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Abstract
Fertilizer application can enhance the nutritional value of plants, such effects being influenced by the presence of arbuscular
mycorrhizal fungi (AMF). Nutrients × AMF interactions are well-known for variety of elements but very little has been addressed on
biofortification of selenium (Se) in plants grown in tropical soils. The purpose of this study was to evaluate the effect of Se
application and AMF inoculation on growth and micronutrient contents on soybean plants as forage grass. The experiments were
-1
conducted in a completely randomized factorial design with five Se doses (0.0, 0.5, 1.0, 2.0 and 3.0 mg kg for soybean plants, and
-1
0.0, 0.5, 1.0, 3.0 and 6.0 mg kg for forage plants), with and without AMF inoculation in three replicates. The results showed that
soil Se had only slight effect on soybean growth but it caused a two-fold increase on grain yield. However, the growth of forage
grass was enhanced by Se application when AMF was present. The AMF inoculation reduced benefit for soybean growth and yield
but marked positive effect on forage grass at high doses of Se. Selenium contents in both plants were increased by its application in
soil, being such effect proportional to soil applied doses. Selenium application and AMF inoculation had marked effects on
micronutrients contents in both soybean plants and forage grass and they may contribute to Se and micronutrient biofortification.
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Introduction
Selenium (Se) is an essential trace element for human and
animal nutrition, and ingestion of Se enriched food and feed
has relevant health benefits (Rayman 2012). One way to
increase Se nutrition is through biofortification of foods, and
the fact that the role of Se in plant growth is not clearly
defined (Germ et al., 2007; Reis et al., 2018), and it
represent a challenge for Se enrichment of plant material.
Certain lower plants, such as algae, require Se for normal
growth and reproduction, but yet this element is not known
to be essential for the growth and development of higher
plants (Natasha et al., 2018).
Se deficiency in human and animals occurs in many places
around the world, and this seems to be due to low Se
content in soils. The agricultural intervention that enhances
the Se levels in edible parts of crop plants has been defined
as biofortification (Garg et al., 2018), and this can be used as
fortification and as supplementary strategy to enhance
human and animal nutrition (Reis et al., 2009; Ebert and
Jacob, 2007). There are many studies focused on the Se
biofortification in different crops (Ramos et al., 2012;
Ekanayake et al., 2015; Malagoni et al., 2015; Reis et al.,
2018), but few of them has been carried out to investigate
the influence of arbuscular mycorrhizal fungi (AMF) on the

uptake of this element by plants (Durán et al., 2013;
Goicoechea et al., 2015). This aspect has been over looked in
tropical soils and crops, where AMF has strong effect on
plant growth and nutrition. The AMF colonize the roots of
about 80% of all know plant species establishing a mutual
relationship to plant host and the associated fungus (SosaHernández et al., 2018). In addition, to enhance plant
growth, this symbiosis can improve the nutritional quality of
plants by increasing concentration of mineral nutrients in
plant tissue and grains (Lehmann et al., 2014). However,
findings concerning these effects on Se are not consistent
and they are usually dependent on the plant species and soil
conditions. The presence of AMF can reduce the Se
accumulation in plants (Munier-Lamy et al., 2007; Yu et al.,
2011), increase the Se content (Larsen et al., 2006) or even
has no effects (Patharajan and Raaman, 2012). Considering
the high interest in Se biofortification in edible plants and
the potential effect of AMF on nutrient uptake by plants, this
study was developed to evaluate the effect of AMF
inoculation and Se application on plant growth, Se and
micronutrients contents in plants of soybean and forage
grass.
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Results and Discussion

grass, Se concentration in roots and shoots responded
positively with increasing doses of Se and was much higher
in roots than in shoots. This indicates high capacity of this
grass to uptake Se from soil, but a rather low capacity to
translocate this element to shoots. AMF contributed
significantly to increase Se in shoots only at doses of 1.0 mg
-1
kg . Therefore, the presence of AMF in the soil can
enhances the nutrition value of brachiaria grass, when this
element is supplied to soil at adequate level. Yu et al. (2011)
observed that Se application with AMF inoculation in
Chinese soil promoted reduction of Se in roots and shoots of
alfalfa, maize, and soybean. Munier-Lamy et al. (2007) who
studied the effect of mycorrhizal colonization on Se transfer
and mobility in soil-plant system in a French soil, also found
that mycorrhizal inoculation reduced the Se content in
ryegrass.
In the present study, we used two important crop species,
soybean has hundreds of uses from industrial products like
crayons to food products and animal feeds (Johnson and
Myers, 1995), while forage grass is an important source of
livestock feed and contribute up to hundred percent of
livestock daily diets in many countries. Brachiaria is one of
the most important tropical forages supporting millions of
livestock around the world (Boval and Dixon, 2012). Arthur
(1972) reported that grains, cereals and forages are not
reliable sources of Se since the amount found in such foods
is highly dependent upon its content in most soils where the
plants were grown. The Se content of a variety of soybean-1
based foods and forage grasses are below 0.1 mg kg
(Ferretti and Levander, 1976; Lebdosoekojo et al., 1980;
Cuesta et al., 1993). Cardoso et al. (1997) who studied the
nutritional content of twenty-four samples of brachiaria
grass, found that grass Se concentrations were, respectively,
-1
0.14 and 0.15 mg kg for dry and wet seasons in the Amazon
region, Brazil. Se requirement of most of the animals studied
-1
fall in the range of 0.05 to 1.25 mg kg in the dry feed (Hafla,
2015). In the present study, we report the Se concentration
and AMF inoculation enhance Se concentration in soybean
and brachiaria grass, and such contents were in the range of
adequate for soybean, but reached an excess in forage grass
-1
at doses higher 1.0 mg kg .

Effect of Se on mycorrhizal colonization
In the present study, no mycorrhizal colonization was
observed in roots of uninoculated plants. For both plants,
the roots of inoculated plants were extensively colonized
(average of 77 and 76% for soybean and grass, respectively),
and were not affected be Se application.
Effect of Se and AMF on growth of soybean and brachiaria
grass
Depending on the Se doses and AMF inoculation, different
responses of the soybean plants and brachiaria grass in
terms of growth were observed (P < 0.05; Fig. 1 and 2). It
was observed only slight effects on growth of soybean
plants, but Se application increase its uptake by roots,
translocation to shoots and grains of soybean. At high
concentration, Se inhibits plant growth given this element is
chemically similar to sulfur and shares sulfur uptake and
assimilation pathways. Beneficial effect of Se on lentil yield
has been reported by Ekanayake et al. (2015), and this effect
was showed mainly at low Se doses. As knew, the selenate
assimilated by the plants uses the same enzymes involved in
sulfate reduction, which are amino acid precursors and
consequently of proteins, mainly in legumes plants that have
high protein content, in that case its suppose the increases
of grain yield is attributed to the great sodium assimilation
by soybean plants (Thavarajah et al., 2015; Sors et al., 2005).
The effects of AMF were quite evident and significant in
shoot dry weight, but negligible for the others variables of
soybean plants.
In brachiaria grass, there was a clear effect of AMF
inoculation, especially at higher doses of Se. In presence of
AMF plant growth response linearly to increasing doses of
Se, whereas in the absence of this factor there was only a
slight effect on dry weight of both roots and shoots (Fig. 2).
Shoot dry weight of non-AMF plants was reduced at high Se
doses. In other study with the same grass species, but
without AMF inoculation, Ramos et al. (2012) showed that at
-1
6 mg kg of Se applied to soil the shoot yield was reduced by
more than 20% compared to the absence of application.

Effect of Se and AMF on micronutrient levels

Effects of Se and AMF on Se concentration in plants of
soybean and brachiaria grass

Contents of other micronutrients in soybean grains and grass
shoots were generally not much affected by Se application,
but were affected in a marked way by AMF inoculation P <
0.05 of significance (Fig. 3). For all nutrients studied (Cu, Fe,
Mn, and Zn) AMF enhanced their contents in both grain and
forage, therefore indicating the benefits of AMF symbiosis to
food and feed nutritional quality. Such effects of AMF have
been widely reported, especially for those nutrients with
reduced mobility in soil (Faber et al., 1990; Kothari et al.,
1990). Mycorrhizal plants could take up more metal
nutrients via extraradical hyphae, which provide larger
surface areas than the roots alone and reduce the distance
for diffusion, thereby enhancing the absorption of immobile
metal nutrients (Jakobsen et al., 1992). Previous studies
without AMF inoculation found a decrease level of

Biofortification studies with Se and AMF are rare in fact. Our
results showed, that at higher Se doses, the presence of
AMF tended to favor the higher Se content in soybean plants
(Fig. 1), while for forage grass the opposite was observed,
-1
especially at 6 mg kg of Se (Fig. 2) (P < 0.05 of significance).
Increase of Se concentration in soybean parts including
-1
grains were related to the doses applied up to 3.0 mg kg ,
with positive effects on grains yields were marked with the
-1
first doses of Se (0.5 mg kg ), meaning an enhanced of
almost a hundred percent on grain production, but no
additional effects in higher doses, in contrast to what was
observed for Se uptake and accumulation. The Se content in
grains was increased by more than two-fold, as compared to
-1
non-Se treatment, reaching 0.25 mg kg . For brachiaria
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Fig 1. Grain (A), shoot (B) and root (C) dry matter yield, and concentration of Se in grain (D), shoot (E) and root (F) in soybean plants
treated with doses of Se, and with and without mycorrhiza application.

Fig 2. Shoot (A) and root (B) dry matter yield, and concentration of Se in shoot (C) and root (D) in grasses plants tr eated with doses
of Se, and with and without mycorrhiza application.
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Fig 3. Concentrations of Cu, Fe, Mn, and Zn in soybean grain (A, C, E, G) and in grass shoots (B, D, F, H) treated with doses of Se, and
with and without mycorrhiza application.
(Urochloa decumbens). The experimental design was
Micronutrients, when Se was applied in rice and forage grass
randomized in a 5 × 2 × 3 factorial scheme, for both soybean
(Boldrin et al., 2012; Ramos et al., 2012).
and forage grass. The treatments consisted of five doses of
Se, with and without AMF inoculation, and three
Materials and Methods
replications. The Se doses for soybean experiment were 0.0;
-1
0.5; 1.0; 2.0 and 3.0 mg kg , while for forage grass were
-1
Experimental design and plant cultivation
applied 0.0; 0.5; 1.0; 3.0 and 6.0 mg kg , as previously
studied by Yu et al. (2011) and Ramos et al. (2012),
The experiments were carried out in greenhouse at the Soil
respectively. Sodium selenate purchased from SigmaScience Department of the Federal University of Lavras,
Aldrich-Saint Louis-USA was used in this study and applied
Brazil. Soil samples were taken from the 0-20 cm layer of an
into the soil as a solution, before sowing. The soils were
Oxisol with low Se level from the ‘Cerrado’ region, since it's
sterilized in autoclave for two consecutive days at 120° C for
the most abundant Brazilian soil. After air drying, the soil
one hour. After autoclaving, the soil was stored for 15 days
was sieved through a 2mm mesh to perform physical and
for chemical stabilization, and then placed in pots of 5 kg
chemical analyses as stated by Embrapa (1997). The
capacity. In order to increase base saturation to 50%, all soils
chemical characteristics and physical results were: pH
were incubated with limestone for 30 days. Before sowing
-3
(water) = 4.9; H+Al (SMP extractor) = 3.20 cmolc dm ; Al (KCl
the crops, pots with AMF treatment were inoculated with
-3
-3
extractor, 1 mol dm ) = 0.6 cmolc dm ; Ca (KCl extractor, 1
Acaulospora morrowiae (UFLA 469) and Claroideoglomus
-3
-3
-3
mol dm ) = 0.1 cmolc dm ; Mg (KCl extractor, 1 mol dm ) =
etunicatum (UFLA 217), these AMFs genre were chosen due
-3
-3
0.1 cmolc dm ; K (Mehlich 1) = 48.0 mg dm ; Na (Mehlich 1)
its efficiency of colonization with both plants species
-3
-3
= 0.0 mg dm ; P (Mehlich 1) = 0.8 mg dm ; OM = 1.40 g dm
(Bressan et al., 2001; Silva et al., 2006). The inoculated
3
-3
-3
-3
; sand = 73 g dm ; silt = 2.0 g dm and clay = 25.0 g dm ,
treatments received 50 dm³ of soil-inoculum placed under
-3
Se= 0.06 mg dm .
the seeds at the sowing time, supplying about 1000 spores in
Two experiments were carried out using two crops, being
each pot. The non-inoculated soil received 50 dm³ of
soybean (Glycine max (L.) Merr.) and brachiaria grass
filtrated soil inoculum without mycorrhizal propagules. Each
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crop received macronutrient fertilizer containing 100 mg N,
50 mg P, 100 mg K, and 40 mg S per kg of soil. Micronutrient
application consisted of 3.6 mg Mn, 1.5 mg Cu, 5 mg Zn, 0.8
mg B and 0.15 mg Mo per kg of soil. In addition, for covering
fertilizer of crops, 150 mg N and K per kg of soil was applied,
splitted into three applications. While the experiment was
being conducted, daily weighing of the pot-soil-plant set,
replacing the lost volume with distilled water, rigorously
controlled the soil moisture.
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