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Abstract: Guava (Psidium guajava L.), is adapted to tropical and subtropical climates, and, 
in addition to its nutritional value, has great medicinal potential. One of the medicinal 
effects is antibacterial, and this can be identifi ed from the phytochemicals present in 
its various parts, especially the leaf, which contains fl avonoids, phenols, and tannins, as 
well as phytocomposites with antibacterial action. Therefore, the interaction of this plant 
with arbuscular mycorrhizal fungi and Meloidogyne enterolobii is a biotechnological 
resource that can increase the production of secondary metabolites so that the guava 
ethanolic extract is effective against multidrug-resistant bacterial strains. Therefore, the 
objective of this study was to test the inhibitory action of mycorrhizal guava leaf extract 
and Meloidogyne enterolobii on strains of Klebsiella pneumoniae carbapenemase. 
Guava seedlings from cuttings were inoculated with Acaulospora longula, and later with 
Meloidogyne enterolobii; the leaves were harvested at two maturation times of the plant 
and placed in an oven. Next, a leaf extract was prepared using ethanol as a solvent. The 
extract was tested in multidrug-resistant strains of K. pneumoniae carbapenemase from 
operative wounds using disc diffusion methodology. The plant-AMF-phytonematode 
interaction positively potentialize the inhibitory action of guava leaf ethanolic extract on 
multidrug-resistant bacterial strains.

Key words: antibacterial, arbuscular mycorrhizal fungi, Glomeromycota, root-knot 
nematode.

INTRODUCTION

The human-nature interaction, specifi cally with 
the fl ora, has contributed to human evolutionary 
success. Indeed, it is conjectured that foraging 
for food plants contributed to the survival of the 
fi rst hominids. Beyond the nutritional benefi ts, 
the medicinal effects of the plants (Ferreira 
Júnior & Albuquerque 2018) could treat certain 
conditions presented by the organisms that 
consumed them.

Guava (Psidium guajava L.), native to Central 
and Latin America, thrives in a tropical and 

subtropical climate and can adapt to different 
soil types, except for poorly drained and clayey 
soils (Barbosa & Lima 2010). It belongs to the 
Myrtaceae family, which, in addition to its 
food potential, also has medicinal properties. 
Albuquerque et al. (2007) and Agra et al. (2008), 
in research on the traditional uses attributed 
to medicinal plants in Northeast Brazil, 
showed that guava is used to treat stomach 
pain, dysentery, digestive problems, headache, 
infl ammation in general, gingivitis, and throat 
disorders; the roots, leaves, and fl owers are the 
parts of the plants used for medicinal purposes. 
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Phytochemical research has proven the 
applicability and antimicrobial efficacy of guava 
extracts. Among the main chemical constituents 
of guava are tannins, phenolic compounds, and 
flavonoids, which have antimicrobial action 
(Barbalho et al. 2012). 

In 2017, the World Health Organization 
(WHO) published a list of 12 families of multi-
resistant bacteria, warning that they represented 
a threat to human health and highlighted the 
need to formulate new compounds effective in 
combating these pathogens. The list is divided 
into priority pathogens: critical, high, and 
medium (OPAS 2017). On the critical priority 
list is Klebsiella pneumoniae, belonging to the 
family Enterobacteriaceae, a gram-negative 
bacterium commonly found in the normal 
human microbiota. However, it is characterized 
as an opportunistic pathogen, presenting 
multidrug resistance to antibiotics used in the 
clinical routine, and being a bacterium with 
increasing relevance in infections that occur in 
hospitals (Martinez & Trabulsi 2008). 

Klebsiella pneumonia is often the cause 
of infections in wounds resulting from surgical 
procedures. Medeiros et al. (2003) classified 
operative wounds into four categories according 
to the degree of contamination as clean, clean-
contaminated, contaminated, and infected. 
Contamination of wounds prolongs and makes 
treatment difficult, and may cause post-surgical 
complications.

Therefore, bioprospecting research for 
phytopharmaceutical production from guava 
leaves aims to promote the evolution of antibiotic 
systems. As a biotechnological resource, 
arbuscular mycorrhizal fungi (AMF) may be 
used, as they increase the amount of bioactive 
compounds. The AMF are soil microorganisms 
that form a symbiotic mutualistic association 
with most plant species, providing nutrients 
to the plants that, in turn, provide products 

of photosynthesis for the fungus. These fungi 
bestow numerous benefits on plants, such as 
increased growth and tolerance to pathogens. 
In addition, they can improve the production 
of primary and secondary plant metabolites, 
such as phenolic compounds and total tannins 
(Pedone-Bonfim et al. 2013), contributing to 
the production of quality plant material for the 
pharmaceutical industry.

Another apparent resource comes from the 
interaction of arbuscular mycorrhizal fungi with 
other soil microorganisms. In the case of guava 
(P. guajava L.), it involves the interaction between 
the AMF and the phytonematode Meloidogyne 
enterolobii (commonly known as root-knot 
nematode), a sedentary root endoparasite, 
considered a limiting agent for the production 
of guava, which causes reduced nutrient 
absorption, leaf fall, and plant death (Barbosa 
& Lima 2010). In addition, the plants infected 
with these pathogens produce more secondary 
metabolic compounds for example flavonoids 
(Chin et al. 2018). There is still no efficient 
chemical control for Meloidogyne; disease 
control is carried out by integrated management 
practices (Barbosa & Lima 2010). However, the 
abandonment of areas with soil infested with 
Meloidogyne enterolobii is observed.

The interaction of these two microorganisms 
is due to the competition for space and 
nutrients between the AMF and Meloidogyne, a 
competition that can reduce the negative effects 
of the parasite on the plant (Campos et al. 2013, 
2017) and increase the bioactive compounds of 
the guava leaves, thus increasing the medicinal 
potential of the plant, as seen in other plant 
species inoculated with AMF and infected by 
Meloidogyne (Sharma & Sharma 2016, Gupta 
et al. 2015, Tiwari et al. 2017, Banuelos et al. 
2014, Pandey et al. 2009). The competition also 
acts as a type of land-use management. In 
the areas affected by the root-knot nematode 
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(Meloidogyne enterolobii), the guava trees can 
be used to produce medicinal compounds rather 
than fruit, thus, utilizing areas that would have 
been abandoned due to soil contamination by 
Meloidogyne enterolobii.

The existing literature highlights the need 
to discover compounds able to combat human 
pathogens of microbial origin, especially 
those most resistant to antibiotics used in 
clinical routine, and the possibility of doing 
this by eliciting plant responses through the 
introduction of symbiotic microorganisms 
and parasites. The objective of this study was 
to evaluate the potential of the leaf ethanolic 
extract of mycorrhizal guava seedlings infected 
with Meloidogyne enterolobii on Klebsiella 
pneumoniae carbapenemase strains obtained 
from surgical wounds.

MATERIALS AND METHODS
Study location
The guava seedlings were kept in an experimental 
screen, and the experiment was carried out at the 
Laboratory of Agricultural Cultures and Caatinga 
at the Submédio São Francisco - LACACSSF and 
at the Microbiology Laboratory, both located at 
the University of Pernambuco Campus Petrolina.

Experimental design
The design was completely randomized, 
consisting of eight treatments related to the 
presence or absence of AMF species Acaulospora 
longula, presence or absence of Meloidogyne 
enterolobii, in 15 or 45 days of inoculation of M. 
enterolobii. Thus, the ethanolic extracts of the 
guava leaves used in the experiment received the 
following treatments: guava seedlings inoculated 
with A. longula and with M. enterolobii with 15 
days of inoculation of M. enterolobii (ALCN15), 
guava seedlings inoculated with A. longula and 
with M. enterolobii with 45 days of M. enterolobii 

inoculation (ALCN45), guava seedlings without 
AMF inoculation and with M. enterolobii with 
15 days of M. enterolobii inoculation (CCN15), 
guava seedlings without AMF inoculation and 
with M. enterolobii with 45 days of M. enterolobii 
inoculation (CCN45), guava seedlings inoculated 
with A. longula and without M. enterolobii with 
15 days (ALSN15), guava seedlings inoculated 
with A. longula and without M. enterolobii with 
45 days (ALSN45), guava seedlings without 
inoculation of AMF and without M. enterolobii 
with 15 days (CSN15), guava seedlings without 
AMF inoculation and without M. enterolobii with 
45 days (CSN45). The experiment was carried out 
in triplicates.

Experiment with guava seedlings 
Planting occurred prior to the experiments using 
the following methodology. Guava seedlings 
(Psidium guajava L. ‘Paluma’), originating from 
cuttings, were purchased from Brasil Mudas, 
Petrolina-PE. These were removed from the 
substrate in which they were growing (a mixture 
of sawdust, vermiculite, and substrate sold 
for guava). The roots were washed, then they 
were transferred to black polyethylene bags 
containing 1 kg of the soil (collected in the 
Caatinga area, sterilized in an autoclave for three 
consecutive days at 121 °C/1h, and then oven-
dried). The chemical characterization of the soil 
was: P: 4.92 mg dm−3, K: 0.25 cmolc dm−3, Ca: 1.1 
cmolc dm−3, Al: 0.0 cmolc dm−3, Na: 0.05 cmolc dm−3, 
Mg: 1.24 cmolc dm−3, pH: 5.60, organic matter: 8.9 
g kg−1, and electrical conductivity: 0.22 dS m−1. 
Afterward, soil-inoculum (200 glomerospores, 
hyphae, and colonized roots) from Acaulospora 
longula, Spain, and N. C. Schenck (UFPE 21) was 
applied to the root of each plant. The spores of 
A. longula were multiplied using millet (Panicum 
miliaceum L.) as a host in sterile soil collected 
from the Caatinga. 
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After 30 days of setting up the experiment, an 
aqueous suspension containing 3000 eggs and 
juveniles of M. enterolobii was added, extracted 
using the method of Hussey & Barker (1973) 
from infected guava roots (Campos et al. 2013). 
The experiment was kept in an experimental 
screen, under ambient conditions of light, 
temperature (minimum 18 °C and maximum 
30 °C), and relative humidity (minimum 34.14% 
and maximum 84.23%), during 45 and 75 days 
of inoculation with AMF (15 and 45 days of 
inoculation of the nematode, respectively). 

At 45 and 75 days, the following plant 
growth parameters were evaluated: height, leaf 
number, stem diameter, shoot and root fresh 
weight, and shoot dry weight. The leaves were 
quantified: total phenols, total flavonoids and 
total tannins. Parameters related to nematodes 
were also evaluated: number of galls and egg 
masses, counted in the roots with the aid of a 
stereomicroscope.

Total phenols and total tannins were 
determined according to the methodology 
proposed by Monteiro et al. (2006). The 
evaluation of total phenols was performed 
in a volumetric flask (100 mL) 250 μL of the 
extract, 5 mL of the Folin-Ciocalteu Reagent 
(10%), 10 mL of Sodium Carbonate (7.5%) were 
added and the volume completed to 100 mL 
with distilled water. After 30 minutes at rest, 
absorbance readings (760 nm) were performed, 
using tannic acid as the standard. Total tannins 
was performed in a conical flask, 6 mL of the 
extract, 1 g of powdered casein were added, with 
subsequent constant stirring (160 rpm / 25°C). 
Subsequently, the samples were filtered, with 
the volume completed to 25 mL in a volumetric 
flask and quantification performed as described 
for the quantification of phenols. The tannin 
concentration was obtained by the difference 
between the value found in this reading and that 
obtained in the quantification of total phenols.

The levels of total flavonoids were estimated 
using the Araújo et al. methodology (2008), with 
some modifications. In a volumetric flask, 1 mL 
of the ethanolic extract, 0.6 mL of glacial acetic 
acid, 10 mL of pyridine methanol solution (2: 8 v 
/ v) and 2.5 mL of ethanolic aluminum chloride 
solution (5%), with the final volume of 25 mL 
completed with distilled water. After 30 minutes 
at rest, absorbance was measured (420 nm), 
using a routine to prepare the standard curve. 

Preparation of ethanolic extract 
At 15 and 45 days after inoculation with M. 
enterolobii (45 and 75 days after AMF inoculation, 
respectively), the leaves were removed from the 
seedlings in each treatment and oven-dried 
at 45 °C to a constant weight. Then, 500 mg of 
leaves were perforated and transferred to amber 
flasks (80 mL), to which 20 mL of ethanol (95%) 
was added. After 12 days in the dark at 25 °C, 
the extract was filtered through gauze and later 
through qualitative filter paper and stored in a 
refrigerator (4 °C) (Brito et al. 2008).

Preparation of discs with ethanolic extract
The extracts were sterilized by filtration through 
a Millipore® filter (0.25 µm mesh opening); sterile 
6 mm diameter quantitative filter paper discs 
(blue stripe) were soaked with 10 µL of ethanolic 
extracts from the treatments mentioned above; 
disks soaked with 10 µL of 70% ethanol were 
used as a negative control. All discs were placed 
in a sterile Petri dish to avoid contamination 
and to wait for the discs to dry.

Bacterial isolate
The Klebsiella pneumoniae carbapenemase 
bacteria were provided by the Clinical Analysis 
Laboratory of the University Hospital (HU), 
Petrolina-PE, and came from surgical wounds of 
patients admitted to the hospital. The bacteria 
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were transported to UPE Campus Petrolina, 
where the experiment took place.

Inoculation of bacteria and evaluation of 
experiments
The bacteria were sown superficially in Petri 
dishes in Mueller Hinton medium, aliquots 
of bacterial suspension; the inoculum 
concentration used was between 0.8 and 1.0 and 
was verified by spectrophotometer following 
the McFarland scale. The disks prepared with 
vegetable ethanol extracts were distributed 
on the culture plate, ensuring a space of 2 cm 
from the edge and 3 cm between disks and the 
plates were kept in an incubator for 24 h at 37 
°C. After that period, the plates were placed 
on to evaluate the diameter of the inhibition 
zone. This was carried out with a ruler, and the 
absence of an inhibition halo was interpreted as 
the absence of antimicrobial activity.

Data analysis 
The data were subjected to ANOVA (one way), 
and the means were compared by the Duncan 
test (5%), using the Statistica 6.0 program 
(Statsoft 2002).

RESULTS

There was no significant difference in the growth 
of guava seedlings given the treatments (Table 
I). However, there was a reduction in the number 
of galls and egg masses of M. enterolobii (Figure 
1) in the treatment using A. longula.

Regarding bioactive compounds, the amount 
of tannins did not differ between treatments, 
while the amount of phenols and flavonoids did 
differ between treatments. A greater amount of 
phenols was observed in the treatment CCN15 
and CCN45 (104.43 and 103.94, respectively) 
(Table II).  However, these treatments only 
differed statistically from treatments ALSN15 
and ALSN45.

The amount of flavonoids had an increase 
of around 10% in the control treatments with 
nematodes (CCN15) and control without 
nematodes (CSN15), both at 15 days, which 
differed statistically from the control treatments 
without nematodes at 45 days (CSN45), inoculated 
with A. longula, without nematodes at 45 days 
(ALSN45) and inoculated with A. longula, with 
nematode at 45 days (ALCN45) (Table II).

Table I. Growth parameters of guava seedlings inoculated (AL) or not (C) with A. longula and infected (CN) or not 
(SN) with M. enterolobii, at 15 or 45 days after inoculation with M. enterolobii, maintained on an experimental 
screen. Averages are not statistically significant (Duncan’s post-hoc test, alpha of 0.05, test was performed 
between all treatments).

Treatments Leaf number Stem diameter 
(cm) Height (cm) Shoot fresh 

weight (g) Root fresh weight (g)

CSN15   8 ± 5.29 5.70 ± 0.69 39.7 ± 6.03 10.57 ± 2.26 10.83 ± 3.59

CSN45 10 ± 0.58 4.19 ± 2.14 40.2 ± 2.12 11.04 ± 1.97   8.15 ± 6.01

CCN15 12 ± 4.04 5.50 ± 0.97 36.0 ± 13.55    8.40 ± 4.77 12.29 ± 2.77

CCN45 14 ± 9.29 4.42 ±0.49 28.3 ± 3.79   7.85 ± 4.37   7.87 ± 3.72

ALSN15 10 ± 2.83 4.86 ± 0.75 34.3 ± 10.56 10.21 ± 2.53 11.17 ± 4.22

ALSN45 12 ± 2.63 5.19 ± 0.99 36.0 ± 4.08 11.09 ± 2.69 16.79 ± 2.01

ALCN15 12 ± 0.82 4.49 ± 0.86 27.8 ± 4.03    9.16 ± 2.93 12.65 ± 3.50

ALCN45 13 ± 1.41 4.28 ± 0.40 34.0 ±4.83 10.67 ± 1.55 10.92 ± 4.63
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The disks soaked with the ethanolic extract 
of P. guajava with the CSN45, CCN45, ALSN15, 
and ALCN15 showed reduced inhibition halo 
formations. Therefore, it was possible to analyze 
the effects of the presence of phytonematodes, 
AMF, and the time of plant maturation in the 
potential for antibacterial action. Treatment 
with A. longula and M. enterolobii at 45 days 
(ALCN45) differed statistically from the other 
treatments, with a greater inhibition halo 
(Figure 2) compared to the other treatments. 
As a result, a antibacterial performance was 
observed when multidrug-resistant strains of 
K. pneumoniae carbapenemase were exposed 
to the ethanolic extract of P. guajava after the 
plant had interacted with the AMF and the 
phytonematode, after 45 days of inoculation of 
the nematode.

The CSN15, CCN15, and ALSN45 treatments 
did not show any inhibitory action against the K. 
pneumoniae carbapenemase strains, nor did the 
control discs soaked with 70% ethanol showed 
any inhibition halo in any of the treatment 
plates (Figure 2).

DISCUSSION

The effects of inoculation of AMF usually appear 
in guava seedlings infected by M. enterolobii
around 98 days after innoculation (Campos 
et al. 2013). The present experiment is the fi rt 
to measure it at 75 days. Campos et al. (2013) 
used three species of AMF and M. enterolobii in 
guava seedlings, in a 98-day experiment, and 
found that treatment with A. longula was the 
most promising. Sá  & Campos (2020) observed 
that all three AMF species (G. albida, A. longula
and Claroideoglomus etunicatum) used in a 120-
day experiment benefi ted the growth of guava 
seedlings. In other plant species the benefi cial 
effects of inoculation with AMF may appear as 
early as 45 days, as observed in Saad et al. (2011).

Regarding the parameters of Meloidogyne, 
in the present work, a reduction of these 
parameters was observed when the AMF was 
present (around half compared to control). This 
result is similar to that obtained by Campos et al. 
(2013) and Sá & Campos (2020), who highlighted 
the use of AMF in reducing the amount of these 
nematodes in guava seedlings. This effect can be 
attributed to several factors such as competition 
for physical space, nutrients, reduction in the 
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Figure 1. Number of galls 
on the roots and egg 
masses of M. enterolobii
in guava seedlings 
inoculated with A. 
longula or without AMF 
(control), at 15 and 45 
days after inoculation 
with M. enterolobii.
Averages followed by 
the same letter (down 
the columns) are not 
statistically signifi cant 
(Duncan’s post-hoc test, 
alpha of 0.05). Post-hoc 
test was performed 
between the same day 
treatments.
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quantity and size of the giant cells that are a 
source of food for Meloidogyne, nematodes 
that take time to develop in adults, and even 
an increase in the production of plant defense 
compounds such as flavonoids and phenols 
(Campos 2020). Flavonoid biosynthesis has 
been associated with plant resistance against 
pathogens, including nematodes (Chin et al. 
2018). However, it is possible that the fl avonoids 
can be used by nematodes during the initial 
development of the feeding site to facilitate 
auxin accumulation and subsequently maintain 
maximum auxin for long-term maintenance and 
development (Chin et al. 2018). However, it seems 
more likely that the fl avonoids’ role in plant-
nematode interactions is defense, “through 
induce quiescence by slowing down their 
movement, resulting in periods of reversible 
inactivity, modify their migration towards the 
roots by repelling them, and  kill them”, rather 
than development control (Chin et al. 2018).

In general, in the presence of the nematode, 
the amount of phenols and fl avonoids stood out 
in relation to treatments with AMF (around 5%), 
with no additional effect of the presence of both 
organisms in increasing the production of these 
bioactive compounds. Accumulation of bioactive 
compounds, such as phenols, fl avonoids, and 

tannins, in mycorrhizal plants or with pathogens 
is well documented in the literature (Pedone-
Bonfi m et al. 2018, Oliveira et al. 2013, Lima et 
al. 2015). However, experiments evaluating 
bioactive compounds when the two organisms 
are present at the same time are scarce, and the 
results varied.

Banuelos et al. (2014), in an experiment 
with the ornamental plant Impatiens balsamina
infected by M. incognita and associated with 
AMF, obtained results similar to those of the 
present study. They observed that the treatment 
that produced the greatest amount of phenolic 
compounds was the one with the nematode 
alone. Morandi (1996) showed that the presence 
of AMF could cause the accumulation of phenolic 
and fl avonoid compounds, the magnitude being 
smaller when compared to the interaction with 
pathogens that are more bioactive compounds 
in plants with pathogens than in plants with 
AMF.

However, other studies on joint treatments 
have been successful. Gupta et al. (2015), in an 
experiment with chamomile (Matricaria recutita
L.) infected with M. incognita, observed that 
treatment with Bacillus megaterium, Trichoderma 
harzianum, and Glomus intraradices was the 
best, stimulating the production of phenols 

Table II. Amount of bioactive compounds (tannins, phenols and fl avonoids) in ethanol extract of guava leaves, 
inoculated (AL) or not (C) with A. longula, in the presence (CN) or absence (SN) of M. enterolobii, at 15 and 45 days 
after inoculation of the nematode.

Treatments Tannins (mg/g) Phenols (mg/g) Flavonoids (mg/g)

CSN15 0.23 ± 0.076 a 99.32 ± 3.11abc 12.60 ± 0.67a

CSN45 0.23 ± 0.055 a 99.60 ± 2.37abc 9.47 ± 1.14bc

CCN15 0.28 ± 0.077a 104.43 ± 1.59a 12.97 ± 1.21a

CCN45 0.31 ± 0.056a 103.94 ± 2.96a 11.08 ± 0.69ab

ALSN15 0.22 ± 0.083a 92.61 ± 10.18bc 11.10 ± 1.21ab

ALSN45 0.17 ± 0.042a 90.99 ± 0.81 c 7.90 ± 1.16 c

ALCN15 0.27 ± 0.038a 103.09 ± 3.28ab 11.19 ± 0.63ab

ALCN45 0.27 ± 0.036a 101.93 ± 4.32abc 10.05 ± 1.87 b
Averages followed by the same letter (down the columns) are not statistically signifi cant (Duncan’s post-hoc test, alpha of 0.05).
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and flavonoids. Higher phenolic content was 
observed in tomato (Lycopersicon esculentum
cv. PT-3) associated with Rhizophagus irregularis
AMF species and infected with M. incognita
(Sharma & Sharma 2017). In the same plant 
species infected with M. incognita, there was 
a greater quantity of phenols in the treatment 
with Meloidogyne, AMF, and Pseudomonas
(Sharma & Sharma 2016). 

A review by Naseer et al. (2018) commented 
that guava has an antibacterial effect attributed 
to fl avonoids and their derivatives, which may 
inhibit the growth of different bacteria species 
in various dilutions. Two fl avonoids, quercetin 
and guajaverine, were discovered in guava trees 
and studied from an antimicrobial point of view, 
with the antimicrobial action being attributed 
to these compounds (Ngbolua et al. 2018, Arima 
& Danno 2002). Growther & Sukirtha (2018) 
observed that quercetin stood out quantitatively 
in guava leaf extract and had antibacterial and 
antifungal actions. Prabu et al. (2006) pointed 
out that guaijavarina has an action against
Streptococcus. In a study on the concentration 
of quercetin in different parts of the guava 
tree, it was observed that the leaf had 60% 
quercetin, with maximum leaf concentration 
occurring in the summer (Vargas-Alvarez et 

al. 2005). In the present study, the extract was 
made from seedling leaves, where the amount 
was small, given that the guava seedlings were 
only 75 days old and these bioactive compounds 
corresponded to only 1% of the dry weight of 
the plant (Agostini-Costa 2012). However, despite 
the small amount, the bioactive compounds 
seemed to act very effi ciently.

Consistent with previous research, which 
proved the antibacterial effect of the ethanolic 
extract of P. guajava L. (Chanda & Kaneria 2011, 
Saleh et al. 2015), in the present study, a halo 
of inhibition was observed in most treatments, 
indicating the antimicrobial effect of guava 
leaf extract. In tests with guava leaf ethanolic 
extracts on K. pneumoniae strains, Philip et al. 
(2015) and Ifeanyichukwu et al. (2015) reported 
the formation of 16- and 15-mm zones of 
inhibition, respectively. However, these studies 
do not provide information on the resistance 
level of the K. pneumoniae strains used in the 
research, which is a variable to be considered 
when intending to bioprospect the antibacterial 
action of a compound.

Biswas et al. (2013) and Morais-Braga et al. 
(2016) analyzed the effectiveness of P. guajava L. 
extract against Gram-positive and Gram-negative 
bacterial strains. They concluded that the guava 
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Figure 2. Quantity in mm of 
inhibition halo formed around 
paper discs soaked in ethanol 
extracts of guava leaves from 
treatments with or without 
Acaulospora longula (AL) 
(C), with (CN) or without (SN) 
Meloidogyne, control (70% 
alcohol), at 15 or 45 days of 
the experiment, on plates 
containing the Klebsiella 
pneumoniae carbapenemase
bacterium (SD = 0.4).
Averages followed by the same 
letter are not statistically 
signifi cant (Duncan’s post-hoc 
test, alpha of 0.05).
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leaf extract has no signifi cant activity against 
Gram-negative bacterial strains. The potential 
of phytochemical compounds of guava should, 
therefore,  be tested against multi-resistant 
bacterial strains. Moreover, the low effectiveness 
of P. guajava L. extracts against Gram-negative 
bacterial strains may be the reason for the low 
expression of inhibition halos observed in our 
work.

Biswas et al. (2013) also stated that a 
plant material’s effect depends on its origin, 
variations in the extraction technique, time, 
concentration, quantity, and composition of 
secondary metabolites. With this information, 
evaluating the treatments, it is possible to 
observe the greatest expression of inhibition 
halos in the treatment with A. longula with M. 
enterolobii at 45 days (ALCN45), which combines 
the interaction of AMF and phytonematode 
with longer plant maturation time. It appears 
that  the extract obtained a greater potential 
for antibacterial activity. This opens space for 
discussion and analysis of the effect of the AMF/ 
phytonematode interaction in increasing the 
production of secondary metabolic and plant 
protection, as discussed by Pedone-Bonfi m et 
al. (2013) and Campos et al. (2013).

Although the amount of fl avonoids did not 
stand out in that particular treatment (ranging 
from 7.90 to 12.97), it is likely that the majority of 
the fl avonoids quantifi ed in that treatment were 
quercetin or guajaverine (Ngbolua et al. 2018) 
and, for that reason, the treatment obtained 
better results.

The preparation of the ethanolic extract 
used in this study was carried out in a 
conventional way, that is, using the crude 
and non-concentrated extract, and the use of 
the crude extract can be effective because of 
its synergistic effect (Chanda & Kaneria 2011). 
However, the concentrated extract can be as 
effective as the crude extract by concentrating 

the constituents through antimicrobial action. 
Therefore, the use of the concentrated ethanolic 
leaf extract of P. guajava L. with A. longula and M. 
enterolobii can present a greater inhibition halo 
against multi-resistant bacterial strains, which 
is an adjustment for use in later replications of 
the study.

CONCLUSION

This study corroborates the antimicrobial 
effi cacy of guava leaf (P. guajava L.); however, 
the ethanolic leaf extract is not effective for 
multi-resistant bacterial strains. Nevertheless, 
when the plant is exposed to biotechnological 
interactions, which aim to increase the 
production of phytochemicals, it has a greater 
antibacterial potential. Thus, we can conclude 
that P. guajava, in interaction with AMF and 
the phytonematode, has the ability to combat 
multidrug-resistant bacterial strains and is 
still a management alternative for areas with 
soil affected by Meloidogyne. However, further 
studies are needed to test other methods of 
extracting the foliar extract of P. guajava L. and 
the use of concentrated extracts, in addition to 
testing other species of arbuscular mycorrhizal 
fungi and the interaction time of the organisms 
involved. 
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