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A novel in vitro chemotaxis bioassay to assess the response 
of Meloidogyne incognita towards various test compounds

Abstract
Plant-parasitic, root-knot nematodes (Meloidogyne spp.) are a serious 
problem in agri- and horticultural crops worldwide. Understanding their 
complex host recognition process is essential for devising efficient and 
environmental-friendly management tactics. In this study, the authors 
report a new, simple, inexpensive, efficient, and quantitative method 
to analyze the chemotaxis of M. incognita second-stage juveniles 
(J2s) using a combination of pluronic gel and agar in a petri dish. The 
authors quantitatively defined the concentration gradient formation 
of acid fuchsin on the assay plate. Using this novel assay method, 
the authors have accurately measured the nematode response 
(attraction or repulsion) to various volatile (isoamyl alcohol, 1-butanol, 
benzaldehyde, 2-butanone, and 1-octanol) and non-volatile (root 
exudates of tomato, tobacco, and marigold) compounds. Isoamyl 
alcohol, 1-butanol, and 2-butanone were attractive to J2s through 
a broad range of concentrations. On the contrary, J2s were repelled 
when exposed to various concentrations of 1-octanol. Despite being 
attractive at lower concentrations, undiluted benzaldehyde was 
repulsive to J2s. Tomato and tobacco root exudates were attractive 
to J2s while marigold root exudates repelled J2s. The present 
quantitative assay method could be used as a reference to screen 
and identify new candidate molecules that attract or repel nematodes.

Key words
Agarose, Attraction, Diluents, Odorants, Pluronic gel, Repulsion, 
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Plant-parasitic nematodes (PPNs) especially root-
knot (Meloidogyne spp.) and cysts cause substan-
tial economic damage to vascular plants worldwide  
(Palomares-Rius et al., 2017). During coevolution with 
the host plant, these phytoparasites have developed 
the capacity to recognize and orientate toward chemi-
cal stimuli of host origin (Curtis, 2008). Immediately af-
ter hatching, the infective second-stage juveniles (J2s) 
of Meloidogyne spp. locate and invade host roots, mi-
grate intercellularly toward the vascular tissue and es-
tablish an intimate nutritional relationship with their host 
via the development of multinucleate feeding site, i.e., 
giant cell (Jones et al., 2013). J2s recognize an array of 
chemical cues emanating from the host roots via their 
sensory organs and modulate their complex behavioral 

patterns accordingly, in order to reach the preferred site 
in host tissue starting from their migration in soil (Perry, 
2005; Reynolds et al., 2011). Understanding the com-
plex network of plant-nematode interactions during the 
host finding process is necessary in order to identify 
the vulnerable points in nematodes which could be tar-
geted to disrupt PPN host recognition.

Since data of laboratory bioassays can be extrap-
olated to understand the actual nematode behavior in 
natural soil and around the host root, researchers have 
frequently used agar and sand as assay media to test 
different hypotheses (Robinson, 2000; Spence et al., 
2008; Farnier et al., 2012). Plenty of modifications were 
adopted for agar-and sand-based assays because both 
of them allow good nematode dispersion and stimulus 
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diffusion (Rasmann et al., 2005; Ali et al., 2010). Howev-
er, in the rigid agar medium nematodes move on their 
sides in two-dimensions which is quite unlike of their 
movement in natural soil environment. On agar surfaces 
nematodes can be trapped in water films. In addition, 
the opaque nature of sand renders the observation of 
nematode movement toward the concentration gradi-
ent of a test compound in sand column difficult (Spence 
et al., 2008). Of late, due to its non-rigid texture and 
high transparency, pluronic gel (PF-127) has emerged 
as an ideal medium to investigate the short-distance at-
traction of PPNs to host roots and their accumulation 
around certain sites (Wang et al., 2009a, 2009b, 2010; 
Dutta et al., 2011; Reynolds et al., 2011; Kumari et al., 
2016; Dash et al., 2017). Nematodes move in three- 
dimensions in PF-127 medium which allows more real-
istic evaluations of nematode-host interactions.

Other three-dimensional behavioral assays include 
the use of micro-molded substrates (to study the ef-
fect of pore structure on nematode migration; Eo et al., 
2007, 2008) and gel-filled micro channel array (M. in-
cognita chemotaxed to KNO3 in a complicated micro 
maze; Hida et al., 2015). Although these assays may 
quantitatively analyze the chemotactic responses of 
PPNs along a concentration gradient, they are techni-
cally challenging to execute which is in sharp contrast 
with the demand for simple assays to measure accurate 
behavioral responses of PPNs to various chemicals.

The extremely simple in vitro assays such as PF-
127 assays provide sufficient traction to allow PPN 
movement toward a chemical gradient (Wang et al., 
2009b, 2010). However, high spatial resolution (due 
to reduced convection) property of PF-127 gel some-
times results in tight clump formation by PPNs (Wang 
et al., 2009a, 2010) and numerous sinusoidal tracks 
of PPN movement on the gel surface (Fig. 1), which 
inhibits the quantitative analyses of PPN chemotaxis 
toward the concentration gradient of a test chemi-
cal. In order to overcome this problem, in the present 
study, agar was combined with PF-127 gel (poured in 
separate areas) in a petri plate. Test compounds were 
applied in the wells created in agar, adjacent to the in-
terface with PF-127 gel. J2s of M. incognita were inoc-
ulated at the center of the petri plate in PF-127 gel (Fig. 
2). A chemical gradient from the point source was es-
tablished along the PF-127 medium and J2s respond-
ed by accumulating toward the point source and ul-
timately being trapped at the interface of PF-127 gel 
and agar. At the end of the assay, all the J2s could be 
easily collected from the interface and counted under 
the microscope. The live J2s recovered in our assay 
facilitates further downstream experiments involving 
those J2s in contrast to previous assays where PPNs 
were immobilized on assay plate using various anes-

thetizing agents such as sodium azide and potassium 
cyanide (Wuyts et al., 2006; Wang et al., 2010).

Materials and methods

Nematode cultures

A pure culture of M. incognita race 1 was multiplied on 
eggplant (cv. Pusa Purple Long) in a greenhouse. Egg 
masses were collected from eight-week-old infected 
roots using sterilized forceps and kept for hatching in 
a modified Baermann assembly (Whitehead and Hem-
ming, 1965). Freshly hatched J2s were used for all the 
experiments.

Collection of root exudates

Seeds of tomato (cv. Pusa Ruby), tobacco (cv. Petite 
Hawana), and marigold (cv. Arpit) were surface steri-
lized and germinated via standard methods (Papolu et 
al., 2013; Dutta et al., 2015). Each of the five- to six-day-
old seedlings was hydroponically grown in half strength 
Hoagland solution (Hoagland and Arnon, 1950) in 15 ml 
Falcon conical centrifuge tubes (Sigma-Aldrich) for 
15 d followed by removal and insertion of the roots of 
the plantlets (post washing) in sterile distilled water in a 
fresh Falcon tube for another 5 d. The whole assembly 
(covered in aluminium foil) was maintained in a growth 
chamber at 28°C, 70% RH, and 14 hr: 10 hr light: dark 
photoperiod. Sterile water containing the root exudates 
were pooled from 50 plants for each of the hosts, fil-
tered through Whatman No. 1 filter paper and concen-
trated to 5 ml suspension (from initial volume of 50 ml) 
for each of the hosts in Eppendorf tubes via vacuum 
evaporation in a Speed Vac Concentrator (Labconco) 
using a vacuum of 100 to 500 mTorr.

Preparation of agar-pluronic gel  
assay plate

Pluronic F-127 (PF-127) (Sigma-Aldrich) gel was pre-
pared as described previously (Wang et al., 2009a). 
To prepare 0.8% agarose gel, 0.8 g of agarose powder 
(Sigma-Aldrich) was dissolved in 100 ml of sterile dis-
tilled water in a microwave oven. Six ml of agarose gel 
was poured onto a 50×10 mm petri plate (Tarsons, part 
number - 461010) and allowed to solidify. Two paral-
lel imaginary lines, each equidistant of 1.5 cm from the 
center of the petri plate, were drawn (Fig. 2). Agar was 
scooped out from the area between these two lines 
using sterilized forceps and was filled with 3 ml of 23% 
PF-127 gel and allowed to solidify at room temperature 
(i.e. >15°C). Small wells of 1.5 mm diameter were created 



489

JOURNAL OF NEMATOLOGY

(by scooping out the agar halfway through the plate with 
rear end of 1 ml pipette tip) on the agar surface adja-
cent to agar-PF-127 junction (almost 1 cm distant from 
the nearest edge of the petri plate) for application of test 
compounds (Fig. 2).

Chemical gradient assay

To quantitatively define the concentration gradient of a 
test compound in the assay plate, a colorimetric assay 
using acid fuchsin was carried out. PF-127 hardly ad-
sorbs acid fuchsin which aids in rapid analysis of their 
concentration distribution in PF-127 gel by measuring 
the color intensity. Also, 20 µl of acid fuchsin (stock 
solution: 3.5 g acid fuchsin, 250 ml acetic acid, 750 ml 
distilled water) was pipetted into a well in assay plate 
and incubated at room temperature. After 40 min, 50 µl 
each of the test samples was collected from PF-127 gel 
at 2, 5, 10, and 15 mm distance from the application 
point of acid fuchsin and liquefied on ice. To each sam-
ple, distilled water was added to make up the volume 
to 1 ml for measurement of their absorbance at 550 nm 
in a standard spectrophotometer (Eppendorf Biopho-
tometer Plus). Experimental samples were measured 
against the average of three controls containing PF-127 
gel and distilled water. A standard curve was generat-
ed by plotting the various concentrations of acid fuch-
sin in PF-127 gel vs the absorbance measurements of 
different concentrations of acid fuchsin that were fit to 
a linear correlation model (R2 = 0.98; Fig. 3).

Chemotaxis assay

To measure the attraction or repulsion of J2 in response 
to test chemicals, various volatile compounds such as 
isoamyl alcohol, 1-butanol, benzaldehyde, 2-butanone, 
and 1-octanol (previously used in Caenorhabditis ele-
gans chemotaxis experiment on agar plate; Bargmann 
et al., 1993) were screened at six different concentra-
tions (100, 10−1, 10−2, 10−3, 10−4, and 10−5). First, each of 
the compounds (obtained from Sigma-Aldrich) was dis-
solved in sterile ethanol (0.05% v/v) which is designated 
as neat concentration (100). Subsequently, neat concen-

Figure 1: Attraction of M. incognita J2s toward tomato root tip in PF-127 medium in a petri dish. 
(A) 50 J2s were inoculated at 1.5 cm distance (marked by black dot) from the tomato root tip. (B) 
Numerous sinusoidal tracks inscribed on PF-127 medium due to J2 locomotion towards tomato 
root were documented.

Figure 2: Actual photograph of an in 
vitro chemotaxis assay plate used in 
the present study. Due to the premixing 
of pink colored acid fuchsin stain with 
PF-127 gel, areas containing agar and 
PF-127 can be easily demarcated. 
Nematode inoculation point (*) is 1.5 cm 
equidistant from agar-PF-127 junction. 
Agar-PF-127 junction is 1 cm distant 
from the nearest edge of the petri plate. 
In well A, different test compounds were 
applied to observe either nematode 
attraction or repulsion. In well B, 
diluents (in which test compounds were 
dissolved) were applied as control.
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tration of the compound was serially diluted (10 times 
each in sterile distilled water) until 10−5 concentration 
was achieved. Also, 5 µl aliquots of each of the odorants 
was pipetted in one well of the assay plate and 5 µl of 
ethanol (diluent) was placed at the opposite well of the 
same plate. The set up (petri plate with closed lid) was 
kept undisturbed for 40 min at room temperature to al-
low the test chemicals to form a concentration gradient. 
After that, approximately 100 J2s were added (by pipet-
ting the concentrated 5 µl suspension containing J2s) to 
the center of the plate and incubated for 20 min at room 
temperature. J2s accumulating near the agar-PF-127 
junction at either odorant or diluent side were easily pi-
petted out by liquefying the PF-127 gel (careful transfer 
of the assay plate to ice block led to the liquefaction of 
PF-127 gel since the gel has inherent property of be-
coming liquid at <15°C temperature) and counted under 
the microscope. The chemotaxis index (CI) was calcu-
lated as [(Number of J2s at odorant side−Number of J2s 
at diluent side)/Total number of J2s in assay] in which 
the index varies from 1.0 (perfect attraction) to −1.0 (per-
fect repulsion) (Bargmann et al., 1993). The number of 
nematodes that preferably did not move toward odor-
ant/diluent side (from the application point) was not in-
cluded in the index (although their number was counted 
to tally with total number applied). The negative control 
constituted the deionized water.

In order to measure the attraction or repulsion of 
J2 in response to host root exudates, 10 µl of neat 
exudates of tomato, tobacco, and marigold were 
separately screened in the assay plate as described 
above. The diluent was water in this case.

All the experiments were carried out with at least 
three technical replicates and were repeated at least 
thrice. Data were initially checked for normality and 
compared using one-way analysis of variance with 

Tukey’s HSD tests in SAS statistical package. All indi-
vidual treatments were statistically compared to neg-
ative controls, as stated in the figure legends.

Results

Distribution of test chemical  
in the assay plate

We measured the change in color intensity of acid 
fuchsin stain in assay plate. Qualitatively, it was ascer-
tained that acid fuchsin can diffuse through the PF-127 
medium from higher concentration to lower concen-
tration within 40 min to establish equilibrium (Fig. 4A). 
We estimated that the concentration gradient from the 
point source to nematode inoculation point remained 
in a steady state up to 4 hr. Acid fuchsin concentration 
measured (in terms of absorbance at 550 nm) at indi-
cated distances from the point source suggested the 
gradual decrease of test compound concentration from 
the point source (Fig. 4B). This suggests that similar to 
acid fuchsin our assay plate could also establish the 
concentration gradient of different volatile and non-vol-
atile test compounds. However, we assume that all 
of the volatile compounds may not behave the same 
since the chemical structure and molecular weight of 
volatiles differ considerably than that of acid fuchsin.

Chemotaxis response of M. incognita  
J2 to volatile odorants

M. incognita J2 exposed to a selection of volatile odor-
ants (at increasing dilutions) was gauged by either an 
attraction or repellent phenotype relative to negative 
control (deionized water). The diluent (ethanol) itself did 
not have any behavioral effect on J2s. Notably, isoam-
yl alcohol, 1-butanol, and 2-butanone were attractive 
through a broad range of concentrations. J2s showed 
significant attraction to all the concentrations of isoa-
myl alcohol compared to negative control. The CI was 
recorded as 0.9 ± 0.1 (p < 0.001, on an average 95 J2s 
were counted at odorant side and 5 at diluent side), 
0.8 ± 0.2 (p < 0.001, 85 at odorant and 5 at diluent), 
0.6 ± 0.1 (p < 0.01, 75 at odorant and 15 at diluent), 0.5 
± 0.08 (p < 0.01, 70 at odorant and 20 at diluent), 0.5 
± 0.06 (p < 0.01, 72 at odorant and 22 at diluent), and 
0.4 ± 0.1 (p < 0.05, 64 at odorant and 24 at diluent) at 
100, 10−1, 10−2, 10−3, 10−4, and 10−5 concentrations of 
isoamyl alcohol, respectively (Fig. 5A). Similarly, J2s ex-
posed to increasing dilutions of 2-butanone exhibited 
gradual decrease in attraction. The CI was recorded 
as 0.8 ± 0.07 (p < 0.001, 89 J2s at odorant and 9 at 
diluent), 0.7 ± 0.09 (p < 0.01, 78 at odorant and 8 at 
diluent), 0.6 ± 0.1 (p < 0.01, 76 at odorant and 16 at 

Figure 3: A standard curve displays 
absorbance (550 nm) calibration values 
plotted against different concentrations 
of acid fuchsin (1, 5, 10, 15, 20, and 
25 µl) in PF-127 gel which were fit to a 
linear correlation model (R2 = 0.98).
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diluent), 0.5 ± 0.15 (p < 0.01, 68 at odorant and 18 at 
diluent), 0.4 ± 0.2 (p < 0.05, 66 at odorant and 26 at 
diluent), and 0.3 ± 0.12 (p > 0.05, 65 at odorant and 35 
at diluent) at 100, 10−1, 10−2, 10−3, 10−4, and 10−5 con-
centrations of 2-butanone, respectively (Fig. 5A).

By contrast, upon 1-butanol exposure, attraction 
increased gradually from neat to 10−4 dilution, suggest-
ing 1-butanol was attractive at lower concentrations. 
The CI was documented as 0.25 ± 0.1 (p > 0.05, 51 
J2s at odorant and 26 at diluent), 0.35 ± 0.2 (p < 0.05, 
54 at odorant and 19 at diluent), 0.5 ± 0.05 (p < 0.01, 
65 at odorant and 15 at diluent), 0.75 ± 0.07 (p < 0.001, 
80 at odorant and 5 at diluent), 0.85 ± 0.05 (p < 0.001, 
90 at odorant and 5 at diluent), and 0.5 ± 0.1 (p < 0.01, 
72 at odorant and 22 at diluent) at 100, 10−1, 10−2, 10−3, 
10−4, and 10−5 concentrations of 1-butanol, respective-
ly (Fig. 5A). Somewhat similar trend was observed for 
benzaldehyde to which J2s were attractive at low con-
centrations but repulsive while undiluted. The CI was 
documented as −0.5 ± 0.15 (p < 0.01, 23 at odorant 
and 73 at diluent), 0.1 ± 0.09 (p > 0.05, 50 at odorant 
and 40 at diluent), 0.2 ± 0.08 (p > 0.05, 55 at odorant 
and 35 at diluent), 0.4 ± 0.05 (p < 0.05, 65 at odorant 
and 25 at diluent), 0.7 ± 0.1 (p < 0.01, 80 at odorant 
and 10 at diluent), and 0.6 ± 0.15 (p < 0.01, 72 at odor-
ant and 12 at diluent) at 100, 10−1, 10−2, 10−3, 10−4, and 
10−5 concentrations of 1-butanol, respectively (Fig. 5A).

Surprisingly, 1-octanol was not attractive at any of 
the concentrations and was repulsive at high concen-
trations. CI was observed as −0.1 ± 0.08 (p > 0.05, 
40 at odorant and 50 at diluent), −0.2 ± 0.1 (p > 0.05, 
35 at odorant and 55 at diluent), −0.4 ± 0.2 (p < 0.05, 
23 at odorant and 63 at diluent), −0.35 ± 0.15 (p < 
0.05, 20 at odorant and 55 at diluent), −0.45 ± 0.09 
(p < 0.05, 20 at odorant and 65 at diluent), and −0.4 
± 0.1 (p < 0.05, 18 at odorant and 58 at diluent) at 
100, 10−1, 10−2, 10−3, 10−4, and 10−5 concentrations of 
1-octanol, respectively (Fig. 5A).

Photographs showed that in response to neat 
concentrations of isoamyl alcohol and 2-butanone 
exposure, greater number of J2s was accumulated 
at the agar-PF-127 junction at the odorant side and 
lesser number of J2s was accumulated at the agar-
PF-127 junction at the diluent side (Fig. 5B).

Chemotaxis response of M. incognita  
J2 to host root exudates

The diluted host root exudates did not elicit any signif-
icant chemotactic response of M. incognita J2s with 
respect to negative control (deionized water) in our as-
say plate. Therefore, only neat concentrations of root 
exudates were tested in this assay. Upon exposure to 
10 µl neat exudates of tomato and tobacco, J2s exhib-

Figure 4: Qualitative (A) and quantitative (B) analyses of establishment of concentration gradient 
of a test chemical (acid fuchsin) in chemotaxis assay plate. Intensity of color suggests that 
acid fuchsin had diffused from its point source to nematode inoculation point by 40 min. 
Concentration of acid fuchsin (absorbance at 550 nm) attained an equilibrium at 40 min and 
remained in steady-state up to 4 hr at different indicated distances from the point source. Error 
bars indicate the standard error between three biological and technical replicates.
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ited significant attraction response; whereas, exudates 
of marigold elicited strong repulsion response in J2s. 
CI was calculated as 0.75 ± 0.2 (p < 0.001, 82 at exu-
date and 7 at control side), 0.65 ± 0.15 (p < 0.01, 77 at 
exudate and 12 at control), and −0.55 ± 0.2 (p < 0.01, 
20 at exudate and 75 at control) toward the exudates 
of tomato, tobacco, and marigold, respectively (Fig. 6).

Discussion

Compared to the free-living worm, C. elegans, little is 
known about the olfactory behavior of PPNs (Renga-
rajan and Hallem, 2016) likely because of their obligate 
parasitic nature and lack of simple in vitro bioassays 
for quantitative analyses of PPN chemotaxis. Here-
in, we propose a simple, efficient, and reproducible  

new assay method to quantitatively analyze the 
chemotactic behavior of a PPN, i.e., M. incognita to a 
range of test compounds on combined agar and PF-
127 medium in a petri dish.

One of the major technical issues with agar plate 
assays is that nematodes venture around both on 
the surface of the gel and within the gel matrix. This 
makes it difficult to track and quantify the nematode 
behavior accurately. Although PF-127 gel allows nem-
atode movement in three-dimensional plane, same 
is true for PF-127-based assays as well (Hida et al., 
2015). In line with the C. elegans in vitro assays, Wuyts 
et al. (2006) assessed the chemotactic behavior of  
M. incognita, Radopholus similis, and Pratylenchus 
penetrans toward different phytochemicals based 
on the tracks developed due to nematode migration  

Figure 5: The chemotactic response of M. incognita J2 to volatile test compounds. (A) 
Chemotaxis bioassays show attraction (positive index) or repulsion (negative index) values. 
Statistical analysis performed using one-way ANOVA with Tukey’s HSD (p values: *p < 
0.05; **p < 0.01; ***p < 0.001) tests comparing with water as negative control. Five µl of test 
compounds were screened at six different dilutions (100, 10−1, 10−2, 10−3, 10−4, and 10−5) 
against approximately 100 J2s. Error bars represent standard error of three biological and three 
technical replicates. (B) A close-up view of the assay plate shows that greater number of J2s 
was accumulated at agar-PF-127 junction in the odorant side compared to lesser number in the 
diluent side while exposed to isoamyl alcohol and 2-butanone.
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(instead of nematode themselves) on the agar plate. 
The inference drawn based on only nematode tracks 
may be indicative of their chemotactic response, but 
not conclusive. On the contrary, our assay demon-
strates the accurate quantitation of attraction/repul-
sion of M. incognita J2s to various test compounds 
due to the preferential accumulation of J2s at agar 
and PF-127 interface (agarose and PF-127 gel has 
differential texture). Unlike other in vitro assays, our 
assay does not require killing/anaesthetizing the 
nematodes using chemical reagents at the end of 
the assay for better assessment of the chemotactic 
behavior. All the live J2s recovered in our assay can 
be used for further downstream applications such 
as expression analysis of nematode chemosenso-
ry genes in response to various environmental cues 
via quantitative real time PCR (qRT-PCR) or RNAseq/
transcriptomics-based investigation of nematode ol-
factory genes upon exposure to various chemicals.

We confirmed experimentally the concentration gra-
dient formation of a chemical compound in our assay 
plate. This was achieved by monitoring and quantifying 
the changes in the color intensity of acid fuchsin over 
time from the point source in PF-127 medium. We as-
sume that different volatile and non-volatile test com-
pounds may establish concentration gradient in our 
assay plate. However, this may not hold true for all the 
volatile compounds because chemical structure and 

molecular weight of volatiles differ considerably than 
that of acid fuchsin. It has been suggested that nema-
todes can perceive chemical gradients while migrating 
in PF-127 gel matrix which mimics the three-dimension-
al perception and migration that occurs in natural soil 
(Wang et al., 2009a). Using our assay plate we demon-
strate that M. incognita responds to a selective number 
of volatile odorants (in different concentrations) in quan-
titative and reproducible manner besides responding to 
the host root exudates. In accordance with the findings 
for C. elegans (Bargmann et al., 1993), in our assay, J2s 
of M. incognita positively chemotaxed to isoamyl alco-
hol, 2-butanone (preferably at higher concentrations), 
1-butanol, and benzaldehyde (preferably at lower con-
centrations); whereas, J2s negatively chemotaxed to 
all the tested concentrations of 1-octanol and undiluted 
concentration of benzaldehyde. As expected, undiluted 
tomato and tobacco root exudates elicited attraction 
response and marigold exudates repelled M. incognita 
J2s in our assay plate. Considering that PF-127 exerts 
minimal toxicity to test organisms (Gardener and Jones, 
1984; Ko and Van Gundy, 1988) it can be speculated 
that the inherent properties of PF-127 gel do not con-
taminate our test results. The results obtained in our in 
vitro assay can be extrapolated to field conditions for 
better understanding of nematode chemotaxis.

In conclusion, the new in vitro chemotaxis assay de-
signed in the present study has allowed the easy and 
time-effective screening of various test compounds 
(both volatile and non-volatile), in a way that yields ac-
curate representations of nematode responses to test 
compounds in a very short time (40 min for setting up 
the chemical gradient and 20 min for nematode be-
havioral response). Our assay could be very useful for 
screening a number of bioactive compounds for nema-
tode behavior analysis on a large-scale. The results ob-
tained may become useful for predicting the long-term 
fate of negative or positive interactions of nematodes 
with various test chemicals in field conditions. The ap-
plication of this in vitro assay can also be extended to 
study the response of PPNs to various nematicides or 
drugs. Overall, our study provides a promising new tool 
for future investigation on PPN chemotaxis.
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