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ABSTRACT: The Brazilian Northeast 
is the region with the largest number of 
studies evaluating the bioactive compound 
production in plants associated with 
arbuscular mycorrhizal fungi (AMF), 
especially in Pernambuco. Thus, the most 
studied botanical families were Fabaceae 
and Passifloraceae, highlighting species 
native to the Caatinga biome, which are of 
medicinal interest, such as Libidibia ferrea 
(Mart. ex Tul.) L. P. Queiroz and Mimosa 
tenuiflora (Willd.) Poir, as well as some 
cultivated species, including Passiflora 
edulis f. flavicarpa Deg. and Zea mays L. 
Mycorrhizal technology was also effective 
in increasing the production of compounds 
in other plants, such as Mentha x piperita 
L. and Punica granatum L., confirming 
its potential for enhancing the synthesis 
of plant bioactive compounds. The most 
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used mycorrhizal isolates were Acaulospora longula Spain & N.C. Schenck and Gigaspora 
albida Schenck & G.S. Sm. The studies mainly reported the influence of AMF in improving 
the biosynthesis of foliar bioactive compounds to add value to this organ that is often thrown 
away. The Northeast region of Brazil is a reference in research into the potential use of AMF 
to optimize the production of plant bioactive metabolites of interest to the pharmaceutical, 
cosmetic, and nutraceutical industries.
KEYWORDS: Acaulospora, bioactive compounds, Fabaceae.

1. INTRODUCTION
The Northeast region of Brazil covers 18% of the national territory, occupying around 

1,551,991 km2, and includes the states of Piauí, Ceará, Rio Grande do Norte, Paraíba, 
Pernambuco, Alagoas, Sergipe, and Bahia (IBGE, 2019). The climate in this region is 
characterized by high temperatures, with averages that can reach 30 ºC (INMET, 2024). 
The variable vegetation is due to the occurrence of Caatinga, Atlantic Forest, and Cerrado 
biomes, which occur in the region, in addition to sandbanks and mangroves along the coast 
(IBGE, 2019).

Moreover, the cultivation of food plants is significant, especially maize, soybeans, 
sugarcane, cocoa, coffee, tropical fruits (grapes, bananas, mangoes, pineapples, papaya, 
melons, watermelons, among others), and cassava, which plays a fundamental role in the 
region’s economy (IBGE, 2022). 

An approach for growing plants and improving crop production of metabolites is by 
ameliorating soil factors using mycorrhizal technology (Falcão et al., 2024a). Thus, around 
50% of Brazilian phytochemical studies on plants associated with AMF have been carried 
out in the Northeast region, mainly in Pernambuco (Figure 1). Most of these studies were 
conducted by the research group on Fungi of Agricultural Importance, registered in the 
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) and comprising the 
Laboratory for Analysis, Research and Studies on Mycorrhizae (LAPEM) and the Laboratory 
for Mycorrhizal Technology (LTM), both at the University of Pernambuco, representing about 
49% of Brazilian research in this field.
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Figure 1. Overview of Brazilian papers on the phytochemistry of mycorrhizal species (Freitas et al., 
2004a,b; Andrade et al., 2010;2013; Oliveira et al., 2013;2015a,b,c;2019a,b;2020;2022; Pedone Bonfim 
et al., 2013;2018; Riter Netto et al., 2014; Silva et al., 2014a,b,c,d;2018a,b,c;2019;2021a,b,c,d; Lermen 
et al., 2015;2023; Lima et al., 2015a,b;2017; Urcoviche et al., 2015; Morelli et al., 2017; Santos et al., 
2017;2020;2021b; Silva; Silva, 2017;2020; Almeida et al., 2018;2020; Silva; Maia, 2018; Chiomento 

et al., 2019;2021;2022; Cordeiro et al., 2019; Cruz et al., 2019;2020; Ferrari et al., 2020; Merlin et al., 
2020; Vieira et al., 2021; Trindade et al., 2021; Muniz et al., 2021;2022a,b;2023; Marcolino et al., 2021; 

Falcão; Silva, 2022; Falcão et al., 2022;2023b;2024b; Palhares Neto et al., 2022; Pinc et al., 2022; 
Souza et al., 2022; Luz et al., 2023; Nardi et al., 2024; Melato et al., 2024).

LAPEM: Laboratório de Análises, Pesquisas e Estudos em Micorrizas da Universidade de Pernambuco

This integrative review aimed to compile phytochemical studies conducted in 
Northeast Brazil that used mycorrhizal species. To this end, the search for papers was the 
same as in the first chapter.

2. RESULTS AND DISCUSSION: REGIONAL EVALUATION OF PHYTOCHEMICAL 
STUDIES ON MYCORRHIZAL SPECIES

Among the studies that have evaluated the phytochemistry of plants associated with 
AMF in Northeast Brazil, approximately 47% and 23% of the studies investigated species 
from the Fabaceae and Passifloraceae, respectively (Pedone Bonfim et al., 2013; Silva et 
al., 2014a,b;2018a;2021a; Lima et al., 2015a; Oliveira et al., 2015a,b,c;2019;2020; Santos 

(36)
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et al., 2017;2020;2021a; Silva; Silva, 2017; Muniz et al., 2021;2022a,b;2023; Falcão et al., 
2022; 2023a;2024b; Falcão; Silva, 2022), studies with Anacardiaceae (Oliveira et al., 2013; 
Silva; Maia, 2018), Lythraceae (Silva et al., 2014d; Silva; Silva, 2020), Burseraceae (Lima 
et al., 2017), Poaceae (Silva et al., 2019), Myrtaceae (Marcolino et al., 2021), Verbenaceae 
(Palhares Neto et al., 2022), and Lamiaceae (Silva et al., 2014c) were also developed, 
showing a considerable diversity of studied taxa, with numbers higher than those recorded 
in other Brazilian regions (Figure 2).

Figure 2. Botanical families studied in Northeast Brazil to evaluate the phytochemistry of mycorrhizal 
representatives (Pedone Bonfim et al., 2013;2018; Oliveira et al., 2013;2015a,b,c;2019a;2020; Silva et 
al., 2014a,b,c,d;2018;2019;2021a; Lima et al., 2015a;2017; Santos et al., 2017;2020;2021a,b; Silva; 

Silva, 2017;2020; Silva; Maia, 2018; Muniz et al., 2021;2022a,b;2023; Falcão; Silva 2022; Falcão et al., 
2022;2023a;2024b; Luz et al., 2023). 

Among the tree species that occur in the Caatinga and whose anabolism is enhanced 
by mycorrhizal technology, L. ferrea, Commiphora leptophloeos (Mart.) J.B. Gillett, 
and Mimosa tenuiflora (Wild.) Poir. stand out, as they are used in folk medicine to treat 
ailments, such as inflammation, flu, and respiratory problems (Albuquerque et al., 2007; 
Albergaria et al., 2019). Moreover, some are significant because they have a high relative 
importance index (RI), as the case with Myracrodruon urundeuva Allemao, Amburana 
cearensis Allemao, H. martiana and A. colubrina, due to the broad therapeutic spectrum of 
preparations using these plants (Albuquerque et al., 2007). Data on mycorrhizal efficiency in 
trees can encourage the establishment of sustainable crops and help reduce the unplanned 
extractive use of organs from these species.

Among the studies, conducted in Brazil, on the metabolism of mycorrhizal plants, A. 
longula, E. etunicata, and G. albida stood out as the most used in research carried out in 
the Northeast region (Figure 3). These AMF are found naturally in Caatinga soils (Pontes et 
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al., 2017), however, they have different colonization strategies: members of Gigasporaceae 
have spores as their only reproductive structure and produce more mycelium in the soil than 
in the roots; the opposite is observed in taxa of Acaulosporaceae and Entrophosporaceae, 
which also propagate from hyphae fragments, with more expressive intraradicular 
colonization (Hart; Reader, 2002). Additionally, E. etunicata can adapt to different soil 
conditions (Weissenhorn et al., 1994; Dashtebani et al., 2014), perhaps reflecting the fungus 
choice in the research conducted in the country (Figure 3, Chapter 1).

Figure 3. Tested mycorrhizal fungi species in phytochemical studies that used mycorrhizal plants in the 
Northeast region. Acaulospora longula Spain & N.C. Schenck, Dentiscutata heterogama (T.H. Nicolson 

& Gerd.) Sieverd., F.A. Souza & Oehl, Entrophospora claroidea (N.C. Schenck & G.S. Sm.) Błaszk., 
Entrophospora etunicata (W.N. Becker & Gerd.) Błaszk., Niezgoda, B.T. Goto & Magurno, Gigaspora 
albida N.C. Schenck & G.S. Sm. e Scutellospora calospora (T.H. Nicolson & Gerd.) C. Walker & F.E. 
Sanders (Pedone Bonfim et al., 2013;2018; Oliveira et al., 2013;2015a,b,c;2019;2020; Silva et al., 
2014a,b,c,d;2018a;2019a;2021; Lima et al., 2015a;2017; Santos et al., 2017;2020;2021a,b; Silva; 

Silva, 2017;2020; Silva; Maia, 2018; Muniz et al., 2021;2022a,b;2023; Falcão; Silva, 2022; Falcão et al., 
2022;2023a;2024b; Luz et al., 2023).

The anabolic products of Fabaceae trees, in response to mycorrhization, were 
quantified in A. cearensis (Oliveira et al., 2015c), A. colubrina (Pedone Bonfim et al., 
2013; Falcão et al., 2022;2023a;2024b), I. vera (Lima et al., 2015a), L. ferrea (Silva et al., 
2014a,b; 2018a; 2021a; Santos et al., 2017; 2020; 2021a) and M. tenuiflora (Silva; Silva, 
2017; Pedone Bonfim et al., 2018). The majority evaluated the foliar phytochemistry (Silva 
et al., 2014c,d; Lima et al., 2015a; Oliveira et al., 2015c; Silva; Silva, 2017; Pedone Bonfim 
et al., 2018; Muniz et al., 2021;2022a,b;2023; Falcão et al., 2022;2023a;2024b), with one 
study using the entire aerial part (Pedone Bonfim et al., 2013) and, of these, only Silva et 
al. (2014d) used leaves obtained from a field experiment. In contrast, the bark of the stem 
(Santos et al., 2017; Silva et al., 2018) and fruits were the least studied organs (Santos et 
al., 2020;2021b) (Figure 4).
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Figure 4. Plant parts used to evaluate the phytochemistry in research conducted in the Northeast using 
mycorrhizal plants (Pedone Bonfim et al., 2013;2018; Oliveira et al., 2013;2015a,b,c;2019a;2020; Silva 
et al., 2014a,b,c,d;2018a;2019;2021; Lima et al., 2015a;2017; Santos et al., 2017;2020;2021a,b; Silva; 
Silva, 2017;2020; Silva; Maia, 2018; Muniz et al., 2021;2022a,b;2023; Falcão et al., 2022;2023a;2024b; 

Luz et al., 2023).

Soils from Caatinga areas have been used in most studies applying AMF to enhance 
the secondary anabolism of Fabaceae (Pedone Bonfim et al., 2013; 2018; Lima et al., 
2015a; 2017; Oliveira et al., 2015c; Santos et al., 2017; 2020; 2021b; Silva et al., 2018a; 
2021a; Falcão et al., 2022; 2023a; 2024b; Muniz et al., 2023); this substrate is poor (4 to 
12.68 mg P dm-3), and because of this, some studies with this family have also investigated 
the effects of phosphate fertilization (Pedone Bonfim et al., 2013; Silva et al., 2021a; Falcão 
et al., 2024b), or organic substrates (Muniz et al., 2023) associated with the use of AMF to 
optimize the biosynthesis of secondary metabolites. 

Another plant group that has been widely studied is the genus Passiflora. Passion 
fruits are included in the Brazilian Pharmacopoeia (ANVISA, 2019) and the Relação 
Nacional de Plantas Medicinais de Interesse ao Sistema Único de Saúde (RENISUS) 
(Brasil, 2009) and are commonly used in folk medicine and by the pharmaceutical industry 
in the preparation of calming and sedative formulations (Klein et al., 2014). The leaves 
were the only plant organ evaluated in mycorrhizal Passiflora, aligning with the Brazilian 
Pharmacopoeia, which cites this organ as a medically active part of these plants and as the 
part used to produce herbal medicines (ANVISA, 2019).

In this context, positive results of mycorrhization on foliar metabolism were 
reported in eight studies with four passion fruit species (Passiflora alata Curtis, Passiflora 
cincinnata Mast., P. edulis f. flavicarpa Deg., and Passiflora setacea DC.) (Oliveira et al., 
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2015a,b;2019;2020; Muniz et al., 2021;2022a,b; Falcão; Silva, 2022). Most of them used 
soil collected in the Caatinga, with an acid pH (5.6 - 6.1), low phosphorus content (4.26 
- 4.92 mg dm-3, Mehlich), which was increased when fertilizers were applied (Oliveira et 
al., 2015b,c;2019a;2020; Muniz et al., 2022a,b;2023; Falcão; Silva, 2022). Therefore, it is 
possible to obtain phytomass from mycorrhizal passion fruit vines to integrate the production 
chain of anxiolytic herbal medicines, since P. edulis seedlings inoculated with A. longula, 
for example, had their foliar vitexin production enhanced, making it possible to produce up 
to 900 tablets with the extract obtained, which is 60% higher than the projected when using 
extracts from non-mycorrhizal plants (Oliveira et al., 2019a).

All studies with representatives of Passiflora were carried out in a greenhouse, 
under uncontrolled environmental conditions of light and temperature, with a cultivation 
period varying between 61 and 134 days (Oliveira et al., 2015a,b; 2019a; 2020; Muniz et 
al., 2021; 2022a,b; Falcão; Silva, 2022). However, it is worth mentioning the importance of 
field studies to prove symbiotic efficiency in edaphic systems present in more than 45,000 
hectares destined for passion fruit cultivation in Brazil (IBGE, 2022).

Other plant species also had their production of compounds favored by AMF 
inoculation, as was the case with Mentha x piperita L. var. citrata (Ehrh.) Briq. (Lamiaceae), 
and Punica granatum L. (Lythraceae), medicinal plants that showed an increase in the 
synthesis of linalool and phenolic compounds, respectively (Silva et al., 2014c,d). The 
mycorrhizal technology has also favored total flavonoid concentration of Zea mays L. 
(Poaceae) leaves, increasing the nutraceutical quality related to flavonoid content (Silva et 
al., 2019).

In summary, the Northeast is the region with the highest number of studies on the 
phytochemistry of mycorrhizal species in Brazil, with 40 published studies, 34 of which 
were experimental. These papers evaluated the influence of five AMF species, with 
representatives of ten botanical families, in enhancing the synthesis of bioactive compounds, 
especially foliar phenolics, followed by terpenes and alkaloids. A smaller number of studies 
have evaluated this mycorrhizal benefit in the bark, fruit, and aerial part, while studies using 
roots are rare. Details of these research studies are described in Table 1.
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Table 1. Phytochemical experimental research conducted in Northeast Brazil using mycorrhizal species

Plant species Plant part Evaluated 
compound group

AMF species Evaluated mycorrhizal 
parameters

Reference

Myracrodruon urundeuva M. 
Allemão Aerial part Phenols Acaulospora longula Spain & N.C. Schenck; Gigaspora albida 

N.C. Schenck & G.S. Sm. Mycorrhizal colonization Oliveira et al. (2013)

Anadenanthera colubrina 
(Vell.) Brenan Aerial part Phenols A. longula; G. albida None Pedone Bonfim et al. 

(2013)

Punica granatum L. Leaves Phenols A. longula; G. albida Mycorrhizal colonization; 
Glomerospores Silva et al. (2014a)

Mentha × piperita L. Leaves Terpenes
Rhizoglomus clarum (T.H. Nicolson & N.C. Schenck) Sieverd., 
G.A. Silva & Oehl; A. longula; Scutellospora calospora (T.H. 

Nicolson & Gerd.) C. Walker & F.E. Sanders
Mycorrhizal colonization Silva et al. (2014b)

Libidibia ferrea (Mart. ex Tul.) 
L.P. Queiroz Leaves Phenols A. longula; G. albida; Entrophospora etunicata (W.N. Becker & 

Gerd.) Błaszk., Niezgoda, B.T. Goto & Magurno Mycorrhizal colonization Silva et al. (2014c)

L. ferrea Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization; 
Glomerospores Silva et al. (2014d)

Inga vera Willd. Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization Lima et al. (2015)

Amburana cearensis 
(Allemão) A.C.Sm. Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization Oliveira et al. 

(2015a)

Passiflora alata Curtis Leaves Phenols G. albida Mycorrhizal colonization Oliveira et al. 
(2015b)

P. alata Leaves Phenols G. albida Mycorrhizal colonization Oliveira et al. 
(2015c)

Commiphora leptophloeos 
(Mart.) J.B. Gillett Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization Lima et al. (2017)

L. ferrea Bark Phenols A. longula; G. albida; E. etunicata
Mycorrhizal colonization; 

Glomerospores Santos et al. (2017)

Mimosa tenuiflora (Willd.) 
Poir. Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization Silva; Silva (2017)

M. tenuiflora Leaves Phenols G. albida; E. etunicata Mycorrhizal colonization; 
Glomerospores

Pedone Bonfim et al. 
(2018)

M. urundeuva Leaves Phenols A. longula; G. albida None Silva; Maia (2018)

L. ferrea Bark Phenols A. longula; G. albida; E. etunicata None Silva et al. (2018)
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Passiflora edulis f. flavicarpa 
Deg. Leaves Phenols; Terpenes A. longula; G. albida; E. etunicata Mycorrhizal colonization Oliveira et al. 

(2019a)

Zea mays L. Leaves Phenols A. longula; G. albida; E. etunicata; Dentiscutata heterogama 
(Nicolson & Gerd.) Sieverd., F.A. Souza & Oehl None Silva et al. (2019)

P. edulis Leaves Phenols; Terpenes A. longula Mycorrhizal colonization; 
Glomerospores Oliveira et al. (2020)

L. ferrea Fruits Phenols; Terpenes A. longula; G. albida; E. etunicata Mycorrhizal colonization Santos et al. (2020)

P. granatum Leaves Phenols A. longula; E. etunicata Mycorrhizal colonization Silva; Silva (2020)

Psidium guajava L. Leaves Phenols A. longula None Marcolino et al. 
(2021)

P. alata Leaves Phenols; Terpenes  A. longula; G. albida Mycorrhizal colonization; 
GRSP Muniz et al. (2021)

L. ferrea Fruits Phenols A. longula; G. albida; E. etunicata None Santos et al. (2021b)

L. ferrea Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization Silva et al. (2021a)

A. colubrina Leaves Phenols A. longula; G. albida Mycorrhizal colonization; 
C-GRSP Falcão et al. (2022)

Passiflora cincinnata Mast. Leaves Phenols; Terpenes A. longula; G. albida Mycorrhizal colonization; 
GRSP Falcão; Silva (2022)

Passifora setacea DC. Leaves Phenols; Terpenes A. longula; G. albida Mycorrhizal colonization; 
GRSP Muniz et al. (2022a)

P. alata Leaves Phenols; Terpenes A. longula Mycorrhizal colonization; 
Glomerospores Muniz et al. (2022b)

Lippia alba (Mill.) N.E.Br. ex 
Britton & P. Wilson Leaves Terpenes E. etunicata; Fuscutata heterogama Oehl, F.A. Souza, L.C. Maia 

& Sieverd. Mycorrhizal colonization Palhares Neto et al. 
(2022)

A. colubrina Leaves Phenols; Terpenes A. longula; G. albida Mycorrhizal colonization; 
GRSP Falcão et al. (2023)

Hymenaea martiana Hayne Leaves Phenols A. longula; G. albida; E. etunicata Mycorrhizal colonization Muniz et al. (2023)

Capsicum chinense Jacq. Leaves Phenols; Terpenes; 
Alkaloids A. longula; G. albida; E. etunicata Mycorrhizal colonization; 

Glomerospores Luz et al. (2023)

A. colubrina Leaves Phenols; Terpenes A. longula; G. albida None Falcão et al. (2024b)

GRSP: Glomalin-related soil proteins. 
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3. CONCLUSIONS
Northeast Brazil is an important hub for research into the phytochemistry of 

mycorrhizal plants, with a range of native and cultivated species. In this context, studies 
with the fungi A. longula, G. albida, and E. etunicata deserve to be highlighted, considering 
the benefits reported to plant anabolism. The cultivation of plants associated with AMF, 
mainly Fabaceae and Passifloraceae, which are found in national biomes, increased 
the production of phytomass with a higher yield of medicinal and cosmetic compounds. 
Therefore, mycorrhizal technology is a promising strategy for cultivating plants found in the 
Northeast region.

Furthermore, the relevance of research groups, equipped laboratories, and 
partnerships with specialists from various fields are crucial for the successful development 
of mycorrhizal protocols in the region.
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