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Organic amendments and botanical extracts are considered as some of the eco-friendly alternatives to
chemical pesticide in suppressing plant pathogenic nematodes (PPN). Root-knot nematode (RKN) is the
most important group of PPN distributed globally causing both qualitative and quantitative damage to
many crops. Vermicompost and biogas digestate (BD) are two forms of organic amendments reported
to have potential to limit RKN infestation. Likewise, marigold (Tagates spp.) and cabbage (Brassica oler-
acea) are two widely studied botanicals having shown their potential to control RKN. However, there
was not much in vitro research related to organic amendments and botanicals targeting a particular spe-
cies of RKN to observe their nematicidal effect. An in vitro experiment was undertaken to evaluate the
effect of these organic amendments and botanical extracts at different concentrations (10.0%, 25.0%,
50.0% and 100.0%) on the hatching and mortality of Meloidogyne javanica at different time spans.
Mortality of J2 and inhibition of hatching of egg mass of M. javanica differed significantly (p < 0.0001)
among the interaction effect of treatments and incubation time for both organic amendments and botan-
ical extracts. Findings of this experiment indicated that potentiality for increasing mortality and inhibi-
tion of hatching was higher and steadier in botanical extracts than those of organic amendments.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Plant pathogenic nematodes (PPN) are responsible for causing
12.6% of global crop loss which is equivalent to the estimated
amount of 215.77 billion US dollars (Abu-Elgawad and Askary,
2015). PPN are worm-like pseudocoelomate, unsegmented animals
comprising about 15% of all forms of nematodes (Decraemer and
Hunt, 2006). They have different types of feeding behavior and
are mostly subterranean in nature (Decraemer and Hunt, 2006).
The symptoms expressed on plants by PPN are very similar to that
with fungal attack, water stress or other physiological disorders
which made them to be considered as the hidden enemy of farm-
ers. Root-knot nematodes (RKN) belonging to the genus Meloidog-
yne are the most prominent group of PPN distributed worldwide.
RKN can parasitize more than 3000 species of plant causing an esti-
mated crop loss of worth 100 billion US dollar annually (Hunt and
Handoo, 2009; Dejene, 2014). Out of 106 described species of RKN,
95% of infestations are caused by only 4 of them viz. Meloidogyne
incognita, M. arenaria, M. javanica and M. hapla (Sasser et al.,
1983; Karssen and Moens, 2006).

As an easy way out, farmers prefer to use synthetic chemical
pesticides to control PPN infestation. Soil fumigants, organophos-
phate and carbamate groups of pesticides are some of the widely
used chemical nematicides against PPN (Dejene, 2014). However,
these broad spectrum pesticides are non-selective, detrimental
for many non-target organisms, highly toxic to the environment
and increase the production cost to a greater extent (Kepenekci
et al., 2017). In addition to that, long term use of these chemicals
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is giving rise to the emergence of resistance-breaking nematode
pathotypes on many important crops, resulting in the prohibition
or restrictions on various substances employed worldwide (Abu-
Elgawad and Askary, 2015; Silva et al., 2017). Therefore, scientists
are in a continuous quest for non-chemical and efficient alternative
methods for the management of PPN (Huang et al., 2016).

Use of organic amendments are considered as one of the eco-
friendly alternatives to chemical pesticide in suppressing PPN
(Xiao et al., 2016). Moreover, soil organic amendments are available
at low cost and develop a positive impact on plant growth, physical,
chemical and biological properties of the soils (Davey, 1996). Ver-
micompost, composted in the presence of earthworm, is one of
the important organic amendments benefiting the crop production
by its high porosity, aeration, drainage, water-holding capacities
and low C: N ratios (Edwards, 1998). It was reported that vermi-
compost significantly decreased the RKN-induced galls on plants
and significantly increased root defense metabolite concentration
(Xiao et al., 2016). According to many findings, abundant humic
acid substances and different hormones such as IAA, cytokinins
and gibberellins present in vermicompost could reduce nematode
infestation (Oka, 2010). However, there was not much in vitro
research carried out targeting a particular species of RKN to observe
the nematicidal effect of vermicompost on it. Biogas digestate (BD)
is another form of organic amendment reported to have potential to
limit PPN infestation (Min et al., 2011). Due to the ever-exhausting
reserve of fossil fuel and to reduce the negative impact of it on the
environment, biodegradable organic waste is being considered as
the alternative energy source (Koszel and Lorencowicz, 2015). Bio-
gas plant is one of the environment-friendly energy producers that
anaerobically decompose the organic waste to produce biogas and
digestate as byproduct (Koszel and Lorencowicz, 2015). The solid
form of the digestate can be used as a bio-fertilizer that improves
soil fertility, crop quality and their immunity to biotic and abiotic
agents (Koszel and Lorencowicz, 2015). The mechanism by which
organic amendments suppresses PPN are still speculative
(Arancon et al., 2002). It is reported that PPN are controlled by
the stimulation of naturally occurring antagonists and by changing
the soil nematode community structure (Min et al., 2011). Thus the
nematicidal activity of organic amendment should be specifically
assessed (Renco, 2013).

Bio-fumigation is a non-chemical approach to suppress soil
borne pests and diseases by which parts of different plant species
are incorporated into the soil (Berbegal et al., 2008). Various plants
are important sources of compounds with nematicidal properties
(Abo-Elyousr et al., 2010; Taye et al., 2012; da Silva et al., 2019).
Marigold (Tagates spp.) and cruciferous plants of Brassica spp. are
two widely studied groups of botanicals having shown their poten-
tial to control RKN (Zasada and Ferris, 2004; Abo-Elyousr et al.,
2010; Youssef and Lashein, 2013). It was reported in several exper-
iments that plants of Tagates spp. could immobilize second-stage
juveniles (J2) and reduce root galling and nematode reproduction
(Abo-Elyousr et al., 2010; Tibugari et al., 2012; Taye et al., 2012).
However, its effect on the population of RKN is highly variable
depending on the combination of cultivar of Tagates spp. and spe-
cies of RKN (Karssen and Moens, 2006). It is assumed that marigold
plants reduce the RKN population by exerting an antagonistic
effect against them because J2 enters roots but fails to form giant
cells (Karssen and Moens, 2006). On the other hand, mechanism
of control of RKN by cabbage (Brassica spp.) is attributed to the
release of glucosinolates which on hydrolysis produce isothio-
cyanate (ITC) that have toxic effect to certain nematode species
(Zasada and Ferris, 2004). Successful management of PPN by ITC
depends on the incorporation of appropriate amounts of
glucosinolate-containing biomass and sensitivity of the target
PPN species to ITC (Zasada and Ferris, 2004). Therefore, RKN
species-specific further research is necessary.
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J2 and egg mass are two most targeted stages of RKN manage-
ment, because J2 moves through soil to infect the plant and egg
mass remains outside the roots. There are few studies concerning
the direct effect of organic amendments and bio-fumigants on
hatchability of egg mass and mortality of J2 of RKN. The aim of this
in vitro experiment was to assess the efficacy of different concen-
trations of organic amendments (vermicompost and BD) and bio-
fumigants (marigold and cabbage) on the hatching and mortality
of M. javanica considering different time intervals. It was hypothe-
sized that these two groups of bio-compounds would be successful
in managing M. javanica by impacting the hatching and mortality
of J2. The most effective concentration of these compounds
obtained in the experiment would help in predicting the applica-
tion rate in the field. Moreover, the findings of the experiment
would provide a fair basis of comparison between these two
groups of non-chemical approaches concerning their affectivity
in suppressing M. javanica.
2. Materials and methods

2.1. Preparation of marigold (Tagetes spp.) and cabbage (Brassica
oleracea) leaf extract

Marigold and cabbage leaf extracts were prepared by the
method described by Orisajo et al. (2007) with some modifications.
Leaves of marigold and cabbage were chopped into 1–2 cm pieces.
Chopped leaves were washed by tap and distilled water subse-
quently. Twenty five gram of fresh leaves was ground in 250 ml
(1 g/10 ml basis) of distilled water in a blender for 3 min. The
blended mixture was kept undisturbed for 72 h and filtered
through white cotton cloth. The filtrate was centrifuged at
5000 rpm for 10 min and the supernatant was stored as a stock
solution of 100.0% concentration. Other concentrations (10.0%,
25.0%, and 50.0%) of leaf extracts were prepared by diluting the
stock solution with the required amount of double distilled water
(DDW). Solutions of different concentrations of leaf extracts were
considered as treatments.
2.2. Preparation of vermicompost tonic (VT)

Vermicompost was prepared by using different animal dung
and agro/kitchen waste on vermibed (Nath and Singh, 2011).
Earthworm (Eisenia foetida) was used as a composter. VT was pre-
pared by dissolving 4 g of vermicompost in 100 ml water (Kumar
et al., 2011). The solution was centrifuged at 5000 rpm for
10 min. The supernatant was stored as a stock solution of 100.0%
concentration. Other concentrations (10.0%, 25.0%, and 50.0%) of
tonic were prepared by diluting the stock solution with the
required amount of double distilled water (DDW). Solutions of dif-
ferent concentrations of VT were considered as treatments.
2.3. Preparation of biogas digestate (BD) solution

Solid BD was obtained from the biogas plant at Mymensingh,
Bangladesh. Cattle dung and agro/kitchen waste was used as a
source of biogas production. Solution of BD was prepared by the
method described by Huang et al. (2015) with some modifications.
Solid BD was ground to powder of < 1 mm particles and 1.2 g of it
was dissolved in 100 ml distilled water. The solution was cen-
trifuged at 5000 rpm for 10 min and the supernatant was stored
as a stock solution of 100.0% concentration. Other concentrations
(10.0%, 25.0%, and 50.0%) of BD were prepared by diluting the stock
solution with the required amount of DDW. Solutions of different
concentrations of BD were considered as treatments.



Table 1
Effect of different concentrations of vermicompost tonic (VT) and incubation time on
the mortality of J2 of M. javanica.

Time Treatment (%) Mortality (%)

3 DAI 10.0 17.67 ± 2.02 (d-f)
25.0 24.33 ± 0.88 (c-e)
50.0 14.67 ± 2.02 fg
100.0 17.33 ± 1.85 ef
Water 2.33 ± 0.88 h

6 DAI 10.0 32 ± 1.15c
25.0 44 ± 1.15b
50.0 27.67 ± 2.18c
100.0 25.33 ± 1.2 cd
Water 4.66 ± 1.2 h

9 DAI 10.0 60 ± 1.53 a
25.0 53 ± 1.15 a
50.0 31.67 ± 1.45c
100.0 44 ± 1.73b
Water 7.33 ± 1.67 gh

Level of significance *
CV (%) 9.79

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
DAI = Days after incubation *1% level of probability.
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2.4. Nematode inoculum

Egg masses and J2 used in this experiment were randomly col-
lected from previously characterized pure culture of M. javanica,
maintained and raised in brinjal (Solanum melongena L.) plants at
the net-house of the Seed Pathology Centre (SPC) of Bangladesh
Agricultural University (BAU).

2.5. Mortality study

The brinjal plants inoculated with the egg masses of M. javanica
were uprooted from soil and the root system was washed gently
with running tap water to remove adhering soil. Egg masses of
M. javanica were gently picked using forceps. Eggs were incubated
for 48 h using Baermann funnel method (Baermann, 1917) to
obtain J2. Population density of J2 was calculated from 5 replica-
tions of one ml aliquots of an inoculum suspension. Freshly
hatched one hundred (48 h old) J2 were put in a 2.5 cm diameter
Petri plate containing 5 ml solution of each treatment. J2 kept in
tap water was treated as control. Plates were covered with a lid
and incubated at room temperature (25 ± 2 �C) during the experi-
ment period. Each treatment was replicated 3 times. Data on mor-
tality was recorded every 3 days after incubation (DAI) and
continued up to 9 DAI. Mortality of the J2 was assessed by observ-
ing the mobility of the J2 under stereo microscope (Zeiss, Carl Zeiss
Microscopy GmbH, Germany) at 60X magnification and expressed
as the percentage of the total population. The moribund and non-
mobile J2 were prodded using a ‘fishing’ needle to check for mobile
responses (Das et al. 2011).

2.6. Assessment of hatching inhibition

Five egg masses ofM. javanicawere kept on a 48-lm sieve fixed
at the perforated cap of an inverted eppendorf tube and immersed
in 5 ml solution of each treatment in a small plastic bottle (Khokon
et al., 2009). Egg masses kept in tap water were treated as control.
Each treatment was replicated 3 times. The bottles were kept at
room temperature (25 ± 2 �C). Number of hatched J2 was counted
in a counting dish under stereo microscope (Zeiss, Carl Zeiss Micro-
scopy GmbH, Germany) and the solution of each treatment was
replaced after every counting. Data was recorded at every 1 week
interval and continued until 6th week. Percent egg hatch inhibition
over control was calculated using the formula (Mahesha et al.,
2017):

Percent egg hatch inhibition = (C-T)/C � 100

where C = Number of hatched J2 in control and T = Number of
hatched J2 in treatment.

2.7. Statistical analysis

Statistical analyses were done by Statistix 10 (� 1985–2013
Analytical Software, Miller Landing Rd, Tallahassee, FL 32312)
and MS Excel. Two-way ANOVA was performed to determine the
significance of the interaction effect of different concentrations of
two types of bio-control agents (organic amendments and plant
extracts) and time on the mortality and hatching inhibition.
Tukey’s HSD test was performed at 5% level of probability to find
the significant difference among means.

3. Results

In this experiment, the influence of different concentrations of
two organic amendments (vermicompost and BD) and two plant
extracts (cabbage and marigold) on the hatching and mortality of
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J2 of M. javanica was evaluated considering different incubation
time. Four different concentrations (10.0%, 25.0%, 50.0%, and
100.0%) of organic amendments and plant extracts were used for
both hatching and mortality experiments. Tap water was treated
as control.

Mortality of J2 of M. javanica differed significantly (p < 0.0001)
among the interaction effect of treatments and incubation time
for both organic amendments and plant extracts. Although mortal-
ity was significantly (p < 0.0001) higher than control in all treat-
ments, the trend of mortality was different among organic
amendments and plant extracts (Table 1, 2, 3 and 4). In VT, rate
of mortality increased with the progress of incubation time in all
concentrations and the highest percentage of mortality (60.0%)
was recorded at lower concentration (10.0%) of it at nine days after
incubation (DAI) (Table 1). Similar trend of mortality was observed
for BD and the highest mortality, although it was<50%, was
observed at 9 DAI in 50.0% concentration (Table 2). On the con-
trary, 100% mortality was observed at 3 DAI for 100.0% concentra-
tion of marigold extract and more that 50% of mortality was
recorded for both 25.0% and 50.0% concentration at 6 DAI (Table 3).
In cabbage extract, 100% mortality of J2 was recorded at 6 DAI in
100.0% concentration and it reached to 79% and 88% in 25.0% and
50.0% concentration, respectively at 9 DAI. The irregular pattern
of mortality and comparatively lower mortality rate of J2 even at
the end of the experiment period in different concentrations of
two organic amendments suggested that these were less effective
than botanical extracts in causing mortality of J2 of M. javanica.

The hatching experiment was continued up to 6 WAI. In the
experiment, the number of hatched J2 was the highest in control
at the second week after incubation (WAI) that declined gradually
in the following weeks of the experiment (Figs. 1–4). Hatching of J2
was lower than control at 1st and 2nd week after incubation (WAI)
but no marked difference in the pattern of hatching was observed
among the concentrations of organic amendments with the pro-
gress of time up to the end of the experiment (Figs. 1 and 2). Unlike
organic amendments, in all concentrations of both marigold and
cabbage extract, hatching of J2 was lower than control throughout
the experiment (Figs. 3 and 4).

In this work, inhibition of hatching of J2 of M. javanica was
found to be significantly (p < 0.0001) different among the interac-
tion effect of concentration and time for both organic amendments
and botanical extracts (Table 5–8). Although it was recorded in the



Table 2
Effect of different concentrations of biogas digestate (BD) and incubation time on the
mortality of J2 of M. javanica.

Time Treatment (%) Mortality (%)

3 DAI 10.0 7.33 ± 0.66 (g-i)
25.0 12.33 ± 0.88 (f-h)
50.0 16.33 ± 2.72 fg
100.0 19 ± 2.65f
Water 2.33 ± 0.88 i

6 DAI 10.0 32 ± 2.08 e
25.0 32.67 ± 1.45 de
50.0 46.67 ± 2.72 ab
100.0 42.67 ± 0.88 (a-c)
Water 4.66 ± 1.2 hi

9 DAI 10.0 33.67 ± 2.02 (c-e)
25.0 38.33 ± 1.76 (b-e)
50.0 49 ± 2.51 a
100.0 42 ± 1.52 (a-d)
Water 7.33 ± 1.67 (g-i)

Level of significance *
CV (%) 12.43

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
DAI = Days after incubation *1% level of probability.

Table 3
Effect of different concentrations of marigold extract and incubation time on the
mortality of J2 of M. javanica.

Time Treatment (%) Mortality (%)

3 DAI 10.0 19.33 ± 1.76f
25.0 28.66 ± 1.2 e
50.0 25.56 ± 2.9 ef
100.0 100 ± 0 a
Water 2.33 ± 0.88 g

6 DAI 10.0 29 ± 0.57 e
25.0 60 ± 1.73 d
50.0 58 ± 0.57 d
100.0 100 ± 0 a
Water 4.66 ± 1.2 g

9 DAI 10.0 32 ± 2.08 e
25.0 71 ± 2.3c
50.0 86 ± 2.65b
100.0 100 ± 0 a
Water 7.33 ± 1.67 g

Level of significance *
CV (%) 5.76

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
DAI = Days after incubation *1% level of probability.

Table 4
Effect of different concentrations of cabbage extract and incubation time on the
mortality of egg mass of M. javanica.

Time Treatment (%) Mortality (%)

3 DAI 10.0 2.33 ± 1.2 h
25.0 5.67 ± 2.19 h
50.0 19.33 ± 0.88 g
100.0 73.33 ± 2.60c
Water 2.33 ± 0.88 h

6 DAI 10.0 27.33 ± 2.6 g
25.0 43 ± 1.53f
50.0 54.33 ± 1.76 e
100.0 100 ± 0 a
Water 4.66 ± 1.2 h

9 DAI 10.0 63 ± 1.15 d
25.0 79.33 ± 0.88c
50.0 88 ± 2.08b
100.0 100 ± 0 a
Water 7.33 ± 1.67 h

Level of significance *
CV (%) 6.13

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
DAI = Days after incubation *1% level of probability
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experiment that VT inhibited the hatching of J2, the pattern of inhi-
bition was unsteady over the experiment period (Table 5). The
lowest concentration of VT (10.0%) showed the highest percentage
of inhibition (75%) at 1 WAI. Similarly, an irregular pattern of
hatching inhibition was observed in different concentrations of
BD during the experiment (Table 6). More than 80% of inhibition
was observed in 25.0% and 100.0% concentration of BD at 1 WAI
and 6 WAI respectively. Inhibition of hatching was above 75% at
1 WAI in all concentrations of marigold extract and it was 93%
and 100% in 50.0% and 100.0% concentration respectively (Table 7).
However, at the lower concentrations (10.0% and 25.0%) of mari-
gold extract, inhibition of hatching was found irregular with the
progress of time. Apart from some exceptions in 10.0% concentra-
tion at different time intervals, inhibition of hatching was above
75% from the 1 WAI which reached 100% in 100.0% concentration
of cabbage extract at 4 WAI (Table 8). Findings of this experiment
indicated that potentiality for inhibition of hatching was higher
and steadier in botanical extracts than that of organic
amendments.
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4. Discussions

This experiment was conducted to evaluate the effect of differ-
ent concentrations of two organic amendments (vermicompost
and BD) and two plant extracts (marigold and cabbage) on the
hatching of egg mass and mortality of J2 of M. javanica, isolated
and characterized from the soil of Bangladesh. Although it was
found in the experiment that both mortality and hatching were
affected by these two groups of bio-compounds, the effect differed
among the compounds.

In VT, mortality of J2 of M. javanica increased with the progress
of incubation time in all concentrations and the highest mortality
(60%) was observed at the lowest concentration (10.0%) at the
end of the experiment period (9 DAI). Similarly, the highest inhibi-
tion of hatching (75%) of egg mass was observed at the lowest con-
centration (10.0%) of VT at 1WAI. This result partially matched
with the findings of Liu et al. (2019). In an in vitro experiment, they
observed the decreasing and increasing trend of hatchability of egg
mass and mortality of J2 of M. incognita of tomato, respectively,
with the increasing concentration of vermicompost extract and
incubation time. On the contrary, in their pot experiment, they
did not observe the increasing pattern of inhibitory effect on RKN
with the increasing proportion of vermicompost. Kumar et al.
(2011) also noticed the increasing inhibition of hatching of egg
mass of M. incognita with the increasing concentration of vermi-
compost extract. However, in their experiment, they used 3.0% of
vermicompost extract as the highest concentration and they
observed 45% of hatching inhibition in that. In both these experi-
ments M. incognita was used. It was found that different species
of RKN differ in their pathogenic ability to cause disease even on
the same host. (Navas et al., 2001; Hesar et al., 2011; Bucki et al.,
2017). Accordingly, different species of RKN might respond differ-
ently to the extracts of vermicompost as we have worked with M.
javanica in this experiment. It was observed in our work that
hatching of egg mass of M. javanica in different concentrations of
VT did not differ significantly with control after 2 weeks of incuba-
tion and an unsteady pattern of inhibition of hatching was found
during the experiment period. The inconsistent or variable sup-
pressive effect of vermicompost on PPN was reported by many
researchers as the nematicidal capacity of them depends on the
raw material used, the type of composting process and the species
of nematode present (Renco, 2013). In the plant-soil system, ver-



Fig. 1. Number of J2 of M. javanica hatched at different weeks after incubation (WAI) in different concentrations of vermicompost tonic (VT). J2 hatched in water was treated
as control.

Fig. 2. Number of J2 of M. javanica hatched at different weeks after incubation (WAI) in different concentrations of biogas digestate BD. J2 hatched in water was treated as
control.
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micompost suppresses RKN by changing the soil properties, bring-
ing positive shift in favour of the beneficial nematode community,
increasing growth of plants, releasing nematicidal substances like
humic acid and raising secondary defense compounds in roots
(Oka and Yermiyahu, 2002; Xiao et al., 2016). Al-Hazmi et al.
(2019) reported 17 to 60% of egg hatch inhibition and increasing
J2 mortality of M. javanica by exposing those in 0.25% to 1.0% of
humic acid concentration. Humic acid might be present and acti-
vated at maximum in the 10.0% VT in our experiment as it was con-
ducted in a controlled condition without soil and host.

Another organic amendment, BD, was used in this experiment
to observe its direct impact on the hatching and mortality of M. ja-
vanica in different concentrations over the time. From the findings
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it was quite evident that mortality of J2 was not much influenced
by BD as the highest mortality was less than 50% at the end of
the experiment period. In BD solutions there were different
degrees of inhibition of hatching, but this did not follow any regu-
lar pattern. Thus any conclusive decision could not be made about
their exact impact on the hatching of egg mass. There is very lim-
ited research finding available regarding the nematicidal potential
of BD. The liquid fraction of the post-digestion matter, formed in a
biogas plant by the process of fermentation of organic waste, is
known as anaerobically digested slurry (ADS) (Koszel and
Lorencowicz, 2015). In a pot experiment, Min et al. (2011) reported
that damage index of tomato and radish by M. incognita and Praty-
lenchus penetrans, respectively, was significantly lower in the pots



Fig. 3. Number of J2 of M. javanica hatched at different weeks after incubation (WAI) in different concentrations of marigold extract. J2 hatched in water was treated as
control.

Fig. 4. Number of J2 ofM. javanica hatched at different weeks after incubation (WAI) in different concentrations of cabbage extract. J2 hatched in water was treated as control.
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treated with different rates of ADS, although they observed incon-
sistent results in field condition. ADS contains NH3 and organic
acids such as acetic acid, butyric acid and propionic acid that pos-
sess nematicidal activity (Akhtar and Malik, 2000; McBride et al.,
2000; Chantigny et al., 2004). However, these compounds get acti-
vated in the soil–plant system and their performance is likely to
vary in different experimental set-ups (Min et al., 2011). In our
in vitro experiment, we used solutions of solid BD without any host
and soil, in which nematicidal ingredients might be in less effective
form to impact the biology of M. javanica. Biochar is the pyrolyzed
carbon reached charred biomass produced through the process of
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thermal decomposition of organic matter carried out at tempera-
ture ranging from 200 to 900 �C in an oxygen deficient environ-
ment, is being gained increasing attention as an organic
amendment for the sustainable nematode management (Kolton
et al., 2011; Asif et al., 2017). The process of producing biochar is
somewhat similar to BD. Biochar, singly or in combination with
other bio-compounds, was found to reduce the infestation of M.
incognita, whereas reports are also available that it had very little,
indirect or no impact on suppression of nematode disease (Huang
et al., 2015; Ebrahimi et al., 2016; Debode et al., 2020; Ansari et al.,
2020). The result of these pot or field experiments are in line with



Table 5
Effect of different concentrations of vermicompost tonic (VT) and incubation time on
the hatching of egg mass of M. javanica.

Time Treatment (%) Inhibition of hatching (%)

1 WAI 10 75.96 ± 3.22 a
25 35.4 ± 3.4182 de
50 6.45 ± 2.29f
100 72.35 ± 3.47 ab

2 WAI 10 34.88 ± 1.57 de
25 30.79 ± 1.76 e
50 65.39 ± 1.01 (a-c)
100 31.21 ± 1.71 e

3 WAI 10 7.80 ± 1.79f
25 9.92 ± 2.61f
50 8.68 ± 2.55f
100 33.51 ± 2.92 e

4 WAI 10 9.01 ± 2.16f
25 5.19 ± 2.60f
50 4.64 ± 3.042f
100 8.19 ± 3.57f

5 WAI 10 37.15 ± 3.22 de
25 30.87 ± 2.85 e
50 7.92 ± 4.02f
100 55.73 ± 3.75 bc

6 WAI 10 51.75 ± 5.81 cd
25 56.57 ± 5.47 bc
50 62.28 ± 4.18 (a-c)
100 67.54 ± 4.64 (a-c)

Level of significance *
CV (%) 16.88

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
WAI = Week after incubation *1% level of probability

Table 6
Effect of different concentrations of biogas digestate (BD) and incubation time on the
hatching of egg mass of M. javanica.

Time Treatment (%) Inhibition of hatching (%)

1 WAI 10 25.58 ± 3.66 g
25 87.59 ± 2.05 a
50 65.11 ± 2.49 (b-d)
100 67.18 ± 3.17 bc

2 WAI 10 28.67 ± 2.03 g
25 75.56 ± 1.83 ab
50 53.53 ± 2.19 (d-f)
100 65.39 ± 1.15 (b-d)

3 WAI 10 8.33 ± 2.68 hi
25 17.02 ± 1.91 gh
50 4.61 ± 1.24 hi
100 44.5 ± 1.85f

4 WAI 10 3.55 ± 1.19 i
25 57.92 ± 3.079 (c-e)
50 3.27 ± 1.41 i
100 4.09 ± 0.94 hi

5 WAI 10 45.62 ± 2.89 ef
25 77.86 ± 2.51 ab
50 3.82 ± 1.19 hi
100 58.19 ± 1.71 (c-e)

6 WAI 10 10.08 ± 4.18 hi
25 64.91 ± 3.89 (b-d)
50 5.26 ± 2.27 hi
100 84.21 ± 84.21 a

Level of significance *
CV (%) 10.50

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
WAI = Week after incubation *1% level of probability

Table 7
Effect of different concentrations of marigold extract and incubation time on the
hatching of egg mass of M. javanica.

Time Treatment (%) Inhibition of hatching (%)

1 WAI 10 76.74 ± 2.23 cd
25 77.26 ± 2.69 cd
50 93.28 ± 1.81 ab
100 100 ± 0 a

2 WAI 10 61.58 ± 1.25 e
25 75.42 ± 0.88 cd
50 97.31 ± 0.37 a
100 100 ± 0 a

3 WAI 10 13.12 ± 2.34 g
25 58.86 ± 1.45 e
50 94.51 ± 0.46 ab
100 100 ± 0 a

4 WAI 10 21.85 ± 1.52 fg
25 56.83 ± 1.09 e
50 85.24 ± 1.89 bc
100 100 ± 0 a

5 WAI 10 29.78 ± 2.85f
25 78.96 ± 2.38c
50 84.69 ± 2.13 bc
100 100 ± 0 a

6 WAI 10 17.98 ± 5.71 fg
25 66.22 ± 5.38 de
50 100 ± 0 a
100 100 ± 0 a

Level of significance *
CV (%) 5.04

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
WAI = Week after incubation *1% level of probability

Table 8
Effect of different concentrations of cabbage extract and incubation time on the
hatching of egg mass of M. javanica.

Time Treatment (%) Inhibition of hatching (%)

1 WAI 10 75.96 ± 3.22 a
25 35.4 ± 3.4182 de
50 6.45 ± 2.29f
100 72.35 ± 3.47 ab

2 WAI 10 34.88 ± 1.57 de
25 30.79 ± 1.76 e
50 65.39 ± 1.01 (a-c)
100 31.21 ± 1.71 e

3 WAI 10 7.80 ± 1.79f
25 9.92 ± 2.61f
50 8.68 ± 2.55f
100 33.51 ± 2.92 e

4 WAI 10 9.01 ± 2.16f
25 5.19 ± 2.60f
50 4.64 ± 3.042f
100 8.19 ± 3.57f

5 WAI 10 37.15 ± 3.22 de
25 30.87 ± 2.85 e
50 7.92 ± 4.02f
100 55.73 ± 3.75 bc

6 WAI 10 51.75 ± 5.81 cd
25 56.57 ± 5.47 bc
50 62.28 ± 4.18 (a-c)
100 67.54 ± 4.64 (a-c)

Level of significance *
CV (%) 2.7

Values are the mean ± Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.
WAI = Week after incubation *1% level of probability.

S. Das, A. Wadud and Md. Atiqur Rahman Khokon Saudi Journal of Biological Sciences 28 (2021) 3759–3767
our findings, although none of them tested the efficacy of biochar
in affecting the hatching of egg mass or mortality of J2 of RKN in
laboratory condition.
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Marigold extract was one of the two botanicals tested in the
experiment. In contrast to organic amendments, marigold extract
showed 100% mortality of J2 at the shortest time of the experiment.
Similarly, 100% inhibition of hatching was observed at the end of
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the 1st week of incubation and hatching of egg mass was lower
than control in all concentrations of marigold extract throughout
the experiment period. Taye et al. (2012) reported pronounced
reduction in the population density of RKN and root-knot index
using 5.0% concentration of marigold leaf extract in the field condi-
tion. Suppression of RKN in soil and in laboratory condition by
marigold was also reported in several findings (Abo-Elyousr
et al., 2010; Hasabo and Noweer, 2005; Natarajan et al., 2006;
Walia and Gupta, 1979). However, some contrasting findings
regarding the effectiveness of marigold against PPN were also
observed. Tibugari et al. (2012) compared the effectiveness of the
aqueous extract of garlic (Allium sativum), castor beans (Ricinus
communis) and marigold (Tagetes erecta) in the bio-control of
RKN in tomato and observed the poorer performance of marigold
than other two botanicals. Abo-Elyousr et al. (2010) also found that
extract of garlic (Allium sativum) and neem (Azadirachta indica)
were better in suppressing RKN in both in vitro and in the field con-
dition. Marigold has been extensively used as biological nemati-
cide because of its cultivability, availability and cheapness
(Tibugari et al., 2012). Apart from the pungency which may be
deterrent to RKN, marigold produces alpha-terthienyl that pos-
sesses nematicidal properties (Sivapalan, 1972; Alam et al., 1979).

Cabbage extract was also found highly effective in this experi-
ment in impacting mortality and hatching of M. javanica. Mortality
of J2 reached 100% at the 100.0% concentration of cabbage extract
and around 80% mortality was recorded in the lower concentra-
tions of it during the experiment period. Similarly, inhibition of
hatching of egg mass was 100% in 100.0% concentration of cabbage
extract. Rate of hatching of egg mass was lower than control in all
concentrations of cabbage extract all along the experiment. Our
findings were in line with that of Youssef and Lashein, 2013 as they
incorporated crushed cabbage leaves at different rates into the soil
under greenhouse condition and observed that the higher the rate
of residue, the higher the percentage of RKN reduction in tomato
plant. Anita (2012) evaluated the effect of incorporating fresh cru-
cifer residue on RKN inoculum density and root-knot disease
development in celery yield, and found that bio-fumigation with
sulphur containing cruciferous vegetable waste at the rate of
1 kg/5kg of soil reduced the incidence of root-knot disease with
enhanced plant growth and yield of the crop. The Brassica genus
is the most studied group of plants that decrease PPN population
by releasing volatile organic compounds (VOCs) (Ploeg, 2008;
Carboni and Ntalli, 2014). In an in vitro assay, da Silva et al.
(2019) observed that water exposed to VOCs from broccoli shoots
(Brassica oleracea) decreased the motility of J2 of M. javanica by 0%.

From the findings of this experiment, it can be opined that two
botanical extracts had a better impact on hatching and mortality of
M. javanica compared to two organic amendments. With a view to
test the another option of non-chemical approach in our earlier
experiment, we found that 25.0% concentration of the culture fil-
trate of two rhizospheric bacteria Bacillus subtilis and Pseudomonas
fluorescens caused 100% of J2 mortality and 100% inhibition of
hatching of egg mass (Das et al., 2020). On the other hand,
Abo-Elyousr et al. (2010) observed plant extracts as better per-
forming in managing RKN than rhizospheric bacteria P. flrorescens.
Nath and Singh (2011) demonstrated that vermicompost is more
efficient in controlling PPN when it is applied with plant products.
Therefore, an appropriate combination of several non-chemical
methods can lead to the efficient management of RKN which we
are going to experiment in the coming days based on the findings
of these reports. Most research works on organic amendments
have focused on their influence on RKN in field condition or in
pots; little effort has been placed on to study their effect on the
survival and hatchability in in vitro condition. This experiment pro-
vided the first report regarding the impact of BD on hatching and
mortality of RKN. It was observed in the experiment that both
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organic amendments had an impact, but in an irregular pattern,
on both mortality and hatching which revealed the existence of
some toxic chemicals in those. Further characterization of those
chemicals and their precise mode of action are necessary to decide
the optimal application rate in the field. In applying organic
amendments specific concentration and dosage should be main-
tained so that it controls RKN without hampering the plant growth
(Liu et al., 2019). Similarly, to include botanical extracts in nema-
tode management strategy, data on its chemical composition,
lethal concentration values of plant derived chemicals for specific
species must be known. In this experiment, we investigated the
optimum extract dilution level of two locally available organic
amendments and botanical extracts which will help in devising
appropriate field application of organic amendments and botani-
cals. However, combined application of organic amendments and
botanicals might give additional effects that can be focused on
future research work. Further, other species of RKN and their eco-
nomically important host can be considered for non-chemical
approaches for nematode management for precision agriculture.
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