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ABSTRACT 

 
Diversity of ecosystem components in rice agroecosystem is one of the keys to rice growing success. There was 

still a lack of information regarding the functional diversity of nematodes in the rice agroecosystems, hence the 
purpose of this study was to investigate the functional diversity of nematodes in rice ecosystems. This study was 
conducted by collecting samples from rice planting centers in Banyumas: Wangon, Jatilawang, Ajibarang, Rawalo, 
and Baturraden. Soil samples were collected randomly around rice plants at two places in each subdistrict. A total of 
100 g of soil was extracted and isolated using the White-head tray technique. The observed variables were the 
morphological characteristics and functions of the nematode genus. The Shannon-Weiner diversity index was used 
to calculate the diversity (H'), evenness (E), and dominance (D) indices. The findings revealed five distinct nematode 
functions: omnivore-predator (Eudorylaimus), omnivore (Dorylaimus), microbial feeder and predator (Diplogaster), 
bacterivore (Cephalobus and Rhabditis), and herbivore (Hirschmanniella, Meloidogyne, Helicotylenchus). The most 
abundant genus was Eudorylaimus (32%), followed by Hirschmanniella (23%), Dorylaimus (17%), Meloidogyne 12%, 
Helicotylenchus (8%), Diplogaster (4%), and Rhabditis and Cephalobus (2% each). The H' index ranged from low to 
moderate, the E index varied from moderate to high, and D indicated that some sites were dominant. In conclusion, 
the diversity of nematode functions on rice agroecosystems in Banyumas was extensive, although R1 site in Rawalo 
district should be concerned due to Meloidogyne domination. 
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INTRODUCTION 
 

Rice is a vital commodity in Indonesia, serving as a 
staple diet. Sustainable rice production should be 
considered because it is linked to national food 
security. Rice production is impacted by a variety of 
elements, both biotic and abiotic. Abiotic components 
include physical elements including soil, water, 
humidity, temperature, light, rainfall, and wind, whereas 
biotic components include host plants, pests, natural 
enemies, and soil bacteria (Jarvis et al. 2016). 
Nematodes are a type of soil microorganism that plays 
an important part in the agricultural ecosystem. The 
nematode community in agroecosystems is divided 
into two types: free-living in soil nematodes and plant 
parasitic nematodes (PPNs), the majority of which live 
inside root tissue (Lazarova et al. 2021). Nematodes 
are classified into five trophic groups: bacterivore, 
fungivore, omnivore, predator, and herbivore or PPNs 
(Laasli et al. 2022). 

Climate and soil edaphic variables influence the 
diversity and abundance of nematodes in agricultural 
ecosystems (Mondal et al. 2023). Soil nematodes in 
agroecosystems contribute to nutrient degradation, 

decomposition, carbon management, nutrient 
dynamics, and serve as biocontrol agents (van den 
Hoogen et al. 2019). The composition of a nematode 
community in an ecosystem is linked to the nitrogen 
cycle and decomposition, which are critical factors in 
soil ecology (Mondal et al. 2023). Nematode 
communities in agroecosystems also play an important 
function as bioindicators of soil health (Laasli et al. 
2022). Nematode functional diversity could be utilized 
to measure habitat health, stability, and biological 
activity in soil (Liu et al. 2015). Research on abundance 
and diversity in potato plantations reveals a functional 
diversity of non-parasitic nematodes that enhance 
plant health, including Diplogaster, Dorylaimus, Tripyla, 
Lotonchus, and Rhabditis. Diplogaster is a microbial 
feeder and predator, Dorylaimus and Rhabditis are 
omnivore, Tripyla and Lotonchus are predatory 
nematodes (Mutala’liah et al. 2023). The nematode 
population in a rice agroecosystem in Jharkhand, India, 
included bacterivores, herbivores, fungivores, 
omnivores, and predators, with bacterivores being the 
most abundant (Mondal et al. 2023). According to 
nematode diversity in rice agroecosystems in Tebere 
and Nyangati, Kenya, bacterivores were more 
dominant than PPNs such as Aphelenchoides, 
Longidorus, and Helicotylenchus, as were omnivores 
such as Prodorylaimus (Mokuah et al. 2023). 
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Nematode diversity is also influenced by the 
planting season due to ecological factors that affect soil 
properties. In spring, free-living nematodes are 
abundant, whereas PPNs are more numerous in 
summer. Diplogaster was most abundant in the rice 
agroecosystem in the spring, whereas Hirschmanniella 
and Meloidogyne dominated in the summer. Nematode 
diversity on rice was reported in Jammu and Khasmir, 
India, comprises of Acrobelus, Aphelenchoides, 
Aphelenchus, Cephalobus, Rhabdolaimus, 
Criconemoides, Cuticularia, Diplogaster, Diploscapter, 
Discolaimus, Ditylenchus, Dorylaimellus, 
Dorylaimoides, Dorylaimus, Eucephalobus, 
Eudorylaimus, Globodera, Helicotylenchus, 
Heterodera, Hexatylenchus, Hirschmanniella, 
Hoplolaimus, Longidorus, Meloidogyne, 
Mesodorylaimus, Mesorhabditis, Miconchulus, 
Mononchus, Mylonchulus, Panagrolaimus, 
Paratylenchus, Pelodera, Pratylenchus, Prionchulus, 
Protorhabditis, Psilenchus, Radopholus, Rhabditis, 
Rotylenchus, Teratorhabditis, Tylencholaimus, 
Tylenchorhynchus, Tylenchus, and Xiphinema (Nisa et 
al. 2022). Bacterivores (Panagrellus and Rhabditis) 
and herbivores (Aphelencoides, Longidorus, and 
Helicotylenchus) had the greatest diversity and number 
of nematodes in Kenya's irrigated rice cropping system 
(Mokuah et al. 2023).  

Functional diversity in Indonesia's rice 
agroecosystem has not been reported. Reports on rice 
nematodes in Indonesia have only focused on PPNs; 
however, by researching nematode diversity in rice 
agroecosystems, it is possible to determine the quality 
of rice agroecosystems as well as their sustainability. 
One of the foundations for managing rice 
agroecosystems is knowledge of the functional variety 
of nematodes. The presence of non-parasitic 
nematodes in rice might be used to assess soil health, 
but a high abundance of PPNs could signal the need 
for a good control approach to prevent yield losses. The 
purpose of this study was to investigate the functional 
diversity and abundance of soil nematodes in the rice 
agroecosystem, specifically in Banyumas. 

 
 

METHODS 
 
Materials and Tools 

The sampling equipment included a hoe, shovel, 
root cutters, plastic bags, markers, and raffia rope. For 
soil extraction and isolation, we used Whitehead tray 
method with the following components (top−bottom): 
unscented tissue, nylon gauze, suspension tray, and 
container tray. A 5 mL counting dish, syringe, 
microscope (Sinher), Optilab Viewer 4 (Miconos), 
Syracuse dish, beaker glass, nematode's hook, Petri 

dish, Bunsen burner, slides, and cover glass were used 
to see nematodes. The materials in the investigation 
were soil samples, immersion oil, and sterile water. 
 
Sampling 

Sampling was carried out in rice field centers in 
Banyumas subdistricts, namely: Wangon (W), 
Jatilawang (J), Ajibarang (A), Rawalo (R), and 
Baturraden (B). Each subdistrict was sampled at two 
random sites on the field site. Samples were taken 
during the vegetative period of rice. The rice fields in 
the five subdistricts were somewhat flooded. Soil 
samples were collected around the rhizospheres of rice 
plants. The amount of sample points collected for each 
field varied depending on the field area, with the 
following provisions: (a) field area < 500 m2: 8−10 
sample points; (b) field area < 4,000 m2: 10−20 sample 
points; (c) field area < 20,000 m2: 20−40 sample points 
(Shurtleff & Averre 2000).  

 
Nematode Extraction–Isolation  

Nematode extraction and isolation were performed 
using the Whitehead-tray method. Soil samples (100 g) 
were equally distributed on tissue paper at the top of 
the suspension tray. The container tray was filled with 
water until the soil was wet and incubated for 24 hours. 
The nematode suspension in the tray was transferred 
to beaker glass using a 400-mesh screen (Bell & 
Watson 2001) and examined directly under a 
microscope. 

 
Nematode Identification and Population Counting  

Nematodes were recognized up to the genus level, 
and the population was counted using a counting dish 
under a microscope, picking nematodes and placing 
them on a slide drizzled with sterile water allowed for 
identification. Nematodes were viewed using a 
microscope linked to Opti-Lab Viewer4. Nematode 
genus identification was based on the University of 
Nebraska-Lincoln (UNL) online identification key, 
which may be found at 
https://nematode.unl.edu/key/nemakey.htm. Stoma, 
esophagus, tail shape, and other genus-specific 
characteristics served as morphological markers for 
nematode identification. Nematode population density 
for each genus was estimated by multiplying the 
average number of nematodes obtained from 5 mL of 
total nematode suspension. 

 
Data Analyses  

For further studies, data were examined using 
studies of Variance (ANOVA) at a 5% error level, as 
well as the Duncan Multiple Range Test (DMRT) at the 
same level. The Shannon-Weiner diversity index (H'), 
evenness index (E), and Simpson's dominance index 
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(D) were used to assess nematode diversity. Data 
analysis was performed using R statistic version 4.2.1. 

 
 

RESULTS AND DISCUSSION 
 

Morphological Characters of Soil Nematode Genus  
Soil nematodes identified on rice agroecosystems 

in Banyumas were diverse, comprising eight genera: 
Eudorylaimus, Dorylaimus, Cephalobus, Diplogaster, 
Rhabditis, Hirschmanniella, Helicotylenchus, and 
Meloidogyne. The many genera discovered had 
distinct functions, which were then classified into two 
broad divisions of nematode functions: non-parasitic 
and plant parasite nematodes. Eudorylaimus and 
Dorylaimus are members of the Dorylaimida order of 
non-parasitic nematodes. Eudorylaimus was an 
omnivore, predatory nematode, whereas Dorylaimus 
was omnivorous. Cephalobus, Rhabditis, and 
Diplogaster are members of the Rhabditida order, 
which also includes nonparasitic nematodes. 
Cephalobus sp. and Rhabditis are bacterivores, but 
Diplogaster was a microbial feeder and predator. 
Hirschmanniella, Helicotylenchus, and Meloidogyne 
are plant-parasitic nematodes from the Tylenchida 
order. 

Dorylaimus had an extended body length ranging 
from 2 to 9 mm. The genus Dorylaimus possessed a 
powerful and lengthy odontostylet. The female tail was 
long and filiform, but the male tail was short and circular 
(Andrassy 2009), exhibited a thick cuticle, obvious 
longitudinal lines, and offset lips (Cornejo–Condori et 
al. 2021). Dorylaimus' anterior morphology lacked 
setae, the stoma wall was not sclerotized, and the stylet 

had no knob or basal flange. The axial stylet was 
centered and centrally located (Figure 1a). The valve 
connecting the median and basal esophagus was 
missing, and the esophageal was basally extended, 
with an enlarged posterior portion (Figure 1b). The tail 
of the female was filiform (Figure 1c). 

Eudorylaimus had a smooth cuticle, offset lips, and 
a body size of approximately 0.8−3.5 mm (Ferris 2020). 
This genus featured a short odontostylet and 
odontophore (Figure 2a). The esophagus did not have 
a metacorpus portion (Figure 2b), a short, bluntly 
rounded tail (Figure 2c). Eudorylaimus had a sturdy 
body that curved at the ventral and resembled an open 
'C' following fixing. The tail was conical with a rounded 
tip and curved to the ventral (Wu et al. 2018). 

Cephalobus had no setae on its anterior portion. 
The stoma did not have a stylet or teeth (Figure 3a). A 
metacorpus was found in the esophagus (Figure 3b), 
as well as an enlargement in the middle (Figure 3c). 
This genus' tail was blunt and conical (Figure 3d). It has 
a stubby and straight body with an average length of 
472.86 µm and width of 27.27 µm. The lips were not 
distinct, the buccal cavity was cylindrical and thin, and 
the stoma wall was not sclerotized and lacked teeth. 
The middle of the esophagus grew larger. The cuticle 
annulation was ineffective. This genus was commonly 
found in rice agroecosystems and had been 
documented in China, Japan, Russia, Vietnam, Kenya 
and Taiwan (Chiu et al. 2024; Mokuah et al. 2023). 

Diplogaster had no setae, and the stoma lacked a 
stylet. The lips lacked serrations (Figure 4a). The 
esophagus was enlarged in the center (Figure 4b). The 
nematode's tail was conical, with a filiform tip (Figure 
4c). Diplogaster had a huge, powerful stoma, some 

 

Figure 1 Dorylaimus. (a) Anterior, (b) Esophagus–intestinum, and (c) Posterior. 
 

 

Figure 2 Eudorylaimus. (a) Anterior, (b) Esophagus–intestinum, and (c) Posterior. 
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with teeth and some without. The corpus was 
sclerotized and contained a metacorpus. The female 
tail was conical, with or without a filiform tip (Kanzaki et 
al. 2014; Pieterse et al. 2017). 

Rhabditis was a bacterial-feeding nematode with an 
extended stoma, no stylet, and stomatal teeth (Figure 
5a). The central section of the esophagus enlarged 
(Figure 5b), and the metacorpus expanded slightly 
(Figure 5c). The tail resembled a dome (Figure 5d). 
Rhabditis' physical traits were an elongated and 
slender stoma that was open and cylindrical. The 
female tails had two shapes: long conical and dome-
like (Schulte & Poinar 1991).  

Hirschmanniella's body length ranged from 1−4 mm 
and was straight and slender. The lips were weak and 
flat. The stylet structure was sturdy, measuring 15−46 
µm in length and with a broad knob. The metacorpus 
was highly developed, and the esophageal glands 
extended ventrally into the intestine (Figure 6a). The 
tail form was identical in male and female, with an 
extended cone shape and an infrequent mucro near the 
tail tip (Figure 6b). The male tail features a subterminal 
bursa structure (Karssen & Hallmann 2022). 

Helicotylenchus had a spiral-shaped body in the 
dead state (Figure 7a). The stylet was sturdy, with clear 
and rounded knobs (Figure 7b). The tail was 
asymmetrical, having a projection structure at its tip 
(Figure 7c). Helicotylenchus' body spirals or curves as 

the nematode dies (Al’as & Gafur 2020). The female 
vulva was roughly two-thirds the length of the worm 
body from the anterior end. Many species' tails were 
asymmetrical, curled dorsally, and had rounded ridges 
(Subbotin et al. 2015). 

Meloidogyne displayed sexual dimorphism, with 
female nematodes having a pear-like form and males 
being elongated cylindrical. The anterior half of 
Meloidogyne juveniles had offset lips (Figure 8a). The 
tail of juvenile stage 2 (J2) was pointed and covered in 
hyaline (Figure 8b). The body of J2 Meloidogyne sp. 
was elongated and cylindrical, tapering towards the 
posterior. Cuticular annulation was poor. The stylet was 
small and smooth, with a rounded knob pointed at the 
back. According to Arun et al. 2023 and Nurjayadi et al. 
2015, the hyaline or translucent tail end measures 
approximately 18.2 µm and has a gently rounded tip. 

 
Diversity and Abundance of Soil Nematode  

The diversity of nematode genus on rice fields in 10 
sites in Banyumas comprised of omnivorous-predator, 
omnivorous, microbial-feeder and predatory, 
bacterivorous, and herbivorous or plant-parasitic 
nematodes. Wangon Subdistrict was comprised of the 
genus Dorylaimus, Diplogaster, and Hirschmanniella. 
Jatilawang Subdistrict was comprised of Dorylaimus, 
Eudorylaimus, and Hirschmanniella. Eudorylaimus and 
Dorylaimus were the genus found in Ajibarang 

 

 

Figure 3 Cephalobus. (a) Anterior, (b) Metacorpus, (c) Esophageal expansion, and (d) Posterior. 
 

 

Figure 4 Diplogaster. (a) Anterior, (b) Esophagus, and (c) Posterior. 
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Subdistrict. The following genera were detected in 
Rawalo Subdistrict: Dorylaimus, Eudorylaimus, 
Rhabditis, Diplogaster, Cephalobus, Hirschmanniella, 
Helicotylenchus, and Meloidogyne. Baturraden 
Subdistrict was home to Eudorylaimus, Dorylaimus, 
Cephalobus, Helicotylenchus, and Meloidogyne (Table 
1). The coordinates for the sampling sites were as 
follows:  
W1: 7.49744°S,109.06306°E;  
W2: 7.52433°S,109.07330°E;  

J1: 7.52510°S,109.08607°E;  
J2: 7.53182°S,109.13665°E;  
A1: 7.41423°S,109.06675°E;  
A2: 7,41044°S,109,07242°E;  
R1:7,50551°S,109,15066°E; 
R2:7,51589°S,109,16944°E; 
B1:7,33542°S,109,23639°E; 
B2:7,34133°S,109,21797°E. 

The abundance of non-parasitic and plant-parasitic 
nematode populations varied significantly between 

 

Figure 5 Rhabditis. (a) Anterior, (b) Esophageal expansion, (c) Metacorpus, and (d) Posterior. 
 

 

Figure 6 Hirschmanniella. (a) Anterior and (b) Posterior. 
 

 

Figure 7 Helicotylenchus. (a) Spiral-body shaped, (b) Anterior, and (c) Posterior. 
 

 

Figure 8 Meloidogyne, juvenile stage 2. (a) Anterior and (b) Posterior. 
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sites. The quantity of non-parasitic nematodes at A2 
was much higher than at other sites, with an average 
of 240 nematodes per 100 g soil. W1 had the lowest 
quantity of non-parasitic nematodes, with an average 
of 33.33 worms per 100 g soil (Figure 9). R1 had a 
much higher abundance of plant-parasitic nematodes 
than others, with 313.33 worms per 100 g of soil. 
Meanwhile, no plant-parasitic nematodes were 
detected at the A2, A3, B2, and J5 sites (Figure 10). 
The high population of plant-parasitic nematodes 
shows that the soil nematode ecology was imbalanced 
and capable of causing plant damage. R1 had a higher 
abundance of plant-parasitic nematodes than non-
parasitic nematodes. In contrast, the A2 site contained 
no plant-parasitic nematodes but the largest population 
of non-parasitic nematodes. The quantity of non-
parasitic nematodes could be utilized to assess soil 
quality and its ability to sustain plant growth. Pesticide 
treatments influenced the abundance of nematode 
populations. Cultivated fields with occasional pesticide 
application had a lower abundance of beneficial 
nematode populations and were significantly different 
from fields without pesticide application (Mutala’liah et 
al. 2023). Chemical pesticides kill both target 

organisms and beneficial non-target organisms in the 
soil, such as free-living nematodes. Chemical 
pesticides may lower the abundance of soil biota and 
have an impact on the structure of the nematode 
community in the field due to the poisonous agent. 
Chemical pesticides had a harmful effect, reducing soil 
nematode diversity, whereas biopesticides could 
increase the population of bacterial-feeder nematodes, 
promoting plant growth (Carrascosa et al. 2015). 

Diversity study revealed that the B2 location has a 
greater number of genera than the other sites. H' < 1 
indicates little diversity, 1−3 represents medium 
diversity, while > 3 indicates great diversity. The 
evenness index is divided into three categories: 0 < E 
< 0.5, 0.5 < E < 0.75, and 0.75 < E < 1. According to  
(Tarno et al. 2021), a Simpson's dominance index 
category of 0 < D ≤ 0.5 shows no dominance and 0.5 > 
D ≥ 1 implies a dominance. The Shannon-Weiner 
diversity index revealed that W1, W2, J2, A1, A2, and 
B2 sites were low diversity, whereas J1, R1, R2, and 
B1 sites were medium diversity. Eight locations had 
high evenness indexes, including W1, W2, J1, J2, A1, 
R1, B1, and B2, while A2 and R2 had medium 
evenness indexes. Simpson's dominance index 

Table 1 Genus diversity of soil nematode on rice agroecosystem in Banyumas  

Site 
Genus  

W1 W2 J1 J2 A1 A2 R1 R2 B1 B2 

Eudorylaimus (omnivore–predator)   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Dorylaimus (omnivore) ✓  ✓ ✓ ✓ ✓  ✓ ✓  

Cephalobus (bacterivore)       ✓  ✓  

Diplogaster (microbial feeder and predator)  ✓      ✓   

Rhabditis (bacterivore)        ✓   

Hirschmanniella (herbivore) ✓ ✓ ✓     ✓   

Helicotylenchus (herbivore)       ✓   ✓ 

Meloidogyne (herbivore)       ✓   ✓ 

Remarks: A1 (Ajibarang site point 1), A2 (Ajibarang site point 2), B1 (Baturraden site point 1), B2 (Baturraden site point 2), 
J1 (Jatilawang site point 1), J2 (Jatilawang site point 2), R1 (Rawalo site point 1), R2 (Rawalo site point 2), W1 
(Wangon site point 1), W2 (Wangon site point 2).  

 

 

Figure 9 Non–parasitic nematode population on each site. A1 (Ajibarang site point 1), A2 (Ajibarang site point 2), B1 
(Baturraden site point 1), B2 (Baturraden site point 2), J1 (Jatilawang site point 1), J2 (Jatilawang site point 2), R1 
(Rawalo site point 1), R2 (Rawalo site point 2), W1 (Wangon site point 1), W2 (Wangon site point 2). 
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revealed the presence of a dominance genus at J1, R1, 
R2, B1, and B2 sites, but not at W1, W2, J2, A1, or A2 
sites (Table 3). The dominant genus at J1 was 
Eudorylaimus, R1 was Meloidogyne, R2 was 
Hirschmanniella, and B1 and B2 were Eudorylaimus 
(Table 2).  

Eudorylaimus (32%), Dorylaimus (17%), 
Diplogaster (4%), Cephalobus (2%), and Rhabditis 
were the most common non-parasitic nematode 
genera. Meanwhile, Hirschmanniella (23%), 

Meloidogyne (12%), and Helicotylenchus (8%) were 
the most common plant-parasitic nematode genera 
(Figure 11). Eudorylaimus was an omnivorous predator 
and free-living nematode. This genus is abundant in 
soils with high calcium concentrations (Laasli et al. 
2022). This genus was abundant in Banyumas, as 
evidenced by its presence in eight of the examined 
sites. This suggests that the calcium level of most rice 
fields in Banyumas was high. Eudorylaimus was very 
adaptable to severe environmental circumstances. 

 

Figure 10 Plant parasitic nematode population on each site. A1 (Ajibarang site point 1), A2 (Ajibarang site point 2), B1 
(Baturraden site point 1), B2 (Baturraden site point 2), J1 (Jatilawang site point 1), J2 (Jatilawang site point 2), 
R1 (Rawalo site point 1), R2 (Rawalo site point 2), W1 (Wangon site point 1), W2 (Wangon site point 2).  

 
Table 2 Mean number of nematode genus population 

Site 
Genus 

Nematode population/100 g soil 

W1 W2 J1 J2 A1 A2 R1 R2 B1 B2 

Eudorylaimus 0 0 50 76.67 26.67 193.33 73.33 43.33 46.67 43.33 
Dorylaimus 33.33 0 36.67 36.67 33.33 46.67 0 23.33 43.33 0 
Cephalobus 0 0 0 0 0 0 20 0 16.67 0 
Diplogaster 0 63.33 0 0 0 0 0 6.67 0 0 
Rhabditis 0 0 0 0 0 0 0 36.67 0 0 
Hirschmanniella 56.67 103.33 43.33 0 0 0 0 180 0 0 
Helicotylenchus 0 0 0 0 0 0 116.67 0 0 13.33 
Meloidogyne 0 0 0 0 0 0 196.67 0 0 10 

Remarks: A1 (Ajibarang site point 1), A2 (Ajibarang site point 2), B1 (Baturraden site point 1), B2 (Baturraden site point 2), 
J1 (Jatilawang site point 1), J2 (Jatilawang site point 2), R1 (Rawalo site point 1), R2 (Rawalo site point 2), W1 
(Wangon site point 1), W2 (Wangon site point 2).  

 
Table 3 Diversity, evenness, and dominance index 

Site S H’ E D 

W1 2 0.65 0.95 0.46 
W2 2 0.66 0.95 0.47 
J1 3 1.09 0.99 0.66 
J2 2 0.62 0.91 0.43 
A1 2 0.68 0.99 0.49 
A2 3 0.49 0.71 0.31 
R1 3 1.16 0.84 0.64 
R2 4 1.13 0.70 0.57 
B1 2 1.01 0.92 0.62 
B2 5 0.88 0.81 0.51 

Remarks: A1 (Ajibarang site point 1), A2 (Ajibarang site point 2), B1 (Baturraden site point 1), B2 (Baturraden site point 2), 
J1 (Jatilawang site point 1), J2 (Jatilawang site point 2), R1 (Rawalo site point 1), R2 (Rawalo site point 2), W1 
(Wangon site point 1), W2 (Wangon site point 2). S: number of genus; H’: diversity index; E: evenness index; D: 
dominance index. 
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This genus can be found in a variety of soil types, 
however the soil pH should not be lower than 4 
(McSorley 2012). Dorylaimus was a free-living, 
omnivorous nematode (Mirsam et al. 2020). Crop 
diversification and soil pH were identified as factors 
influencing Dorylaimus population abundance (Tarno 
et al. 2021). This genus has been found in coffee  
(Widowati et al. 2014), rubber (Setiawan et al. 2019), 
oil palm and Lembo agroecosystems (Suyadi et al. 
2021), guava  (Sarmah et al. 2022), and potato  
(Sarmah et al. 2022). The presence of omnivorous and 
predatory nematodes in rice agroecosystems was 
found to be adversely linked with plant-parasitic 
nematodes  (Korobushkin et al. 2019). This implied that 
omnivore nematodes and predators could serve as 
natural controls for plant-parasitic nematodes. 
Eudorylaimus was an omnivorous predatory nematode 
capable of preying on Rotylenchulus reniformis at a 
rate of less than 40% (Wang et al. 2015). Dorylaimida 
nematodes had the potential to be excellent predators 
of plant parasite nematodes and other species. These 
nematodes feed on other nematodes with their long 
and powerful odontostylet. These predatory 
dorylaimids had a diverse host range, preying on a 
variety of plant parasitic nematodes  (Khan & Kim, 
2007). 

Cephalobus and Rhabditis are members of the 
Rhabditida order, which feeds on bacteria. The 
presence of bacterivores in the soil accelerates the 
mineralization of soil organic matter, increases the 
availability of inorganic nitrogen for plant absorption, 
and promotes plant root growth. The abundance of 
bacterivorous nematodes was positively associated 
with increases in soil nitrogen and indole acetic acid 
(IAA) content via auxin-dependent pathways (Cheng et 
al. 2016). Gebremikael et al. (2016) discovered that the 
number of bacterial-feeder nematodes was positively 
connected with the availability of N and P in the soil and 
their uptake by plants. Diplogaster is another 
Rhabditida genus found in rice agroecosystems, can 
be both bacterivores and predators (Pieterse et al. 
2017). Diplogaster was frequently observed in rice and 

soybean agroecosystems (Musarrat et al. 2016). The 
presence in rice agroecosystems could be utilized to 
assess ecological balance, which is crucial for soil 
health. This was demonstrated by its presence in the 
soil across three growing seasons (Nisa et al. 2022). 
The statistics revealed that Diplogaster accounted for 
only 4% of all site points, was identified exclusively in 
W2 and R2. This suggests that the rice agroecosystem 
in W2 and R2 remained balanced. 

Hirschmanniella are plant parasitic nematodes that 
are commonly seen in rice fields. This was consistent 
with Musarrat et al. (2016), who found that it was more 
widespread on rice fields in Pakistan, followed by 
Aphelenchoides, Helicotylenchus, and 
Tylenchorhynchus. Hirschmanniella oryzae was one of 
the world's most damaging Hirschmanniella species. 
They can easily adapt to flooded circumstances, hence 
this species has been identified as a major concern in 
flooded rice field ecosystems (Bauters et al. 2020). H. 
mucronata was also discovered in Yogyakarta in 
Cangkringan, while H. oryzae was discovered in Imogiri 
and Banguntapan. Above-ground symptoms of the 
attack were stunted in plant growth and development 
and delayed panicle emergence, while the usual root 
symptom caused by Hirschmanniella sp. was necrotic 
roots that became reddish to brown (Indarti et al. 2020). 
The genus Hirschmanniella was favorably linked with 
soil moisture and fertilizer sensitivity, was shown to be 
more abundant in fertilized rice fields than in non-
fertilized fields (Liu et al. 2016). The findings revealed 
that Hirschmanniella sp. were abundant in all four sites 
(W1, W2, J1, and R2), ranging from 56.67 to 180 
nematodes/100 g of soil. This could be a major problem 
at these sites because Hirschmanniella sp. can cause 
serious damage. 

Meloidogyne was discovered to be another 
herbivorous genus; root-knot nematode, exhibits 
sexual dimorphism in its adult stage. Juveniles and 
males had elongated cylindrical or vermiform 
morphology, while female nematodes were pear-
shaped (Cornejo–Condori et al. 2021; Khan et al. 
2023). M. graminicola was the most prevalent species 

 

Figure 11 The percentage of genus abundance on rice agroecosystem in Banyumas. 
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detected on rice crops and responsible for severe 
damage. Above-ground symptoms of an M. 
graminicola attack were reduced plant development 
and leaf chlorosis. A hook-like gall at the tip of the root 
was a common symptom (Arun et al. 2023).. 
Meloidogyne sp. abundance was quite high in the R1 
location, with 196.67 nematodes per 100 g soil, 
compared to just 10 nematodes in the B2 site. The high 
abundance at R1 should be considered and handled 
properly to prevent economic impact. J2 M. graminicola 
concentrations of up to 1500 nematodes per kg of soil 
at seedling could affect yields by 27−35%  (Haque et 
al. 2018; Khan et al. 2014). Khan & Ahamad (2020) 
observed that having as many J2 nematodes as 3851 
nematodes per kg of soil might reduce yield losses by 
44.6%. 

Helicotylenchus was another parasitic nematode 
that was commonly found in rice production. It could be 
found in both lowland and upland rice agroecosystems. 
This genus was most typically found in irrigated and 
rainfed rice fields (Gnamkoulamba et al. 2018). This 
study also demonstrated that Helicotylenchus 
populations were abundant in both lowland (R1) and 
upland (B2) fields. Aside from rice, Helicotylenchus has 
been linked to a variety of hosts, including bananas, 
horticultural crops, ornamentals, and cultivated 
grasses. It can flourish in a variety of soil conditions, 
including clay, sandy, and organic matter-rich soils 
(Crow 2017). According to Sagita et al. (2014), 
Helicotylenchus is a plant parasitic nematode that 
prefers high soil temperatures. 

 
 

CONCLUSION 
 

Nematodes in Banyumas rice agroecosystems 
have a wide range of functional roles, including 
omnivore-predator, omnivore, microbial feeder and 
predator, bacterivore, and herbivore. Meloidogyne, the 
most abundant plant-parasitic nematode in Rawalo 
Subdistrict at site 1, requires special attention since it 
has the potential to reduce crop losses. The functional 
diversity of nematodes in the rice agroecosystem could 
serve as an indicator of soil health, particularly in terms 
of plant development. Following these findings, more 
research is needed to discover how nematode diversity 
and abundance effect plant growth and rice production. 
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