocenoses of the eastern 

regions of the Fergana Valley using the route method. For 

plant sampling, a trench 0.3 m wide and 20 cm deep was 

dug around the plant, which enabled the collection of the 

finest roots from the soil. A total of 276 samples were 

collected to determine the nematode fauna of onion (Allium 

cepa), of which nematodes were detected in 245 samples. 

A total of 92 samples (46 from the root system and 46 from 

rhizosphere soils) were collected from the lower hill zone 

of the eastern regions of the Fergana Valley, 92 from the 

upper hill zone, and 92 soil samples from the lower 

mountain zone in onion fields. The soils of the study area 

are predominantly gray and gypsum-rich gray soils (Kholikov 

2020). The collected samples were processed on the same 

day. Soil particles adhering to the vegetative parts of the 

plants were washed off. 

Nematodes were extracted from the root system and 

rhizosphere soil samples using the modified Baermann 

funnel technique and primarily from soil samples using the 

flotation method (Van Bezooijen 2006). The Baermann 

funnel technique involves attaching a thin rubber tube to a 

glass funnel, after which the funnel is placed on a multi-

position wooden stand. The funnel is half-filled with distilled 

water, and each funnel is labeled with an identification tag. 

Subsequently, the plant root system is cut into small pieces 

(0.5-1.5 cm). One of the objectives of our study was to 

determine the distribution of nematode species across 

different biotopes of onion plants. Therefore, the root 

system and soils were separated and finely chopped; then 

10-15 g were weighed, placed in a 15 × 15 cm piece of 

gauze, gently tied, and immersed in the designated funnel 

filled with water. This procedure was repeated for the 

subsequent rhizosphere soil samples. Each soil sample was 

thoroughly mixed, with stones and other foreign materials 

removed; then 20 g were weighed, placed into a 15 × 15 

cm piece of gauze, and tied. Before placing the samples 

into the funnels, a wire mesh was placed at the bottom to 

prevent the soil-filled gauze from blocking the funnel. The 

labeled funnel was then carefully immersed in water. After 

all plant and rhizosphere soil samples collected within a 

single day were placed into the funnels, they were kept in 

water-filled funnels for 12 hours (at 30-35°C), 24 hours (at 

20-25°C), 48 hours (at 15°C), and 72 hours (at 10°C). 

During this period, nematodes from the root system and 

rhizosphere soils migrated into the water and accumulated 

at the bottom of the funnel.  

The nematodes collected from the water were fixed in a 

4% formalin solution. Subsequently, nematodes were isolated, 

and both temporary and permanent microscope slides were 

prepared. For temporary preparations, several drops of 

glycerin were placed on a glass slide, fixed nematodes were 

added, and then covered with a cover slip. For permanent slide 

preparation, nematodes were isolated using an entomological 

needle, collected in a watch glass, and immersed in 15-20 

drops of a glycerin-alcohol mixture (1:1) for 18-20 hours. 

During this process, the cuticle became transparent and 

acquired light-transmitting properties. Afterwards, a glycerin-
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gelatin solution was added, and 5-10 nematodes were 

mounted on a slide, making them ready for microscopic 

examination. The permanent preparations are stored in the 

zoology laboratory of Andijan State University. 

Nematode analysis 

The nematodes isolated from plant and soil samples and 

fixed in 4% formalin solution were examined to determine 

species composition and the number of individuals. For this 

purpose, all samples were studied using MBC-9 or MBC-

10 series and Olympus CH binocular microscopes (Olympus 

Optical, Tokyo, Japan). The nematodes were collected, and 

temporary glycerin or permanent glycerin-gelatin microslides 

were prepared. Species identification was primarily based 

on adult female individuals (rarely male individuals were 

used).   

For the systematic analysis of species, both classical 

and modern phylogenetic systematics were applied (Chitwood 

1958; De Ley and Blaxter 2002; Hodda 2022). The life 

cycle characteristics of nematodes were classified according 

to the colonizer-persister (c-p) scale (1-5) proposed by 

Bongers (1990) and Bongers and Ferris (1999), while their 

trophic groups were determined following the classification 

of Yeates et al. (1993). 

Statistical analysis 

Community similarity was calculated using Sørensen-

Dice (Caras at al. 2020) and Jaccard indices (Moulton and 

Jiang 2018). Diversity metrics (a-diversity) were Simpson, 

Shannon, Pielou, Menhinick, Margalef, and Berger-Parker 

indices computed using PAST 4.0 (Hammer et al. 2001). 

The Simpson index (1-D) reflects the probability that two 

individuals randomly selected from a sample will belong to 

different species; values closer to 1 indicate higher diversity. 

The Shannon index is based on both species richness and 

evenness; higher values denote greater diversity. The 

Pielou index measures the degree of evenness relative to 

the maximum possible diversity, ranging from 0 to 1. The 

Menhinick index represents the ratio of the number of 

species to the square root of the number of individuals; 

higher values indicate greater diversity. The Margalef index 

measures species richness, with larger values indicating 

higher species diversity. The Berger-Parker index is based 

on dominance, where lower values correspond to greater 

diversity. 

RESULTS AND DISCUSSION 

Taxonomic diversity 

During the study, a total of 39 nematode species associated 

with onion agrocenoses were identified (Table 2). 

Taxonomic analysis revealed that these species belong to 

phylum Nematoda, represented by the classes Adenophorea 

and Secernentea. Among them, the orders Plectida and 

Mononchida were represented by a single species each, 

Dorylaimida by 5 species, Aphelenchida by 3 species, 

Tylenchida by 10 species, and Rhabditida by 19 species. 

Overall, the recorded 7 orders encompassed 22 genera. 

Among them, the genera Chiloplacus, Ditylenchus, 

Eucephalobus, Heterocephalobus, and Panagrolaimus, were 

found to be more widely distributed in terms of both the 

number of species and individuals compared to other 

genera. However, according to the obtained results, the 

composition of nematode communities showed significant 

differences across altitudinal zones. In particular, 34 

species were recorded in the lower hill zone, 30 species in 

the upper hill zone, and 12 species in the lower mountain 

zone. 

The recorded species were classified into five groups 

according to their feeding behavior and interactions with 

plants. (i) Plant-Parasitic Nematodes (PPN). This represents 

the dominant trophic group. Within this group, several sub-

groups were identified: (a) Ectoparasites: Tylenchorhynchus 

claytoni, Tylenchorhynchus capitatus (recorded in the 

lower and upper hill zones). (b) Feeders on epidermal cells 

or root hairs: Psilenchus clavicaudatus (recorded only in 

the upper hill zone). (c) Semi-endoparasites: This subgroup 

was represented only by Helicotylenchus multicinctus. The 

species was recorded in both the lower and upper hill zones. 

(d) Migratory endoparasites: Comprised of representatives 

of the genera Ditylenchus and Pratylenchus. Among them, 

Pratylenchus pratensis, Pratylenchus tulaganovi, and 

Ditylenchus dipsaci were found to be widely distributed 

across all altitudinal zones. (ii) Fungivores: This group 

includes nematodes feeding on fungi, represented by 

species of the genera Aphelenchus and Aphelenchoides. 

(iii) Bacterivores: Within the fauna, this group was widely 

represented by the genera Plectus, Cephalobus, Rhabditis, 

Prismatolaimus, Eucephalobus, Acrobeloides, Cervidellus, 

Diphtherophora, Panagrolaimus, Diploscapter, Mesorhabditis, 

and Heterocephalobus (iv) Polytrophs: This group was 

represented by species belonging to the genus Eudorylaimus. 

These species were recorded in both the lower and upper 

hill zones. (v) Predatory nematodes: This trophic group 

consisted of predatory nematodes, represented solely by a 

single species, Aporcelaimellus obtusicaudatus, of the 

genus Aporcelaimellus, which was recorded across all 

altitudinal zones. 

In addition, specific species were also encountered for 

each region. In particular, Aporcelaimellus obtusicaudatus 

(AP), Diploscapter rhizophilus, Rhabditis brevispina, 

Rhabditis filiformis, Heterocephalobus elongatus (BF), 

Diphtherophora obesus (HF), Aphelenchus avenae (HF), 

Pratylenchus pratensis, and Pratylenchus tulaganovi, as 

well as Ditylenchus dipsaci (PPN), were recorded in all 

altitudinal zones. Some nematodes within the faunal 

composition were observed exclusively in certain altitudinal 

zones. In the lower hill region, nematodes specific to this 

zone comprised 11 species (Eudorylaimus parvus, 

Eucephalobus mucronatus (O), Heterocephalobus laevis, 

Chiloplacus propinquus, Chiloplacus symmetricus (BF), 

Aphelenchus eremitus, Aphelenchoides parietinus (HF), 

Ditylenchus misellus, Ditylenchus triformis (PPN)). In the 

upper hill region, only Psilenchus clavicaudatus (PPN) was 

detected, whereas in the lower mountainous area, solely 

Cervidelus insubricus (BF) was identified. 
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Table 2. Distribution of nematodes across ecological zones. The sign + indicates the presence of the species in this biotope, and the 

space indicates that the species is not recorded 

 

Nematode species Ecological groups Lower hill Upper hill Lower mountain 

Plectus cirratus (Bastian, 1865) BF - + - 

Prismatolaimus intermedius (Bütschli, 1873) de Man, 1880 BF + + - 

Eudorylaimus ettersbergensis (de Man, 1885) Andrássy, 1959 O + + - 

Eudorylaimus monhystera (De Man, 1880) O + + - 
+Eudorylaimus parvus (de Man, 1880) Andrassy, 1959 O + - - 

Aporcelaimellus obtusicaudatus (Bastian, 1865) Altherr, 1968 AP + + + 

Diphtherophora obesus (Thorne, 1939) HF - + + 

Rhabditis brevispina (Claus, 1862) Bütschli, 1873 (Osche, 1952) BF + + + 

Rhabditis filiformis (Bütschli, 1873) Osche, 1952 BF + + + 

Mesorhabditis monhystera (Bütschli, 1873) Dougherty, 1955 BF + + - 

Caenorhabditis dolichurus (A.Schneider, 1866) Dougherty, 1955 BF + - - 

Diploscapter rizophilus (Rahm, 1928) BF + + + 

Cephalobus persegnis (Bastian, 1865) BF + + - 

Heterocephalobus laevis (Thorne, 1937) Andrássy, 1967 BF + - - 

Heterocephalobus elongatus (de Man, 1880) Brzeski, 1961 BF + + + 

Eucephalobus kipchaus (Atakhnov, 1958) Andrássy, 1967 BF + + - 

Eucephalobus oxyuroides (de Man, 1876) Steiner, 1936 BF + + - 

Acrobeloides butschlii (de Man, 1884) Steiner & Buhrer, 1933 BF + + - 

Acrobeloides nanus (de Man, 1880) Anderson, 1968 BF + + - 

Cervidellus insubricus (Steiner, 1914) Thorne, 1937 BF - - + 

Chiloplacus bibigulae (Erzhanova, 1964) BF + + - 

Chiloplacus symmetricus (Thorne, 1925) Thorne, 1937 BF + - - 

Chiloplacus propinquus (de Man, 1921) Thorne, 1937 BF + - - 

Panagrodontus armatus (Thorne, 1937) Rühm, 1956 BF + + - 

Panagrodontus rigidus (Schneider, 1866) Thorne, 1937 BF - + + 

Panagrodontus multidentatus (Ivanova, 1958) BF + + - 
+Psilenchus clavicaudatus (Micoletzky, 1922) Thorne, 1949 PF-e - + - 

Aphelenchus avenae (Bastian, 1865) HF + + + 

Aphelenchus eremitus (Thorne, 1961) HF + - - 

Aphelenchoides parietinus (Bastian, 1865) Steiner, 1932 HF + + - 
+Tylenchorhynchus capitatus (Allen, 1955) PF-d + + - 
+Tylenchorhynchus claytoni (Steiner, 1937) PF-d + + - 

Pratylenchus pratensis (de Man, 1880) Filipjev, 1936 PF-b + + + 

Pratylenchus tulaganovi (Samibaeva, 1966) PF-b + + + 

Ditylenchus dipsaci (Kühn, 1857) Filipjev, 1936 PF-b + + + 

Ditylenchus intermedius (de Man, 1880) Filipjev, 1936 PF-b + + - 

Ditylenchus misellus (Andrássy, 1958) PF-b + - - 
+Ditylenchus triformis (Hirschmann & Sasser, 1955) PF-b + - - 

Helicotylenchus multicinctus (Cobb, 1893) Golden, 1956 PF-c + + - 

Note: BF: Bacterial Feeding, HF: Hypal Feeding, Ap: Animal predation, O: Omnivorous, PF-b: Migratory endoparasites, PF-c: Semi-

endoporasites, PF-d: Ectoparasites, PF-e: Epidermal cell and root hair feeders. +: These species were identified in the study area for the 

first time 

 

 

 
 

Figure 2. Distribution of nematode ecological groups across 

different altitudinal zones. a. Lower hill, b. Upper hill, c. Lower 

mountain. BF: Bacterivores, PPN: Plant-Parasitic Nematodes, HF: 

Fungivores, AP: Predatory nematodes, O: Omnivores (A value of 

0-20 indicates the number of species) 

 
 

Figure 3. Distribution of total and zone-specific nematode species 

in: A. Lower hill, B. Upper hill, and C. Lower mountain regions 

A 
B 

C 
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The occurrence of nematodes in certain altitudinal 

zones is associated with the physicochemical properties of 

the soil, moisture levels, and organic matter content 

(edaphic factors). For example, in the lower hill zone, 

sufficient moisture and organic fertilizers promote the 

proliferation of species such as H. elongatus (bacterivore) 

and D. dipsaci (phytoparasite). In the upper hill zone, stable 

soil conditions support P. clavicaudatus, whereas in the 

lower mountain zone, cooler climate and lower organic 

matter content favor C. insubricus. These factors enhance 

the adaptation of each species to the ecosystem and its 

activity within the respective habitats (Chen et al. 2024). 

Based on the above data, the similarity of nematode 

communities across different regions was compared (Figure 

3). During the research, the nematode fauna of onion fields 

was statistically analyzed using various ecological indices. 

According to the obtained results, the Lower hill region 

showed higher values in terms of species diversity, richness, 

dominance index, and other related parameters (Table 3). 

Based on the above data (Table 2), the classification of 

species and the study of their ecological characteristics in 

nematode ecosystems play an important role in assessing 

biological diversity. In this context, the use of Bongers' 

(1990) C-p (colonizer-persister) index serves as an effective 

tool for determining environmental stability and the degree 

of soil disturbance. The following analysis is aimed at an 

in-depth study of the ecological groups of nematode 

species and their geographic distribution, with particular 

attention paid to the adaptation of each segment to its 

natural habitat (Table 4). For instance, the species included 

in the first group (C-p 1), such as R. brevispina, R. filiformis, 

Mesorhabditis monhystera, Caenorhabditis dolichurus, 

Panagrodontus armatus, Panagrodontus rigidus, and 

Panagrodontus multidentatus, possess rapid reproductive 

capabilities and an opportunistic life cycle, comprising a 

total of seven species. These species are widely distributed 

across regions of different altitudes, including the Lower 

hill, Upper hill, and Lower mountain, and their high 

reproductive rate provides a distinct advantage under 

unstable soil conditions. Members of this group play a 

significant role in the recovery of ecosystems under ecological 

stress conditions, as their adaptive capacity enables them to 

withstand environmental changes (Bongers 1990). 

The second group (C-p 2), which includes Plectus 

cirratus, Cephalobus persegnis, Eucephalobus kipchaus, E. 

oxyuroides, H. laevis, H. elongatus, Acrobeloides butschlii, 

Acrobeloides nanus, Diploscapter rizophilus, Cervidellus 

insubricus, Chiloplacus bibigulae, Ch. symmetricus, Ch. 

propinquus, P. clavicaudatus, A. avenae, A. eremitus, A. 

parietinus, T. capitatus, T. claytoni, P. pratensis, P. 

tulaganovi, D. dipsaci, D. intermedius, D. misellus, D. 

triformis, and H. multicinctus, comprises 26 species 

characterized by moderate adaptability. Most of these 

species are equally present across the three regions and 

thrive well under moderately stable soil conditions. 

Representatives of this group occupy an important position 

in the soil food web and contribute to maintaining the 

functional balance of the ecosystem (Maina et al. 2021). 

The third group (C-p 3), which includes Prismatolaimus 

intermedius and D. obesus, is recognized for its adaptation 

to stable environments and is primarily observed in the 

upper hill and lower mountain regions. These recorded 

species play a crucial ecological role in maintaining soil 

structural stability (Yeates et al. 1993). 

The fourth group (C-p 4), which includes Eudorylaimus 

ettersbergensis, Eudorylaimus monhystera, and E. parvus, is 

characterized by long-lived species adapted to stable 

ecosystems and is primarily distributed in the upper hill 

and lower mountain regions. The presence of these species 

provides clear indications of soil stability and quality, as 

they are rarely found in disturbed soil conditions (Bongers 

and Ferris 1999). 

The fifth group (C-p 5), represented by a single species, 

Aporcelaimellus obtusicaudatus, is characterized by high 

environmental stability requirements and sensitivity, occurring 

across all three regions. Species within this group are 

predominantly distributed in soils with high ecological 

quality and minimal anthropogenic impact, enhancing their 

significance as bioindicators (Yeates 2003). 

 

 

 
 

Figure 4. Similarity of nematode communities across altitudinal 

zones based on the Jaccard index. The dendrogram shows 

hierarchical clustering; heatmap intensity reflects similarity values 

(0-1 scale), UPGMA method, bootstrap values >80%. 1. Lower 

hill, 2. Upper hill, 3. Lower mountain  

 

 

Table 3. Alpha diversity of nematode communities in onion agrocenoses across different regions 

 

Study area Simpson (1-D) Shannon (H') Pielou (Jˈ) 
Menhinick 

(R = S/√N) 

Margalef 

(d = (S-1)/ln N) 

Berger-Parker 

(d = Nmax/N) 

Lower hill 0.969 3.466 0.97 5.657 8.945 0.031 

Upper hill 0.967 3.401 0.96 5.477 8.526 0.033 

Lower mountain  0.833 1.792 0.91 2.449 2.791 0.167 

Note: All indices calculated using PAST 4.0 software (Hammer et al. 2001) 
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Table 4. Classification of nematode species by Bongers' C-p groups, their distribution, and ecological characteristics in different regions 

 

C-p 

group 
Species (examples) 

Number 

of species 

Geographical 

distribution 
Ecological characteristics 

C-p 1 Rhabditis brevispina, Rhabditis filiformis, Mesorhabditis monhystera, 

Caenorhabditis dolichurus, Panagrodontus armatus, Panagrodontus 

rigidus, Panagrodontus multidentatus 

7 Lower hill, 

Upper hill, 

Lower mountain 

Opportunistic species; 

rapid reproduction; 

tolerant to unstable 

conditions; important for 

ecosystem recovery 

C-p 2 Plectus cirratus, Cephalobus persegnis, Eucephalobus kipchaus, 

Eucephalobus oxyuroides, Heterocephalobus laevis, Heterocephalobus 

elongatus, Acrobeloides butschlii, Acrobeloides nanus, Diploscapter 

rizophilus, Cervidellus insubricus, Chiloplacus bibigulae, Chiloplacus 

symmetricus, Chiloplacus propinquus, Psilenchus clavicaudatus, 

Aphelenchus avenae, Aphelenchus eremitus, Aphelenchoides 

parietinus, Tylenchorhynchus capitatus, Tylenchorhynchus claytoni, 

Pratylenchus pratensis, Pratylenchus tulaganovi, Ditylenchus dipsaci, 

Ditylenchus intermedius, Ditylenchus misellus, Ditylenchus triformis, 

Helicotylenchus multicinctus 

26 All three regions Moderately adaptable; 

important in the soil food 

web; contributes to 

maintaining ecosystem 

balance 

C-p 3 Prismatolaimus intermedius, Diphtherophora obesus 2 Upper hill, 

Lower mountain 

Adapted to stable 

environments; involved in 

maintaining soil structural 

stability 

C-p 4 Eudorylaimus ettersbergensis, Eudorylaimus monohystera, 

Eudorylaimus parvus 

3 Upper hill, 

Lower mountain 

Long-lived species; 

indicators of stable 

ecosystems; rarely found 

in disturbed soils 

C-p 5 Aporcelaimellus obtusicaudatus 1 All three regions Highly sensitive; found in 

soils of high ecological 

quality with minimal 

disturbance; important 

bioindicator 

 

 

 

 
 

Figure 5. Ecological distribution of nematode C-P functional 

groups across geomorphologic regions 

 

 

Discussion 

During our study, the nematode fauna composition of 

onion agrocenoses exhibited certain taxonomic peculiarities. 

Notably, the occurrence of nematode orders did not differ 

from the order composition reported in agrocenoses located 

in nearby regions (Narzullayev et al. 2023; Nurmatova et 

al. 2025). Other studies conducted in Central Asia and 

Uzbekistan (Bazarbekov 1970) indicate that the nematode 

fauna associated with onion plants includes widely 

distributed species, particularly Aphelenchoides kuhnii, A. 

parietinus, D. dipsaci, P. pratensis, and H. multicinctus, 

which aligns with the findings of our research. However, 

some studies have described the onion nematode fauna as 

comprising a relatively larger number of nematode species 

(Karimova 1974; Rizayeva 1984). The high number of 

species may be related to continuous monitoring of the 

development and dynamics of the onion nematode fauna. 

That is, the studies above were conducted concerning 

different vegetation stages of the plant and seasonal 

variations. 

When analyzing the distribution of onion nematode 

fauna by genera, representatives of the genera Ditylenchus, 

Tylenchorhynchus, and Pratylenchus, as well as fungivorous 

nematodes such as Aphelenchus and Aphelenchoides, and 

bacterivorous representatives including Acrobeloides, 

Cephalobus, Eucephalobus, and Rhabditis, were widely 

distributed, which is consistent with previous studies 

(Yavuzaslanoglu et al. 2019; Peralta-Ccayahuallpa et al. 

2024). However, in some studies, representatives of the 

genus Meloidogyne, described as causing serious damage 

to onion plants, were not detected at all (Abd Allah et al. 

2023; Beesa et al. 2023). 
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Previous studies on the composition of nematodes 

occurring in onion agroecosystems have shown that 

nematodes belonging to the genera Filenchus, Tylenchus, 

Tylenchorhynchus, Helicotylenchus, Aphelenchus, Boleodorus, 

Paratylenchus, and are widely distributed and are 

considered important pest groups (Konate et al. 2019; 

Muhammad et al. 2024). Our analyses corroborate these 

scientific findings. Specifically, in the foothill agroecosystems 

of the eastern Fergana Valley, nematodes belonging to the 

genera Tylenchorhynchus, Pratylenchus, and Helicotylenchus 

were recorded in the root zones of cultivated onion plants. 

Additionally, certain representatives of some genera, 

particularly nematodes of the genus Ditylenchus, are 

considered highly dangerous pathogens not only for onion 

but also for other important vegetable crops. These 

nematodes parasitize both the root system and aboveground 

tissues of plants, causing significant damage to plant health 

(Yavuzaslanoglu et al. 2020; Riascos-Ortiz et al. 2023; 

Aksay and Yavuzaslanoglu 2023). Specifically, D. dipsaci 

exhibits rapid reproduction under cold and moist 

environmental conditions and induces morphological changes 

in the stem and leaf tissues of plants, resulting in leaf 

fragility, deformation, and potentially plant death (Brinkman 

and Teklu 2022). This nematode species, in particular, 

penetrates the plant through stomata and, following primary 

infestation, facilitates the entry of pathogenic fungi and 

bacteria. This leads to severe phytopathological consequences, 

including root rot, swelling of growth zones, and disruption 

of vegetation processes (Malysheva and Tarasova 2019). In 

our study, D. dipsaci was recorded across agrocenoses in 

all altitudinal zones. This finding indicates the need for 

further research to assess the distribution and damage 

levels of this species in the study area. 

Studies from other geographic regions also indicate the 

potential emergence of new nematode species in onion 

agroecosystems. For instance, research conducted in the 

state of Georgia, USA, identified the previously unreported 

species Paratrichodorus minor, highlighting that the 

composition of nematode fauna can vary significantly 

depending on regional characteristics (Hajihassani et al. 

2018). Furthermore, our research in the Eastern Fergana 

region of Uzbekistan revealed the presence of several 

previously unrecorded nematode species associated with 

onion plants. This finding opens new perspectives for 

studying the region's biodiversity and contributes to a 

deeper understanding of the complexity of soil ecosystems. 

In particular, the species E. parvus, E. kipchaus, D. 

triformis, T. claytoni, T. capitatus, and P. clavicaudatus 

were observed in this region for the first time, highlighting 

the need to assess their ecological roles within the 

ecosystem and their potential impact on plant health. Their 

activity is influenced by the soil's physicochemical properties, 

moisture content, and organic matter composition, which 

determine the stability and distribution of nematode 

populations. Consequently, future studies on soil quality 

and structure are of critical importance for assessing the 

impact of these newly recorded species on the 

agroecosystem, as soil conditions can either enhance or 

restrict their biological activity, thereby affecting plant 

health and crop productivity. 

It is known that specific soil properties, as well as 

variable environmental factors, influence nematode 

communities (Dong et al. 2017). The diversity of nematode 

communities becomes particularly evident when analyzing 

ecological groups. The ecological composition of the 

nematode fauna associated with onion plants examined in 

our study shows some differences compared to previously 

conducted research (Yavuzaslanoglu et al. 2019). Specifically, 

in this study, bacterivores accounted for 53.84% of the 

nematode community (the dominant ecological group), 

while omnivores 7.7% and fungivores (guild feeders) 

comprised 10.25%. In contrast, according to other data, 

bacterivores represented 29.5%, plant-parasitic nematodes 

25.5%, fungivores 24.7%, omnivores 19.9%, and predatory 

nematodes 0.5% of the community (Yavuzaslanoglu et al. 

2019). 

Such diversity in the ecological composition of 

nematodes is primarily associated with soil characteristics. 

In the agrocenoses of Eastern Fergana, the organic matter 

content of soil layers does not exceed 0.20-1.77% 

(Kholikov 2020). This limits the availability of saprobiotic 

products and microorganisms (bacteria, fungal hyphae), 

thereby restricting the increase in populations of free-living 

bacterivorous and predatory nematodes. This factor can 

also explain the finding of a predatory nematode represented 

by only a single species. However, analyzing their 

distribution across regions is crucial for understanding the 

influence of environmental factors on nematodes (Dong et 

al. 2017; Narzullayev 2022). As shown in Figure 2, the 

diversity of nematode species and their ecological groups 

exhibits an inverse correlation with elevation zones. This 

pattern slightly differs from the results obtained in studies 

conducted in natural biocenoses (Eshova 2016; Dong et al. 

2017; Narzullayev 2022). The reason for this can be 

attributed to the study area encompassing only the lower 

zones of mountainous biocenoses, meaning the research 

was conducted in a limited region. 

Additionally, differences in the level of anthropogenic 

impact may have influenced the structure of the nematode 

communities. For instance, in the lower hill areas, the 

richness of nematode species and the diversity of ecological 

groups are higher, which can be associated with factors 

such as sufficient soil moisture due to continuous irrigated 

agriculture, the application of organic fertilizers to the soil, 

and relatively lower soil compaction. Overall, with increasing 

altitude, changes in ecological diversity are directly 

proportional to the decrease in species number, and this 

pattern is characteristic for nearly all ecological groups, 

with the exception of predatory nematodes. 

By comparing the nematode fauna of adjacent areas at 

different altitudes, conclusions can also be drawn regarding 

the formation of the fauna (Figure 3). The obtained results 

are consistent with previously conducted studies (Dong et 

al. 2017; Narzullayev 2022). Only the species specific to 

the lower hill (a) and upper hill (b) regions were the most 

numerous (17 species), whereas no shared species were 

identified for only the lower hill (b) and lower mountain (c) 

regions. The species unique to only the upper hill (b) and 

lower mountain (c) amounted to one. Based on these 

observations, it can be inferred that the passive dispersal of 
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these organisms (via water and natural technogenic factors) 

played primary role in shaping the nematode communities 

in adjacent biotopes. 

As a result of the influence of several ecological factors 

mentioned above, it can be concluded that in each 

altitudinal zone, a nematode community has been formed 

that reflects the ecological condition of the respective 

habitat. In particular, a total of 34 species were recorded in 

the lower hill zone. These include P. intermedius, E. 

ettersbergensis, E. monohystera, E. parvus, A. obtusicaudatus, 

R. brevispina, R. filiformis, M. monhystera, C. dolichurus, 

D. rhizophilus, C. persegnis, H. laevis, H. elongatus, E. 

kipchaus, E. oxyuroides, A. butschlii, A. nanus, C. bibigulae, 

Ch. symmetricus, Ch. propinquus, P. armatus, P. 

multidentatus, A. avenae, A. eremitus, A. parietinus, T. 

capitatus, T. claytoni, P. pratensis, P. tulaganovi, D. 

dipsaci, D. intermedius, D. misellus, D. triformis, and H. 

multicinctus. The distribution across C-p functional groups 

revealed that C-p1 nematodes dominated with 40% (≈14 

species), followed by C-p2 with 35% (≈12 species). In 

contrast, C-p3 (≈5 species), C-p4 (≈3 species), and C-p5 

(≈1 species) were less represented. This pattern indicates 

that opportunistic nematodes adapted to dynamic and 

fluctuating soil conditions were widely prevalent in the 

studied lower hill ecosystem (Bongers 1990). 

A total of 30 species were identified in the upper hill 

zone. These included P. cirratus, P. intermedius, E. 

ettersbergensis, E. monhystera, A. obtusicaudatus, D. obesus, 

R. brevispina, R. filiformis, M. monhystera, D. rhizophilus, 

C. persegnis, H. elongatus, E. kipchaus, E. oxyuroides, A. 

butschlii, A. nanus, C. bibigulae, P. armatus, P. rigidus, P. 

multidentatus, P. clavicaudatus, A. avenae, A. parietinus, 

T. capitatus, T. claytoni, P. pratensis, P. tulaganovi, D. 

dipsaci, D. intermedius, and H. multicinctus. The graphical 

analysis demonstrated that in this zone, C-p3 nematodes 

accounted for 30% (≈9 species) and C-p4 for 25% (≈7-8 

species), representing the most dominant groups. C-p2 was 

also relatively abundant at 25% (≈7-8 species), whereas C-

p1 (≈3 species) and C-p5 (≈3 species) contributed lower 

proportions. These results indicate a relatively stable soil 

ecosystem (Maina et al. 2021). 

In the lower mountain zone, a total of 12 nematode 

species were recorded. These included A. obtusicaudatus, 

D. obesus, R. brevispina, R. filiformis, D. rhizophilus, H. 

elongatus, C. insubricus, P. rigidus, A. avenae, P. pratensis, 

P. tulaganovi, and D. dipsaci. The distribution of C-p 

functional groups in this zone revealed that C-p3 (30%, ≈4 

species) and C-p4 (30%, ≈4 species) were dominant, while 

C-p5 (15%, ≈2 species) also represented a considerable 

proportion. In contrast, C-p2 (≈2-3 species) and C-p1 (≈1 

species) were less frequently encountered. These findings 

indicate that the soil environment in this zone is 

characterized by relatively stable ecological conditions 

(Yeates et al. 1993). 

Nematode assemblages identified from onion fields in 

the Eastern Fergana region were evaluated according to the 

C-p (colonizer-persister) scale proposed by Bongers 

(1990). The results revealed that in the lower hill zone, 

where a total of 34 species were recorded, seven species 

belonging to the C-p1 group were particularly abundant. 

This dominance highlights the prevalence of opportunistic 

taxa adapted to dynamic and frequently disturbed soil 

conditions (Bongers and Ferris 1999). In contrast, the upper 

hill zone harbored 30 species, where the broad 

representation of C-p2 and C-p3 groups reflected a more 

stable and complex soil ecosystem (Maina et al. 2021). The 

lower mountain zone, with 12 species, also showed a 

similar pattern, where the proportion of C-p2, C-p3, and C-

p4 nematodes confirmed the relative ecological stability of 

the habitat. Notably, the species A. obtusicaudatus 

belonging to the C-p5 group was consistently present 

across all three altitudinal zones, indicating its high degree 

of ecological specialization and considerable potential for 

wide distribution (Yeates 2003). 

In conclusion, the conducted studies have revealed that 

nematode communities across different altitudinal zones 

exhibit significant differences in both taxonomic and 

ecological composition. These findings, which can be 

primarily explained by variations in the soil's physicochemical 

properties, moisture content, and organic matter composition 

(edaphic factors), are of immense importance to the 

scientific community. They underscore the crucial role of 

soil properties and anthropogenic influences in shaping the 

structure of nematode communities, thereby enhancing our 

understanding of these complex ecosystems. Looking to the 

future, there is a vast potential for more comprehensive 

studies. A deeper analysis of the relationship between soil 

properties and nematode communities could provide crucial 

insights into the formation characteristics of nematode 

assemblages in a given area. Furthermore, the prospect of 

molecular identification of dominant nematode species in 

agrocenoses and assessing their bioindicator properties is a 

promising avenue for future research. This could lead to the 

development of ecologically safe recommendations for 

controlling plant-parasitic nematodes, based on a thorough 

understanding of their population dynamics, and bring 

about significant advancements in the field of nematology. 
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