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ABSTRACT

Phosphate solubilizing microorganisms (PSM) and arbuscular mycorrhizal fungi (AMF) represent
alternative strategies to reduce the cost and increase the production of cagaita (Eugenia
dysenterica) seedlings associated with different substrates. This study aimed to assess the
effect of inoculating PSM and AMF in different substrates for cagaita (Eugenia dysenterica)
culturing. The experiment was installed with a completely randomized design, using a4 x 2
factorial scheme, with four inoculation treatments (PSM, AMF, PSM + AMF, and Control —
absence of inoculation), and two soils substrates (pure sandy substrate and mixed substrate).
The substrates and microorganism had influence in cagaita seedling growth. The pure substrate
conferred better performance of plant growth parameters. In this substrate, cagaita seedlings
had higher stem diameter, shoot fresh and dry weight, root volume and root dry weight. The
cultivation of seedlings in pure substrate inoculated with AMF and PSM provided greater Mo
content in the leaves. The higher root volume of cagaita seedlings was obtained with the
inoculation of PSM. A sandy substrate seems to be the most adequate for the cultivation of
cagaita seedlings. In addition, co-inoculation provides higher Fe, Mg, and K content in the
leaves, as this work showed.
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Efecto de la inoculacién de microorganismos solubilizadores de fosfato y
hongos micorricicos arbusculares en plantas de Eugenia dysenterica
crecidas en diferentes sustratos

RESUMEN
Los microorganismos solubilizadores de fosfato (PSM) y los hongos micorrizicos arbusculares
(HMA) representan estrategias alternativas para reducir el costo y aumentar la produccion de
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plantulas de cagaita (Eugenia dysenterica) asociadas a diferentes sustratos. Este estudio
tuvo como objetivo evaluar el efecto de la inoculacion de PSM y HMA en diferentes sustratos
para el cultivo de cagaita (Eugenia dysenterica). El experimento se instalé con un disefio
completamente al azar, utilizando un esquema factorial 4 < 2, con cuatro tratamientos de
inoculacién (PSM, HMA, PSM + HMA y Control - ausencia de inoculacién), y dos sustratos de
suelo (sustrato arenoso puro y sustrato mixto). Los sustratos y microorganismos influyeron en
el crecimiento de las plantulas de cagaita. El sustrato puro propicié un mejor desemperio de los
parametros de crecimiento de las plantas. En este sustrato, las plantulas de cagaita presentaron
mayor diametro de tallo, masa fresca y seca de brotes, volumen de raiz y masa seca de la raiz.
El cultivo de plantulas en sustrato puro inoculadas con HMA y PSM proporcioné mayor contenido
de Mo en las hojas. El mayor volumen de raices de plantulas de cagaita se obtuvo con la
inoculacién de PSM. Un sustrato arenoso parece ser el méas adecuado para el cultivo de
plantulas de cagaita. Ademas, la coinoculacion proporciona un mayor contenido de Fe, Mgy K

en las hojas, como mostro este trabajo.
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INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) stimulate
plant growth under stress conditions in the
soil, due to increased nutrient absorption, with
the potential to minimize the adverse effects
of seedling transplants, water deficiency, and
attacks from pathogenic agents (Kohler et
al., 2007; Ferreira et al., 2015; Diagne et al.,
2020; Song et al., 2020). The use of these
microorganisms can support the production,
nutrition, and growth promotion of seedlings
in nurseries, the establishment of seedlings
in the field and under stress conditions, such
as those associated with the cerrado biome
(Brazilian savanna) (Anzanello et al., 2011;
Coelho et al., 2012; Svenningsen et al., 2018).

Other soil microorganisms, in addition to AMF,
have the ability to stimulate plant growth,
through the production of phytohormones
(gibberellin, auxin, and cytokinin) and phosphate
solubilization. The inorganic phosphate
solubilizing microorganisms (PSM) play an
important role in the supply of phosphorus (P)
to plants. The solubilizing action has been mainly
associated with the production of organic acids
(Barroso and Nahas, 2008; Alves and Silva,
2009). In the soil, PSM contribute to increase
the P content in solution, which can be directly
absorbed by roots or AMF hyphae that are
symbionts to plants (Moreira and Siqueira, 2006;
Zaidi and Khan, 2007). Phosphate solubilizing
bacteria may also play an important role in the
interactions between roots and AMF, acting as
mycorrhiza helper bacteria. The inoculation of
PSM is association with other beneficial soil
microorganisms, may improve plant
development (Narloch et al., 2002).

The cagaita (Eugenia dysenterica DC.), a
Cerrado (Brazilian savannah) fruit specie, isa
medium-height tree, with a trunk of
approximately 4—10 m. As well as other native
species, it has great importance due to the
chemical composition and nutritional value,
with levels of vitamins, minerals, phenolic
compounds, and antioxidants (Chaves and
Telles, 2006; Rodrigues et al., 2018).

The main use of this native plant is for food,
but it has medical, pharmaceutical,
ornamental, and honey production potential.
The fruit is a round, large berry, with a fleshy
and juicy pulp, and each fruit has 1-3 seeds.
It is slightly acidic with a pleasant taste. The
pulp of cagaita may be consumed in natura
or in juice, jelly, liquor, as popsicle flavoring,
and in sweets. Besides, cagaita tree is an
ornamental plant, and its bark can be used in
tanneries through cork extraction. Other
application described are related to the
employ in popular medicine by the laxative
properties, and the tea made from the leaves
has an antidiarrheal effect. The fruit is
considered a source of vitamin C, with content
of 26.84 g/100 g in green fruits and 27.46 g/
100 g in ripe fruits, which is relatively high
when compared with other native fruits of
cerrado (Silva et al., 2005; Chaves and Telles,
2006; Rodrigues et al., 2018).

This species may be cultivated via seeds.
Nevertheless, the germination is slow and
uneven, taking up to sixty days for the process
to stabilize. Additionally, the cagaita seeds
are recalcitrant. They cannot be stored, since
do not tolerate drying and/or freezing (Duarte
et al., 2006; Martinotto et al., 2008). In this
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sense, the characteristics of substrates are
very important.

For seedlings culture, different mixtures of
substrate can be used, where good aeration
allow better root development. The substrate
should have good physical, chemical, and
biological characteristics, allowing quick
development of seedlings and abundant
formation of the root system. A good water/air
ratio, join to provide the required nutrients for
plant growth, with homogeneous composition,
will facilitate the management of seedlings and
a cost compatible with the activity (Dias et
al., 2007; Sobrinho et al., 2010).

In order to achieve the sustainable use of
the different species and landscapes of the
cerrado biome, it is necessary to improve the
planning and management of the territory, to
appropriately value and manage of these
resources and to recover altered and
degraded areas. The inoculation of different
microorganisms can contribute to the
development of plants favoring the use of
the soil in relation to its chemical limitation.
Studies on species native to the Cerrado
(Brazilian savannah) are important, since
these species differ with respect to their
ability to form and benefit from symbiosis with
microorganisms and growth in different
substrates. Thus, the objective of this research
was to assess the effect of inoculating PSM
and AMF in different substrates for cagaita
(Eugenia dysenterica) culturing.

MATERIALS AND METHODS

The experiment was conducted at the
Laboratory of Agricultural Microbiology and
Laboratory of Plant Tissue, at the Federal
Institute Goiano (IF Goiano), Rio Verde
Campus.

Plant material

The cagaita seeds were obtained from ripe
fruits collected at the Fazenda Gameleira, at
the municipality of Montes Claros de Goias,
GO, latitude (S) 16° 062 203 ; longitude (W)
51° 172 113.

Origin of soils-substrates

Two substrates were used for cagaita culture.
It were named as pure substrate with sandy
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texture and mixed substrate, with clay loam
texture.

For the pure substrate, the soil (typic
quartzipsamment) was collected between 10
and 40 cm of depth at the Fazenda Gameleira,
Montes Claros de Goias, latitude (S) 16° 062
203 ; longitude (W) 51° 172 113, located at
644 m of altitude.

In addition, a mixed substrate was composed
by a mixture of the Oxisol soil type collected
in two localities: in a farm near to the
municipality of Rio Preto located at 712 m of
altitude and in the area of IF Goiano, Rio Verde
Campus, located at 748 m of altitude. The
samples were collected between 10 and 40
cm of depth and they were mixed in a ratio of
1:1 (v:v).

The substrates were not fertilized. Chemical
and physical analyses were performed at the
Laboratory of Soil Analysis, Federal University
of Lavras (Table 1).

Inoculation and implantation of the experiment

Five PSM were used, including three bacterial
isolates (MU23, GU12, and TC1l) and two
fungal isolates (GIR and ARS8), obtained
previously from a rhizospheric soil of different
plants according to Sylvester-Bradley et al.
(1982). To obtain the PSM inoculum, a mixture
of the five isolates was prepared. The bacterial
and fungal suspensions were separately
cultured in a 125 ml Erlenmeyer containing
glucose and yeast extract broth, and they
were incubated at 28 °C for 72 h. For direct
enumeration of colony-forming units (CFU), a
series of dilutions until 10-® were performed,
plating (three repetitions of dilutions 10 and
10°) and incubating in Petri dishes at 28 °C
for 72 h. The inoculants concentration were
standardized to approx. 1x108CFU mi=.

The mycorrhizal inoculant used was
Claroideoglomus etunicatum (Becker & Gerd.)
C. Walker & A. Schissler from the Laboratory
of Soils at the UFG — Campus Jatai.

Culturing was conducted in 300 cm?® tubes.
The AMF was inoculated in the planting hole
below the seeds (3.3 g). The PSM were
inoculated 62 days after emergence by
pipetting 1 ml of inoculum broth (aprox. 1x108
CFU mlt) at the base of each plant stem.
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Table 1. Chemical and physical characteristics of pure and mixed substrate for Eugenia dysenterica.

Chemical Characteristics (mg dm-—3)

Substrate  py

type* in P K Zn Fe Mn Cu B S
H20
Pure 5.3 2.8 440 2.8 476.7 19.8 3.8 0.2 5.8
Mixture 5.5 0.4 27.0 0.5 32.2 4.5 2.0 0.2 19.5
cmolc dm-® CTC Effective P-rem o.M
H+ V (%) -1
Ca Mg Al Al (pH 7.0) CTC (mg 1)  (dag kg
Pure 2.1 1.3 0.4 4.5 8.0 3.9 43.8 25.7 1.8
Mixture 0.6 0.2 0.1 3.2 4.1 1.0 21.4 5.8 1.8
Physical Characteristics (dag kg™)
Sand Silt Clay
Pure 70.0 13.0 17.0
Mixture 41.0 23.0 36.0

*Pure substrate: soil collected at Fazenda Gameleira. Mixed substrate: soil collected at IF
Goiano — Rio Verde Campus and in Rio Preto farm. Legend: H + Al — potential acidity, CTC —
effective cation exchange capacity; V — base saturation, P-rem — remaining phosphorus, O.M

- organic matter, cmolc — centimole of charge, dag — decagramme

Assessment and trial design

Cagaita seedlings were collected at 216 days
after sowing. The stem diameter (cm) was
measured with the aid of a digital caliper. The
fresh and dry weight of shoots and roots (g)
(Guimarées et al., 2002) and the root volume
(ml plant?®) (Simdes et al., 2013) were
determined. Besides, the content of
phosphorus (P) available in the substrates (mg
dm?®) before and after the implantation of the
experiment were quantified (Embrapa, 1979).
Also, the nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg),
sulfur (S), sodium (Na), copper (Cu), iron (Fe),
manganese (Mn), zinc (Zn), cobalt (Co),
molybdenum (Mo), and boron (B) content in
the leaves were determined by the SOLOCRIA
— Laboratdério Agrocpecuério.

The symbiotic efficiency was calculated
according to the formula: Symbiotic efficiency
= [(weight of dry shoot of the inoculated plant
- weight of dry shoot of the control)/ weight
of dry shoot of the inoculated plant] x 100
(Plenchette et al., 1983).

The experiment had a completely randomized
design, using a 4 x 2 factorial scheme, with
four inoculation treatments (PSM, AMF, PSM
+ AMF, and Control — absence of inoculation)
and two substrates (pure soil with sandy

texture and mixed substrate with clay loam
texture). Each treatment had 50 repetitions.
The numeric data were evaluated
statistically, using analysis of variance,
grouping the means by the Scott-Knott test
(at 5% of probability), and using the SISVAR
software (Ferreira, 2011).

RESULTS

There was no effect in the interaction of the
two factors, substrates x inoculation, for any
of the growth variables, neither for the
symbiotic efficiency and available P.

The inoculation factor had no influence in stem
diameter, or fresh and dry shoot and root
weight. On the other hand, for the root volume,
it was observed an effect of substrates and
inoculation factors, individually (p>0.05).

The pure substrate conferred better
performance of plant growth parameters. In
this substrate, cagaita seedlings had higher
stem diameter, shoot fresh and dry weight,
root volume and root dry weight (Figure 1,
Figure 2).

Comparing the inoculation treatments, the
higher root volume of cagaita seedlings
was obtained with the inoculation of PSM
(Figure 3).
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Figure 1. Shoot weight and stem diameter of cagaita (Eugenia dysenterica) seedlings cultivated
in two substrates. Averages followed by the same letter between substrates do not differ
among themselves by the Scott-Knott test (5%).
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Figure 2. Root volume and root dry weight of cagaita (Eugenia dysenterica) seedlings cultivated
in two substrates. Averages followed by the same letter between substrates do not differ
among themselves by the Scott-Knott test (5%).
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However, inoculations of PSM, AMF, and PSM
+ AMF had negative symbiotic efficiency
(Table 2), which means that the inoculation
did not affect the shoot weight.

It was observed that the P content was higher
in pure substrate before the implantation of
the experiment. On the other hand, at the
end of the experiment, the mixed substrates
presented higher P content (Table 3).

In the leaf analysis, for the nutrients
potassium (K), zinc (Zn), and molybdenum
(Mo), there was an interaction of the factors:
substrate x inoculation treatments.

Using the pure substrate, the highest
potassium value in leaves was observed for
the control, without significantly differences
with AMF+PSM. On the other hand, seedlings
inoculated with PSM had a greater zinc
content in the leaves. The treatments
inoculated with AMF and PSM independently

3 q

= Fa
= Ln s Ln
1 1 1 1

Root volume {ml plant-1}
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Ln
1
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and co-inoculated obtained the greatest
molybdenum content. In the case of the mixed
substrate the content of Zn and Mo in leaves
was similar in all treatments. K content as in
pure substrate decreased with the inoculation
of AMF and PSM (Table 4).

In the seedlings inoculated with AMF, there
was not differences in absorption regardless
of the substrate used. The inoculation of PSM
enabled greater K content in the mixed
substrate and Zn in the pure substrate,
whereas for Mo there was no difference
observed. The co-inoculation enabled greater
K content in the mixture substrate, and
there was no difference for Zn and Mo. In
the control treatment, there was no
difference for the K and Zn content between
substrates, whereas greater Mo content was
obtained using the mixed substrate (Table
4). There was no difference observed for
nitrogen (N), phosphorus (P), sulfur (S), and
sodium (Na).

B
I B

A
. I B
0 I
P5M AMF

Treatment

PSM+AMF Contral

Figure 3. Root volume of cagaita (Eugenia dysenterica) seedlings inoculated with the arbuscular
mycorrhizal fungi (AMF) Claroideoglomus etunicatum and phosphate solubilizing microorganisms
(PSM). Averages followed by the same capital letter do not differ among themselves by the

Scott-Knott test (5%).

Table 2. Symbiotic efficiency of Claroideoglomus etunicatum and phosphate solubilizing
microorganisms inoculated in cagaita (Eugenia dysenterica) seedlings cultivated in different

substrates.

Symbiotic efficiency

Treatments Pure Mixture of
substrate substrate
PSM -6.72 -3.25
AMF -1.42 -4.10
PSM + AMF -2.88 -2.42




Biotecnologia Vegetal Vol. 21, No. 1, 2021 68

Table 3. Phosphorus (P) content in two substrates inoculated with Claroideoglomus etunicatum
and phosphate solubilizing microorganisms and cultivated with cagaita (Eugenia dysenterica)
seedlings.

Type of substrate P before (mg dm?®) P after (mg dm?®)
Pure 2.8 0.13
Mixture 0.4 3.75

Table 4. Leaf content of potassium (K), zinc (Zn), and molybdenum (Mo) of cagaita (Eugenia
dysenterica) seedlings cultivated in different substrates and inoculated with Claroideoglomus
etunicatum (AMF) and phosphate solubilizing microorganisms (PSM).

Pure Substrate Mixed Substrate

Inoculation mg g mg g
treatments

K Zn Mo K Zn Mo
AMF 2.87 Ba 11.00 Ba 0.81 Aa 3.15Ca 13.50Aa 0.72 Aa
PSM 2.60 Bb 27.50 Aa 0.77 Aa 3.50 BCa 12.25Ab 0.69 Aa
AMF + PSM 3.00 ABb 14.25Ba 0.71 ABa 4.00 Aa 14.00 Aa 0.71 Aa
Control 3.37 Aa 13.75Ba 0.63 Bb 3.70 ABa 13.75Aa 0.80 Aa
VC (%) = 7.54 21.98 8.49 7.54 21.98 8.49

Averages followed by the same letter, upper case in column comparing inoculation treatment,
and lowercase in the row comparing substrates, do not differ among themselves by the
Scott-Knott test (p>0.05). VC (%) = Variation Coefficient

For the nutrients magnesium (Mg), copper It might has contributed to the better
(Cu), manganese (Mn), cobalt (Co), and boron performance of the pure substrate, as well
(B) there was only influence from the differences in physical composition. The sandy
substrates (p>0.05). The cagaita seedlings texture of the pure substrate could facilitate
cultivated in mixed substrate accumulated initial root development because of its low
greater leaf content of Mg, B, and Co. The penetration resistance enabling higher growth
pure substrate enabled greater accumulation of seedlings. Substrates with good porous
of Cu and Mn (Table 5). space can affect water drainage and aeration
balance, allowing higher growth of the root
Iron (Fe) and magnesium (Mg) content of system along with a good nutrient availability
leaves were affected only by the inoculation (Sobrinho et al., 2010). Guimaraes et al.
treatments. The highest leaf content of Fe (2011) and Alves et al. (2017) also reported
occurred when the seedlings were inoculated the benefits of substrate with sand on the
with AMF and PSM similar to the control growth of seedlings of different tree species.
treatment. The magnesium content of leaves
was lower in the treatment inoculated with Related with that, Souza et al. (2001),

PSM (Table 6). obtained the higher shoot fresh and dry
weight, and root volume of cagaita seedlings,
DISCUSSION when these were cultivated in substrate

composed by soil + forest compost +
The two substrates had effect on the growth vermiculite. Other authors such as Nietsche
variables, with better performance in the pure et al. (2004) reported that cultivation of
one. Both substrates contained the same cagaita in substrates containing soil + sand

amount of organic matter (OM) (1.8 dag kg™). and soil + sand + manure resulted in higher
But, others chemical characteristics (Table 1) averages compared to the commercial
revealed that the nutrients potassium (K), substrate Plugmix®. Carambola (Averrhoa
zinc (Zn), manganese (Mn), calcium (Ca), carambola) seedlings had higher growth in

magnesium (Mg), and the effective CEC in soil + sand (Bastos et al., 2007), which
pure soil are higher than in mixed substrate. indicated that production of seedlings in low
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Table 5. Leaf content of magnesium (Mg), copper (Cu), manganese (Mn), cobalt (Co), and
boron (B) of cagaita (Eugenia dysenterica) seedlings cultivated in different substrates and
inoculated with Claroideoglomus etunicatum and PSM.

Content (mg g™?)

Substrates
Mg Cu Mn Co B
Pure substrates 3.80B 8.00 A 288.50 A 0.17B 49.00B
Mixture of substrate 4.89 A 5.12 B 249.19B 0.21 A 70.62 A
VC (%) = 15.39 31.95 12.69 11.29 25.26

Averages followed by the same letter, upper case in column comparing substrates, for each
nutrient, do not differ among themselves by the Scott-Knott test (p=>0.05). VC (%) = Variation
coefficient. PSM Phosphate solubilizing microorganism

Table 6. Iron (Fe) and magnesium (Mg) content obtained from cagaita seedlings cultivated in
different substrates and inoculated with Claroideoglomus etunicatum and PSM.

Treatments

Content (mg g™?)

Fe Mg
AMF 249.25 B 451 A
PSM 251.50 B 3.45B
AMF + PSM 313.37 A 4.71 A
Control 325.50 A 4.70 A
VC (%) = 22.28 15.39

Averages followed by the same letter, upper case in column comparing inoculation treatments,
for each nutrient, do not differ among themselves by the Scott-Knott test (5%). VC (%) =
Variation coefficient. PSM Phosphate solubilizing microorganism

investment substrates, considering the
resistance to penetration, is satisfactory,
supporting the results obtained in the present
study conducted in pure soil with sandy
texture (Table 1).

In the present work, Claroideoglomus
etunicatum showed low symbiotic efficiency,
that is, the fungus—plant—soil relation was not
the best. In contrast, Santos et al. (2008)
studied pioneering species such as Brazilian
aroeira (Schinus terebenthifolius) and
Jamaican nettletree (Trema micrantha) and
two secondary species, the Brazilian agoita-
cavalo (Luehea grandiflora) and sesbania
(Sesbania virgata), inoculated with different
AMF, and concluded that none of the fungi
isolated from the bauxite mining area was
more efficient than C. etunicatum.

In contrast to the results obtained in this
study, some authors reported the increase of
nutrients N, P, and K in the leaves when
seedlings of peach tree ‘Okinawa’ (Prunus
persica (L.) Batsch), blueberry (Vaccinium

spp.), and genipa (Genipa americanal.) were
inoculated with C. etunicatum. This is in
addition to the increase of Cu and Mn content
of leaves in seedlings of genipa (Nunes et al.,
2008; 2011; Soares et al., 2012; Farias et al.,
2014). According to Pouyu-Rojas et al. (2006),
the AMF have low specificity in colonization
when compared to other symbiotic relations
between plants and microorganisms.

Furthermore, the success of mycorrhizal
inoculation depends on the fungus—plant—soil
relations. The AMF species act differently
depending on the host plants and soil
conditions. Fruit plants inoculated with AMF
may be favored by the symbiotic association,
as long as the fungi species that is compatible
with the plant has been inoculated. On the
other hand, compatibility between species of
AMF and plants is decisive for the beginning
of the infection process and colonization of
roots (Nunes et al., 2011; Torres et al., 2018).

None of the substrates used in this research
were sterilized. So, the native microorganisms,
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including AMF and PSM, could be present in
the original soils, that were collect near to
the surface layer, where there are greater
presence of microorganisms, and it could bias
the inoculation effect in this case.

The PSM provide increased P supply to the
plants by solubilizing unavailable forms of this
nutrient (Zaidi and Khan, 2007; Magallon-
Servin et al., 2020). Nevertheless, some
factors can affect its growth, such as type
of soil, plant species, and age of plant (Barroti
et al., 2000). Certain combinations of soil and
plants allow a better number of PSM and/or
greater values of soluble P in a liquid
environment (Souchie and Abboud, 2007;
Magallon-Servin et al., 2020; Mehta et al.,
2019).

The higher bioavailability of P through
microorganisms have occurred in the mixed
substrate (Table 3), however, it was not
possible to observe the influence of this
bioavailability in the improvement of the plant
growth parameters or even in P leaves
content. Nevertheless, the plants were
removed from the soil at 216 days and,
perhaps, if they had remained for a longer
period in the system (substrate), the plant
would have benefited through the absorption
of this nutrient.

The low availability of other elements such
as potassium (K), zinc (Zn), manganese (Mn),
calcium (Ca), and magnesium (Mg), in addition
to the low effective CEC and base saturation
in the mixed substrates, may also have
affected the low efficiency of this substrate
in the growth of cagaita seedlings, compared
to the pure substrate (Table 1).

The reduction of P in the pure substrate, on
the other hand, may have occurred through
the absorption of this nutrient by the plants,
since in this substrate cagaita seedlings
obtained greater root volume, enabling greater
area of absorption of these in the soil and
that of nutrients such as P, which is poorly
mobile. The reduction of P in the pure
substrate may also have occurred through
the complexation with iron (Fe), present at a
high concentration (476.7 mg dm-3), calcium
(Ca), and magnesium (Mg) in this substrate
(Table 1). The balanced level of the majority
of nutrients in this substrate may have
disguised the effect of low availability of P.
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Despite the values of symbiotic efficiency
being negative, when inoculating the cagaita
seedlings with PSM, higher root volume and
Zn content were obtained. A greater Fe
content in leaves was achieved with the co-
inoculation AMF + PSM. The inoculation of
AMF and AMF + PSM enabled greater Mg
content, whereas higher K content was
obtained with the co-inoculation using the
mixed substrate. Moreover, the cultivation of
seedlings in pure substrate inoculated with
AMF and PSM enabled higher Mo content in
leaves. For the Brasilian savannas species is
important to know that some microorganisms
can improve the capacity of absorption,
because the soil is chemically poor and it can
facilitate the seedlings survive and
development.

CONCLUSIONS

The soil (typic quartzipsamment), the sandy
pure substrate, is more adequate for the
formation of cagaita seedlings. The co-
inoculation AMF + PSM enabled greater Fe,
Mg, and K content of leaves.
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