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Objectives: Plant-parasitic nematodes are a serious threat to global agricultural production worldwide. To
avoid synthetic chemistries toxicity there is a dire need of the hour to develop innovative nematode con-
trol strategies. Biological control using the antagonistic fungi of the plants is considered very economical
and environment friendly.
Methods: Efficacy of different fungal filtrate concentrations was estimated towards the mortality and
clutching of Meloidogyne javanica. To determine the antagonistic potential of Penicillium citrinum
(MN518391), time of disclosure was assessed in the laboratory with the result ‘‘exposure to 8% filtrate
for a clock (24 hrs.), expressively reduced the viable juveniles and hatched eggs.
Results: Exposition to aforementioned filtrate of P. citrinum for a clock (24 hrs.) revealed that juvenile
body turned into straight stature leading to reduction in viability of nematodes. Contrary to it most of
nematodes exhibited bent body when exposed to Aspergillusniger (MK713445), or (MN513383) its fil-
trates. Among the various isolated antagonistic fungi, GC–MS analysis revealed 22 unique compounds
e.g., quinazoline and its derivatives as the most prevalent and squalene as least occurring possess signif-
icant nematicidal properties against the rootknot nematodes.
Conclusion: Hence, using antagonistic fungus from the described plans as BCAs in agriculture against
plant-parasitic nematodes is a viable long-term biocontrol technique and provide future avenues in this
area of research.
� 2022 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 nomically important crops. Plant nematodes are anticipated to
To date, about 4100 species of plant-parasitic nematodes have
been identified, of which a small number of genera are regarded
major plant diseases, while others are specialized to a smaller
number of crops, both of which have a significant influence on eco-
cause a global yield loss of 12.3 % ($157 billion) which is higher
than invasive insects ($70 billion) (Bradshaw et al., 2016). Growers
are typically ignorant of the existence of nematodes due to non-
specific symptoms in plants, making it difficult to attribute crop
losses to worm damage (Siddique and Grundler, 2018). Food qual-
ity and visual defects linked to illness symptoms could result in
additional losses (Palomares-Rius et al., 2017). The most important
nematodes in terms of agricultural losses are sedentary endopara-
sites, root knot (Meloidogyne spp.), and cyst nematodes (Heterodera
and Globodera spp.) (Jones et al., 2013). Plant-parasitic nematode
control is becoming a growing global demand as a result of the
increasing need to feed a growing population (FAO, 2017). Because
parasitic nematodes have such a large economic impact in agricul-
ture, a variety of nematode-control techniques, including the use of
chemical nematodes, have been developed. The loss of pesticides
as a result of EU rules (EC No 1107/2009), which indicate that they
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are detrimental to human health and a pollutant to the environ-
ment, has heightened the demand for robust nematode resistance
(Zhang et al., 2014; Zhang et al., 2017). Among the organisms
reported to act as biocontrol agents (BCAs) against plant-parasitic
nematodes include fungi, bacteria, viruses, protists, nematode
antagonists, and other invertebrates. When used in conjunction
with reduced chemical dosages in an integrated pest management
scenario, BCAs, physical measures such as solarization and fallow-
ing, and cultural tactics such as crop rotation have all been found to
be effective (D’Addabbo et al., 2019). Despite the fact that preda-
tory nematodes have been utilised to combat plant-parasitic
nematodes since the early twentieth century, their full potential
has only lately been discovered. These nematodes are vital in
improving plant nutrition cycle, which allows plants to better pro-
tect themselves against illnesses, in addition to acting as BCAs
against plant-parasitic nematodes. Meloidogyne spp. is one of the
most dangerous pests of vegetables in the world, causing massive
losses on a variety of agricultural plants, particularly vulnerable
vegetable plant species (Kaskavalci, 2007). In KSA (Kingdom of
Saudi Arabia) RKNs commonly distributed as widespread but M.
incognita and M. javanica are known to be the most commonly
occurring and parasitizing species on roses (Nour El-Deen et al.,
2015). RKNs infestation leads to reduction of normal root system
with extreme galls formation with entirely chocked vascular sys-
tem (Lopez-Llorca and Jansson, 2006). This chocked vascular sys-
tem of reduced rootlets leads to obstruction in normal transport
and uptake of nutrients minerals and water (Nour El-Deen et al.,
2015). Many nematicidal compounds has been standardized from
various fungi but nothing is commercialized as industrial product
with these compounds from natural fungal for extensive usage
(Li et al., 2007; Anke, 2010). Use of mycoendophytes against phyto
parasitizing nematodes has been studied by Zabalgogeazcoa
(2008). There are possibilities related to mode of action of MEs
(Mycoendophytes) on nematodes either by preparing nematicidal
compounds, paralysis or killing of nematodes or by activating plant
defense mechanism against nematodes (Tian et al., 2014). Acremo-
nium implicatum obtained from tomato root galls possesses excep-
tional potential for control of M. incognita (Schouten, 2016). The
scientists have reported that Ch1001 ‘‘Chaetomium” mycoendo-
phyte possesses huge potential for controlling infection of M.
incognita if utilized in seed treatment (Yan et al., 2011). A number
of compounds has been synthesized from Fusarium oxysporum
strain ‘‘Fo162” possessing the ability to control M. incognita
(Hawranik and Sorensen, 2010). Until now management of phyto
parasitizing nematodes using MEs is still rare. Hence, the research
experiment intended to assess the impact of three MEs obtained
from Taify rose against Meloidogyne javanica under in vitro
conditions.
2. Materials and methods

Current study was performed at Department of Biology, Collage
of Science., Taif University, Kingdom of Saudi Arabia.
2.1. Mycoculture filtrate preparation

Three MEs’ already identified strains viz., Penicillium citrinum
(MN518391), Aspergillus niger (MK713445, A), and A. fumigatus
(MN513383) obtained from Taify roses were cultured on general
purpose media (Potato Dextrose Agar). Fungal discs from PDA
plates were obtained 10 mm and inoculated in flasks having
150 ml Potato Dextrose Broth followed by aggressive shaking at
100 rpm for 10 days at 28 �C. Filtration of culture was done
through sterilized filter paper and to separate the liquid from fun-
2

gal masses micropore filter was utilized. Filtrate was kept at 4 �C
till its use.

2.2. Nematode culture

Nematode culture was obtained from the roots of the Taify
roses infested with M. javanica egg masses and characterized by
prineal pattern analysis. The nematode culture was maintained
and proliferated on most susceptible plants of tomato cultivar as
specific host in greenhouse. Eggs were obtained from infested roots
of tomato by 0.5 % sodium hypochlorite solution followed by shak-
ing for 120 s contrary to it juveniles J2s which were gathered by
hatching methodology for approximately-seven days (Hussey,
1973). Final inoculum was maintained to 50 juveniles or 100
eggs/ml.

2.3. Biological assay

To test the mycofilterate’s toxicity, juveniles and eggs of M.
javanica were poured into 1 ml filtrates into twenty-four welled
tissue culture plate. Culture filtrates were divided into three con-
centrations i.e., 2, 4 and 8 % over 50 juveniles and 100 eggs solution
in distilled water while PDA broth 2 ml and Nematode culture sus-
pension was kept as control. Five diverse replications were
designed for treatments and control experiment was reiterated
once. Mortalized larvae were calculated after periodic duration of
6, 12, and 24 hrs wherein death of larvae was confirmed by touch-
ing with fine needle. Rate of Mortality was derived using Abbott’s
formula (Abbott, 1925).

2.4. Gas chromatography based analysis of mycofilterates

GC–MS analysis was utilized for profiling of chemical con-
stituents of Mycofilterates by using Agilent (7890A-5975B) model
(DB 5 ms, columnar formation, with dimensions
(30 m � 250 lm � 0.25 lm). Column was adjusted at 40 �C for
120 s followed by rise to 50 �C with respective rate 4 �C/minute
and kept for 3 min, followed by another rise in temperature to
150 �C with rate of 10 �C/minute, held for 3 min, followed by rise
to 220 �C with the rate of 10 �C/minutes and kept for 6 min, finally
upregulation of temperature until 280 �C with rate of 10 �C/minute
and kept for 10 min. The carrier gas used in this column was pure
Helium (99.999 %) for � 10 min with 0.5 ml/minute flow rate, then
1 ml/minute for 30 min. Chromatographic analysis was done with-
out the use of inter or intra standards of chemical. Interpretation
for mass spectrum data based chromatographic peaks was done
using National Institute of Standards and Technology for the iden-
tification of chemical constituents of samples.

2.5. Statistical analysis

The collected datasets were subjected to two-way ANOVA and
Duncan’s multi-range test (p < 0.05) for comparing the treatments
means using the CoStat software package (version 6.45).

3. Results

3.1. Mortality of larvae

Three mycofilterates viz. Penicillium citrinum (MN518391),
Aspergillus niger (MK713445) and A. fumigatus (MN513383) with
8, 4 and 2 % concentrations ammended with PDA broth were eval-
uated for percent mortality of newly borne juveniles of M. javanica
after periodic exposure of 6, 12, and 24 hrs. (Fig. 1). Data obviously
demonstrating the direct relationship between the percent larval



Fig. 1. Mortality of M. javanicaJ2s effected by endophytic fungi culture filtrates after 6, 12 and 24 h.
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mortality and exposure time that rising with the concentration of
filtrate rises with the exposure time. P. citrinum based filtrate gave
remarkable reduction in viable juveniles J2s (51.67), followed by
Aspergillus niger MN513383 at the concentration of 8 %. A. niger
(MK713445) gave larval mortality percentage as 34.17 % upon
exposure to various concentrations at different timings (Fig. 1c).
Viable juvenile J2s counting did not shifted significantly when
exposed to P. citrinum’s 8 % filtrate as compared to exposure of A.
niger (MN513383) at exposure for 6 to 12 hrs. as illustrated in
(Fig. 1a & b). Two ANOVA yield values upon 6 and 12 hrs. exposure
are 35.42 %, 32.5 % and 41.25 %, 40 % respectively. J2s exposure to A.
niger(MN513383) gave similar mortality (27.57 %).
3.2. Percentage of eggs hatch

The hatching inhibition ofM. javanica eggs as result of exposure
to mycofilterates, shown in (Fig. 2). High concentration of mycofil-
terates inhibited egg hatching as compared to lower concentra-
tions. P. citrinum exhibited 89.27 and 86.49 % hatchability
inhibition at 8 and 4 % concentrations respectively. However, A.
niger(MN513383) filtrate lead to lessening of hatching at similar
concentration to 84.41 and 81.05 % respectively. There was not sig-
nificant difference in hatched eggs between A. niger (MN513383)
and P. citrinum at 2 % filtrate concentration. The percentage of
hatching inhibition of M. javanicawhen exposed to A. niger
(MK713445) at 4, 8, and 12 % was significantly low as compared
to P. citrinum and A. niger (MN513383) with (73.28, 69.35, and
53.8 %).
3.3. J2s characteristics

In control, nematodes were visually mobile and sigmoidal
which is known as typically alive nematode’s character. In con-
trary, there was significant reduction in nematodes viability after
exposure to mycofilterates appearing as straight non-motile body
shape (Fig. 3B). Post exposure to A. niger(MK713445) or A. fumiga-
tus (MN513383), nematodes were looking like banana shaped
curved body like crescent hinting and showing a significant reduc-
tion in its viability (Fig. 3c and d).
Fig. 2. Egg hatching of M. javanica effected
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3.4. GC–MS profiling of dynamic mycofilterates

Three mycofilterates were imperiled for GC–MS analysis where
22 chemical compounds were determined from filtrates analysis.
Chemicals were varying in their characteristics from fungi to fungi
with similar count of compounds in all testified isolates i.e., 10
compounds, few of them were primarily important (Table 1).
Results depicted that quinazoline was extensively found chemical
followed by octadecane and Palmitic acid with concentrations of
64.8, 6.1 and 7.4 % respectively. In P. citrinum (MN518391) majorly
quinazoline was reported 65.3 % followed by palmitic acid 7.9 %
and pentadecane 6.3 %. Likewise, A. niger(MK713445) filtrate
exhibited abundantly quinazoline, acetic acid, piperidide and tria-
contane with concentrations (58.8, 15.03, and 6.08 %) respectively.
The commonly found minor components were octadecane, doco-
sane, phytane and squalene with varying concentrations viz., 1.8,
1.5, 1.3 and 1.0 % respectively. In P. citrinum (MN518391) tetra-
cosane was detected in small amount as (1.8 %). Further, 1,1,2,2-
Tetrachloroethane (1.654 %) was assessed solitarily in A. niger
(MK713445) (Table 1).
4. Discussion

Plant-parasitic nematode biocontrol techniques are a viable
alternative to toxic chemical nematodes (Baazeem et al., 2021a;
Baazeem et al., 2021b). MEs were isolated from leaves of Taify rose
and screened to assess the potential to be a biocontrol agent
against RKNs (Meloidogyne javanica). Mycoflora were founded to
be very effective agent for regulation of nematodes count in rhizo-
sphere (Nour El-Deen et al., 2015). In the investigation, it is evident
that with the rise in concentration of mycofilterates and exposure
time juvenile mortality significantly upraised with reference to
control. Among all testified mycoflora P. citrinum significantly
decreased the viable juveniles and eggs count indicating the suffi-
cient production happened in PD Broth. These results are in line
with Gotlieb et al. (2003) who were the depicter of cucumber
and tomato growth reducing the gall formation upon inoculation
of mycelial mass of P. chrysogenumin soil. Mycoflora can be good
option to regulate nematode count in soil by exhibiting range of
by endophytic fungi culture filtrates.



Fig. 3. Effect of exposure to: A. Potato dextrose broth (Control)-sigmoid, B.P. citrinum MN518391-straight, C. and D.A. niger MK713445 and A. niger MN513383-bent on
characteristic shapes of M. javanica J2s, A.(

P
-shape),B.(I shape), and C. and D. are(banana-shape).

Table 1
GC–MS analysis of the active components (in % Relative Content) in filtrates of fungal isolates.

Active compounds A. niger MN513383 P. citrinum MN518391 A. niger MK713445

Octadecane 6.108 1.875 –
11-Butyldocosane 4.333 – –
Heptacosane 3.933 – –
Squalane 1.088 4.921 –
Dodecanoicacid 4.704 – –
Hexadecanoicacid (Palmiticacid) 7.437 7.973 –
10-Methoxy-nb-alpha-methylcorynantheol 1.548 – –
3-Methyl-2-butenoic acid,

2,7-dimethyloct-7-en-5-yn-4-yl ester
2.702 – –

Docosane 3.251 – 1.593
6,8-dibromo-2-(3-pyridyl)-4-phenyl-quinazoline 64.895 65.334 58.889
Boricacid,ethyl-,didecylester – 2.494 –
Dotriacontane – 2.715 –
Eicosane – 5.065 3.442
Pentadecane – 6.370 –
Phytane – 1.397 4.152
Tetracosane – 1.856 –
Triacontane – – 6.081
Aceticacid,piperidide – – 15.037
Palmitinicacid – – 4.609
2-Methyl-,2-ethyl-2-[[(2-methyl-1-oxo-2-propenyl)oxy]methyl]-2-Propenoicacid – – 2.462
1,1,2,2-Tetrachloroethane – – 1.654
4-Oxopentanoicacid,

p-tolylsulfonylhydrazone,ethylester
– – 2.081
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fighting activity like nematotoxic chemicals (Suwannarach et al.,
2013). Fusarium oxysporum obtained from coffee rhizosphere was
an excellent nematicide to control the M. incognita (Freire et al.,
2012). There was no significant difference between high and med-
ium concentration of A. niger (MK713445) and A. fumigatus
(MN513383) in reducing the juvenile’s viability upon exposure of
5

6 and 12 hrs. respectively. Previous studies have reported the
Aspergillus sp. to produce toxins which were very effective to con-
trol Meloidogyne while Penicillium sp. produced toxins that were
reported very effective to control Aphelenchoidescomposticola
(Cayrol et al., 1989; Grewal et al., 1989). A. niger were not signifi-
cantly effective at higher and medium concentrations even at all
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exposures for lessening the juvenile viability contrary to the results
of the authors of the reference (Jang et al., 2016) wherein he
demonstrated that mycofilterates of A. nigerwere highly effective
for inhibition of hatching and juvenile mortality of M. incognita.

GC–MS analysis depicted the presence of multiple effective
nematicidal compounds in mycofilterates which were classified
as alkane (C---- C) hydrocarbons, Alkaloids, fatty acids, aromatic
hydrocarbons, aliphatic hydrocarbons, carboxylic acids, chlori-
nated hydrocarbons, heterocyclic amine, and keto groups. Nitrogen
containing compounds (quinazolinone derivatives) exhibit effec-
tive biological activity against the plant parasitic nematodes. In
this experiment, quinazoline was found to produce abundantly in
all testified isolates with high percentage from P. citrinum
(MN518391) exhibited good nematicidal activity. Results depicted
that Palmitic acid (Fatty acid) obtained from P. citrinum
(MN518391), A. niger (MK713445) and A. fumigatus (MN513383)
filtrates, dodecanoic acid isolated from A. niger (MN513383).
Bardhan et al. (2019) mentioned that isolated fatty acids from P.
citrinum (PKB20) were oleic acid, Linoleic acid and hexadecenoic
acid with percentage of (30 %, 33.1 %, and 20.2 %). Likely, in Pseu-
domonas sp. survives in rhizosphere yielded hexadecenoic acid
and hexadecenoic acid from the ethyl acetate and hexane fractions.
Elsewhere, it was reported previously (Oliveira et al., 2009) that
Palmitic acid is very toxic to various nematode species. In mycofil-
terates of A. niger (MK713445) and P. citrinum (MN518391) long
chain alkanes e.g., triacontane and dotriacontane were in traces.
Triacontane compounds are known as good antibacterial and
antimycologic agent. When both compounds were standardized
with 50 mg mL�1 of water eggs hatching of M. incognita reduced
to 94 % and following 6–4 days exposure lead to immobilize entire
juvenile 2 stage. Hu et al. (2013) have isolated 1,3-dimethyl citrate
chemical from isolates of A. niger known to be component of devel-
oped plants. According to the obtained results, apparently, nema-
todes were dead and paralyzed just like in case of pyrethroid
application that has direct effect on central nervous system of
nematode and transformed into different type of shapes such as
bent or straight shapes when they were exposed to the fungal fil-
trate, however, nematodes maintained their sigmoid shape and
remained feasible when they grew into potato dextrose broth as
a control media (Strobel et al., 2011). Evidently, the result of this
study is similar with those who described that dead pattern of
nematodes was different as well as groups of pesticides or bio-
agents can distinctly be differentiated based on this particular
phenomenon.

5. Conclusion

This finding depicted the highly effective biocontrol agents (en-
dophytic fungi) for nematodes that consisted of trust-worthy mode
of action and nematocidal properties. For the isolation and detec-
tion of endophytic fungi from the new host plant in field and
greenhouse condition to examine their nematocidal properties,
additional studies are inevitable.
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