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Abstract
The objective of this study was to assess the efficiency of a mixed arbuscular mycorrhizal fungi (AMF) inoculum 
versus a single isolate to promote the seedling development of native Caatinga species: baraúna (Schinopsis brasiliensis 
Engl.) and juazeiro (Zizyphus joazeiro Mart.). The experiment was conducted in a greenhouse, presenting a completely 
randomized design with four treatments (Control – not inoculated, inoculated with Claroideoglomus etunicatum, 
Acaulospora longula or a mix of C. etunicatum and A. longula) and seven replicates. The AMF inoculation promoted 
an increase in all growth variables of the two plant species, with increments above 100% in all inoculation treatments, 
and a significant reduction in the transplanting time of the seedlings to the field. We concluded that the AMF use under 
study in the mixed form is as beneficial as in the isolated form for Z. joazeiro and S. brasiliensis seedling production.
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1. INTRODUCTION AND OBJECTIVES

The Caatinga is the only biome whose limits are restricted 
to the Brazilian national territory; however, this is the least 
studied and protected biome among the Brazilian regions with 
only 4% of its territory being considered a conservation unit, 
which contributes to the unsustainable use of its resources 
(Drummond et al., 2011). Among the several anthropic 
activities that have contributed to the unsustainable use of 
the Caatinga biome, the extractive exploitation of some plant 
species has caused strong pressure on the landscape of the 
semi-arid region (Siqueira Filho, 2012). Therefore, planting 
native seedlings is an alternative to recover the devastated 
areas (Siqueira Filho, 2012). However, the production of native 
seedlings is still incipient and poorly stimulated, mainly due 
to the low cost-benefit ratio due to the high cost of fertilizers 
and the long stay in the nursery for most of these plants (Silva 
et al., 2015).

Thus, using arbuscular mycorrhizal fungi (AMF) in 
the seedling production phase has been considered a very 
promising alternative to reduce costs in producing some 
cultivated species such as passion fruit (Passiflora alata Sims 

f. flavicarpa Deg.) (Oliveira, Campos et al., 2015), acerola 
cherry (Malpighia emarginata DC.) (Balota et al., 2011), coffee 
(Coffea arabica L.) (França et al., 2014), peaches (Prunus persica 
(L.) Batsch) (Nunes et al., 2013), among others. Seedlings 
inoculated with AMF present many benefits; among them we 
can mention their survival, which is often increased due to 
the adaptation to environmental variations induced by several 
mechanisms, i.e., greater development of the root system and 
the photosynthetically active area, as well as greater water and 
nutrient absorption (Smith & Read, 2008).

Some studies have shown mycorrhizal colonization in some 
species of Caatinga vegetation, such as angico (Anadenanthera 
macrocarpa and A. colubrina) (Pedone-Bonfim et al. 2013; 
Sugai et al., 2011), sabiá (Mimosa caesalpiniifolia Benth.) 
(Tavares et al., 2012), leucaena (Leucaena leucocephala L.) 
(Oliveira et al., 2013), baraúna (Schinopsis brasiliensis Engl.) 
(Oliveira, Teixeira-Rios et al., 2015), jurema (Mimosa tenuiflora 
(Willd.) Poir.) (Teixeira-Rios et al., 2016), Brazilian orchid 
tree (pata-de-vaca) (Bauhinia forficata Link.) (Nascimento et 
al., 2014), among others. However, few studies have focused 
on the contribution of this symbiosis to the survival and 
development of native plants, mainly in the Caatinga biome 
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(Maia et al., 2010). It is estimated that less than 1% of the plant 
species reported in this biome have been studied regarding 
their potential symbiosis benefit (Pedone-Bonfim et al., 2017).

Mendes et al. (2013) identified that sabiá (Mimosa 
caesalpiniifolia Benth.) seedlings presented an increase in 
height, stem diameter, N and P contents when inoculated 
with Gigaspora margarita, both in greenhouse and field. 
On the other hand, Nascimento et al. (2014) showed that 
the soil type affected the mycorrhizal efficiency, because in 
Quatzarenic Neosol soil it was verified that inoculation with 
Claroideoglomus etunicatum (isolated UNIVASF 06) provided 
higher height, leaf area, fresh biomass and dry biomass of 
moraino plants (Bauhinia cheilantha), but these benefits 
were not observed in grayish Argisol. Recently, Oliveira, 
Teixeira-Rios et al. (2015) showed an inoculation benefit 
with Claroideoglomus etunicatum (isolated UNIVASF  06) 
and Acaulospora longula (isolated UNIVASF 12) in improving 
the seedling production of Schinopsis brasiliensis (baraúna), 
even in Yellow Argisol. Similarly, Teixeira-Rios et al. (2016) 
observed a growth increase in Mimosa tenuiflora (jurema) 
plants mainly inoculated with C. etunicatum (isolated 
UNIVASF 06) in soil with low phosphorus concentration. 
This study evidences the importance of selecting the AMF 
inoculum for the plant species that will be produced, since 
the same AMF isolate can provide different development 
depending on the soil and the associated plant.

Thus, the need to better understand the interaction 
between AMF and plant species is evident (Smith & Smith, 
2012), especially those of the Caatinga when thinking about 
a seedling production system. However, considering that 
AMF is not specific to plant species (Smith & Read, 2008), 
a proposal of a mixed inoculum may be more viable for 
commercialization since AMF isolates may present strategies 
for root colonization and acquisition of different nutrients 
(Jansa et al., 2008), resulting in complementary functionality.

In this sense, this study tests the hypothesis that mixed 
AMF inocula would be more efficient to promote seedling 
development of native Caatinga species of baraúna (Schinopsis 
brasiliensis Engl.) and juazeiro (Zizyphus joazeiro Mart.).

2. MATERIALS AND METHODS

2.1. Plant material and experiment conduction

The soil used (Yellow Argisol) in the experiment and the 
baraúna and juazeiro seeds were collected in Caatinga area 
in the Experimental Field of Embrapa Semiarid, located in 
Petrolina (9° 4’ 8.0” S, 40° 19’ 18.4” W). The soil had the 
following chemical and physical characteristics: Organic 
matter (O.M.) = 10.96 g kg-1; pH = 5.8; electrical conductivity 

(EC) = 0.51 dS m-1; phosphorus (P) = 6.14 mg dm-3; potassium 
(K)  =  0.35  cmolc  dm-3; calcium (Ca)  =  1.5  cmolc  dm-3; 
magnesium (Mg) = 1 cmolc dm-3; sodium (Na) = 0.03 cmolc dm-3;  
exchangeable acidity (Al3+) = 0.1 cmolc dm-3; potential acidity 
(H  +  Al)  =  4.62; base sum (BS)  =  2.88; cation exchange 
capacity (CEC) = 7.5 cmolc dm-3; base saturation (V) = 38%; 
Sand = 77.26%; Silt = 14.81%; Clay = 7.93%. After the collection, 
the soil was sifted to remove stones, roots and other debris; 
the soil was disinfected in an autoclave at 121 °C for three 
cycles of 1 hour and oven dried at 60 °C, remaining in plastic 
bags until the moment of use.

The seeds were collected between August and September 
2012, cut in the integument portion opposite to the embryo. 
Then they were disinfected by immersion in 0.05% sodium 
hypochlorite solution for 20 minutes (Couto et al., 2004), 
washed three times with distilled water and seeded in trays 
containing medium particle size vermiculite. The trays were 
kept in a greenhouse for 30 days, being sufficient time for 
seedling emergence and emergence of three definitive leaves 
on the seedlings. Then the seedlings were transferred to 
plastic cups (200 mL) containing 1:1:1 (v/v/v) sand, soil and 
vermiculite, and inoculated or not with AMF according to the 
treatments. The sand used for sowing was sieved and rested 
with sodium hypochlorite solution (5% NaOCl) diluted to 
0.05% (v/v) for 12 h, then successively washed with tap water 
and it was maintained at room temperature for drying. After 
this process the sand was autoclaved at 121 °C for 1 hour on 
three consecutive days and left in plastic bags for at least 10 
days in ambient condition for later use.

After 15 days, seedlings were transferred to plastic pots 
containing 1.5 kg of previously disinfected soil (Yellow Argisol). 
The seedlings were irrigated daily with 50 mL/vial of tap water 
up to the 45th day. The water volume was then doubled due to 
the plants increased water demand from this period until the 
end of the experiment (90 days), using 100 mL/pot.

2.2. AMF isolates and the inoculation process

Two AMF isolates were tested: Claroideoglomus 
etunicatum (Becker & Gerd.) C. Walker & A. Schüssler 
(isolated UNIVASF 06) and Acaulospora longula Spain & 
N.C. Schenck (isolated URM FMA 07), as well as a mixed 
inoculum composed of the two AMF isolates in an equivalent 
proportion of glomerospores. All isolates were multiplied in 
culture on farm; the sorghum (Sorghum bicolor (L.) Moench) 
was grown as a multiplying plant with its substrate containing 
expanded clay: previously disinfected sand (1:1  v/v) and 
supplemented with 5% leucaena + crushed sugarcane (1:1 v/v) 
for producing C. etunicatum propagules, and 5% of crushed 
leucaena in the case of A. longula.
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The AMF inoculation occurred in soil-inoculum (containing 
soil, colonized roots, hyphae and glomerospores), both 
inocula had about 280 infective propagules/cm3. About 4 g 
soil-inoculum of Claroideoglomus etunicatum or Acaulospora 
longula were inoculated per plant, which were composed of 200 
glomerospores, and approximately 2 g of soil-inoculum of each 
isolate was applied for the mixed inoculate (corresponding to 
100 glomerospores of each isolate). All steps were conducted 
in the greenhouse of Universidade Federal do Vale do São 
Francisco (UNIVASF), Campus Ciências Agrárias.

2.3. Evaluated parameters

The plants were assessed twice a week for height (HT) 
and number of leaves (NL) variables 30 days after AMF 
inoculation. The length of the plant stem was measured 
using a measuring tape until the end of the apical meristem, 
for HT. The leaves for NL were considered totally expanded.

At the end of the experiment (90 days after inoculation), 
in addition to the HT and NL variables, the leaf area (LA), 
proportional increase, fresh shoot biomass (FSB) and fresh 
root biomass (FRB), dry shoot biomass (DSB), dry root 
biomass (DRB), mycorrhizal colonization (MC), and number 
of glomerospores (NG) were assessed.

The image was captured using a digital camera and this 
variable was measured using the Quant program. 1.0.1 (Vale et 
al., 2003), for LA. The proportional increment was calculated 
using the equation of Weber et al. (2004), described below 
(Equation 1).

I X Y Y(%) [( ) ]� � ��1 100    (1)

Where I (%): variable increment; X: mean value for inoculated 
treatment; Y: mean value of non-inoculated treatment.

The plants were cut at the stem base and immediately 
weighed on a semi-analytical scale to determine the FSB. The 
FRB was measured by sieving the soil and collecting the roots in 
a sieve (1.0 mm), with subsequent washing and delicate drying 
on paper towels; a semi-analytical scale was used for weighing. 
Then, FSB and FRB material was put into a drying oven with 
forced circulation and it was maintained at 65 °C until reaching 
constant weight, resulting in DSB and DRB, respectively. The 
FRB of the baraúna seedlings of the non-inoculated treatment 
was used in its entirety to assess mycorrhizal colonization, and 
it was not possible to obtain the DRB from this treatment.

To determine MC, the roots of each plant species were 
separated from the soil, washed, weighed (0.5 g), clarified with 
KOH solution (10%) for 24 hours and stained with 0.05% Trypan 
blue in lactoglycerol, following the method of Phillips & Hayman 
(1970); the mycorrhizal colonization percentage was assessed by 

the intersection method of the quadrants (Giovanetti & Mosse, 
1980). NG was quantified based on 50 g of soil aliquots from each 
experimental unit after extracting glomerospores by wet sieving 
and centrifugation in water for 3 minutes at 2,500 rpm, and 40% 
sucrose for 1 minutes at 2,500 rpm (Gerdeman & Nicolson, 
1963; Jenkins, 1964), and counting with a stereomicroscope.

2.4. Experimental design and statistical 
analysis

The experiment was conducted in a completely randomized 
design with four AMF inoculation treatments — non-inoculated 
(NI), inoculated with Claroideoglomus etunicatum (CE), or 
Acaulospora longula (AL), or a mix of C. etunicatum and  
A. longula (Mix) —, in seven replicates, with each experimental 
unit consisting of one plant. Data were submitted to analysis 
of variance by the F-test for a diagnosis of significant effect, 
and the treatments were compared by the Duncan’s test 
(p < 0.05), with analyzes being performed by the Sisvar version 
5.1 statistical program. We also performed a correlation 
analysis between the variables using the Pearson method 
(| r | > 0.50) with the R program (R Core Team, 2016), and 
the graphs were made using SigmaPlot, version 11.0 (Systat 
Software, San Jose, CA).

3. RESULTS AND DISCUSSION

The effect of AMF inoculation was more evident in juazeiro 
seedlings, since in the first experiment assessment (30 days after 
inoculation) mycorrhizal plants were significantly superior in 
HT (Figure 1a) and NL (Figure 1b). On the other hand, the 
mycorrhizal inoculation effects in baraúna were evidenced later, 
with significance after approximately 60 days of inoculation 
(Figure 1c and 1d). The response speed to mycorrhizal inoculation 
may be the difference between the growth rates of these plant 
species and/or the functional compatibility between the symbionts, 
which varies as a function of the fungus-plant interaction to 
environmental conditions (Folli-Pereira et al., 2012).

According to Scremin-Dias’s et al. (2006) manual on 
seedling production of forest species, seedlings must have 
a single stem filled with leaves with a wide leaf area, and an 
ideal height of 20 to 35 centimeters to be transplanted to 
the field, although these factors vary among species. When 
considering these characteristics, mycorrhizal juazeiro plants 
reached ideal height for transplantation to the field at 60 days 
(Figure 1a), while mycorrhizal baraúna plants were near to 
their ideal size at 90 days (Figure 1c). These results indicate 
a significant time reduction in seedling production, since 
the non-mycorrhized plants of both species studied did not 
exceed 12 cm at 90 days.



Floresta e Ambiente 2020; 27(2): e20171240

4 - 9 Honorato AC, Oliveira JRG, Passos AM, Yano-Melo AM

4

35

H
ei

gh
t (

cm
)

NI
AL
CE
MIX

(a) Juazeiro Juazeiro

30

25

20

15

10

5

0
30 45 60 75 90 Days

H
ei

gh
t (

cm
)

N
o 
of

 le
av

es
N

o 
of

 le
av

es

NI
AL
CE
MIX

(c) Baraúna Baraúna

20

15

10

5

0

20

15

10

5

0
30 45 60 75 90 Days

NI
AL
CE
MIX

NI
AL
CE
MIX

(d)

(b)

30

25

20

15

10

5

0

30 45 60 75 90 Days

30 45 60 75 90 Days

Figure 1. Height and average number of leaves of juazeiro (Z. joazeiro) and baraúna (S. brasiliensis) plants as a function of arbuscular 
mycorrhizal fungi inoculation treatments after 30, 45, 60, 75 and 90 days of cultivation.

* Bars with equal letters at each time do not differ by Duncan’s test (p < 0.05). NI: treatments: non-inoculated; CE: inoculated with C. etunicatum; AL: A. longula; or 
Mix: mixed inoculum of the isolates, after 90 days of cultivation in the greenhouse conditions.

All analyzed growth variables presented a significant effect 
on AMF inoculation: height (HT), number of leaves (LN), 
leaf area (LA), fresh and dry shoot biomass (FSB/DSB) and 
fresh and dry root biomass (FRB/DRB); a significant effect 
also occurred for the variables related to mycorrhization 
such as the number of glomerospores (NG) and mycorrhizal 
colonization (MC) of juazeiro (Ziziphus joazeiro) and baraúna 
(Schinopsis brasiliensis) seedlings (Table 1).

AMF inoculation significantly increased growth variables 
in juazeiro plants, differing from control for all assessed 
variables (Table 1). For this same plant species, a significant 
difference was found for HT, FRB and DRB among AMF 
isolates, with an emphasis on seedlings inoculated with  
A. longula (AL). In the same way, mycorrhization provided 
positive results for most of the growth variables in baraúna, 

with an emphasis on inoculation with C. etunicatum (CE) 
and mixed inoculum (Table 1). These benefits provided by 
mycorrhization were also observed in baraúna (Schinopsis 
brasiliensis) (Oliveira, Teixeira-Rios et al., 2015) and juazeiro 
(Oliveira et al., 2017) plants cultivated in soil with low 
phosphorus concentration (6.14 mg dm-3), which presented 
higher leaf area and vegetative development when inoculated 
with these same isolates.

The highest values NL (23 and 17 leaves per plant) were 
observed in juazeiro and baraúna plants, respectively, with 
the application of mixed inoculum and CE (Table  1 and 
Figure 1). The highest mean values of HT (27.3 and 17.5 cm) 
were obtained with the AL inoculum and mixed inoculum, 
respectively, for juazeiro and baraúna (Table 1 and Figure 1). 
The AL inoculum also provided the greatest LA expansion in 
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juazeiro (183.2 cm2), not differing from the other inoculated 
treatments, but the highest value in baraúna (138.3 cm2) was 
reached with CE inoculum, significantly differing from AL 
and control (Table 2). For fresh and dry shoot biomass (FSB 
and DSB, respectively) and fresh and dry root biomass (FRB 
and DRB, respectively), there was no statistical difference 
between the treatments inoculated with AMF in either 
plant species, except for FRB and DRB in juazeiro, where 
AL inoculation provided the highest FRB (1.7 g) and CE 
inoculation the lowest DRB (0.5 g).

The different responses to the mycorrhization presented 
by the plant species (Z. joazeiro and S. brasiliensis) are 
probably related to different interactions of host species and/
or AMF species in the environment. Notably, the fungus-
plant interaction is a complex biological process regulated 
by both partners, causing a wide range of outcomes between 
different plants and fungi species (Smith & Read, 2008). In 
a study with avocado (Persea americana) mycorrhized with 
different species of fungi (isolated and together), Violi et al. 
(2007) also identified different responses to inoculation in 
the growth and phosphorus absorption (P) variables; for 
these authors, the carbon cost (C) in host-AMF interactions 
may vary, especially if these fungi are used in a mix or alone. 
On the other hand, Knegt et al. (2016) found no difference 
in the benefit provided to height and biomass of the plants 
between treatments with mixed and isolated inocula, but 
they emphasize that the root colonization by one of the 
AMF isolates can reduce subsequent colonization by another 
AMF species.

In this study, we could not distinguish root colonization 
by species, since unlike the studies by Engelmoer et al. (2014), 

which used qPCR, the assessment was only performed 
morphologically. It is observed that MC in both plant species 
in the inoculated treatments was higher than 84% (Table 1), 
thus emphasizing that these AMF isolates provide extensive 
colonization in the roots of these plant species. Lins et al. 
(2007) also observed high colonization percentages with these 
two mycorrhizal fungi species in Leucaena leucocephala 110 
days after inoculation in soil from the Caatinga. However, 
Balota et al. (2011) emphasize that the percentage of root 
colonization does not directly reflect the plant response due 
to several other factors such as the production of external 
mycelium.

Percentages of root colonization lower than 1.5% were 
observed in treatments with no inoculation, since this soil 
underwent previous disinfection under high temperature and 
pressure. Thus, the mycorrhizal colonization found may be 
associated with contamination via water or wind.

In this work it was possible to observe that each plant 
species had better interaction with a specific fungus. In 
juazeiro, the best growth responses were observed with the 
inoculation of the A. longula isolate, providing increases of 
307% in LA (Figure 2a), 680% in DSB (Figure 2b) and 2,585% 
in DRB (Figure 2c); while C. etunicatum was more favorable 
for baraúna, increasing LA by 292% (Figure 3a) and DSB by 
420% (Figure 3b). Gosling et al. (2013) observed a strong 
specificity between host species and AMF through molecular 
analyzes of the isolates in the hosts. Similar behavior was also 
detected in different fungus-plant combinations of tropical 
tree species by Pouyu-Rojas et al. (2006), demonstrating 
that some selectivity may occur in combinations of fungi 
and plants.

Table 1. Means of height, number of leaves, leaf area, fresh shoot biomass, dry shoot biomass, fresh root biomass, dry root biomass, mycorrhizal 
colonization and number of glomerospores in juazeiro (Z. joazeiro) and baraúna (S. brasiliensis) plants from AMF inoculation treatments.

Juazeiro

Treatments HT NL LA FSB DSB FRB DRB MC NG

cm cm2 ------------------g----------------- % (g/soil)

NI 11.3 c 11.8 b 45.0 b 0.4 b 0.2 b 0.1 c 0.1 c 0.3 b 4.1 b

AL 27.3 a 21.4 a 183.2 a 2.7 a 1.4 a 1.7 a 0.9 a 94.0 a 10.0 a

CE 24.4 ab 20.0 a 161.9 a 2.4 a 1.2 a 0.9 b 0.5 b 84.3 a 10.1 a

Mix 23.0 b 23.2 a 170.1 a 2.3 a 1.1 a 1.1 b 0.7ab 91.8 a 11.2 a

Baraúna

NI 11.7 b 10.0 b 35.2 c 0.4 b 0.2 b 0.4 b ** 1.5 b 8.4 c

AL 15.0 ab 13.8 ab 101.6 b 1.7 a 0.7 a 1.6 a 0.4 90.8 a 13.2 b

CE 16.5 a 17.0 a 138.3 a 2.1 a 1.0 a 1.4ab 0.5 87.8 a 14.8 ab

Mix 17.5 a 16.3 a 120.5ab 1.9 a 0.8 a 1.5ab 0.6 93.3 a 15.5 a

* Averages of the same letter in the column for each species did not differ from each other by Duncan’s test (p < 0.05). ** The entire root system was used to assess 
mycorrhizal colonization. Treatments: NI: non-inoculated; CE: inoculated with C. etunicatum; AL: inoculated with A. longula; or Mix: mixed inoculum of isolates, 
after 90 days of cultivation under greenhouse conditions. HT: means of height; NL: number of leaves; LA: leaf area; FSB: fresh shoot biomass; DSB: dry shoot biomass; 
FRB: fresh root biomass; DRB: dry root biomass; MC: mycorrhizal colonization; NG: number of glomerospores.



Floresta e Ambiente 2020; 27(2): e20171240

6 - 9 Honorato AC, Oliveira JRG, Passos AM, Yano-Melo AM

6

Juazeiro - LA

AL CE Mix

307.35320.00

Pe
rc

en
t (

%
)

(a)

300.00

280.00

260.00

240.00

220.00

260.00

278.32

Juazeiro - DBS

AL CE Mix

679.67800.00

Pe
rc

en
t (

%
)

(b)

600.00

400.00

200.00

0.00

588.19 551.92

Juazeiro - DRB

AL CE Mix

2585.71
2500.00

3000.00

Pe
rc

en
t (

%
)

(c)

2000.00

1500.00

1000.00

500.00

0.00

1347.62

1797.14

Figure 2. Proportional increase of leaf area, dry shoot biomass and dry root biomass in juazeiro (Z. joazeiro) plants as a function of 
arbuscular mycorrhizal fungi inoculation treatments, Petrolina, PE.

* Treatments: CE: inoculated with C. etunicatum; AL: inoculated with A. longula; or Mix: mixed inoculum of the isolates, after 90 days of cultivation 
under greenhouse conditions. LA: leaf area; DSB: dry shoot biomass; DRB: dry root biomass.
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Figure 3. Proportional increase of leaf area and dry shoot biomass in baraúna (S. brasiliensis) plants as a function of arbuscular mycorrhizal 
fungi inoculation treatments, Petrolina, PE.

* Treatments: CE: inoculated with C. etunicatum; AL: A. longula; or Mix: mixed inoculum of the isolates, after 90 days of cultivation under greenhouse conditions. 
LA: leaf area; DSB: dry shoot biomass.
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The use of mixed inoculant promoted positive results in 
growth; however, these data do not provide evidence about 
a functional synergism of AMF in providing benefits to the 
plant, partly corroborating the results obtained by Violi et al.  
(2007), which did not identify an increase in plant growth 
rate and nutrient uptake with the use of two AMF isolates 
in avocado (Persea americana) when compared to isolated 
inoculation of these fungi. Considering the results obtained 
with the mixed inoculant treatment, the use of this inoculum 
may be an interesting strategy for nurseries that produce several 
species of native plants from Caatinga, since different AMF 
species may present different results to establish symbiosis with 
a certain plant in certain environmental conditions (Smith 
& Smith, 2012). Thus, we can understand how relevant the 
knowledge of this extent of results and AMF diversity are 
for environmental rehabilitation, especially in places where 
low fertility soils predominate (Pouyu-Rojas et al., 2006).

In the seedlings of the two analyzed plant species, in 
particular juazeiro, it was possible to observe a strong 
positive correlation with a high level of significance between 
MC and other plant growth variables, especially HT, FSB, 
DSB and LA (Table  2), confirming the contribution of 
mycorrhization to plant development. Similar correlations 
were found by Nunes et al. (2013) when assessing the 
influence of AMF species (Glomus clarum = Rhizophagus 

clarus and Glomus etunicatum = C. etunicatum), on the 
development of peach seedlings. AMFs may or may not 
be effective in stimulating plant growth, considering 
that under certain conditions, these fungi may establish 
extensive colonization without providing improvement in 
host growth; thus, the same AMF isolate may be associated 
with many plant species, but the effectiveness of this 
combination may vary considering the ability of some 
fungal species to develop an extensive mycelial network, 
increasing the absorption of phosphorus (P) and other 
nutrients (Carvalho et al., 2014).

The increase promoted by mycorrhization may be due to 
the enlargement of the root system observed in inoculated 
plants, since a positive and significant correlation between 
MC and DRB (Table 2) occurred. The increase in the root 
biomass enables greater absorption of nutrients from the 
soil, and there may be extraradicle mycelium contribution of 
the AMF, which enables a greater area of soil exploration and 
consequently greater potential for nutrient absorption, such 
as P, as observed by Saboya et al. (2012) in the raise of the P 
content in mycorrhizal Jatropha curcas. It is worth noting 
that P is a nutrient closely related to root system development 
(Novais et al., 2007), and the high correlation between MC 
and DRB indicates that plants inoculated with AMFs may 
have absorbed more of this nutrient.

Table 2. Correlation between the studied variables.
Juazeiro

HT NL FSB DSB FRB DRB NG MC LA
HT 1 0.61** 0.96** 0.96** 0.82** 0.82** 0.59* 0.90** 0.86**

NL – 1 0.70** 0.70** 0.60** 0.56** 0.59* 0.74** 0.81**

FSB – – 1 0.99** 0.80** 0.80** 0.60* 0.89** 0.90**

DSB – – – 1 0.77** 0.76** 0.58* 0.88** 0.90**

FRB – – – – 1 0.98** 0.52* 0.76** 0.82**

DRB – – – – – 1 0.55* 0.75** 0.82**

NG – – – – – 1 0.72** 0.62**

MC – – – – – – – 1 0.89**

LA – – – – – – – – 1
Baraúna

HT NL FSB DSB FRB NG MC LA
HT 1 0.66** 0.72** 0.46ns 0.18ns 0.61** 0.62** 0.73**

NL – 1 0.87** 0.72** 0.44ns 0.51* 0.64** 0.81**

FSB – – 1 0.83** 0.62** 0.74** 0.86** 0.95**

DSB – – – 1 0.48ns 0.64** 0.68** 0.82**

FRB – – – – 1 0.58ns 0.62** 0.48*

NG – – – – – 1 0.88** 0.79**

MC – – – – – – 1 0.82**

LA – – – – – – – 1

** Significant at 1% of probability; * Significant at 5% of probability; ns Not significant; HT: height; NL: number of leaves; FSB: fresh shoot biomass; DSB: dry shoot 
biomass; FRB: fresh root biomass; DRB: dry root biomass; NG: number of glomerospores; MC: mycorrhizal colonization; LA: leaf area.
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The correlation analysis also identified a strong positive 
correlation with a high level of significance between MC and 
the number of glomerospores (NG) in the two studied plant 
species (Table 2). This result was not observed by Oliveira, 
Teixeira-Rios et al. (2015), who reported a low correlation 
between mycorrhizal colonization and sporulation of these 
same isolates in baraúna. For Nascimento et al. (2014), several 
abiotic factors can influence NG, such as soil type, humidity, 
pH, and temperature; however, Violi et al. (2007) emphasized 
that the interaction between plant species and fungal isolates 
are also determinants in sporulation.

4. CONCLUSIONS

The use of arbuscular mycorrhizal fungi to produce 
seedlings of native species such as juazeiro and baraúna is 
beneficial to promote greater growth and may reduce the 
formation time of the seedlings, thus making its use in large 
scale production possible.

There is a specific beneficial combination between  
A. longula (URM FMA07) and juazeiro seedlings, and 
between C. etunicatum (UNIVASF 06) and baraúna seedlings. 
However, the strategic use of the mixed inoculum composed 
of A. longula and C. etunicatum may be the best alternative 
in commercial nurseries for native Caatinga plants.
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