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Abstract   

This study evaluates the efficiency of three different tools-forceps, needle and 

wire pick for transferring Root-Knot Nematode (RKN) females in various 

suspension media (water, formalin and lactophenol). The performance of each 

tool was assessed based on picking time, number of females transferred per 

minute, damage rates and overall picking efficiency. The wire picks consistently 

demonstrated the highest picking efficiency, achieving 99% in water suspension, 

98% in formalin suspension and 98% in lactophenol suspension. It outperformed 

both the forceps and needle in terms of speed, precision and minimal damage. 

The forceps showed lower efficiency and higher damage, particularly in water and 

lactophenol suspensions, while the needle, though more efficient than the 

forceps, was less effective compared to the wire pick in all scenarios. These 

findings highlight the wire pick as the most effective tool for RKN female and 

vermiform nematode transfer across different media and emphasize the need for 

selecting appropriate tools to optimize nematode handling in research and 

practical applications. 
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Introduction   

Nematodes are one of the most abundant groups of organisms on Earth with an 

estimated one million species of which only a fraction has been described (1–3). 

They inhabit a wide range of environments, including soil, water and as parasites 

of plants and animals (4-6). In agricultural systems, nematodes can be both 

beneficial and harmful. Beneficial nematodes, such as those from the families 

Steinernematidae and Heterorhabditidae, are used in biological control of insect 

pests (7). However, plant-parasitic nematodes (PPNs) are significant agricultural 

pests, causing annual crop losses estimated at $100 billion worldwide (8).  

 Understanding nematode biology and behaviour is essential for 

developing effective control strategies and mitigating their impact on crops and 

human health. Nematode picking, the process of manually isolating individual 

nematodes from a sample, is a fundamental technique used in various areas of 

nematode research. It is crucial for several applications. Picking allows 

researchers to isolate individual nematodes for morphological characterization 

and identification, which is essential for taxonomic studies and understanding 

nematode diversity (9). Additionally, it enables the isolation of specific 

nematodes for DNA extraction and genetic analysis, providing insights into 

population structure, genetic diversity and the evolution of nematode 
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populations (10). This technique is also crucial in bioassays, 

where specific nematodes are required for testing the effects 

of different stimuli, such as chemical compounds, essential 

oils or microbial antagonists (4). Furthermore, picking 

facilitates the isolation of nematodes for detailed microscopic 

examination, revealing internal structures, developmental 

stages and other features relevant to nematode biology (9). 

The accurate handling and isolation of nematodes are 

essential for research and management. Various techniques 

have been developed to extract and handle nematodes from 

soil and plant tissues. These methods include flotation, sieving 

and the use of centrifugal flotation techniques (11, 12). 

However, after extraction, the challenge remains to accurately 

isolate specific life stages, particularly swollen females and 

vermiform nematodes, which are critical for further 

investigation such as molecular analysis. Traditional tools for 

nematode handling include fine forceps and needles. Forceps 

are commonly used for their ability to grasp nematodes, but 

their effectiveness is limited by the risk of exerting too much 

pressure, leading to physical damage (13). Needles, on the 

other hand, offer precision but can be cumbersome and time-

consuming to use, especially when dealing with delicate or 

large nematodes (14). Both tools require considerable skill and 

practice to use effectively.  

 The limitations of traditional tools in handling swollen 
females and larger vermiform nematodes are well-

documented. These nematodes are often more fragile and 

susceptible to damage during handling. For instance, root-

knot nematodes (Meloidogyne spp.) and cyst nematodes 

(Heterodera spp.) have swollen female stages that are critical 

for identification and study but are easily damaged by forceps 

or needles (15). Similarly, migratory endoparasitic nematodes 

like Pratylenchus spp. require delicate handling to avoid 

damage during isolation. In response to these limitations, 

various innovative tools and techniques have been developed. 

Some researchers have explored the use of micro-

manipulation devices and automated systems for nematode 

handling (16). These technologies, while promising, are often 

expensive and require specialized training, limiting their 

widespread adoption.  

 The concept of a wire pick tool for nematode handling 
is inspired by the need for a simple, cost-effective and efficient 

tool that minimizes damage to delicate nematodes. Similar 

tools have been used in other areas of micro-manipulation, 

such as in entomology and cell biology, where precision and 

minimal physical stress are paramount (17). Preliminary 

studies on the use of wire tools for nematode handling have 

shown promising results. For example, the use of fine wire 

loops has been reported to improve the accuracy of nematode 

isolation and reduce damage rates compared to traditional 

tools (18). However, systematic studies comparing the efficacy 

of wire picks to forceps and needles specifically for swollen 

females and vermiform nematodes are lacking.  

 A pick is a basic tool required in nematology to isolate a 

desired nematode from a suspension containing different 

species of nematodes. The nematode pick is generally made 

from feathers, eyelashes, plastic bristles and thin metal points 

and is mainly used for handling the vermiform nematodes. 

However, for handling swollen females of root-knot 

nematodes (RKN), Meloidogyne spp. specialized picks are not 

available. The simple forceps are still used in laboratories to 

pick the swollen females. Moreover, extreme care is required 

with the forceps to pick the swollen female nematodes 

without crushing or damaging them. As the uncrushed or 

undamaged swollen females of RKN are prerequisites for 

classical taxonomy and molecular diagnosis, we have 

developed an electric wire-based simple pick for handling 

swollen females and vermiform nematodes.  

 This study aims to evaluate the performance of the 

wire pick tool in comparison to traditional forceps, needles 

and picks. We hypothesize that the wire pick tool will 

demonstrate superior performance in terms of handling time, 

precision and reduced damage rates, thus proving to be a 

valuable addition to the nematologist's toolkit with the 

following objectives:  

• To design and fabricate a simple wire pick tool for handling 

swollen females and vermiform nematodes. To compare the 

effectiveness of the wire pick tool with traditional picks, 

forceps and needles through experimental trials.  

• To assess the handling time, precision and damage rates 

associated with each tool.  

• To provide recommendations for the use of the wire pick 

tool in nematological research and applications.  

 By addressing these objectives, we aim to contribute to 

the development of more efficient and precise methods for 

nematode handling, ultimately enhancing the capabilities of 

researchers and practitioners in the field of nematology. 

  

Materials and Methods 

Electric wire-based nematode pick preparation 

The wire pick tool was designed to provide a simple, efficient 

and cost-effective method for handling swollen females and 

larger vermiform nematodes. A piece of 10-15 cm long 

ordinary wire (No. 10) used for electrical conductivity for 

households is taken for making a pick (Fig. 1). First 10 cm of 

wire served as a handle for the pick. The remaining 2.5 cm of 

plastic insulation is removed carefully using a sharp knife or 

scalpel blade without damaging the copper threads. Only 4-6 

copper wire threads were retained and others were removed 

using scalpel blades under a stereo zoom microscope. The 

flexible copper threads are made in to bowel shaped and the 

distance between the copper threads was adjusted to 0.3-0.6 

mm to retain the root-knot nematode females (The dimension 

of the root-knot nematode females: Pear-shaped and about 

0.4-1.3 mm long by 0.27-0.75 mm wide). It is better to select 

the copper threads thickness as near as the dimension of the 

swollen females. 

Nematode culture 

Nematodes were obtained from mixed soil samples collected 

from agricultural fields, containing a variety of nematode 

species, including swollen females and larger vermiform 

stages of root-knot (Meloidogyne spp.), cyst (Heterodera spp.) 

and root-lesion (Pratylenchus spp.) nematodes. The 

nematodes were extracted using a modified Baermann funnel 

technique, which involved placing soil samples on a mesh 
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screen over water in a funnel. This setup allowed nematodes 

to migrate into the water over a 48-hour period, after which 

they were collected from the bottom of the funnel and stored 

in distilled water at 4 °C until use (19).  

Nematode picking efficiency 

The root-knot nematode, Meloidogyne incognita, was cultured 

in a susceptible plant, Plectranthus forskohlii (Syn Coleus 

Forskohlii). The RKN-infested roots were taken and the 

adhering sands were gently washed using tap water. From 

that, approximately 150 swollen root-knot nematode females 

were teased out and collected in a Petri dish. Forceps, needles, 

conventional picks and wire picks were used to pick 100 

nematodes each, from the beaker containing female RKNs 

into another beaker. A stopwatch was used to measure the 

time taken for transferring 100 female RKN and the number of 

nematodes transferred per minute. Due care was taken to shift 

only a single nematode at a time. The damage in the 

transferred female RKN was observed and quantified under a 

stereo microscope (Lawrence Mayo, Model; LM-52-3621 

elegant). The Picking Efficiency (PE) was computed based on 

the formula described below.   

  

TFT - Total number of females transferred; TFD - Number of 

females damaged after transfer  

Statistical Analysis 

A completely randomized design (CRD) was employed to 

evaluate the performance of the wire pick tool compared to 

traditional forceps and needles. Three treatments were 

established: forceps, needle and wire pick tool, with each 

treatment replicated five times. Each replicate consisted of 30 

nematodes. The handling procedure involved selecting 30 

swollen females and larger vermiform nematodes from the 

extracted suspension using a stereomicroscope. Each tool was 

then used to pick and transfer the selected nematodes from a 

Petri dish to a microscope slide with a drop of water. The 

handling time for each nematode was recorded in seconds 

using a stopwatch and any physical damage to the nematodes 

was noted under the microscope. Damage was defined as any 

visible physical harm or deformation. An Analysis of Variance 

(ANOVA) was conducted to test for significant differences 

between the tools in terms of handling time and damage rate. 

The model used for the ANOVA included the overall mean, the 

effect of the treatment and the random error associated with 

the observation. The Standard Error of Difference (SEd) 

between treatment means was calculated using the mean 

square error (MSE) from the ANOVA and the number of 

replicates. The Critical Difference (CD) at a 0.005 significance 

level was calculated using the critical value of the t-

distribution for a two-tailed test at the desired significance 

level and degrees of freedom. Pairwise comparisons of 

treatment means were made using the CD value, with 

treatments grouped based on significant differences. 

Statistical analyses were performed using R software, 

specifically employing the 'agricolae' package for the ANOVA 

and post-hoc tests. This detailed methodological approach 

ensured a robust evaluation of the wire pick tool's 

performance compared to traditional handling tools.  

 

Results  

The efficiency of different tools for transferring Root-Knot 

Nematode (RKN) females in various suspensions was assessed 

across three different solutions: water, formalin and 

lactophenol. The wire pick’s efficiency (99%) in water 

suspension underscores its potential for applications requiring 

speed and precision, significantly outperforming both the 

forceps (46%) and needle (92%). The wire pick required the least 

amount of time (2.5 min to pick 100 females) and had the 

highest number of females transferred per minute (52.44), 

coupled with minimal damage (0.24%). Conversely, the forceps 

took the longest (4.94 min), had a lower transfer rate (18.22 

females per min) and caused higher damage (9.80%). 

Conventional pick required an average of 11.34 min (range:         

9.8-13.6) to transfer 100 RKN females, with a transfer rate of 

10.92 females per minute (range: 6-15). Damage to nematodes 

was minimal, with only 0.89 females (range: 0-2) damaged on 

average, resulting in 99.1 undamaged females (range: 98-100) 

and a picking efficiency of 91%. The needle was more efficient 

than the forceps but less than the wire pick, taking 10.32 min to 

pick 100 females and transferring 14.87 females per min with 

1.01% damage (Table 1). In formalin suspension, the wire pick 

again showed the highest efficiency (98%), with a quick picking 

time of 2.8 minutes and a high transfer rate of 36.6 females per 

min. It also resulted in minimal damage (0.6%). The forceps, 

while faster than the needle (3.34 min), still had a lower 

efficiency (68%) compared to the wire pick, transferring 23.8 

females per min but causing more damage (7.6%). Using the 

conventional pick took an average of 11.98 min (range:                   

Picking Efficiency (PE) = 

(TFT)-(TFD) 

(TFT) x 100  
Eqn. 1 

Fig. 1. A simple tool for picking swollen females and vermiform nematodes. A 
custom-designed tool for efficiently picking swollen female and vermiform 
nematodes. The tool features a fine-tipped wire or needle mounted on a 
handle, designed to allow precise and gentle transfer of nematodes from 
various suspension media. The tip’s shape and material provide stability and 
reduce the risk of damaging delicate nematode structures, particularly useful 
for handling swollen females in sensitive molecular or morphological studies. 

This tool offers an ergonomic grip, enhancing control and reducing hand 
fatigue during prolonged use. The design enables easy sterilization and re-
use, making it a practical option for nematode handling across research 
applications. 
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10.1-13.6) to transfer 100 females, with a rate of 12.92 females 

per min (range: 9-15). The tool damaged an average of 2.47 

females (range: 0-2), leaving 97.5 females undamaged (range:  

98-100) and yielding a picking efficiency of 80%. The needle, 

taking 9.54 min, had the lowest transfer rate (11.2 females per 

min) and also the highest damage rate (3.02%), resulting in a 

lower efficiency (73%) (Table 2). In lactophenol suspension, the 

wire pick continued to exhibit superior performance with an 

efficiency of 98%, picking 100 females in just 1.32 min, 

transferring 71.2 females per min and causing minimal damage 

(1.4%). Using the conventional pick in lactophenol suspension 

took an average of 5.12 min (range: 4.6-5.9) to transfer 100 RKN 

females, with a transfer rate of 15.06 females per min (range:    

11-18). The average number of damaged females was 1.6 

(range: 0-3), leaving 98.4 females (range: 97-100) without 

damage. This resulted in a picking efficiency of 80%. The needle 

also performed well with an efficiency of 86%, taking 6.02 min to 

pick 100 females and causing only 1.6% damage. The forceps, 

although quicker than the needle (4.06 min), had the lowest 

efficiency (55%), transferring 23.6 females per min but resulting 

in higher damage (10.4%) (Table 3). 

 Overall, the wire pick consistently demonstrated the 

highest picking efficiency across all suspension types, 

highlighting its effectiveness in transferring RKN females with 

minimal damage and maximum speed. The forceps and 

needle, while functional, showed lower efficiencies and higher 

damage rates, particularly in water and formalin suspensions. 

 

Discussion 

The comparative analysis of various picking tools for 

transferring Root-Knot Nematode (RKN) females demonstrates 

the wire pick's consistent superiority across different 

suspension media. In water suspension, the wire pick achieved 

a picking efficiency of 99%, transferring 100 females in just 2.5 

min, resulting in a transfer rate of 52.44 females per min. This 

finding aligns with existing literature, which highlights its ability 

to minimize damage and improve handling speed (20, 21). In 

contrast, the forceps exhibited a much lower efficiency of 46% 

and a transfer rate of only 18.22 females per min, making it less 

suitable for handling delicate nematodes due to its gripping 

nature, which caused 9.8% damage. Although the needle 

performed better than the forceps, with a 92% efficiency, it still 

Picking tools 
Time taken to pick 100 

females 

Number of females 
transferred per 

minute 

Number of females 
damaged 

Number of females 
without damage 

Picking efficiency 

(PE=TFT-TFD/TFT × 100) (%) 

Forceps 
4.94a*                                

(4.2 - 5.3) 
18.22b                               

(13 - 21) 
9.80b*                               

(8 - 12) 
90.2a*                                       

(88 - 93) 46 

Needle 
10.32b*                              

(8.7 - 11.4) 
14.87b*                                  
(9 - 21) 

1.01a*                               
(0 - 2) 

99.0b                                  
(98 - 100) 93 

Conventional pick 
11.34b*                            

(9.8 - 13.6) 
10.92b*                                
(6 - 15) 

0.89a*                                   
(0 - 2) 

99.1b                                         
(98 - 100) 91 

Wire pick 
2.5a*                                  

(1.9 - 3.1) 
52.44a*                              

(36 - 68) 
0.24a                                   
(0 - 1) 

99.8b                                 
(99 - 100) 99 

SEd 0.56 5.28 0.92 0.92  

CD (p=0.05) 1.93 18.11 3.16 2.01  

Table 1. Picking efficiency of different tools to transfer RKN females in water suspension 

* pairwise comparisons are significant @ 5% (p = 0.05) by Tukey's HSD test. The table presents the results of a study comparing the efficiency and outcomes of 
three different tools (forceps, needle and wire pick) used for picking females in Water suspension, with statistical significance tested using Tukey's HSD test at a           
5% significance level. 

Picking tools Time taken to pick 
100 females 

Number of females 
transferred per minute 

Number of females 
damaged 

Number of females 
without damage 

Picking efficiency                  
(PE=TFT-TFD/TFT × 100) (%) 

Forceps 3.34a*                            
(2.8 - 4.1) 

23.8b                                                  
(19 - 30) 

7.6a                                             
(4 - 12) 

92.4a*                                          
(88 - 96) 

68 

Needle 9.54b                                   
(8.8 - 11.1) 

11.2b                                                   
(8 - 17) 

3.02a*                                            
(2 - 5) 

96.9b*                                      
(95 - 98) 

73 

Conventional 
pick 

11.98c*                                  
(10.1 - 13.6) 

12.92b*                                              
(9 - 15) 

2.47a*                                          
(0 - 2) 

97.5b                                     
(98 - 100) 

80 

Wire pick 2.8a*                                       
(2.4 - 3.5) 

36.6a*                                                  
(32 - 49) 

0.6a                                                
(0 - 2) 

99.4c*                                        
(98 - 100) 

98 

SEd 0.43 3.67 1.25 1.71  
CD (p=0.05) 1.64 13.85 4.73 6.45  

Table 2. Picking efficiency of different tools to transfer RKN females in formalin suspension 

* pairwise comparisons are significant @ 5 % (p = 0.05) by Tukey's HSD test.  

Picking tools Time taken to pick 
100 females 

Number of females 
transferred per minute 

Number of females 
damaged 

Number of females 
without damage 

Picking efficiency                    
(PE=TFT-TFD/TFT × 100) (%) 

Forceps 
4.06c*                                        

(3.4 - 4.7) 
23.6b*                                                                

(17 - 31) 
10.4b                                     

(4 - 17) 
89.6b                                              

(83 - 96) 
55 

Needle 6.02b*                                         
(5.4 - 6.5) 

12.0b*                                                                
(8 - 15) 

1.6a*                                    
(0 - 4) 

98.4a                                           
(96 - 100) 

86 

Conventional 
pick 

5.12c*                                         
(4.6 - 5.9) 

15.06b*                                                           
(11- 18) 

1.6a*                                      
(0 - 3) 

98.4a                                            
(97 - 100) 

80 

Wire pick 1.32a*                                        
(0.8 - 1.8) 

71.2a*                                                                  
(57 - 100) 

1.4a                                      
(0 - 3) 

98.6a                                           
(98 - 100) 

98 

SEd 0.27 7.87 2.37 2.39  
CD (p=0.05) 1.05 29.69 8.97 9.01  

* pairwise comparisons are significant @ 5 % (p = 0.05) by Tukey's HSD test.  

Table 3. Picking efficiency of different tools to transfer RKN females in lactophenol suspension 
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inflicted 1.01% damage and required significantly more time 

(10.32 min). These results reinforced prior studies that outline 

the needle's limitations compared to the wire pick (22, 23). In 

formalin suspension, the wire pick again excelled, achieving          

98% efficiency with a picking time of 2.8 min and a transfer rate 

of 36.6 females per min. While the forceps demonstrated 

improved efficiency (68%) and a quicker picking time (3.34 min) 

compared to their performance in water suspension, they 

caused more damage (7.6%), consistent with reports of reduced 

control in viscous media (24, 25). The needle's performance in 

this medium was again limited by higher damage rates and 

slower handling times. The higher viscosity of lactophenol 

suspension further highlighted the advantages of the wire pick. 

It achieved 98 % efficiency with a rapid picking time of 1.32 min 

and a transfer rate of 71.2 females per min, confirming its 

effectiveness in thicker media (27). Conversely, the forceps had 

the lowest efficiency at 55% and inflicted the highest damage at 

10.4%, while the needle, with an efficiency of 86%, offered 

better precision than the forceps but still fell short of the wire 

pick's performance (28, 29). Although the conventional pick was 

not the most efficient, it demonstrated balanced performance 

across all media. In water, it achieved a 91% efficiency with a 

moderate transfer rate, making it a reliable choice for tasks 

requiring gentle handling. It maintained an efficiency of 80 % in 

both formalin and lactophenol, demonstrating adaptability to 

denser media while ensuring low damage rates. Nematode 

picking is a meticulous process involving several steps to ensure 

the isolation and preservation of nematodes for research 

purposes. The initial step is sample collection and processing, 

which varies according to the nematode species and research 

goals. Soil, plant roots and water are common sources; each 

requiring different collection tools like soil corers for soil 

samples, careful excavation for root samples and plankton nets 

for water. To process these samples, methods such as the 

Baermann funnel, sugar flotation and sieving are used to isolate 

nematodes by separating them from debris and concentrating 

them for further examination. Sample preservation is also 

critical to maintaining the viability and morphological integrity 

of nematodes, using refrigeration at 4 °C for short-term storage, 

freezing at -80 °C for long-term preservation, or chemical 

fixation for morphological studies. 

 Nematode picking requires specialized equipment, 

particularly microscopes and picking tools. Dissecting 

microscopes (10x - 40x magnification) are used for initial sample 

inspection, while compound microscopes (40x - 1000x 

magnification) allow detailed morphological study. Picking 

tools vary based on the nematode size and the sample medium: 

fine forceps for solid surfaces, Pasteur pipettes and 

micropipettes for liquid samples and micro-needles for high-

precision applications like genetic analysis. Techniques such as 

direct picking with forceps, transferring with a loop and washing 

with buffer solutions are used depending on the sample type 

and precision needed. After picking, nematodes are often 

mounted on microscope slides for observation. Temporary 

mounts with water or glycerin are used for quick morphological 

checks, whereas permanent mounts with Canada balsam or 

Hoyer’s solution allow for long-term study. During observation, 

researchers assess characteristics such as size, cuticle patterns, 

head structures, tail features and internal anatomy, which aid in 

species identification. 

Several factors influence the choice of tools and techniques, 

including nematode size and morphology, sample type, 

research objectives and the skill level of the researcher. Smaller 

nematodes require finer tools and different sample types may 

necessitate specific handling approaches. Emerging 

technologies, such as automated picking systems, microfluidic 

devices and laser capture microdissection (LCM), are enhancing 

the efficiency and precision of nematode picking. Automated 

systems use robotic arms and image analysis, microfluidic 

devices offer controlled manipulation and LCM provides 

precision for genetic studies, representing the future of 

nematode picking in research. 

 The consistent superiority of the wire pick across all 
suspension types highlights its optimal design for handling 

nematodes with minimal damage and maximum efficiency. The 

findings are in line with studies that advocate for the use of wire 

picks in nematode research due to their precision and speed 

(20, 24). The forceps and needle, while functional, showed lower 

efficiencies and higher damage rates in various suspensions. 

This suggests that while these tools can be used, they may not 

be ideal for all scenarios. Specifically, forceps may require more 

careful handling to avoid damaging delicate nematodes and 

needles may be better suited for specific applications where 

high precision is less critical (25, 26). Advancements in 

nematode handling techniques are poised to revolutionize 

research by overcoming the limitations of traditional manual 

methods. While tools like wire picks, forceps and needles are 

effective, they are labour-intensive and prone to variability. 

Emerging technologies, particularly microfluidic platforms, offer 

significant potential for precision and automation. Systems like 

the COPAS sorter and the “WormFarm” chip demonstrate how 

microfluidics can enable high-throughput assays and real-time 

tracking of nematode behaviour and morphology (30, 31). 

However, adapting microfluidics for larger nematodes, such as 

plant- and animal-parasitic species, remains a challenge due to 

their size and fragility. Optimizing chip designs and flow 

dynamics for gentle yet efficient handling is essential. 

Integrating machine learning and automated imaging into 

these platforms could further enhance data acquisition and 

analysis (32). By combining the precision of traditional methods 

with the efficiency of automation, future innovations will enable 

researchers to address complex biological questions with 

greater accuracy, opening new avenues in nematode research 

across agriculture, medicine and environmental sciences. 

 

Conclusion 

The results underscore the importance of selecting the 

appropriate tool for nematode handling, depending on the 

suspension medium and the required precision. The wire pick’s 

consistent performance indicates that it is the optimal choice 

for researchers and practitioners who need an efficient and 

gentle method for transferring nematodes. Additionally, the 

pick is easy to prepare and causes little to no damage to swollen 

nematode females during handling. It is particularly useful for 

molecular studies that require quick picking without harming 

the swollen females. Nematode picking is a fundamental 

technique in various areas of nematode research. Selecting the 

right tools and techniques necessitates careful consideration of 

the nematode's size and morphology, the sample type, the 
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research objectives and the experience and skill level of the 

researcher. Advancements in emerging technologies continue 

to enhance the efficiency and accuracy of nematode picking, 

creating new opportunities in research. Future research should 

focus on refining tool designs and evaluating additional tools to 

improve nematode handling practices. Overall, the findings of 

this study provide valuable insights into the effectiveness of 

nematode handling tools, establishing a foundation for 

improved methodologies in nematode research and 

management. 
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