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Eggplant cultivation is subjected to attacks by numbers of pests and diseases from the nursery stage until
harvest. Root-knot nematode (M. javanica) is one of the most significant restrictions in the successful cul-
tivation of eggplant as it damages the crop year-round. One of the most essential classes of plant sym-
bionts is arbuscular mycorrhizal fungi (AMF) and phosphate solubilizing bacteria (PSB), which
significantly impact plant development, feeding, disease tolerance, and resistance to M. javanica.
Eggplant seedlings were inoculated with two mycorrhizal fungi, Glomus mosseae (Gm) and Gigaspora
gigantea (Gg), together with the phosphate-solubilizing bacteria (PSB) Pseudomonas fluorescens (Pf;
ATCC-17400) under the presence of nematodes inoculation of Meloidogyne javanica as 1000 eggs of M.
javanica in each pot. Observations were recorded for 9 morphological traits, 6 fruit morphometric traits
using Tomato Analyzer (version 4) software program, and 4 fruit biochemical traits. Along with the data
recorded for mycorrhization (%), number of galls and reaction to RKN. Plants inoculated with the consor-
tium (Pf + Gm + Gg) performed substantially better for most traits. Furthermore, the eggplant plants trea-
ted with consortium developed the highest levels of fruit biochemical content along with the highest
level of mycorrhization (68.20%). Except for certain fruit morphometric traits, the treatment containing
Pf + Gg outperformed the treatment containing Pf + Gm. Overall, this research showed that AM fungi
could be a sustainable solution to the eggplant RKN problem.
� 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 license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Eggplant is an important vegetable crop, well established for
cultivation in Asia, Africa, America, and Europe (Taher et al.,
2017). Eggplant fruit comes in various shapes, sizes, and colors,
and is highly rich in vitamins and other beneficial nutrients like
chlorogenic acid (Kaushik et al., 2018, 2015). However, its cultiva-
tion faces severe challenges from various insect pests and associ-
ated diseases. One among its wide-ranging pests is the root-knot
nematode (RKN), which causes stunting of the plants and a
noticeable reduction in yield (Rao and Kumar, 2017; Zhou et al.,
2018). Among the several ways to control RKN infestation, it is
more common to use chemical nematicides. To the extent that they
are synthetic, these substances are harmful to the ecosystem, and
do not ensure environmental protection (Hajek and Eilenberg,
2018). Further, among the various nematode species known for
affecting the eggplant, infestation by RKN results in severe yield
losses (Ralmi et al., 2016), mainly due to its broad host range
shackling the accessibility of resistant/immune crops (Rashidifard
et al., 2018; Kaur et al., 2018).

Several approaches have been tried to control the RKN infesta-
tion in eggplant, including breeding methods that use wild rela-
tives of eggplant, such as S. torvum, for their high resistance to
Meloidogyne spp. (Daunay et al., 2019; Saini and Kaushik, 2019).
Also, eggplants have been genetically modified using the Mi-1.2
gene, thereby developing M. javanica tolerance (Barbary et al.,
2015). Papolu et al. (2016) proposed that cystatins may help
enhance eggplant tolerance in a technique that might improve crop
yield (Coyne et al., 2018; Talwana et al., 2016). Further, whereas
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break-in nutrition supply or inadequate mineral nutrition, with
RKN infestation, could lead to plants’ death (Veronico et al.,
2018), the application of biofertilizers not only enhances plant
growth and development but also useful for pest control (Khanna
et al., 2019a,b,c,d,e; Sharma et al., 2020). Manures have also been
confirmed to suppress nematode pests in numerous studies world-
wide (Öçal et al., 2018; Sulaiman and Mohamad, 2020).

Besides, the microbes such as Endomycorrhizal fungus, with
Pseudomonas fluorescens have been widely studied to protect and
improve plant quality and yields (Kumar et al., 2015; Latef et al.,
2016; Drobek et al., 2019;). Colonization of arbuscular mycorrhizal
fungus (AMF) is considered the key factor in maintaining plant-
species for the stability of ecosystems. Their application leads to
plant development through adjustment of phytohormones
(Begum et al., 2019a; Malhi et al., 2021). Further, AMF possess a
strong capacity to improve translocation and absorption of vital
nutrients through fungal hyphae in vegetables. These bio-
inoculants increase the accessibility of soil-enriching nutrients
such as P, N, Fe and K. Phosphorus is essential for the production
of nuclear acid (Begum et al., 2019b; Arora et al., 2020). Therefore,
the plant benefits from AMF due to increased nutrient and water
absorption in addition to the shielding of roots from soil-borne dis-
eases (Priyadharsini and Muthukumar, 2015; Kumar et al., 2015;
Latef et al., 2016; Ranganathswamy et al., 2019). It is a well-
known fact that RKN and AMF are frequent co-inhabitants of veg-
etation origins and are mutually inhibitory (Rovenich et al., 2014).
The greater tolerance of mycorrhizal treated plant life to compre-
hensive soil fungal, bacterial and nematodes has been proven
(Duc, 2017).

Generally, AMF exhibit an antagonistic effect on plant-parasitic
nematodes, and many studies have demonstrated a strong decline
in nematodes as a result of the presence of healthy mycorrhizal
density in the plants rhizosphere (Gough et al., 2020; Heinen
et al., 2018; Poveda et al., 2020). Pseudomonas spp. is also a promis-
ing alternative for chemical fertilizers, and promotes the activity of
AMF. Pseudomonas fluorescens grow well in mineral salts, accompa-
nied by one or several carbon sources (Chakravarty and Anderson,
2015). Phosphate solubilizing bacteria (PSB) as a solution for the
phosphate compounds, release organic acids into the soil available
for use by plants. Since they are well suited in soil, P. fluorescens
strains are thoroughly researched for their applications, including
bacteria release and soil survival. This includes diseases, biocontrol
in cultivation and bioremediation of different organic compounds
(Kour et al., 2020; Qessaoui et al., 2019). Therefore, in this work,
influence of mycorrhizal fungi and Pseudomonas fluorescens
(ATCC-17400) on M. javanica and essential traits of eggplant were
studied.
Table 1
Treatments used in the present investigations.

Treatments Code

Control (C) T1
Normal Package (NP) T2
Pseudomonas fluorescens (Pf) + Glomus mosseae (Gm) + NP T3
Pf + Gigaspora gigantea (Gg) + NP T4
Pf + Gm + Gg + NP T5
2. Materials and methods

2.1. Biological material and experimental details

In the experiment, the eggplant cultivar black beauty was used.
Seeds were sown in plastic trays with a medium of three parts peat
moss, one part perlite, one part vermiculite, and two parts of sterile
soil in Botany Department, Kurukshetra University, Kurukshetra in
2017–2018 under regulated temperatures of 25–30 �C, 16-H pho-
toperiod light of 8000 lx (in addition to natural sunlight), and
65–70 relative humidity. The plants were planted individually into
5 L plastic pots, and arranged with the same soil mixture in differ-
ent containers. Plants were grown in randomized complete block
design (RCBD) inside a greenhouse. Package and practices followed
were defined elsewhere (Kaur et al., 2004).
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2.2. AMF and PSB inoculation

Glomus mosseae inoculum containing 80–86% (w/w), Gigaspora
gigantea inoculum containing 75–79% (root), and 870–890 AM
spores (w/w) contained in Botany Department, Kurukshetra
University, Kurukshetra, India. Dominant spores (at least 10,000
nos.) along with infected root parts, were utilized as bio-
inoculum after mass production on maize as defined elsewhere
(Saini et al., 2019). Any single treatment pot was filled with
100 g of each inoculum, and consortium treatment was applied
to 50 + 50 g (G. mosseae + G. gigantea). The same AMF treatment
dosage was repeated precisely 1 month after transplanting of
plants. P. fluorescens (ATCC-17400) was procured from CSIR-
Institute of Microbial Technology (CSIR-IMTECH) in Chandigarh.
It was then maintained on a nutrient broth medium containing
beef extract: 3 g/L; peptone: 5 g/L and NaCl: 5 g/L, respectively
and incubated at 32 �C for 48 h. P. fluorescens was applied by dip-
ping the roots for 10 min at the time of transplantation (Saini et al.,
2020). There were 5 treatments as defined in Table 1.
2.3. Nematode penetration experiment

Eggplant plants were randomly removed from the nematode
infested field and brought back to the laboratory. Fuchsin lactophe-
nol acid treatment was then used for root staining for 2 h. To verify
M. javanica, 5–10 mature females were separated from these roots
using needles and forceps, teased with the stereoscopic binocular
microscope to create perineal patterns for identification and con-
firmation of the M. javanica species. Single egg mass progeny was
raised in pots when eggplants formed. M. javanica inoculum was
harvested from the infected roots. Using forceps, tiny amounts of
water and egg masses were separated from their Petri-plate and
nematode extraction bases with Baermann’s funnel technique
(Christie and Perry, 1951). Sandy loam textured soil that belonged
to the surrounding area, was sterilized in an autoclave for 15 lbs
(121 ± 1 �C). The dried soil, was then filled in pots around 15 cm
in diameter (1 kg capacity). For nematode-penetration experiment,
1 kg of steam sterilized soil was preserved in each pot. Each proce-
dure was replicated three times under screen conditions. Every
inoculated 1000 eggs and J2 M. javanica. According to crop specifi-
cations, pots were watered and aftercare was taken as required.
The plants were rooted to record M. javanica volume of bile after
45 days of inoculation. The reactions were rated as defined by Gaur
et al. (Table 2). Results were made on gall, numerous eggs and J2
per root system, and nematodes per 200 cc of soil. The roots were
carefully collected and stored in a water pot to free it from soil pol-
lutants. Roots were dispersed around the big Petri plate with
water, for egg and J2 observations, and the final nematode popula-
tion at 45 DAI was estimated. The galls were recorded after the
seedlings were thoroughly cleaned and counted with the help of
Hand convex. After proper teasing of gallic tissue, eggs and J2 were
counted. Gallic tissue remains were isolated and finalized. Dilution
processes estimated egg and J2 (Xing and Westphal, 2012).



Table 2
Root-knot scale for categorization of germplasm
(Gaur et al., 2001).

Number of Galls Nematode Reaction Scale

0 Highly Resistant
1–10 Resistant
11–30 Moderately Resistant
31–100 Susceptible
101 and above Highly Susceptible
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2.4. Plant morphological and fruit morphometric analysis

EGGNET descriptors were used to classify the plants morpho-
logically (van der Weerden and Barendse, 2006). At flowering, Cor-
olla Diameter (mm) was measured as mean of 5 flowers in every
plant in each replication. Whereas Number of Flowers per Inflores-
cence were calculated at the time of flowering as an average of 3
inflorescence of each plant in every replication, Plant Height (cm)
and Stem Diameter (mm) were recorded as one reading per plant.
Leaf related characters, i.e, Leaf Pedicel Length (cm), Leaf Blade
Length (cm), and Leaf Blade Width (cm) were taken as the average
of 5 leaves per plant in each replication. Fruit Weight (g) was
recorded as the average weight of 5 fruits in every replication
and was expressed in grams (g). Except for Plant Height and Stem
Diameter, which only allows for one measurement per plant, the
remaining characters need at least three measurements per plant.
Six fruit morphometric descriptors were analyzed with the help of
Tomato Analyzer version 4 software program (Rodríguez et al.,
2010): Three fruits per replicate were harvested at a commercial-
stage (i.e., physiologically immature) and cut-opened longitudi-
nally and scanned using an HP Scanjet Scanner (Hewlett-Packard,
USA) at a resolution of 300 dpi. Traits recorded were Curved Fruit
Shape Index, Perimeter (cm), Fruit Shape Triangle, Area (cm2), both
fruit shape index external, i.e. I and II, Fruit Shape Triangle (cm),
and Fruit Shape Index Internal, respectively.
2.5. Biochemical analysis

For the dry matter (%) estimation, 50 g of fresh fruit sample was
dried in a hot air oven, and the percentage of change in weight
before and after drying was recorded as dry matter content (%).
Total sugars (%) content was estimated using 0.5 g of dried, pow-
dered eggplant samples, further mixed with 20–25 mg of ethanol
and heated in the water bath for 2 h. It was purified, and 5 ml acet-
ate from lead was applied to the filtrate and maintained for 30 min,
followed by addition of sodium oxalate. A 0.5 ml sample from this
extract was taken and then diluted with 5 ml of aliquot, further
1 ml of purified water, 1 ml of phenol (5%) and 4 ml of H2SO4 were
added. It was shaken and subsequently cooled to natural tempera-
ture, and recorded using an electronic spectrophotometer at
490 nm optical density. The total phenols (mg/100 g) were deter-
mined using volume of the extract, 0.5 ml (V1) was piped into a
flask of 25 ml with 6–7 ml of water, followed by addition of a
0.5 ml Folin-Ciocalteu (double-diluted) regent sample. Just after
3 min, 1 ml of sodium carbonate was added, further purified water
was added to make the volume to 25 ml(V). The optical density
value was read at 760 nm after using water and sodium carbonate
as blank for 1-hour (Luthria et al., 2010). Anthocyanin (mg/100 g)
content was estimated as proposed by (Nothmann et al., 1976).
Accordingly, 0.1 g(w) of fresh peel sample was taken and sliced
into small pieces. Extraction was carried out by retaining it in
10 ml 1% hydrochloric acid (methanol) for two days in the refriger-
ator at low temperatures. The supernatant was purified, and solu-
tion optical density (A) read at 530 nm and 667 nm wavelength
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(for chlorophyll interference) using the formula defined in the orig-
inal method.
3. Results

3.1. Effect on fruit morphometric traits

The treatments with AMF and PSB produced significant effects
in the morphological traits of eggplant (Table 3). Although the
treatments with Pf + Gm + NP, (T3) and Pf + Gg + NP, (T4) demon-
strated a considerable improvement in different traits, Pf + Gm +
Gg + NP, (T5) was found to be the most efficient treatment
(Table 3). Whereas, introduction of Pf + Gm and Pf + Gg increased
the corolla diameter by 44.9% and 76.71% respectively, Pf + Gm +
Gg showed a dramatic increase of 118.7% (Table 3). Likewise, leaf
blade length exhibited an increase of 51.17%, 74.34% and 98.39%
after application of Pf + Gm, Pf + Gg, and Pf + Gm + Gg, respectively,
and leaf blade width increased by 46.29%, 60.18% and 103.7% when
treated with Pf + Gm, Pf + Gg, and Pf + Gm + Gg, respectively
(Table 3). Further, leaf pedicel length recorded an increase of
47.22% and 72.48% with Pf + Gm and Pf + Gg respectively, besides,
it produced a remarkable increase of 129.36% with Pf + Gm + Gg,
which again proved T5 to be the most effective against M. javanica
infestation (Table 3). Plant height also increased by 53.2%, 58.7%,
and 88.1% under the influence of Pf + Gm, Pf + Gg, and Pf + Gm +
Gg, respectively (Fig. 1). In addition, the role of AMF and PSB in
plant development was further justified with the increments of
125.5%, 150.3%, and 225.5% in the number of flowers per inflores-
cence when treated with Pf + Gm, Pf + Gg, and Pf + Gm + Gg respec-
tively (Table 3). Besides, stem diameter increased by 35.2%, 44.6%,
and 65.7% after introducing Pf + Gm, Pf + Gg, and Pf + Gm + Gg
respectively, to the eggplant. However, it should be noted that
the most significant results were produced in the fruit weight with
increase of 165.7%, 195.7%, and 259.7% with Pf + Gm, Pf + Gg, and
Pf + Gm + Gg, respectively, owing to the mycorrhizal activity of Gm
and Gg along with phosphate solubilizing activity of Pf.
3.2. Effect on agronomical, biochemical traits and nematode
infestation

Further, the variations in morphometric and biochemical traits
of bell pepper under the influence of AMF (Gm and Gg), and PSB
(Pf) were recorded in Table 4. It was observed that the perimeter
increased by 79.7%, 127.4%, and 145.64% when treated with
Pf + Gm, Pf + Gg, and Pf + Gm + Gg respectively (Table 4), while,
the area increased drastically by 186.6%, 334.05%, and 419.8%
respectively. In addition, fruit shape index external I and II
increased only by 30.9% and 36.5% respectively after application
of Pf + Gm; 82.5% and 104.3% respectively with Pf + Gg; but
160.8% and 204.3% respectively with Pf + Gm + Gg. Similarly, the
curved fruit shape index increased by 37%, 107%, and 190% after
the introduction of Pf + Gm, Pf + Gg, and Pf + Gm + Gg respectively
(Table 4). In case of fruit shape index internal, increments of 36.5%,
107.5%, and 204.3% were observed when the plant was treated
with Pf + Gm, Pf + Gg, and Pf + Gm + Gg respectively. However,
the percentage of dry matter did not show any significant varia-
tions, it increased only marginally when treated with Pf + Gm
(1.72%), Pf + Gg (1.81%), and Pf + Gm + Gg (3.93%) (Table 4). Simi-
larly, no significant increase was observed in the percentage of
total sugars, which was only 0.4% with both Pf + Gm and Pf + Gg,
and 0.87% with Pf + Gm + Gg. The amounts of total phenols also
increased by 11.87%, 13.72%, and 46.77% only after treatment with
Pf + Gm, Pf + Gg, and Pf + Gm + Gg respectively (Table 4). However,
the anthocyanin content recorded dramatic increase of 233.3%
with both treatments Pf + Gm and Pf + Gg; and 476.6% with treat-



Table 3
The response of morphological traits of Eggplant to AMF and PSB application treatments under M. javanica infestation.

Traits T1(C) T2 (NP) T3 (Pf + Gm) T4 (Pf + Gg) T5 (Pf + Gm + Gg)

Corolla Diameter (mm) 19.37d� 22.33d 28.07c 34.23b 42.37a
Leaf Blade Length (cm) 14.97e 21.03d 22.63c 26.10b 29.70a
Leaf Blade Width (cm) 10.80d 14.37c 15.80bc 17.30b 22.00a
Leaf Pedicel Length (cm) 4.87e 6.03d 7.17c 8.40b 11.17a
Number of Flowers per Inflorescence 1.33c 3.01b 3.00b 3.33b 4.33a
Stem Diameter (mm) 12.67c 16.67b 17.13b 18.33b 21.00a

� Values in a column followed by the same letter are not significantly different, p � 0.05, LSD.

Fig. 1. Variation recorded for the fruit weight (g) and plant height (cm) in the 5 treatments studied for eggplant under root-knot nematode (M. javanica) infestation.

Table 4
The response of morphometric and biochemical traits of bell pepper to AMF and PSB under M. javanica infestation.

Traits T1 (C) T2 (NP) T3 (Pf + Gm) T4 (Pf + Gg) T5 (Pf + Gm + Gg)

Perimeter (cm) 16.41e� 21.03d 29.50c 37.33b 40.31a
Area (cm2) 17.47e 28.03d 50.07c 75.83b 90.81a
Fruit Shape Index External I 0.97d 1.07 cd 1.27c 1.77b 2.53a
Fruit Shape Index External II 0.93d 1.07 cd 1.27c 1.90b 2.83a
Curved Fruit Shape Index 1.00d 1.13d 1.37c 2.07b 2.90a
Fruit ShapeTriangle 0.61c 0.80b 0.77b 0.93a 1.03a
Fruit Shape Index Internal 0.93d 1.07 cd 1.27c 1.93b 2.83a
Dry Matter (%) 6.10d 7.10c 7.82b 7.91b 10.03a
Total Sugars (%) 1.20d 1.40c 1.60b 1.60b 2.07a
Total Phenols (mg/100 g) 153.77e 165.13d 172.03c 174.87b 225.70a
Anthocyanin Content (mg/100 g) 0.30d 0.87c 1.00b 1.00b 1.73a
Nematode Reaction Scale Susceptible Susceptible Susceptible Susceptible Moderately Resistance

� Values in a column followed by the same letter are not significantly different, p � 0.05, LSD.
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ment Pf + Gm + Gg (Table 4). Furthermore, the effects of symbiotic
association with AMF and PSB were found to be associated with
increased mycorrhization by 57.9%, 56.42%, and 68.20% with
Pf + Gm, Pf + Gg, and Pf + Gm + Gg respectively (Table 4, Fig. 2),
and decreased number of galls by 33.26%, 39.04%, and 57.73% after
treatment with Pf + Gm, Pf + Gg, and Pf + Gm + Gg respectively
(Table 4, Fig. 2).
4. Discussion

Nematodes possess a diverse host range and are among the
leading causes of yield loss in eggplant worldwide. Furthermore,
yield losses because of plant-parasitic nematodes are prone to
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surge in the future because of harvest methods and climate change
intensification (Abd-Elgawad and Askary, 2015; Sikora et al., 2018;
Sivasubramaniam et al., 2020). Recently, biological control has
turned into a cost-effective and eco-friendly method for handling
nematodes and increasing harvest yields (Hussain et al., 2020;
Nega, 2014). In this regard, AMF is among the most eco-friendly
forms of controlling plant parasites and boosting crop yields.
AMF aids plant development in combination with PSB due to
improved nutrient absorption in return for a multitude of photo-
synthetic carbon (Parray et al., 2019). Additionally, their mixture
effectively alleviates abiotic and biotic-induced plant stress, like
RKNs. It is worth mentioning that plants with more effective rhizo-
sphere nutritional supplies could withstand considerable growth
of parasite nematode infestations (Schouteden et al., 2015).



Fig. 2. Variation recorded for the mycorrhization (%) and number of galls in the 5 treatments studied for eggplant under root-knot nematode (M. javanica) infestation.
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Furthermore, fungal hyphae are much smaller as compared to
the start and could penetrate narrow pores to take in extra nutri-
tion (Püschel et al., 2020). Similar to our results, as we have noticed
the overall effect of AMF and PSB on eggplant morphological and
biochemical traits, several recent studies also point towards the
usefulness of AMF inoculum for eggplant (Chaturvedi et al.,
2018; González-González et al., 2020; Sabatino et al., 2020). AMF
enhances fruit quality by boosting growth and is considered a vital
part of agricultural production. It adds drastically to the sustain-
ability of farming systems if correctly handled (Mahanty et al.,
2017; Parnell et al., 2016). Further, nematodes and AMF are recog-
nized crucial co-inhabitants of plant roots. M. javanica and AMFs
compete over food and space (Schouteden et al., 2015). In such sce-
nario, PSB and AMF not only induce nematode resistance, enhanc-
ing harvest yield and quality, but also develop and incorporate
green crop management.

Host resistance or responsiveness by AMF may be considered a
promising option. M. javanica generally harms growth and devel-
opment, while AMF can improve host resistance and increase
adversaries by slowing down nematode advancement (Hol and
Cook, 2005). Parasitism dynamics can coordinate nematode com-
munities, which will impact even the characteristics of AMF
encounters. Many root cells remain necrotic after feeding nema-
todes, while others develop cells for specialized feeding construc-
tions (Bécard, 2017; Skiada, 2019). Because of the variety of
species participating in belowground activities, determining the
exact consequences of different classes is difficult. Nevertheless,
our findings suggest that AMF may regulate root herbivores associ-
ated with eggplant. To fully comprehend nematode control in nat-
ural systems, further research is needed into nematode
antagonists’ function, the impact of AMF in other nematode genera,
and the implications of this interaction for nematode competition.
Nematode colonization and replication were further reduced after
plants were pre-inoculated with AMF. Since ectoparasite nema-
todes have a significant effect on AMF compared to M. javanica,
they are much more protective compared to sedentary nematodes
with sophisticated and advanced feeding methods (Ravichandra,
2014). Similar trends are also noticed for plants tolerance to abiotic
stress (Ahmad et al., 2010; Ahmad et al., 2019; Ali et al., 2019).

The significant effects of rhizobacteria on eggplant growth can
also be attributed to rise in plant immunity to nematodes. These
bacteria survive in the soil around plants, provide growth-
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promoting materials and boost overall plant immunity. This is
achieved by maintaining the supply of nutrients from the plant
roots, along with the synthesis and control of phytohormones, con-
tributing to an increase in biomass. Our results are in agreement
with Siddiqui et al. (2005) as the author revealed PSB ability to
stimulate and produce defensive compounds. PSB modulate bio-
logical and physical properties of soil that enhance plant growth
parameters, i.e. root and shoot length and weights compared to
nematode-treated plants. In this direction, Soliman et al. (2011)
reported that A. chroococcum and A. brasilense are useful in control-
ling RNK infestation. Likewise, recorded AMF is effectively added to
optimize reduction in egg mass/root, egg/egg mass, nematode, and
root-knot indices in cultivated eggplant compared to control
(Elkelany et al., 2020). Some other disparities in broad feeding cat-
egories are crucial to establish AMF’s interaction attributes (Gough
et al., 2020). Nematodes can have an impact on AMF by destroying
cells that support AMF feeding. Several root cells stay necrotic until
they are nourished while other nematodes induce the cells to build
specialized feeding structures (Joseph, 2013; Ravichandra, 2014;
Kaya et al., 2020). A far more subtle way that nematodes could
influence AMF is the triggered plant response that produces far less
susceptible/adaptable cells to AMF. In these interactions, co-
evolution is assumed to have culminated in specific identification
processes (gene-for-gene interactions). They are likely to be corre-
lated with the non-induction or suppression of typical plant
defense responses (Corradi and Bonfante, 2012; Kohli et al.,
2019). These undoubtedly lead to the abolition or failure of big
plant protective responses to all the microorganisms ordinarily
studied for regulation of cultivating parasites (Smant et al.,
2018). In short, there is a need to just find out where the AMF
and the nematodes are and, to recognize the potential mecha-
nisms. Therefore, more focus studied should look at the endpoints
and try to identify and characterize the critical phases of the
engagement activities.
5. Conclusions

Eggplant cultivation is becoming popular because of its out-
standing nutritional qualities. But several biotic variables impede
its successful production. The RKN is one of the most destructive
agents for eggplant, and its treatment is far more complicated than
other pathogens. AMF signifies antagonistic effects on the nema-
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tode, and they also improve the eggplant’s biochemical or physical
properties. AMF inoculation can promote growth and development
of the plant, enhance tolerance to abiotic and biotic stress, improve
resistance to various pathogens and eventually improve the pro-
duct quality of eggplants under unfavorable conditions. However,
these desired effects depend upon initial selection and optimiza-
tion of AMF inoculum. Different species of AMF (Gm and Gg, in this
study) are known to increase the amount of antioxidant com-
pounds (anthocyanin, total phenols etc.), essential minerals, and
fiber content in the plant. Similarly, when applied to eggplant,
AMF inoculation improved morphological and biochemical traits
under nematode infestation. Significantly, AMF application
affected plant growth indirectly, and in some cases, it lowers the
demand for harmful chemical pesticides. Thus, the use of AMF
and PSB is ideal for sustainable RKN prevention in eggplant.
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Drobek, M., Frąc, M., Cybulska, J., 2019. Plant biostimulants: Importance of the
quality and yield of horticultural crops and the improvement of plant tolerance
to abiotic stress—a review. Agronomy 9, 335.

Duc, N.H., 2017. Impact of arbuscular mycorrhizal fungi on plant tolerance to some
abiotic stresses and phytopathogens. Doctor of Philosophy. School of Plant
Science, Szent István University, Hungary.

Elkelany, U.S., El-Mougy, N.S., Abdel-Kader, M.M., 2020. Management of root-knot
nematode Meloidogyne incognita of eggplant using some growth-promoting
rhizobacteria and chitosan under greenhouse conditions. Egypt. J. Biol. Pest
Control 30, 134. https://doi.org/10.1186/s41938-020-00334-w.

Gaur, H.S., Singh, R.V., Kumar, S., Kumar, V., Singh, J.V., 2001. Search for nematode
resistance in crops. AICRP on nematodes, Division of Nematology, IARI, New
Delhi Publication, pp. 4.

González-González, M.F., Ocampo-Alvarez, H., Santacruz-Ruvalcaba, F., Sánchez-
Hernández, C.V., Casarrubias-Castillo, K., Becerril-Espinosa, A., Castañeda-Nava,
J.J., Hernández-Herrera, R.M., 2020. Physiological, ecological, and biochemical
implications in tomato plants of two plant biostimulants: Arbuscular
mycorrhizal fungi and seaweed extract. Front. Plant Sci. 11, 999.

Gough, E.C., Owen, K.J., Zwart, R.S., Thompson, J.P., 2020. A systematic review of the
effects of arbuscular mycorrhizal fungi on root-lesion nematodes, Pratylenchus
spp. Front. Plant Sci. 11, 923.

Hajek, A.E., Eilenberg, J., 2018. Natural Enemies: An Introduction to Biological
Control. Cambridge University Press.

Heinen, R., Biere, A., Harvey, J.A., Bezemer, T.M., 2018. Effects of soil organisms on
aboveground plant-insect interactions in the field: patterns, mechanisms and
the role of methodology. Front. Ecol. Evolut. 6, 106.

Hol, G., Cook, R., 2005. An overview of arbuscular mycorrhizal fungi–nematode
interactions. Basic Appl. Ecol. 6, 489–503. https://doi.org/10.1016/j.
baae.2005.04.001.

Hussain, T., Singh, S., Danish, M., Pervez, R., Hussain, K., Husain, R., 2020. Natural
metabolites: an eco-friendly approach to manage plant diseases and for better
agriculture farming. In: Natural Bioactive Products in Sustainable Agriculture.
Springer, pp. 1–13.

Joseph, S., 2013. Analysis of RNAi Strategies Against Migratory Parasitic Nematodes
of Banana (PhD Thesis). Ghent University.

Kaur, H., Sirhindi, G., Bhardwaj, R., Alyemeni, M.N., Siddique, K.H.M., Ahmad, P.,
2018. 28-homobrassinolide regulates antioxidant enzyme activities and gene
expression in response to salt- and temperature-induced oxidative stress in
Brassica juncea. Sci. Rep. 8, 8735.

Kaur, S., Bal, S.S., Singh, G., Sidhu, A.S., Dhillon, T.S., 2004. Management of brinjal
shoot and fruit borer, Leucinodes orbonalis Guenee through net house
cultivation. In: VII International Symposium on Protected Cultivation in Mild
Winter Climates: Production, Pest Management and Global Competition, vol.
659, pp. 345–350.

Kaya, C., Higgs, D., Ashraf, M., Alyemeni, M.N., Ahmad, P., 2020. Integrative roles of
nitric oxide and hydrogen sulfide in melatonin-induced tolerance of pepper
(Capsicum annuum L.) plants to iron deficiency and salt stress alone or in
combination. Physiol. Plant. 168, 256–277.

Kaushik, P., Andújar, I., Vilanova, S., Plazas, M., Gramazio, P., Herraiz, F.J., Brar, N.S.,
Prohens, J., 2015. Breeding vegetables with increased content in bioactive
phenolic acids. Molecules 20, 18464–18481.

Kaushik, P., Plazas, M., Prohens, J., Vilanova, S., Gramazio, P., 2018. Diallel genetic
analysis for multiple traits in eggplant and assessment of genetic distances for
predicting hybrids performance. PLoS ONE 13, e0199943.

Khanna, K., Jamwal, V.L., Kohli, S.K., Gandhi, S.G., Ohri, P., Bhardwaj, R., Abde_Allaha,
E.F., Hashem, A., Ahmad, P., 2019c. Plant growth promoting rhizobacteria
induced Cd tolerance in Lycopersicon esculentum through altered antioxidative
defense expression. Chemosphere 217, 463–474.

Khanna, K., Jamwal, V.L., Kohli, S.K., Gandhi, S.G., Ohri, P., Bhardwaj, R., Wijaya, L.,
Alyemeni, M.N., Ahmad, P., 2019d. Role of Plant Growth Promoting Bacteria
(PGPRs) as biocontrol agents of Meloidogyne incognita through improved plant
defense of Lycopersicon esculentum. Plant Soil. 463, 325–345.

http://refhub.elsevier.com/S1319-562X(21)00432-0/h0005
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0005
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0005
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0010
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0010
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0010
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0015
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0015
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0015
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0020
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0020
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0020
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0020
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0025
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0025
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0025
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0030
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0030
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0030
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0035
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0035
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0040
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0040
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0040
https://doi.org/10.3390/plants8120579
https://doi.org/10.3390/plants8120579
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0055
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0055
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0055
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0055
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0060
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0060
https://doi.org/10.1371/journal.ppat.1002600
https://doi.org/10.1371/journal.ppat.1002600
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0070
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0070
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0070
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0075
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0075
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0080
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0080
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0080
https://doi.org/10.1186/s41938-020-00334-w
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0100
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0100
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0100
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0100
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0100
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0105
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0105
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0105
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0120
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0120
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0120
https://doi.org/10.1016/j.baae.2005.04.001
https://doi.org/10.1016/j.baae.2005.04.001
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0140
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0140
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0140
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0140
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0150
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0150
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0150
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0150
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0155
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0155
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0155
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0160
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0160
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0160
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0165
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0165
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0165
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0165
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0170
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0170
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0170
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0170


M. Sharma, I. Saini, P. Kaushik et al. Saudi Journal of Biological Sciences 28 (2021) 3685–3691
Khanna, K., Jamwal, V.L., Sharma, A., Gandhi, S.G., Ohri, P., Bhardwaj, R., Al-Huqail, A.
A., Siddiqui, M.H., Ali, H.A., Ahmad, P., 2019e. Supplementation with plant
growth promoting rhizobacteria (PGPR) alleviates Cadmium toxicity in Solanum
lycopersicum by modulating the expression of secondary metabolites.
Chemosphere 230, 628–639.

Khanna, K., Kohli, S.K., Ohri, P., Bhardwaj, R., Al-Huqail, A.A., Siddiqui, M.H.,
Alosaimi, G.S., Ahmad, P., 2019b. Microbial fortification improved
photosynthetic efficiency and secondary metabolism in Lycopersicon
esculentum plants under Cd stress. Biomolecules 9, 581.

Khanna, K., Sharma, A., Ohri, P., Bhardwaj, R., Abde_Allaha, E.F., Hashem, A., Ahmad,
P., 2019a. Impact of plant growth promoting Rhizobacteria in the orchestration
of Lycopersicon esculentum mill. resistance to plant parasitic nematodes: a
metabolomic approach to evaluate defense responses under field conditions.
Biomolecules 9, 676.

Kohli, S.K., Khanna, K., Bhardwaj, R., Abd_Allah, E.F., Ahmad, P., Corpas, F.J., 2019.
Assessment of subcellular ROS and NO metabolism in higher plants:
multifunctional signaling molecules. Antioxidants 8, 641.

Kour, D., Rana, K.L., Yadav, A.N., Yadav, N., Kumar, M., Kumar, V., Vyas, P., Dhaliwal,
H.S., Saxena, A.K., 2020. Microbial biofertilizers: Bioresources and eco-friendly
technologies for agricultural and environmental sustainability. Biocatal. Agric.
Biotechnol., 101487

Kumar, A., Dames, J., Gupta, A., Sharma, S., Gilbert, J., Ahmad, P., 2015. Current
developments in arbuscular mycorrhizal (AM) fungal research and its role in
salinity stress alleviation: a Biotechnological Perspective. Critical Rev.
Biotechnol. 35 (4), 461–474.

Latef, A.A.H.A., Hashem, A., Rasool, S., Abde_Allaha, E.F., Alqarawi, A.A.,
Egamberdieva, D., Jan, S., Anjum, N.A., Ahmad, P., 2016. Arbuscular
mycorrhizal symbiosis and abiotic stress in plants: a review. J. Plant Biol. 59,
407–426.

Luthria, D., Singh, A.P., Wilson, T., Vorsa, N., Banuelos, G.S., Vinyard, B.T., 2010.
Influence of conventional and organic agricultural practices on the phenolic
content in eggplant pulp: plant-to-plant variation. Food Chem. 121, 406–411.

Mahanty, T., Bhattacharjee, S., Goswami, M., Bhattacharyya, P., Das, B., Ghosh, A.,
Tribedi, P., 2017. Biofertilizers: a potential approach for sustainable agriculture
development. Environ. Sci. Pollut. Res. 24, 3315–3335.

Malhi, G.S., Kaur, M., Kaushik, P., Alyemeni, M.N., Alsahli, A.A., Ahmad, P., 2021.
Arbuscular mycorrhiza in combating abiotic stresses in vegetables: an eco-
friendly approach. Saudi J. Biol. Sci. 28, 1465.

Nega, A., 2014. Review on concepts in biological control of plant pathogens. J. Biol.
Agric. Health. 4, 33–54.

Nothmann, J., Rylski, I., Spigelman, M., 1976. Color and variations in color intensity
of fruit of eggplant cultivars. Sci. Hortic. 4, 191–197.

Öçal, S., Özalp, T., Devran, Z., 2018. Reaction of wild eggplant Solanum torvum to
different species of root-knot nematodes from Turkey. J. Plant Dis. Prot. 125,
577–580.

Papolu, P.K., Dutta, T.K., Tyagi, N., Urwin, P.E., Lilley, C.J., Rao, U., 2016. Expression of
a cystatin transgene in eggplant provides resistance to root-knot nematode,
Meloidogyne incognita. Front. Plant Sci. 7, 1122.

Parnell, J.J., Berka, R., Young, H.A., Sturino, J.M., Kang, Y., Barnhart, D.M., DiLeo, M.V.,
2016. From the lab to the farm: an industrial perspective of plant beneficial
microorganisms. Front. Plant Sci. 7, 1110.

Parray, J.A., Mir, M.Y., Shameem, N., 2019. Rhizosphere engineering and agricultural
productivity. In: Sustainable Agriculture: Biotechniques in Plant Biology.
Springer, pp. 71–154.

Poveda, J., Abril-Urias, P., Escobar, C., 2020. Biological control of plant-parasitic
nematodes by filamentous fungi inducers of resistance: trichoderma,
mycorrhizal and endophytic fungi. Front. Microbiol., 11

Priyadharsini, P., Muthukumar, T., 2015. Insight into the role of arbuscular
mycorrhizal fungi in sustainable agriculture. In: Environmental Sustainability.
Springer, pp. 3–37.

Püschel, D., Bitterlich, M., Rydlová, J., Jansa, J., 2020. Facilitation of plant water
uptake by an arbuscular mycorrhizal fungus: a Gordian knot of roots and
hyphae. Mycorrhiza 30, 299–313.

Qessaoui, R., Bouharroud, R., Furze, J.N., El Aalaoui, M., Akroud, H., Amarraque, A.,
Van Vaerenbergh, J., Tahzima, R., Mayad, E.H., Chebli, B., 2019. Applications of
new rhizobacteria Pseudomonas isolates in agroecology via fundamental
processes complementing plant growth. Sci. Rep. 9, 1–10.

Ralmi, N.H.A.A., Khandaker, M.M., Mat, N., 2016. Occurrence and control of root
knot nematode in crops: a review. Aust. J. Crop Sci. 11, 1649.

Ranganathswamy, M., Kadam, G.L., Jhala, Y.K., 2019. An insight into Mycorrhiza
involved in building soil and plant health. In: Soil Fertility Management for
Sustainable Development. Springer, pp. 211–229.

Rao, G.P., Kumar, M., 2017. World status of phytoplasma diseases associated with
eggplant. Crop Prot. 96, 22–29.
3691
Rashidifard, M., Fourie, H., Véronneau, P.-Y., Marais, M., Daneel, M.S., Mimee, B.,
2018. Genetic diversity and phylogeny of South African Meloidogyne
populations using genotyping by sequencing. Sci. Rep. 8, 1–9.

Ravichandra, N.G., 2014. Nematode disease complexes. In: Horticultural
Nematology. Springer, pp. 207–238.

Rodríguez, G.R., Moyseenko, J.B., Robbins, M.D., Morejón, N.H., Francis, D.M., van der
Knaap, E., 2010. Tomato Analyzer: a useful software application to collect
accurate and detailed morphological and colorimetric data from two-
dimensional objects. J. Visual. Exp.: JoVE.

Rovenich, H., Boshoven, J.C., Thomma, B.P., 2014. Filamentous pathogen effector
functions: of pathogens, hosts and microbiomes. Curr. Opin. Plant Biol. 20, 96–
103.

Sabatino, L., Iapichino, G., Consentino, B.B., D’Anna, F., Rouphael, Y., 2020. Rootstock
and arbuscular mycorrhiza combinatorial effects on eggplant crop performance
and fruit quality under greenhouse conditions. Agronomy 10, 693.

Saini, D.K., Kaushik, P., 2019. Visiting eggplant from a biotechnological perspective:
a review. Sci. Hortic. 253, 327–340. https://doi.org/10.1016/
j.scienta.2019.04.042.

Saini, I., Aggarwal, A., Kaushik, P., 2019. Inoculation with mycorrhizal fungi and
other microbes to improve the morpho-physiological and floral traits of Gazania
rigens (L.) Gaertn. Agriculture 9, 51.

Saini, I., Yadav, V.K., Aggarwal, A., Kaushik, P., 2020. Effect of superphosphate, urea
and bioinoculants on Zinnia elegans Jacq. Indian J. Exp. Biol. 58, 730–737.

Schouteden, N., De Waele, D., Panis, B., Vos, C.M., 2015. Arbuscular mycorrhizal
fungi for the biocontrol of plant-parasitic nematodes: a review of the
mechanisms involved. Front. Microbiol. 6, 1280.

Sharma, N., Khanna, K., Manhas, R.K., Bhardwaj, R., Ohri, P., Alkahtani, J., Alwahibi,
M.S., Ahmad, P., 2020. Insights into the role of streptomyces hydrogenans as the
plant growth promoter, photosynthetic pigment enhancer and biocontrol agent
against meloidogyne incognita in solanum lycopersicum seedlings. Plants 9,
1109.

Siddiqui, I.A., Haas, D., Heeb, S., 2005. Extracellular protease of Pseudomonas
fluorescens CHA0, a biocontrol factor with activity against the root-knot
nematode Meloidogyne incognita. Appl. Environ. Microbiol. 71, 5646–5649.

Sikora, R.A., Coyne, D., Hallman, J., Timper, P., 2018. Reflections and challenges:
nematology in subtropical and tropical agriculture. In: Plant-parasitic
Nematodes in Subtropical and Tropical Agriculture, third ed. Wallingford, UK,
CAB International, pp. 1–19.

Sivasubramaniam, N., Hariharan, G., Zakeel, M.C.M., 2020. Sustainable management
of plant-parasitic nematodes: an overview from conventional practices to
modern techniques. Manage. Phytonem.: Recent Adv. Future Challenges, 353–
399.

Skiada, V., 2019. Colonization of Legumes by an Endophytic Fusarium Solani Strain
K. Early-stage Molecular Signaling and Sub-cellular Responses (PhD Thesis).

Smant, G., Helder, J., Goverse, A., 2018. Parallel adaptations and common host cell
responses enabling feeding of obligate and facultative plant parasitic
nematodes. Plant J. 93, 686–702.

Soliman, A., Shawky, S., Omar, N., 2011. Efficiency of bioagents in controlling root-
knot nematode on acacia plants in Egypt. Am.-Eur. J. Agric. Environ. Sci. 10,
223–229.

Sulaiman, I.S.C., Mohamad, A., 2020. The use of vermiwash and vermicompost
extract in plant disease and pest control. In: Natural Remedies for Pest, Disease
and Weed Control. Elsevier, pp. 187–201.

Taher, D., Solberg, S.Ø., Prohens, J., Chou, Y., Rakha, M., Wu, T., 2017. World
vegetable center eggplant collection: origin, composition, seed dissemination
and utilization in breeding. Front. Plant Sci. 8, 1484.

Talwana, H., Sibanda, Z., Wanjohi, W., Kimenju, W., Luambano-Nyoni, N., Massawe,
C., Manzanilla-López, R.H., Davies, K.G., Hunt, D.J., Sikora, R.A., 2016.
Agricultural nematology in East and Southern Africa: problems, management
strategies and stakeholder linkages. Pest Manag. Sci. 72, 226–245.

van der Weerden, G.M., Barendse, G.W., 2006. A web-based searchable database
developed for the EGGNET project and applied to the Radboud University
Solanaceae database. VI Int. Solanaceae Conf.: Gen. Meets Biodiv. 745, 503–506.

Veronico, P., Paciolla, C., Pomar, F., De Leonardis, S., García-Ulloa, A., Melillo, M.T.,
2018. Changes in lignin biosynthesis and monomer composition in response to
benzothiadiazole and root-knot nematode Meloidogyne incognita infection in
tomato. J. Plant Physiol. 230, 40–50.

Xing, L., Westphal, A., 2012. Predicting damage of meloidogyne incognita on
watermelon. J Nematol 44, 127–133.

Zhou, X., Liu, J., Bao, S., Yang, Y., Zhuang, Y., 2018. Molecular cloning and
characterization of a wild eggplant Solanum aculeatissimum NBS-LRR gene,
involved in plant resistance to Meloidogyne incognita. Int. J. Mol. Sci. 19, 583.

http://refhub.elsevier.com/S1319-562X(21)00432-0/h0175
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0175
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0175
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0175
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0175
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0180
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0180
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0180
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0180
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0185
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0185
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0185
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0185
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0185
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0190
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0190
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0190
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0195
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0195
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0195
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0195
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0200
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0200
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0200
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0200
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0205
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0205
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0205
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0205
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0210
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0210
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0210
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0215
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0215
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0215
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0220
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0220
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0220
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0225
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0225
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0230
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0230
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0235
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0235
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0235
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0245
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0245
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0245
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0250
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0250
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0250
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0260
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0260
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0260
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0265
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0265
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0265
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0270
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0270
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0270
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0275
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0275
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0275
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0275
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0280
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0280
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0290
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0290
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0295
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0295
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0295
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0300
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0300
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0305
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0305
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0305
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0305
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0310
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0310
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0310
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0315
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0315
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0315
https://doi.org/10.1016/j.scienta.2019.04.042
https://doi.org/10.1016/j.scienta.2019.04.042
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0325
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0325
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0325
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0330
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0330
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0335
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0335
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0335
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0340
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0340
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0340
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0340
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0340
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0345
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0345
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0345
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0355
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0355
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0355
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0355
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0365
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0365
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0365
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0370
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0370
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0370
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0380
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0380
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0380
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0380
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0385
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0385
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0385
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0385
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0390
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0390
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0390
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0395
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0395
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0395
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0395
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0400
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0400
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0405
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0405
http://refhub.elsevier.com/S1319-562X(21)00432-0/h0405

	Mycorrhizal fungi and Pseudomonas fluorescens application reduces�root-knot nematode (Meloidogyne javanica) infestation in eggplantPseudomonas reduce eggplant’s nematode infestation --
	1 Introduction
	2 Materials and methods
	2.1 Biological material and experimental details
	2.2 AMF and PSB inoculation
	2.3 Nematode penetration experiment
	2.4 Plant morphological and fruit morphometric analysis
	2.5 Biochemical analysis

	3 Results
	3.1 Effect on fruit morphometric traits
	3.2 Effect on agronomical, biochemical traits and nematode infestation

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	ack15
	Acknowledgement
	Consent to participate
	Consent for publication
	Availability of data and material
	Code availability
	References


