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Abstract Ingazeira (Inga veraWilld.), a plant native to Brazil
is commonly used by Brazilians for its medicinal properties
and the value of its wood. Various plants with therapeutic
properties and economic importance benefit frommycorrhizal
inoculation, which produces larger quantities of therapeutic
compounds. However, the effects of mycorrhizal inoculation
on ingazeira have not yet been studied. The objective of this
paper is to evaluate the effectiveness of arbuscular mycorrhi-
zal fungi (AMF) on the growth of seedlings and production of
primary and secondary metabolites, and to determine the total
foliar antioxidant activity in ingazeira seedlings. Soil-
inoculum was applied to the root region of ingazeira plantlets,
which were transplanted into sacs containing 1.2 kg of soil
and 10 % vermicompost (100 g vermicompost kg−1 soil). The
inoculum consisted of 200 glomerospores per pot of each
AMF: Gigaspora albida N.C. Schenck & G.S. Sm. (UFPE
01), Acaulospora longula Spain & N.C. Schenck (UFPE 21),
or Claroideoglomus etunicatum (W. N. Becker & Gerd.) C.
Walker & A. Schussler (UFPE 06). After 140 days in a green-
house, growth variables, primary and secondary metabolite
content, and total foliar antioxidant activity were determined.
AMF optimized the growth and production of secondary me-
tabolites. Mycorrhizal symbiosis can maximize growth and
phytochemical production in ingazeira seedlings, thus

providing an alternative to the installation of sustainable crops
of this leguminous plant.
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1 Introduction

Inga vera Willd., which belongs to the Fabaceae family, is a
fruiting and medicinal plant (Siqueira-Filho et al. 2009) often
found at the margins of the São Francisco river in northeast
Brazil. The nutritional value of this plant, as well as its use in
apiculture and as combustible fuel is well-known (Rondon-
Neto et al. 2010; Ubessi-Macarini et al. 2011); therapeutic
cataplasms or compresses from the stem bark are used
as astringents (Rodrigues and Carvalho 2001). In the
research on foliar extracts from I. vera, antioxidant ac-
tivity was detected (Vivot et al. 2001). This property was
related to the production of bioactive substances, especially
phenolic compounds, such as ellagic acid, gallic acid, and
tannins (Vivot et al. 2001).

Studies on I. vera have demonstrated its importance for the
economic development of the Brazilian semi-arid region be-
cause the species is being used for multiple purposes, espe-
cially in the wood and phytotherapeutic industries (Rodrigues
and Carvalho 2001; Rondon-Neto et al. 2010; Ubessi-
Macarini et al. 2011). However, overharvesting has contribut-
ed to the disappearance of the species (Silva et al. 2012).
Therefore, it is necessary to use technology that favors the
production of seedlings through the installation of plantations
and thereby reduce the pressure of local extractivism.

The application of arbuscular mycorrhizal fungi (AMF)
favors plant growth (Cavalcante et al. 2002) and results in
plants with a higher concentration of therapeutically important
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compounds (Manoharan et al. 2010; Ratti et al. 2010; Wu
et al. 2011; Zubek et al. 2012). These benefits have been
primarily attributed to improved absorption of water and nu-
trients, which is the result of an extensive mycelial network
that increases the radicular absorption zone and volume of
explored soil (Smith and Read 2008).

Various medicinal plants benefit from inoculation with
AMF, which increases the production of phytochemicals
(Krishna et al. 2005; Manoharan et al. 2010; Ratti et al.
2010), and includes species from the Caatinga (Oliveira
et al. 2013; Pedone-Bonfim et al. 2013). The symbiosis
formed by such microorganisms also optimizes the growth
of seedlings of native arboreal plants from the Caatinga bi-
ome, such as Prosopis juliflora (sw) DC (Aguiar et al. 2004),
Anadenanthera macrocarpa (Benth.) Brenan (Santos et al.
2008; Sugai et al. 2011), and Anadenanthera colubrina (vell.)
Brenan (Pedone-Bonfim et al. 2013). However, there is no
data available about the effects of AMF on I. vera.

The objectives of this study are to determine the effect of
AMF inoculation on the growth of seedlings and production
of primary and secondary metabolites, measure the total foliar
antioxidant activity of I. vera seedlings after mycorrhizal in-
oculation, and test the hypothesis that the benefits depends on
the type of AMF isolate used for inoculation.

2 Materials and methods

The experiment was carried out in a greenhouse at the
University of Pernambuco (UPE) Campus Petrolina. Native
soil (Latosoil) was used as a substrate for cultivation, which
was collected in an area of the local Caatinga (savanna-like
vegetation in Petrolina-PE, Brazil). 10 % vermicompost
(100 g vermicompost kg−1 soil) was added to the soil.
Analysis of mix, yielded the following results: pH, 5.20
(H2O – 1:2.5); organic matter, 3.21 g kg−1; electric conductiv-
ity, 3.53 dS m−1; P, 12.68 mg dm−3; Al, 0.05 cmolc dm

−3; Na,
0.49 cmolc dm

−3; Ca, 2.70 cmolc dm
−3; Mg, 1.80 cmolc dm

−3;
K, 0.26 cmolc dm

−3(EMBRAPA 2011).

2.1 Reagents and standards

The following reagents were used: the Folin-Ciocalteu reagent

and 790 g L−1 concentration), ethyl alcohol (99.3 % purity and
787 g L−1 concentration), sulfuric acid (98 % purity and
1840 g L−1 concentration), and glacial acetic acid (F. Maia
Ltda.); phosphoric acid (85 % purity and 1700 g L−1 concen-
tration), pyridine, aluminum chloride, phenol (99% purity and
1071 g L−1 concentration), Coomassie blue G-250, glucose,
tannic acid, and casein (Vetec Ltda.); Bovine Serum Albumin
(BSA), rutin, and 2.2-Diphenyl-1-picrylhydrazyl (DPPH)

2.2 Plant material

Seeds from I. verawere obtained in an area of the Caatinga in
Petrolina, Brazil and were disinfected with sodium hypochlo-
rite NaClO (20 mL L−1) for 2 min, washed with distilled
water, and germinated in trays containing soil that had previ-
ously been sterilized in an autoclave (121 °C for 30 min for 2
consecutive days). The seedlings were considered ready for
transplantation when one pair of definite leaves (non-
cotyledonary) was observed.

2.3 Arbuscular mycorrhizal fungi

The following AMF isolates were used in the experiment:
Gigaspora albida N.C. Schenck & G.S. Sm. (UFPE 01),
Claroideoglomus etunicatum (W. N. Becker & Gerd.) C.
Walker & A. Schussler (UFPE 06), and Acaulospora longula
Spain & N.C. Schenck (UFPE 21). The isolates were harvest-
ed from multiplication vases in sterilized soil and organic
compost (900 mL L−1) associated with Panicum miliaceum
L. (Silva 2006). The cultivated AMF were granted by the
Universidade Federal de Pernambuco, Brazil.

2.4 Mycorrhizal inoculation and plant growth conditions

I. vera plantlets were transplanted to bags with a capacity of
1.2 kg of substrate (1080 g soil plus 120 g vermicompost) and
received soil-inoculum that consisted of 200 spores, hyphae,
and colonized roots from either of the three AMF isolates:
G. albida, A. longula, and C. etunicatum. The control did
not receive soil-inoculum. Seedlings were kept in a green-
house for 140 days, under ambient light conditions, with min-
imum andmaximum temperatures of 18 °C and 30 °C, respec-
tively, and a minimum and maximum relative air humidity of
34.14 % and 84.23 %, respectively.

2.5 Experimental design

The experimental design was randomized with four inocula-
tion treatments and five repetitions. The treatments included
the following: 1) Non-inoculated control; 2) Inoculated with
A. longula; 3) Inoculated with G. albida; 4) Inoculated with
C. etunicatum, totaling 20 experimental units.

2.6 Evaluation of plant growth and AMF analysis

140 days after transplantation, the following parameters were
evaluated: plant height, number of leaves, stem diameter,
levels of chlorophyll a, b, and total chlorophyll, fresh and
dry matter of the aerial and subterranean plant parts, and my-
corrhizal colonization.
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2.6.1 Plant growth

The levels of chlorophyll a and, b and total chlorophyll were
determined by using an electronic chlorophyll meter
(ClorofiLOG, Falker) and the values were expressed based
on the Falker Chlorophyll Index (FCI). After harvesting, the
aerial part and radicular system of the plants was separated
and weighed on an analytic scale (Bel Engineering, Italy) to
determine fresh matter. To determine dry matter of the aerial
and radicular parts, the fresh matter was placed in an air cir-
culation oven (BIOPAR, Brazil) at 45 °C until a constant
weight was obtained.

2.6.2 Evaluation of the AMF

To determine the amount of mycorrhizal colonization, roots
were removed from the soil, washed, and clarified with KOH
(100 g L−1) and H2O2 (333 mL L−1), acidified with HCl
(27 mL L−1), and stained with Trypan blue in lactoglycerol
(0.05 g L−1) (Phillips and Hayman 1970). The colonization
was evaluated by means of the intersection of quadrants meth-
od (Giovannetti and Mosse 1980).

2.7 Evaluation of primary and secondary metabolites

2.7.1 Preparation of plant extract

500 mg of leaves that were dried in an air circulation oven
(45 °C) were punctured and transferred to amber flasks
(100mL) to which 20mL of ethanol (950mLL−1) was added.
After maceration for 12 days at 25 °C, the extract was filtered
with gauze, refiltered with qualitative filter paper, and stored
in amber flasks (20 mL) at - 4 °C (Brito et al. 2008).
Biomolecule contents was determined by measuring the leaf
dry matter.

2.7.2 Primary metabolites

Analys i s o f so lub le carbohydrates and to ta l
proteins Soluble carbohydrates were determined through
the Dubois et al. (1956) methodology. The analyzed mixture
consisted of 50 μL of extracts, 95 μL of distilled water, and
50 μL of phenol (800 g L−1) placed in test tubes and homog-
enized in a shaker (Vortex Vision, Korea). Subsequently, 2 mL
of sulfuric acid was added and after 10 min, the quantification
was carried out using a spectrophotometer (Spectrum, China)
at 490 nm. Glucose was used for the preparation of the stan-
dard curve.

Total proteins contents in extract samples was determined
by measuring the absorbance in a spectrophotometer set at
595 nm according to the methodology proposed by Bradford
(1976). The analyte mixture consisted of 50μL of extracts and
2.5 mL of the Bradford reagent placed in test tubes and

homogenized in a Vortex shaker. After allowing to stand for
5 min, the analyte was read in the spectrophotomete. Bovine
Serum Albumin was used for the preparation of the standard
curve.

2.7.3 Secondary metabolites

Analysis of total phenols, flavonoids, and tannins Total
phenols were quantified by the Folin-Ciocalteu method, in
samples of the prepared extract, which consisted of a mixture
of 2 mL of extract, 5 mL of Folin-Ciocalteu reagent
(100 mL L−1), and 10 mL of sodium carbonate (75 g L−1) held
a volumetric flask. The volume was completed with 100 mL
of distilled water and the resulting solution was stirred and
allowed to stand for 30 min in the dark. After allowing to
stand, readings were taken to determine absorbance in a spec-
trophotometer set at 760 nm. Tannic acid was used for the
preparation of the standard curve (Monteiro et al. 2006).

Total flavonoids were determined with samples of the plant
extract by reading absorbance levels in a spectrophotometer at
420 nm. Rutin was used for the standard curve. The analyzed
mixture consisted of 1 mL of the extract, 0.6 mL of glacial
acetic acid, 10 mL of 200 mL L−1 pyridine solution in meth-
anol, and a solution of 2.5 mL with 50 g L−1 aluminum chlo-
ride in absolute methanol placed in volumetric flasks. The
volume was completed to 25 mL with distilled water and the
resulting solution was stirred, allowed to stand for 30 min, and
spectrophotometric readings were taken subsequently (Araújo
et al. 2008).

Total tannins were quantified bymeans of the methodology
proposed by Monteiro et al. (2006); 6 mL of the plant extract
was transferred to amber flasks, followed by the addition of
1 g of casein. The mixture was shaken (160 rpm) for 3 h at
25 °C, filtered with qualitative paper, and the resulting volume
from the filtering was completed to 25mLwith distilled water.
The remaining phenols were quantified bymeans of the Folin-
Ciocalteu method. A spectrophotometric reading was taken at
760 nm, using tannic acid for the standard curve. The quantity
of tannins corresponded to the difference between the values
found in this final analysis and those obtained by the determi-
nation of total phenols.

2.8 Determination of the total antioxidant activity (TAA)

Total antioxidant activity was determined by means of the
DPPH radical scavenging assay (2.2-Diphenyl-1-
picrylhydrazyl); in the dark, 0.1 mL of the extract was trans-
ferred to test tubes with 3.9 mL of the DPPH radical
(0.06 mM) and homogenized in a Vortex shaker. After
allowing to stand for 30 min, the absorbance was read in a
spectrophotometer (515 nm). The DPPH radical was used for
the preparation of the standard curve (Rufino et al. 2007).
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2.9 Statistical analysis

The data were subjected to analysis of variance (ANOVA) and
the means were compared by the Tukey test (p<0.05), using
the Assistat (2011) software.

3 Results and discussion

The used treatments were found to have an effect on some of
the analyzed variables (Tables 1 and 2). Inoculation with AMF
increased plant growth, considering the increased fresh and
dry matter of the aerial part and the radicular system. I. vera
seedlings that were inoculated with A. longula showed an
increase of 16 % and an increase of 13 % of fresh matter
(FMAP) and dry matter (DMAP) of the aerial parts, respec-
tively, as compared to the control (Table 1). Similar results
related to this growth variable have been reported in other
studies (Nell et al. 2009; Samarão et al. 2011; Sugai et al.
2011; Coelho et al. 2012; Pedone-Bonfim et al. 2013). In
general, mycorrhizal plants absorb more nutrients, especially
those with low mobility and produce more biomass (Krishna
et al. 2005; Rasouli-Sadaghiani et al. 2010; Ratti et al. 2010).

I. vera seedlings that were inoculated with A. longula had a
higher fresh root matter (FRM) weight and dry root matter
(DRM) weight by 32 % and 13 % respectively, as compared
to the control (Table 1). Similar results have been reported in
other studies (Toussaint et al. 2008; Samarão et al. 2011; Sugai
et al. 2011; Coelho et al. 2012; Karagiannidis et al. 2012).
These results are likely associated with nutritional status,
which was supplied by AMF to the host plant (Santos et al.
2008; Smith and Read 2008).

With regard to plant height, stem diameter, number of
leaves, and levels of chlorophyll a and, b and total chloro-
phyll, the inoculation did not result in any benefits (Table 1).
Other studies, however, have shown that mycorrhizal symbi-
osis promotes an increase in plant height (Santos et al. 2008;
Sugai et al. 2011), stem diameter (Samarão et al. 2011; Coelho
et al. 2012), number of leaves (Cavalcante et al. 2002; Aguiar
et al. 2004), and levels of chlorophyll (Manoharan et al. 2010;
Rahmaty and Khara 2011).

The radicular cortex of I. vera seedlings were colonized
more by A. longula and G. albida as compared to the non-
inoculated control (Table 2). The highest colonization rate was
observed for A. longula and resulted in the highest plant
growth (Tables 1 and 2), indicating that the benefit of symbi-
osis varies with the tested AMF, confirming the initial work-
ing hypothesis. Similar colonization results have been report-
ed in other studies (Cavalcante et al. 2002; Karagiannidis et al.
2012).

Inoculation with AMF did not increase production of pri-
mary metabolites (Table 2). On the other hand, in other stud-
ies, mycorrhizal inoculation has been found to promote T
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production of carbohydrates and proteins (Thamizhiniyan
et al. 2009; Ratti et al. 2010; Baslam et al. 2011; Wu et al.
2011).

The arbuscular mycorrhizal symbiosis increased the pro-
duction of total phenols, flavonoids, and tannins (Table 2),
however, increases in these components varied with the
AMF isolate used. I. vera seedlings that were inoculated with
A. longula showed an increase of 13 %, 22 %, and 13 % for
total phenols, flavonoids, and tannins, respectively, as com-
pared to the control treatment (Table 2). Similar results have
been reported in other studies (Araim et al. 2009; Lee and
Scagel 2009; Ceccarelli et al. 2010; Oliveira et al. 2013;
Pedone-Bonfim et al. 2013).

The increase in production of secondary metabolites
in the plants that formed symbiosis with A. longula may
be related to the increased nutrient supply by AMF to
the host plant (Zubek et al. 2012), which stimulated the
activity of the metabolic pathways (Lohse et al. 2005;
Mandal et al. 2013). The mycorrhizal colonization likely
increased activity of phenylalanine ammonia-lyase (PAL,
EC 4.3.1.5) and chalcone synthase (CHS, EC 2.3.1.74)
enzymes, which are responsible for the biosynthesis of
phenolic compounds (Bonanomi et al. 2001; Vermerris
and Nicholson 2006).

Various mechanisms are involved with an increased pro-
duction of secondary metabolites in inoculated plants
(Toussaint 2007). The increased nutritional status of the inoc-
ulated plants was apparent; however, there were no differ-
ences between the levels of chlorophyll after inoculation
(Table 1). Therefore, additional research is required in order
to clarify the various mechanisms involved.

I. vera seedlings that were inoculated with A. longula
showed an increase in the total foliar antioxidant activity
(Table 2). The increased antioxidant activity is likely related
to the increase of total levels of phenolic compounds
(Degáspari and Waszczynskyj 2004), molecules that are
known for their antioxidant power. In other studies, the
arbuscular mycorrhizal symbiosis has also been found to

increase the total antioxidant activity (Ceccarelli et al. 2010;
Hernández-Ortega et al. 2012).

The inoculated I. vera seedlings showed an increase in the
production of phenolic compounds, which could create an
additional market for this species because phenolic com-
pounds are in high demand commercially (Degáspari and
Waszczynskyj 2004) for their antioxidant, anti-inflammatory,
antifungal, antiviral, and anti-allergic properties (Santos and
Mello 2003; Zuanazi and Montanha 2003). The phytomass is
therefore more attractive to the phytotherapeutic industry.
Furthermore, the obtained benefits do not include phosphate
fertilization of the cultivation substrate, which reduces the
production cost of the plants. Future studies should include
evaluation of the main compounds for High Performance
Liquid Chromatography (HPLC) and experiments under field
conditions.

4 Conclusions

1. Inoculation with A. longula constitutes a useful biotech-
nological tool for the production of I. vera seedlings with
a large accumulation of phytomass.

2. The production of total phenols, flavonoids, tannins, and
antioxidant activity is maximized by the arbuscular my-
corrhizal symbiosis formed by A. longula in I. vera
seedlings.

3. Mycorrhizal symbiosis can be an alternative biotechno-
logical to increase the production of biomolecules of ther-
apeutic importance in I. vera seedlings, making the
phytomass more attractive to the phytotherapeutic
industry.
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Table 2 Contents of total proteins, soluble carbohydrates, total
phenols, total flavonoids, total tannins, total antioxidant activity (TAA),
and percentage ofmycorrhizal colonization in I. vera seedlings, cultivated

in soil and vermicompost (100 g vermicompost kg−1 soil), associated or
not associated with arbuscular mycorrhizal fungi (AMF), 140 days after
inoculation

Treatments Proteins
(mg/plant)

Carbohydrates
(mg/plant)

Phenols
(mg/plant)

Flavonoids
(μg/plant)

Tannins
(mg/plant)

TAA(DPPH)***
(μg/plant)

Colonization (%)

Control 276.82 a 1160.52 a 6.06 b 95.48 b 5.90 b 0.24 b 31.48 b

A. longula 309.40 a 1517.45 a 6.96 a 123.15 a 6.75 a 0.28 a 63.08 a

G. albida 306.08 a 1097.98 a 6.44 ab 99.15 ab 6.26 ab 0.25 b 62.05 a

C.etunicatum 289.53 a 1425.23 a 6.49 ab 98.16 ab 6.34 ab 0.25 b 46.34 ab

SD* 32.65 367.31 0.52 17.74 0.50 0.01 16.67

Averages (n=5) followed by the same letter do not differ from the Tukey test (p<0.05); *SD, Standard Deviation; ***DPPH (2.2-Diphenyl-1-
picrylhydrazyl).
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