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Abstract  Plant-parasitic nematodes (PPNs) are one of 

the most damaging yet often overlooked constraints to crop 

production worldwide, particularly in developing countries. 

In Bangladesh, livelihoods and food security depend on 

agriculture; however, the impact of nematode infestations 

remains poorly understood across diverse cropping systems. 

This review highlights the historical evidence on the 

distribution of economically significant PPN species 

affecting key crop species and their management 

approaches in Bangladesh, including rice, wheat, jute, 

vegetables, and orchards. Available literature and survey 

reports were analyzed to evaluate the occurrence, crop 

losses, and current control strategies. Several economically 

important nematode species, including Meloidogyne 

graminicola, Ditylenchus angustus, Meloidogyne 

incognita, Pratylenchus spp., Hirschmanniella oryzae, and 

Radopholus similis, have been identified as causing 

substantial damage to different crops across diverse 

agroecological zones. Although researchers are mostly 

dependent on classical taxonomy, the integration of 

molecular tools, particularly marker genes and DNA 

sequencing, has improved species detection. Existing 

management practices largely rely on chemical 

nematicides, the use of resistance landraces, biocontrol 

agents, and organic amendments, which are mostly under 

pot trial and field-scale validation remains limited. This 

review highlights critical research gaps, including limited 

molecular diagnostic capacity, outdated nematode 

distribution records, lack of economic thresholds for major 

crops, and insufficient integration of nematode 

management into national crop protection policies. 

Improving surveillance systems, developing high-yielding 

nematode resistance crop varieties, expanding molecular 

diagnostics, and promoting nematode management 

strategies are essential for sustainable agricultural 

production. 

Keywords  Integrated Nematode Management, Crop 

Protection, Sustainable Agriculture, Molecular Diagnostics, 

Bangladesh 

1. Introduction

Bangladesh heavily depends on agricultural 

commodities for its economy, particularly on rice, 

vegetables, fruits, and other cash crops that are essential for 

food security and livelihoods. However, plant-parasitic 

nematodes (PPNs) remain hidden enemies, responsible for 

huge yield reductions. Unlike above-ground symptoms 

caused by bacteria, fungi, and viruses, farmers mostly 

ignore nematode infestation because symptoms occur 

below-ground, sometimes overlapping with nutrient 

deficiencies. Several studies have highlighted the presence 

of diverse plant-parasitic nematodes across the country [1-
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4], and more recent reports confirm their persistence and 

economic importance in rice, vegetables, and cash crops [5-

7]. 

Accurate diagnosis of soil nematodes, particularly plant-

parasitic nematodes, is essential to formulate effective 

management strategies. In Bangladesh, identification 

typically depends on traditional classical techniques using 

morphological features via light microscopy. Despite these 

approaches being useful to some extent, trained 

nematologists are needed to identify the nematodes at the 

genus and species levels due to similarities in 

morphological features. Recent technological progress in 

nematology includes molecular techniques, such as the 

development of species-specific primers, barcoding, PCR, 

qPCR, LAMP, RFLP, RAPD, AFLP, ISSR, SCAR markers, 

sequencing (Sanger, Next-Generation 

Sequencing/Metabarcoding), protein- and enzyme-based 

techniques (isozymes), which are widely used globally. 

The integration of morphological, morphometric, and 

molecular diagnostic tools has improved the accuracy of 

nematode identification. 

Despite molecular techniques being in practice for the 

diagnosis of animal parasitic nematodes in Bangladesh [8-

11], there are limited reports on molecular tools being used 

for the diagnosis of plant-parasitic nematodes. Recently, 

Sanger sequencing of rDNA (28SD2/D3 gene) and species-

specific SCAR primers using PCR were employed to detect 

root knot nematode-Meloidogyne incognita in tomato [12]. 

Several parasitic nematodes, namely root-knot nematodes, 

root-lesion nematodes, burrowing nematodes, reniform 

nematodes, and lance nematodes, were detected in different 

tea estates in Sylhet using different species-specific 

primers followed by Sanger sequencing [13]. 

An extensive survey on rice root-knot nematode 

infestation in Bangladesh was conducted recently by 

Akhter [14], who collected RKN-infested root samples 

from 90 rice-growing areas in Bangladesh covering 30 

agroecological zones (AEZs) and identified the quarantine 

pest Meloidogyne graminicola, using amplification and 

sequencing of the ITS region. Similarly, another 

nationwide survey across 29 AEZs assessed the prevalence 

of M. graminicola in rice nursery fields, conducted 

pathogenicity and varietal screening of 28 rice genotypes. 

It was found that Shishumati, BRRI dhan 49, and Binni 

were moderately resistant to this nematode [15]. Future 

integration of metagenomics and high-throughput 

sequencing is expected to reveal soil nematode community 

structure and their interactions with other soil microbiota in 

the AEZs of Bangladesh. 

 

Figure 1.  Conceptual framework of integrated nematode management in Bangladesh 

 



56  Plant-Parasitic Nematodes in Bangladesh:   

Distribution, Economic Impact and Integrated Management Strategies for Sustainable Crop Protection 

In this review, the major driving factors, current 

constraints, research priorities, and expected outcomes 

associated with integrated nematode management in 

Bangladesh are summarized in Figure 1. Climate change 

and intensive agricultural practices increase plant-parasitic 

nematode pressure across cropping systems. Key 

constraints include limited diagnostic capacity, lack of 

economic thresholds, insufficient resistance breeding, and 

incomplete surveillance. Addressing these challenges 

through molecular diagnostics, GIS-based surveillance, 

yield-loss assessment, and resistance screening can support 

sustainable crop protection, improved soil biodiversity, and 

climate-resilient production systems. 

This review aims to compile historical and contemporary 

evidence on the distribution and diagnostic advancements 

of major plant-parasitic nematodes in major cropping 

systems in Bangladesh, evaluate yield losses and the 

economic significance of key nematode species, assess 

existing management strategies, identify critical research 

gaps and propose strategic directions for sustainable 

nematode management under future climatic changes. 

2. Plant-Parasitic Nematodes in Major 
Cropping Systems 

The major plant-parasitic nematodes reported in 

Bangladesh, their primary hosts, and geographical 

distribution are summarized in Table 1. Reported yield 

reductions caused by major plant-parasitic nematodes, 

including Ditylenchus angustus, Meloidogyne graminicola, 

Hirschmanniella oryzae, and Meloidogyne spp., in rice, 

wheat, jute, and vegetable crops are summarized in Figure 

2. Yield-loss estimates were compiled from published 

studies, while values marked with an asterisk represent 

reports from outside Bangladesh used for comparison. 

2.1. Rice 

Rice is the staple food of Bangladesh, cultivated on 

approximately 10.5 to 11 million hectares annually. It is 

grown mainly under diverse water regimes across irrigated, 

rainfed, and deepwater systems, which create diverse 

niches for nematode populations. The most economically 

important nematodes in rice are Ditylenchus angustus 

(ufra), Meloidogyne graminicola (root-knot), and 

Hirschmanniella oryzae (root rot), which cause substantial 

yield losses (Table 1 and Figure 2). Other nematode species 

such as Aphelenchoides besseyi (white tip), 

Tylenchorhynchus martini (stunt), and Heterodera oryzae 

(cyst) are also reported; however, in terms of crop damage, 

they are less pronounced (Table 1) [1,6,16]. 

2.1.1. Ditylenchus angustus (ufra) 

One of the important foliar nematodes in rice is 

Ditylenchus angustus, which is confined to specific 

geographical locations, especially in the South and 

Southeast of Asia [17]. In Bangladesh, yield loss trials 

estimated losses of 40 to 49% or sporadically up to 90% 

[18,19], 60 to 70% in low-lying areas, 20 to 100% in 

transplanted aman and deepwater rice, 10 to 100% in boro 

rice, and 10 to 50% in transplanted aus rice (Figure 2) [20].  

2.1.2. Meloidogyne graminicola (Rice root-knot 

nematode) 

Meloidogyne graminicola is the most extensively 

documented rice nematode in Bangladesh, and it is 

considered the most notorious among all rice nematode 

species and categorized as a quarantine pest. This nematode 

was first highlighted by Bridge [4] in deepwater rice; 

subsequent studies have confirmed its presence across the 

country (30 agroecological zones, AEZs), and most 

pathogenic groups were frequently found in AEZ-1, 6, 7, 

10, 18, 19, and 21 [14]. Yield loss estimates range from        

16–20% in lowland rain-fed rice cultivation in Bangladesh 

(Figure 2). Recent studies suggest that local adaptation of 

this nematode to both flooded and non-flooded conditions 

may complicate resistance breeding efforts. 

2.1.3. Hirschmanniella oryzae (Rice root nematode) 

This nematode causes root-rot disease and is responsible 

for significant yield losses (25-50%) (Figure 2). Nematode 

populations increased during mid-season growth stages and 

declined as plants approached maturity. H. oryzae is 

characterized as a chronic nematode pest that damages rice 

root systems and consequently predisposes plants to 

secondary infection and stress. Nevertheless, the roles may 

be much more complex, including interactions with soil-

borne pathogenic fungi and bacteria in the rhizosphere. 

Table 1.  List of major plant parasitic nematodes, main hosts, and their distribution in Bangladesh 

A. High Economic Impact 

Scientific name Common name Hosts/Crops Distribution References 

Meloidogyne incognita (Kofoid & 

White, 1919) Chitwood, 1949 

Root-knot nematode Rice; Vegetables (tomato, 

brinjal, cucurbits, okra); Fruits 

Widespread nationwide [7] 

Meloidogyne graminicola Golden & 

Birchfield, 1965 

Rice root-knot 

nematode 

Rice (highland, lowland, 

irrigated), Wheat 

Widespread rice AEZs (all 

over Bangladesh) 

[1,5,6] 

Meloidogyne javanica (Treub, 1885) 

Chitwood, 1949 

Root-knot nematode Rice, Tea, Vegetables Reported nationwide [2] 
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Table 1 continued 

Ditylenchus angustus (Butler, 1913) 

Filipjev, 1936 

Stem nematode (Ufra) Rice (deepwater, irrigated) Major rice-growing districts [1,5,6,16] 

Hirschmanniella oryzae (van Breda 

de Haan, 1902) Luc & Goodey, 1964 

Rice root nematode 

(root rot) 

Rice (highland, low rainfed, 

submerged, irrigated) 

Jamalpur, Tangail, and 

Mymensingh districts 

[1,5] 

Radopholus similis (Cobb, 1893) 

Thorne, 1949 

Burrowing nematode Banana, Tea Banana and tea estates [2,13] 

Rotylenchulus reniformis Linford & 

Oliveira, 1940 

Reniform nematode Potato, Vegetables, Banana, 

Tea 

Banana plantation in 

Munshigonj and Bogura 

districts 

[2,13,23] 

Pratylenchus Filipjev, 1936 

(Pratylenchus brachyurus, P. 

pratensis, P. penetrans, P. coffea) 

Root-lesion nematodes Rice, Wheat, Vegetables, Tea Widespread nationwide [2,13,21,22] 

B. Moderate Economic Impact 

Aphelenchoides besseyi Christie, 

1942 

White tip nematode Rice (seed-borne) Several rice growing 

districts (Rajshahi, Tangail, 

Sylhet, Pabna, Narsingdi, 

Manikganj, Dhaka, Comilla) 

[3,6] 

Hirschmanniella mucronata (Das, 

1960) Khan, Siddiqi, Khan, Husain 

& Saxena, 1964 

Rice root nematode Rice Rice-growing districts [2] 

Hoplolaimus indicus Sher, 1963 Lance nematode Rice, Wheat, Vegetables Wheat growing districts [2,21,22] 

Helicotylenchus multicinctus (Cobb, 

1893) Golden, 1956 

Banana Spiral 

nematode 

Banana Banana plantations areas [2] 

Helicotylenchus dihystera (Cobb, 

1893) Sher, 1961 

Spiral nematode Wheat, Rice, Vegetables, 

Banana 

Cereal and banana 

production areas 

[21-23] 

Heterodera oryzae Luc & Brizuela, 

1961 

Rice cyst nematode Rice roots Localized [1,6] 

Xiphinema Cobb, 1913 (Xiphinema 

campinense, X. radicicola, X. 

indicum) 

Dagger nematodes Rice, vegetables, sugar cane, 

maize, cotton and jute 

Dhaka and Sylhet divisions [2,33] 

Longidorus elongatus (de Man, 

1876) Thorne & Swanger, 1936 

Needle nematodes Vegetables Sylhet division and other 

parts of the country 

[33] 

C. Low Economic Impact 

Trichodorus Cobb, 1913 Stubby-root nematodes Vegetables Reported [2] 

Criconema Hofmänner & Menzel, 

1914 

Ring nematodes Wheat Wheat growing districts [21,22] 

Criconemoides Taylor, 1936 Ring nematodes Wheat, Banana Cereal and fruit belts [32] 

Hemicriconemoides cocophilus 

(Loos, 1949) Chitwood & Birchfield, 

1957 

Ring nematode Banana Northern districts [23] 

Tylenchorhynchus Cobb, 1913 

(Tylenchorhynchus annulatus, T. 

martini, T. claytoni, T. cylindricus, 

T. mashhoodi, T. sacchari) 

Stunt nematodes Rice, Wheat, Vegetables, 

Banana 

Wheat fields and banana 

growing areas 

[21-23] 

Tylenchus davainei Bastian, 1865 Stunt nematodes Rice, Wheat, Vegetables Munshigonj and Bogura 

districts 

[21,22] 

Aphelenchus avenae Bastian, 1865 Oat nematode Potatoes and Banana Munshigonj, Gazipur, 

Sylhet, and the Northern 

district 

[23] 

Hoplolaimus von Daday, 1905 (H. 

galeatus, H. columbus) 

Lance nematode Banana, Tea Northern districts and Tea 

estates 

[13,23] 
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Figure 2.  Reported yield losses (%) caused by major plant-parasitic nematodes in economically important crops in Bangladesh and in a neighboring 

country 

2.2. Vegetables 

Vegetables and fruits are highly vulnerable to 

Meloidogyne incognita and M. javanica, which cause 

severe root galling in tomatoes, brinjal, cucurbits, and okra 

[21-23]. Vegetable cultivation has expanded rapidly in 

Bangladesh, driven by dietary diversification and market 

opportunities. Unfortunately, intensive year-round 

production favors the build-up of root-knot nematodes, 

particularly M. incognita. 

2.2.1. Solanaceous Crops (Potato, Tomato, Brinjal, and 

Chili) 

In Munshigonj and Bogura districts, surveys of potato 

rhizosphere soils detected multiple nematode species, 

including Meloidogyne incognita, Pratylenchus spp., 

Helicotylenchus dihystera, Hoplolaimus indicus, 

Ditylenchus dipsaci, and Criconemoides sp. [24]. Although 

detailed pathogenicity assessments and yield losses are 

limited, their presence raises concern as potato is 

considered a major cash crop. 
Among vegetable crops, tomato is consistently reported 

as the most heavily nematode-infested crop in Bangladesh. 

Although this vegetable crop is attacked by diverse 

nematode species, root knot nematodes (Meloidogyne spp.), 

particularly M. incognita and M. arenaria, are the primary 

causal agents and contribute to yield losses up to 40% 

(Figure 2) [21,22]. Other nematodes, including 

Pratylenchus, Helicotylenchus, and Hoplolaimus spp., are 

frequently detected, but these nematode species play a 

secondary role in crop damage. 

Likewise, in brinjal, field experiments demonstrated 

significant yield losses (20-24%) due to root-knot 

nematodes (M. incognita and M. javanica). Estimated yield 

losses of 20-24% were found in brinjal by these root-knot 

nematodes (Figure 2) [25]. Other nematode species, 

namely Pratylenchus sp., Criconemoides sp., 

Helicotylenchus sp., Hoplolaimus sp., Tylenchorhynchus 

sp., Xiphinema index, and Trichodorus sp., were reported; 

however, the damage caused by these nematodes is 

relatively low [25]. 

2.2.2. Cucurbits and Other Vegetables 

Root-knot nematodes (Meloidogyne spp.) are the most 

prevalent in cucurbits such as bottle gourd, bitter gourd, 

and cucumber, followed by Pratylenchus spp., 

Helicotylenchus spp., and Hoplolaimus spp. [5]. In other 

vegetable crops, including okra, carrot, cauliflower, 

cabbage, chili, taro, and radish, root-knot nematodes 

(Meloidogyne incognita and Meloidogyne javanica) 

remain the dominant pathogens, and yield losses are yet to 

be estimated, while additional nematodes such as 

Pratylenchus, Criconemoides, Helicotylenchus, 

Hoplolaimus, and Hirschmanniella spp. are frequently 

reported but generally contribute less to overall crop 

damage [5]. The stem and bulb nematode, Ditylenchus 

dipsaci, has been reported in onion and garlic in some 

agroecological zones (AEZs) of Bangladesh [5]. However, 

their impact on crop losses is limited and not yet well 

quantified. 

2.3. Fruit Crops 

Banana plantations in Gazipur, Sylhet, and Northern 

districts are affected by multiple plant-parasitic nematodes, 

Radopholus similis, Rotylenchulus reniformis, 

Helicotylenchus dihystera, and Meloidogyne incognita, 
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which are associated with root damage and yield decline 

[23,25,26]. 

Similarly, pineapple is affected by several root lesion 

nematodes, namely Pratylenchus sp., Criconemoides sp., 

Helicotylenchus sp., Hoplolaimus sp., and 

Hirschmanniella spp., although their impact is considered 

moderate [5]. 

In the citrus system, the root-lesion nematode 

(Pratylenchus sp.) has been reported as the dominant 

nematode in orange orchards in Sylhet [25]. 

2.4. Other Economically Important Crops 

2.4.1. Wheat 

In Bangladesh, approximately 0.5 million ha are 

cultivated under rice-wheat rotation. Studies have shown 

that populations of M. graminicola increased by 26.4 to 

57.9 times compared to the initial nematode population, 

suggesting potential negative impacts on both rice and 

subsequent wheat productivity in rice-wheat rotation [27-

29]. Wheat is also known to be affected by other nematode 

species such as Criconemoides, Helicotylenchus dihystera, 

Hoplolaimus indicus, Pratylenchus spp., and Tylenchus 

spp., although their impact is less pronounced compared to 

root-knot nematodes [21,22]. 

2.4.2. Jute 

Historical records indicate the presence of root-knot (M. 

incognita, M. javanica, and M. arenaria), root-lesion 

nematodes (Pratylenchus sp.), along with other nematodes, 

such as Criconemoides sp., Helicotylenchus sp., 

Hoplolaimus sp., Hirschmanniella spp., in jute-growing 

areas [30-32]. However, systematic surveys are limited. 

Considering the importance of jute as an export commodity, 

updated assessments of nematodes and their impact are 

needed. 

2.4.3. Tea 

Biodiversity surveys in Sylhet and Chattogram tea 

estates have documented several nematode species. Tea 

plantations harbor Meloidogyne spp., Pratylenchus 

brachyurus, Radopholus similis, Rotylenchulus reniformis, 

and Hoplolaimus columbus [13]. Although their economic 

significance remains unclear, these nematodes may 

contribute to root decline in long-standing tea bushes. 

2.5. Ornamentals, Flowers, and Others 

There are limited surveys on nematode infestation on 

flowering plants. However, a recent survey has 

documented root-knot nematode Meloidogyne incognita 

for the first time in gerbera in Bangladesh [25].  

Nematodes (Xiphinema and Longidorus) belonging to 

virus-vector families have also been reported in several 

crops at different locations throughout the country [33]. 

However, there has been no systematic study to determine 

yield loss. 

3. Integrated Nematode Management 
in Bangladesh 

Eco-friendly and sustainable management strategies are 

urgently required for effective control of plant-parasitic 

nematodes in Bangladesh. Generally, chemical 

nematicides have been predominantly and indiscriminately 

used without concern for the environment, which increases 

production cost, nematode resistance, and causes 

environmental damage. Thus, environmentally friendly 

and sustainable solutions are essential for long-term 

benefits. This section highlights the management strategies 

used in Bangladesh to minimize plant-parasitic nematode 

damage. 

3.1. Cultural and Agronomic Strategies 

Cultural practices: Soil solarization, burning of infested 

crop residues, and ploughing in straw are effective in 

reducing the nematode population and infestation of ufra, 

root-knot, and rice root rot disease [34,35]. Generally, 

farmers plough their fields and leave them for several days 

under the sun during the summer months. Elimination of 

volunteer plants, ratoon rice plants, wild landraces, and 

other weeds minimizes the carry-over of nematodes from 

one rice crop to the neighboring crops [17]. Before growing 

main crops, farmers carefully remove those unwanted 

plants from their fields.  

Flooding and water management: Bangladesh is a flood-

prone area. Traditional continuous flooding suppresses 

certain nematodes, particularly M. graminicola, but is less 

effective against Hirschmanniella spp. As irrigation costs 

rise, shifts to alternate wetting and drying could exacerbate 

nematode damage. 

Crop rotation: Due to high crop diversity and 

profitability, farmers prefer to grow crops depending on the 

season and water level of their fields. Notably, growing 

non-host crops such as jute and mustard is known to reduce 

the incidence of ufra disease [36,37]. These practices are 

very common in Bangladesh.  

Soil amendments: Soil amendments with mustard, neem 

oil, and sesame cake are used to manage rice root-knot and 

root nematodes [38]. Neem-based biopesticides as seed 

treatment are able to minimize the population density and 

crop damage caused by M. graminicola [39]. In several 

studies, soil was treated with different organic amendments 

(poultry refuse, rice bran, fresh saw dust, dry saw dust, 

neem cake, mustard and castor oilcakes, tea waste), which 

showed effective control of root-knot disease of tomato, 

brinjal, sweet-gourd, country bean, and cucurbits, reducing 

galls and improving crop yield [40-41]. Among soil 

amendments, mustard cake is a common practice among 

farmers in Bangladesh. 

3.2. Host Resistance and Breeding Approaches 

Host resistance is one of the most sustainable and 

durable forms of nematode management approaches, yet its 
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progress in Bangladesh is insufficient. Among 50 different 

rice varieties tested against ufra disease, local rice varieties 

such as Fukuhonami and Matsuhonami showed high 

resistance, and seven others, namely Rayeda, Bazail, 

Hunenwase, Shinanokogane, Kinonishiki, Aokazi, and 

Koshinihsini, showed resistance against ufra disease [42]. 

In another study, 85 rice genotypes were tested against this 

nematode; only the landrace ‘Manikpukha’ showed high 

resistance, while BR7, BR18, BRRI Dhan 35, BRRI Dhan 

37, BRRI Dhan 40, and BRRI Dhan 45 exhibited resistance. 

Local rice varieties, namely, Rayada, Karkati, Bazail, and 

Gowai, were found to be resistant to ufra disease [6]. 

Adoption of these local rice varieties is quite difficult, since 

farmers always prefer high-yielding rice varieties due to 

their profitability. 

A few local deepwater rice varieties such as BR306-B-

3-2, BR324-2-2-5, and Gabura exhibited resistance to rice 

root-knot nematode [6]. However, there are no high-

yielding BRRI rice varieties available with resistance to 

this nematode. In tomato, several root-knot independent 

single dominant R genes (Mi-HT, Mi-1, Mi-2, Mi-3, Mi-4, 

Mi-5, Mi-6, Mi-7, Mi-8, and Mi-9) have been identified 

and found to confer resistance. However, these genes have 

not been evaluated in vegetable crops in Bangladesh. 

Notably, these resistance genes have been shown to break 

down at higher temperatures. 

A field study revealed that sunhemp could be used as a 

trap crop for root-knot nematodes in jute [43]. Besides, 

BJRI Kenaf-3 was highly resistant in field trials; genes 

associated with resistance mechanisms could be employed 

for breeding purposes. 

3.3. Biological and Bio-Control 

Several biological and bio-control approaches have been 

evaluated in different crops in Bangladesh.  

Fungal biocontrol agents: Purpureocillium lilacinum 

(formerly Paecilomyces lilacinus) has shown promising 

results against root-knot nematodes in tomato and brinjal, 

reducing galling and improving plant growth [44]. 

Commercially available Trichoderma inoculum (Bioderma) 

is produced by Ispahani Agro Tech Bangladesh Ltd. This 

Trichoderma-based bio-fungicide, along with a minimum 

dose of nematicide (Furadan 5G), has shown effectiveness 

in reducing root gall development by M. incognita and has 

also enhanced plant growth and yield of bottle gourd [40]. 

Another study revealed a slight reduction in nematode galls 

in pointed gourd due to Trichoderma harzianum, with 

improved plant growth and yield. However, the maximum 

nematode gall reduction (79.14%) in bottle gourd was 

achieved through the application of poultry refuse plus 

Furadan 5G [13]. These biocontrol agents are gaining 

popularity among farmers in Bangladesh.  

A newly developed Bio-nematicide and BAU-

biofungicide showed potential against root-knot (M. 

incognita) against two soybean varieties (Sohag and BARI 

Soybean-5), improving growth, nodulation, seed weight, 

and reducing galls (%) and adult female counts [45]. 

Likewise, this BAU-biofungicide has also been shown to 

be effective against another root-knot (M. javanica) in two 

papaya varieties (Kashempuri and Deshi papaya). Both 

Neem oil and BAU-biofungicide significantly reduced the 

galls, egg masses, impaired nematode development, and 

improved plant growth parameters compared to the 

nematicide (carbofuran 5G) in a pot experiment [46]. These 

BAU-nematicides are still in the trial process, and farmer 

adoption requires more field trials and acceptance. 

The use of Trichoderma harzianum-based compost 

(Tricho-compost) and leachate (a liquid by-product of the 

Trichoderma-based compost) not only reduced root-knot 

nematode infestation by 80-90% but also was highly 

effective in producing healthy cabbage seedlings [47]. The 

Tricho-compost (3 kg/pot) along with inorganic fertilizers 

(NPK) is suitable for better production of chili and 

improved germination rate, vigour index, growth, and yield 

[48]. Furthermore, this biocontrol-based compost has been 

found to be successful in strawberry [49], chili [50], and 

okra [51]. Many farmers in Bangladesh are currently 

applying Tricho-compost to their fields to improve soil 

fertility, reduce nematode and fungal disease incidences, 

and increase crop yield. 

A pot experiment reported that the indigo plant as a 

green manure could be effective in reducing root-knot (M. 

javanica) galls of jute and improving the plant growth 

parameters [52]. A multi-year field trial revealed that 

neem-based products, especially neem oil cake and neem 

seed extract, were found to be promising in reducing the 

root gall index of M. incognita and enhancing plant growth 

parameters, fruit number, and tomato yield [53].  

The chemical Azadirachtin derived from neem showed 

some success against ufra disease when applied as an 

integrated approach combining seed treatment, dipping of 

seedling roots, and foliar spray [36,37]. Neem seed dust 

was also found to be effective as the commercial 

nematicide carbofuran against ufra disease [54]. In another 

study, the plant cakes also exhibited an inhibitory effect 

against plant parasitic nematodes of tea, in which 

mahogany cake exhibited the highest nematode mortality, 

followed by bishkatali (Persicaria hydropiper) and neem 

[55]. Farmers’ adoption of these products needs more field 

trials and acceptance. 

Poultry refuse (3 t/ha) plus Furadan (20 kg/ha) and 

poultry refuse alone (5 t/ha) were found to be suitable 

treatments to control root-knot disease (M. incognita) in 

tomato [40]. Similar findings were reported after three 

consecutive years of trials on tomato [56]. Poultry farming 

in Bangladesh is one of the growing sectors, which 

provides around 50% of the meat and egg supply; as a result, 

a huge quantity of poultry refuse is generated. Nowadays, 

farmers apply this poultry refuse to their fields to increase 

organic matter and reduce plant disease incidence. 

3.4. Chemical Nematicides 

Synthetic chemicals, namely Rynaxypyr (Ferterra 0.4G), 
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showed the highest soil nematode mortality of tea, 

followed by Fipronil (Goolee 3GR) and Carbofuran 5G 

[55]. Chemical nematicides were historically used to 

control rice nematodes in Bangladesh [57,58]. The use of 

nematicides such as carbofuran (Furadan, Agridhan, 

Sunfuran), benomyl, Miral (isazofos) and Tecto 60FL 

(thiabendazole), fenamiphos and disulfoton, carbosulfan, 

and triazophos provided significant control of ufra, rice 

root-knot, and root nematode diseases [6,57,58]. 

Fluopyram is a systemic broad-spectrum fungicide; 

application of this fungicide as a soil treatment reduces 

both parasitic nematodes and root fungi simultaneously. 

This pesticide proved to be the most effective against M. 

graminicola and reduced the disease severity (67–74%), 

nematode reproduction (66–70%), and promoted plant 

growth (17–32%) and yield [59]. Although the use of 

synthetic nematicides requires higher input costs, most 

farmers in Bangladesh use them in their fields due to their 

ready availability. 

4. Challenges and Future Directions 

Despite more than five decades of documented 

occurrence of plant-parasitic nematodes, nematological 

research remains poorly integrated within national crop 

protection strategies in Bangladesh. Current nematode 

distribution and emerging hotspots of economically 

important nematodes remain unknown and often limited to 

genus-level identification. To safeguard crop productivity 

under intensified agriculture and climate variability, 

strategic nematode research is urgently required. Currently, 

most of the studies focus on root knot nematodes across 

multiple cropping systems in Bangladesh; plantation crops, 

pulses, oilseeds, and horticultural crops remain 

underexplored. 

An early nationwide survey in the 1980s documented 

widespread distribution of plant-parasitic nematodes across 

the country [1,2,21]. Currently, identification of PPNs in 

Bangladesh still depends on classical taxonomy, 

predominantly using morphological features and limited 

species-level precision. Besides, there is limited use of 

molecular diagnostics tools such as qPCR, LAMP, SCAR 

markers, and metabarcoding, and a lack of a molecular 

reference database. However, most recent advances in 

molecular diagnostics have substantially improved species-

level identification and understanding of the prevalence of 

root-knot nematodes (Meloidogyne spp.) in rice, vegetables, 

and tea [12-15]. Importantly, it is imperative to establish 

molecular nematology laboratories, develop nematode 

species-specific diagnostic markers, DNA barcoding, and 

apply metabarcoding to characterize soil nematode 

communities using high-throughput sequencing 

approaches. 

Most data are currently available qualitatively, and 

quantitative yield-loss data remain limited to rice, 

vegetables, fruit, and plantation crops. Economic threshold 

levels (ETLs) have not been established for most 

nematode-crop systems in Bangladesh. Furthermore, 

interactions between nematodes and other soil-borne 

pathogens (fungal or bacterial pathogens) and plant viruses 

remain poorly resolved. It is necessary to develop crop-

specific ETL, conduct multi-year yield loss trials across 

different AEZs, and assess synergistic interactions between 

plant-pathogenic nematodes and soil-borne pathogens 

(bacteria/fungi), as these pathogenic complexes could 

intensify yield losses. Such integration is important for 

nematode management recommendations. 

Although resistant landraces have been identified for 

ufra and rice root-knot nematodes, resistance in high-

yielding cultivars remains lacking. Resistance genes such 

as Mi-genes in tomato have not been evaluated in vegetable 

crops under agro-climatic conditions in Bangladesh. In the 

future, it is advisable to conduct research on resistance 

screening of BRRI, BARI, BJRI, and BINA germplasm, 

evaluating marker-assisted selection for nematode 

resistance, assessing resistance durability under higher 

temperature conditions, and exploring indigenous 

landraces as resistance sources. Integration of nematode 

resistance into crop breeding pipelines is essential for long-

term sustainability. 

Currently, farmers are heavily depending on the 

indiscriminate use of chemical nematicides, which are not 

safe for the environment and people. While bio-based 

nematicides and organic amendments show promising 

results, most of the studies are limited to short-term pot 

trials. Field-scale validation and socio-economic feasibility 

analyses are scarce. Nevertheless, recent evaluations of 

bio-based nematode management strategies [44,45,51,53] 

and trials in resistance germplasm [15,31,58] indicate 

important progress towards integrated nematode 

management strategies. 

There are no regulatory considerations for nematicides 

in Bangladesh. Hence, multi-year, multi-location 

integrated nematode management validation trials, 

synergistic integration of biological control, organic 

amendments, and resistant varieties, assessment of cost–

benefit ratios, and farmer participatory research are needed 

to enhance the adoption of eco-friendly alternatives.  

Climate change across the globe due to higher 

temperatures, low rainfall, and irrigation practices is likely 

to shift nematode ecology. Since heat-induced resistance 

breakdown has been reported for Mi-genes, it is necessary 

to assess the adaptation of M. graminicola under drought 

and irrigation conditions and integrate nematode risk into 

national climate resilience strategies. 

Future nematological research in Bangladesh should 

integrate digital agriculture tools, including GIS-based 

surveillance and risk assessment, machine learning to 

predict outbreaks, environmental DNA (eDNA), AI-

assisted diagnostics, precision agriculture, and agricultural 

drones to design precision nematode management. 

Effective management of plant-parasitic nematodes in 

Bangladesh requires coordinated efforts among research 
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institutions, extension services, and regulatory bodies. 

Although several researchers received training on 

nematology at Ghent University, Belgium, under a 

master’s programme, a major structural constraint is the 

limited number of trained nematologists in research 

institutes and public universities, and the absence of a 

centralized nematode database. Nematodes are rarely 

prioritized in extension curricula or policy frameworks, and 

funding for nematology research is scarce in Bangladesh. 

Short-term priorities should include nationwide 

nematode surveillance across AEZs in Bangladesh, 

establishment of central molecular nematology laboratory, 

development of nematode reference databases, economic 

threshold determination for major crops; medium-term 

priorities may include multilocation integrated 

management trials, resistance screening of local 

germplasm, farmer participatory validation trial; and long-

term priorities should include integration of nematology 

into public university and extension training programs, 

public awareness initiatives on nematode-induced crop 

losses, AI/GIS-based nematode forecasting systems, and 

introduce policy and regulatory framework for nematicides 

and bio-based products. 

5. Conclusions 

Plant-parasitic nematodes are ubiquitous across 

cropping systems in Bangladesh, from rice to vegetables, 

fruits, and tea. Genera such as Meloidogyne, Ditylenchus, 

Pratylenchus, Hirschmanniella, and Radopholus cause 

significant yield and economic losses. Although 

management strategies such as bio-based amendments and 

biocontrol agents have shown potential, farmers’ practices 

remain limited. There is an urgent need for national 

nematode surveys, resistance screening of BARI and BRRI 

crop varieties, and long-term management trials. Strategic 

investment in modern nematology could substantially 

enhance crop productivity, soil health, and sustainable 

agriculture under changing climatic conditions. 
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