AJCS 15(03):416-421 (2021)
doi: 10.21475/ajcs.21.15.03.p2926

ISSN:1835-2707

Interaction between mycorrhizal fungi and Meloidogyne javanica on the growth
and essential oil composition of basil (Ocimum basilicum)
Beatriz De Almeida E Silva1, Rayane Monique Sete Da Cruz2, Angélica Miamoto2, Odair Alberton3, Camila
Da Silva4, Claudia Regina Dias-Arieira4
1

State University of Maringá, Agronomic Science Department, Umuarama, PR, Brazil
State University of Maringá, Post-Graduate in Agronomy, Maringá, PR, Brazil
3
Paranaense University, Post-Graduate Program in Medicinal Plants and Phytotherapics in Primary Care,
Umuarama, PR, Brazil
4
State Universtiy of Maringá, Post-Graduate in Agrarian Sciences, Umuarama, PR, Brazil
2

*Corresponding author: angelicamiamoto@gmail.com
Abstract
Plant-parasitic nematodes and arbuscular mycorrhizal fungi (AMF) have been reported to alter the yield and chemical composition
of basil (Ocimum basilicum) essential oil. The aim of this study was to evaluate the effectiveness of AMF to control the root-knot
nematode Meloidogyne javanica in basil and to investigate the effects of nematode-AMF interactions on plant growth, phosphorus
(P) absorption, and essential oil composition. The experiment was conducted under greenhouse conditions following a completely
randomized 3 × 2 factorial (two fungal species and an uninoculated control × inoculated and uninoculated seedlings) arrangement
with 10 replicates. Substrates were inoculated with Claroideoglomus etunicatum, Rhizophagus clarus, or no fungi (control) and
sown with basil seeds. After 20 days, half of the seedlings were inoculated with 4,000 M. javanica eggs. After 60 days, the
vegetative parameters, P absorption, essential oil composition, nematode population density, AMF root-colonization efficiency,
and AMF spore density were determined. The presence of AMF increased the basil’s fresh weight and ability to absorb P, while
reducing the M. javanica reproduction. In total, 21 compounds were identified in basil essential oil, the concentrations of which
varied according to the treatments. The major components were eucalyptol, linalool, eugenol, β-elemene, trans-α-bergamotene,
and τ-cadinol. Inoculation with AMF decreased the linalool levels but increased the amount of eucalyptol. Mycorrhizal plants
showed increased shoot height, P uptake, and essential oil yield and a decreased nematode population density in their roots.
Keywords: root-knot nematode; Ocimum basilicum; biological control; Rhizophagus clarus; Claroideoglomus etunicatum.
Introduction
Basil (Ocimum basilicum L.) is a culinary and medicinal herb
that is rich in essential oils and widely produced by smalland large-scale farmers (Teixeira et al., 2002). Basil essential
oil is composed mainly of linalool (up to 82.64%) (Blank et
al., 2007), a terpene alcohol with anti-inflammatory and
insecticidal properties used in the production of perfumes,
cosmetics, and insect repellents (Teixeira et al., 2002; Rabelo
et al., 2003).
The growth and development of basil and other aromatic
plants can be limited by biotic and abiotic factors. Basil is
susceptible
to
root-knot
nematodes,
particularly
Meloidogyne javanica (Treub) Chitwood and Meloidogyne
incognita (Kofoid & White) Chitwood (Dias-Arieira et al.,
2012).
Root-knot nematodes establish a complex parasitic system
in the root environment. They induce feeding sites near or in
the xylem, which result in the irregular growth of cells
adjacent to the feeding sites and cause damage to the
vascular cylinder, thus hindering the absorption of water and
nutrients and limiting plant development (Lin et al., 2013).
Swelling can occur in external root tissues, leading to the

formation of root knots or galls. The parasitism of
Meloidogyne spp. negatively affects the amount of fresh
mass in the aerial parts of basil plants, which consequently
reduces the yield of essential oil, since the oil is extracted
mainly from the aerial parts (Tiwati et al., 2017).
Integrated management strategies are necessary to control
nematodes, as there are no nematicides currently available
for aromatic plants. Biological agents have shown promise in
the control of plant parasites and may contribute to
minimizing the risks of environmental contamination (Berry
et al., 2009).
Arbuscular mycorrhizal fungi (AMF) are symbiotic
microorganisms that improve nutrient absorption
(Schouteden et al., 2015) and increase pathogen resistance
in plants through biochemical, physiological, and molecular
mechanisms (Elsen et al., 2008; Vos et al., 2013; Schouteden
et al., 2015). Rhizosphere colonization by AMF has been
reported to alter the composition of root exudates (Vos et
al., 2013) and promote lignification of root cells, conferring
resistance to pathogen penetration (Chen et al., 2019). Both
mycorrhizae and parasitism can alter the production and
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composition of secondary metabolites in herbs (Kapoor et
al., 2002; Hassiotis et al., 2014). The use of AMF in
conjunction with other biological control microorganisms
efficiently controls root-knot nematodes; in addition, these
fungi increase the yield of essential oil produced by basil
plants parasitized by Meloidogyne spp. (Tiwari et al., 2017).
However, little is known about the effects of the interaction
between AMF and nematodes on growth and essential oil
production in basil. This study aimed to evaluate the
effectiveness of AMF in controlling M. javanica and
investigate the effects of AMF-nematode interactions on
basil growth, vegetative development, and essential oil
production.

results showed that inoculation with the AMF helped to
protect the plants against the parasitic pathogens (Talavera
et al., 2001; Anjos et al., 2010; Schouteden et al., 2015).
AMF display a range of mechanisms of action against
nematodes, including the competition for space and
nutrients, changes in radicular exudate composition,
production of hormones, and suberization of root tissues.
These effects increase the host’s resistance to pathogen
penetration and reduce the attraction of nematodes to the
plant (Pozo et al., 2002; Wipps, 2004; Schouteden et al.,
2015). In addition, AMF promote the production of
nematode-antagonistic compounds, such as phenolics and
phytoalexins, as well as lignin and amino acids, such as
phenylalanine and serine (Siddiqui and Mahood, 1996; Vos
et al., 2013; Nair et al., 2015).
We highlight that care must be taken when using biological
control agents. It is important to inoculate plants with AMF
before they are exposed to pathogens, because symbiotic
fungi temporarily impair the defense mechanisms of plants
during rhizosphere colonization (Schouteden et al., 2015;
Brito et al., 2018). This nematode control strategy would be
feasible for plants sown in pots and later transplanted to the
field, as is the case for most vegetables and herbs.
The effects of the combined AMF inoculation and nematode
infection on the percentage of roots that were colonized
were not significant. In contrast, AMF independently
affected colonization. Whereas the uninoculated control
displayed root colonization of 9.36%, plants inoculated with
C. etunicatum and R. clarus exhibited root colonization of
90% or higher, regardless of the nematode infection (Table
2). These results corroborated those of a previous study,
which showed that the presence of nematodes reduced AMF
colonization by only 16% (Borowicz, 2001). The relationship
between the host plant, nematodes, and AMF is complex
and may be affected further by the soil and climate
conditions. In Cucumis sativus L., the presence of M.
incognita reduced the colonization efficiency of the AMF
Glomus mosseae Schwarzott, Walker & Schüßler but not of
G. intraradices Schenck & Smith (Zhang et al. 2008).
Likewise, in white clover (Trifolium repens L.), M. incognita
increased the G. intraradices colonization efficiency but did
not alter that of G. aggregatum Schenck & Smithand or G.
mosseae (Habte et al., 1999).

Results and discussion
Plant height, shoot fresh weight, shoot dry weight, root
fresh weight, chlorophyll index, and phosphorus
concentration
The shoot height, shoot dry weight, and chlorophyll index
were not altered by the presence of nematodes or AMF
(Table 1). There was an interaction between nematode
infection and AMF inoculation for fresh shoot weight. Plants
inoculated with C. etunicatum had a higher fresh shoot
weight than plants not inoculated with AMF, regardless of
the nematode infection. Nematode-free plants inoculated
with R. clarus had a higher fresh shoot weight than the AMFand nematode-free controls (Table 1). The stimulatory
effects of AMF on host plants are well known. For instance,
the shoot fresh weight of Mentha arvensis L. was shown to
increase by up to 207% following inoculation with
mycorrhiza (Freitas et al., 2004). However, the beneficial
effect of AMF on shoot fresh weight may be affected by the
presence of nematodes, because these two microorganisms
have similar requirements and ecological niches, thereby
competing for colonization space and nutrients (Vos et al.,
2013). This fact may explain the lack of effect of R. clarus on
the shoot dry weight of plants infected by M. javanica.
AMF also influenced the root fresh weight, which was
highest in plants inoculated with C. etunicatum (Table 1).
These results further confirmed the beneficial effects of
mycorrhizae on root development (Brandon et al., 2004;
Sharma and Sharma, 2017). Enhanced root development
increases phosphorus (P) uptake (Bressan et al., 2001; Nunes
et al., 2009), as evidenced by the high P concentration in
plants inoculated with either AMF species. P has low
mobility in soil, and plants have developed mechanisms to
increase its uptake. One of the main strategies adopted by
plants is mycorrhizal symbiosis (Smith et al., 2011). The
external hyphae and mycelia of AMF increase the root
surface area (Calvet et al., 2003), and AMF arbuscules
stimulate the activation of phosphate transporter genes in
the host, leading to higher P absorption (Pumplin et al.,
2012).

Quantification and characterization of essential oils
The AMF spore density was influenced by mycorrhizal
inoculation. C. etunicatum spores were found at 2.47
spore/g soil and R. clarus spores at 2.91 spores/g soil (Table
3). Both of these concentrations were significantly higher
than that found in the control (0.79 spores/g soil). In plants
inoculated with nematodes, the mean AMF spore density
was 1.89 spores/g soil, which was lower than that observed
in plants that were not inoculated with M. javanica (2.22
spore/g soil) (data not shown). The low spore density in
plants inoculated with the symbiotic and parasitic organisms
was probably due to competition for space and nutrients, as
evidenced by the reduction in the nematode population
density. For AMF to compete with nematodes, they must be
well established in the rhizosphere. The presence of
arbuscules is an indication of successful root colonization
(Pozo and Azcón-Aguilar, 2007). The results underscored
that plants must establish a symbiotic relationship with AMF
before being exposed to pathogens.
The yield of essential oil differed significantly between the
control (0.20%), R. clarus-inoculated plants (0.25%), and C.

Nematode reproduction, root colonization, and soil
mycorrhizal spore density
Inoculation with R. clarus reduced the nematode count by
25% compared with the control (from 1865 to 1405 eggs and
second-stage juveniles) (Table 2). Inoculation with C.
etunicatum, however, did not lead to significant differences
in the nematode count compared with the controls. This
result may have been due to the higher root weight of the
AMF-inoculated plants. Both AMF species decreased the
density of the nematode population by 36% (Table 2). These
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Table 1. Plant height, shoot fresh weight, shoot dry weight and root fresh weight, chlorophyll index (CI) and phosphorus concentration (P) in basil
plants undergoing treatments with mycorrhizae, inoculated or not with Meloidogyne javanica (Mj).

Treatments

Height (cm)

Control
C. etunicatum
R. clarus
CV (%)

55.48
58.88
59.03
9.43

ns

Shoot fresh weight (g)
With Mj
Without Mj
39.73 bA
41.38 bA
52.39 aA
58.95 aA
40.06 bB
60.93 aA
20.35

Shoot dry
weight (g)
ns
2.55
3.96
3.54
38.25

Root fresh
weight (g)
32.77 b
46.48 a
42.40 ab
29.98

CI
33.87
35.59
33.62
9.89

ns

P
(mg/g)
3.63 b
4.48 a
4.68 a
10.47

Means followed by the same lower-case letter in the column and upper-case in the row do not differ from each other by the Tukey test at 5% probability. Ns = not significant. CV = coefficient of
variation.

Fig 1. Essential oil content (%) of basil uninoculated and inoculated with Claroideoglomus etunicatum or Rhizophagus clarus.
Columns followed by the same letter are not statistically different (Tukey, p ≤ 0.05). Coefficient of variation = 6.67%.
Table 2. Meloidogyne javanica total and per gram of root, root colonization and soil mycorrhizal spore density in basil submitted to
treatments with Claroideoglomus etunicatun and Rhizophagus clarus.
Treatments
Eggs+J2 total
Eggs+J2/g of root
% root colonization
Spore
density
(spores/gdry soil)
Control
1865 a
66 a
9.36 b
0.79 b
C. etunicatum
1859 a
42 b
90.28 a
2.47 a
R. clarus
1405 b
42 b
91.64 a
2.91 a
CV (%)
18.20
33.94
8.07
32.43
Means followed by the same letter in column are not different by Tukey test at 5% probability. CV = coefficient of variation.
Table 3. Percentage of basil essential oil as a function of mycorrhizal inoculation in the presence and absence of Meloidogyne
javanica.
ab
N° Compound
RI
-F/-N
-F/+N
Ce/-N
Ce/+N
Rc/-N
Rc/+N
1
Eucalyptol
11.988
2.77
7.66
25.54
25.44
8.06
18.21
2
Linalool
14.431
43.72
38.47
t
t
t
t
3
Isoborneol
16.227
0.73
t
2.34
2.34
5.70
t
4
α Terpineol
16.948
1.67
1.28
4.48
4.48
6.09
0.73
5
Bornylacetate
19.577
1.72
1.00
4.29
4.29
2.73
2.20
6
Eugenol
21.804
20.60
25.25
t
t
t
31.05
7
β Elenene
22.478
2.01
4.42
5.17
5.17
10.52
11.66
8
trans α Bergamotene
23.609
9.58
7.85
14.87
14.87
17.60
t
9
α Guaiene
23.685
0.32
0.43
1.14
1.14
1.37
4.19
10 (E) β Famesene
24.003
1.04
t
t
t
1.72
0.95
11 Humulene
24.099
0.78
t
1.66
1.66
1.09
0.98
12 Germacrene D
24.793
3.28
2.64
6.94
6.94
7.39
5.08
13 Azulene
25.354
1.18
1.09
2.95
2.95
2.32
1.88
14 Naphthalene
25.597
2.82
2.35
5.96
5.95
5.15
4.38
15 Epicubenol
28.000
0.87
0.67
1.99
2.00
1.14
2.05
16 τ-Cadinol
28.653
5.90
4.83
13.34
14.34
6.57
12.88
17 β Myrcene
10.844
t
0.61
1.63
1.63
t
t
18 Bornanone
15.693
t
0.53
t
t
9.20
t
19 Benzofuran
25.382
t
t
t
t
4.13
t
20 Epicurzerenone
28.015
t
t
t
t
5.99
t
21 (Z) 1,3,6-Octatriene, 3,7-dimethyl 12.653
t
t
3.49
3.49
t
t
Total
98.99
99.08
95.79
96.69
96.77
96.24
a
b
Base identification of retention index using n-alcanos C8 - C25in column DB-5 (fenilmetilsiloxane 5%); Base identification of
comparison of spectral mass with GC-MS Postrun Analysis software; t: trace. -F/-N: without AMF and without nematode; -F/+N:
without AMF and with nematode; Ce/-N: AMF C. etunicatum without nematode; Ce/+N: AMF C. etunicatum + nematode; Rc/-N:
AMF R. Clarus without nematode; Rc/+N: AMF R. clarus+nematode.
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etunicatum-inoculated plants (0.29%) (Fig. 1). In total, 21
compounds were identified in the basil essential oil, and the
major components were eucalyptol (2.77–25.54%), linalool
(t–43.72%), eugenol (t–31.05%), β-elemene (2.01–11.66%),
trans-α-bergamotene (t–17.60%), and τ-cadinol (4.83–
14.34%). The concentration of the major components varied
from 11.66 to 43.72% (Table 3). A significant increase in the
yield of essential oil with AMF inoculation was also observed
by Urcoviche et al. (2015), who inoculated Mentha crispa L.
with C. etunicatum under low soil P conditions. In the
current study, significant increases in the shoot fresh weight
and P uptake in AMF-inoculated basil were observed, which
probably favored the production of secondary metabolites
(Copetta et al., 2007). P is a major constituent of ATP. It is
responsible for storing and transporting energy for
endergonic processes such as the synthesis of organic
compounds. Terpenes, the main components of essential
oils, are produced by phosphorylation reactions, in which
ATP is the main energy donor. Therefore, plants with low
concentrations of P show reduced levels of phosphorylation
and, consequently, low terpene concentrations (Rodrigues
et al., 2004).
In the absence of AMF, linalool and eugenol were the major
essential oil components, as also reported by Ichimura et al.
(1995) for plants fertilized with phosphate. The presence of
AMF inhibited eugenol production and promoted linalool
synthesis (>38.47%), except in plants inoculated with R.
clarus and root nematodes, in which eugenol was the major
essential oil component (31.05%). Eugenol was also present
in non-mycorrhizal plants (up to 25.25%). Rizvi et al. (2014)
reported that clove basil essential oil, composed of 77.8%
eugenol, showed antifungal activity. Morrelli et al. (2017), in
studying the antimicrobial activity of the essential oil of basil
inoculated with AMF and fertilized with humic substances,
found that eugenol (33.90%) was detected only in nonmycorrhizal plants. Altogether, these results show that AMF
drastically reduces eugenol production in basil. Further
studies are needed to confirm this finding.
Linalool is an acyclic monoterpene tertiary alcohol widely
used in the cosmetic and perfume industries because of its
fragrance properties. Previous studies have reported its
antinociceptive,
antileishmanial,
antimicrobial,
and
antifungal properties (Smith and Contractual, 2014; Hanif et
al., 2017; Morh et al., 2017). Linalool can cause protein
denaturation and cell dehydration in microorganisms,
leading to cell death. This mechanism of action is
comparable to that of chlorhexidine, an important
antimicrobial agent (Camargo and Vasconcelos, 2014).
Linalool was the major compound in the essential oil
extracted from plants not inoculated with AMF. Nematode
infection did not have a significant effect on the linalool
concentration.
To date, few reports have focused on the influence of AMF
on the essential oil composition of aromatic and medicinal
plants, particularly the interaction between AMF and other
biotic factors such as nematodes on the synthesis of
secondary metabolites. Our results indicated that AMF
altered the biosynthetic pathways of secondary metabolites
in plants, affecting the composition of essential oils.

randomized 3 × 2 factorial design with 10 replicates.
Treatments consisted of inoculation with AMF (two fungal
species and an uninoculated control) and M. javanica
(inoculated and uninoculated seedlings).
Claroideoglomus etunicatum (Becker & Gerd.) Walker &
Schüßler (syn. Glomus etunicatum) and Rhizophagus clarus
(Nicolson & Schenck) Walker & Schüßler (syn. Glomus
clarum) were obtained from the Glomales Germplasm Bank
(UNIPAR, Umuarama, Brazil). Seeds of basil cv. Maria Bonita
were sown in polystyrene trays containing a commercial
®
substrate (Bioplant , Bioplant Agrícola Ltd., Nova Ponte,
Brazil). Substrates were inoculated with 250 spores/kg of C.
etunicatum or R. clarus, and uninoculated controls were
prepared according to Urcoviche et al. (2015).
At 20 days after germination, seedlings were transplanted
into pots containing 3 L of a 2:1 mixture of soil and sand,
previously autoclaved (120°C, 2 h), adjusted with 1.82 g of
limestone, and fertilized with 0.68 g of NPK (02-16-06). On
the same day, half of the seedlings had their roots
inoculated with 2 mL of a nematode suspension containing
4000 eggs and eventual second-stage juveniles (J2) of M.
javanica. The other half of the plants were not inoculated
(negative control).
Nematodes were obtained from a single species population
maintained in tomato cv. Santa Clara under greenhouse
conditions. Nematode extraction was performed according
to the method of Hussey and Barker (1973) adapted by
Boneti and Ferraz (1982). The concentration of the
nematode suspension was adjusted using a Peters counting
chamber under a light microscope.
Plants were grown for 60 days in a greenhouse. Irrigation
was applied daily as needed.
Leaf chlorophyll index
The leaf chlorophyll index was determined in five fully
developed leaves per pot at 60 days after nematode
inoculation using a chlorophyll meter (1030 CFL, ClorofiLOG,
Falker, Porto Alegre, Brazil).
Shoot height, fresh and dry weight, and P content
After 60 days of inoculation with parasitic nematodes, plants
were carefully removed from the pots. The harvested
material was separated into shoots and roots and shoot
height and fresh weight were determined. Shoots were oven
dried at 65°C for 48 h for dry weight determination. Then,
the dried material was ground, and the P content
determined according to Silva (2009) and Lermen et al.
(2017).
Root fresh weight, AMF spore density, and root
colonization
Roots were carefully washed, dried with paper towels, and
weighed to obtain the fresh weight. AMF spore density and
root colonization were determined in 10 g segments
according to Lermen et al. (2017) and Gerdemann et al.
(1963), respectively. Fine roots were prepared following the
protocol of Phillips and Hayman (1970). The number of
colonized and non-colonized root segments was counted to
estimate root colonization by AMF (Giovanetti and Mosse,
1980).

Materials and methods
Nematode count and population density
Nematodes were extracted from fresh roots according to the
method of Hussey and Barker (1973), modified by Boneti
and Ferraz (1982). Nematode counts were determined using

Experimental design
The experiment was conducted in a greenhouse (23°47′25″S
53°15′32″W, 405 m above sea level), following a completely
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a Peters chamber under a microscope. Total counts were
divided by the root fresh weight to obtain the nematode
population density (number of nematodes per g of root).
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Extraction, quantification, and characterization of essential
oils
Fresh shoots (100 g) were ground in a blender with 1 L of
deionized water and hydro-distilled for 3 h using a modified
Clevenger apparatus (Lermen et al., 2015; Urcoviche et al.,
2015). The extracted essential oil was rotary evaporated in
amber flasks and weighed. The yield of essential oil was
calculated as the oil weight divided by the shoot weight ×
100. After extraction, the essential oil samples were stored
at -20°C until analysis. The constituents of the essential oil
were
identified
using
gas
chromatography-mass
spectrometry (GC-MS) on a QP2010 SE system (Shimadzu).
Samples were diluted in dichloromethane before they were
injected into a SH-RTx-5MS column (Shimadzu, 5% phenylmethylsiloxane, 30 m × 0.25 mm id, 0.25 μm) using an auto
sampler (Shimadzu AOC–20i). Helium was used as the carrier
-1
gas at a flow rate of 1.0 ml min with split ratio of 20:1, and
2 μL of each sample were injected. The column temperature
−1
was initially programmed to 40 °C, heating at 6°C min to
reach the final temperature of 300°C. The injector and the
GC-MS interface temperatures were maintained at 250ºC.
Mass spectra were recorded at 70 eV with mass range from
m/z 50 to 550 amu.
Statistical analysis
Data were subjected to analysis of variance at p < 0.05, and,
when appropriate, means were compared by Tukey’s test (p
< 0.05) using Sisvar (Ferreira, 2011).
Conclusion
AMF inoculation increased plant growth, P uptake, and the
yield and of essential oil, while decreasing the nematode
population density in basil. R. clarus was more efficient than
C. etunicatum in controlling M. javanica.
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