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ABSTRACT: The objective of this study was to evaluate the effects of inoculation with different arbuscular mycorrhizal fungi native to
Cerrado, associated with the application of colonization stimulant (7-hydroxy, 4 -methoxy-isoflavone) at the initial growth of cotton and
maize plants in a greenhouse. The experiment was carried out in a completely randomized design and 7x2 factorial scheme, with five species
of arbuscular mycorrhizal fungi and combined inoculation (uniting all species in equal proportion) and native fungi, in the presence and
absence of colonization stimulant in maize and cotton crops. Shoots dry matter (SDM), roots dry matter (RDM), mycorrhizal colonization and
accumulation of calcium, zinc and phosphorus in the SDM were evaluated at flowering. Inoculation of arbuscular mycorrhizal fungi and the
use of colonization stimulant at low density of arbuscular mycorrhizal fungi propagules was beneficial to plant development. Inoculation with
mycorrhizal fungi demonstrated different effects for the various parameters evaluated in cotton and maize, and the application of colonization
stimulant promoted higher mycorrhizal colonization and initial growth in cotton, when associated with native AMF, and in corn, when
associated with inoculation with Dentiscutata heterogama, Gigaspora margarita and Rhizophagus clarus.
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Fungos micorrizicos arbusculares e estimulante da coloniza¢ido na cultura
do algodoeiro e do milho

RESUMO: O objetivo deste estudo foi avaliar os efeitos da inoculagdo com diferentes fungos micorrizicos arbusculares nativos do Cerrado,
associados a aplicagdo de estimulante de colonizagdo (7-hidroxi, 4 -metoxi-isoflavona) no crescimento inicial de plantas de algodao e milho
em casa de vegetagdo. O experimento foi conduzido em delineamento inteiramente casualizado e esquema fatorial 7x2, com cinco espécies
de fungos micorrizicos arbusculares e inoculagdo combinada (unindo todas as espécies em propor¢do igual) e fungos nativos, na presenga e
auséncia de estimulante de colonizagdo em culturas de milho e algodao. Avaliou-se a massa de matéria seca (SDM), matéria seca de raizes
(RDM), colonizag¢do micorrizica e acumulo de cdlcio, zinco e fosforo na SDM. A inoculagdo com fungos micorrizicos arbusculares e o uso de
estimulante de colonizag¢do em baixa densidade de propagulos de fungos micorrizicos arbusculares foi benéfico para o desenvolvimento da planta.
A inoculagao com fungos micorrizicos mostrou efeitos diferentes para os varios parametros avaliados no algoddo e no milho, e a aplicagdo de
estimulante de colonizagdo promoveu maior colonizagdo micorrizica e crescimento inicial no algoddo quando associado a fungos micorrizicos
arbusculares nativa e no milho quando associado a inoculagdo com Dentiscutata heterogama, Gigaspora margarita e Rhizophagus clarus.
Palavras-chave: Zea mays, Gossypium hirsutum L., Formononetina, Micorriza.

INTRODUCTION AMF can exploit a large volume of soil, even outside

the root system influence zone, by using their hyphae

Several research programs have studied network, allowing greater absorption of water and

soil biological resources in order to increase the nutrients, especially those of low soil mobility, such
efficiency of fertilizers and the sustainability as phosphorus (MOREIRA & SIQUEIRA, 2006).

of agroecosystems. Among these resources, the For the soils of the Cerrado biome,

arbuscular mycorrhizal fungi (AMF), which are which are of low natural fertility, the mycorrhizal

obligate symbionts belonging to the phylum association may increase grain, fiber, and energy

_ Glomeromycota (SCHUBLER et al., 2001), stand out yield (ASSIS et al., 2014). Cotton and maize crops

+  for colonizing the roots of most terrestrial plants. The stood out for demanding high amounts of fertilizers,
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mainly phosphates, and for being responsive to AMF
(THOMPSON et al., 2012). In this sense, the adoption
of strategies that maximize natural resources, such as
phosphate fertilizers, by using mycorrhizal fungi, can
reduce costs and increase yield (DAVIES et al., 2005).

Despite the recognized importance,
AMF have not been yet multiplied in large scale
in laboratories, due to the condition of obligate
symbionts, which hinders their biotechnological use
(CORDEIRO et al. 2015). Discovery of chemical
substances capable of acting as biochemical signals,
and as mycorrhizal colonization biostimulant,
such as the isoflavone formononetin (NAIR et al.,
1991; SIQUEIRA et al., 1991), are alternatives to
maximize the benefits of native AMF in nutritional
improvement of cultivated plants, and reduction of
biotic and abiotic stresses.

Several laboratory studies have confirmed
the beneficial effects of the application of colonization
stimulant (NOVAIS & SIQUEIRA, 2009). In a field
study in the Cerrado region of the state of Goias,
CORDEIRO et al. (2015) demonstrated that the
application of colonization stimulant (formononetin)
via soybean seed increased mycorrhizal root
colonization, number of nodules and soybean
yield, and also reduced the negative effects of the
Carbendazim + Thiram fungicides, showing the
potential of this substance.

The importance of diversity and the
symbiotic and infective potential of native AMF
in Brazilian ecosystems are not widely known, and
the use of chemical compounds that stimulate these
fungi to promote plant growth can be a strategy to
increase fertilizer use efficiency, mainly phosphate,
and crop yield.

Therefore, the objective of this study was
to evaluate the effects of inoculation with different
arbuscular mycorrhizal fungi native to Cerrado
associated with the application of colonization stimulant
(7-hydroxy, 4’-methoxy isoflavone) at the initial growth
of cotton and maize plants in a greenhouse.

MATERIALS AND METHODS

The experiment was carried out in the
greenhouse, in a completely randomized design, in a
7x2 factorial scheme, with 5 AMF species, combined
inoculation (uniting all species in equal proportion),
and native fungi (without inoculation) in the presence
or absence of colonization stimulant, in 5 replications.

AMFs spores were collected in soils of
the Cerrado biome (17°56°35” S; 51°43°38”W, at
672 m asl, Southwest region of Goids). Spores were

isolated and identified as Acaulospora scrobiculata,
Claroideoglomus etunicatum, Dentiscutata
heterogama, Gigaspora margarita and Rhizophagus
clarus. Each species was multiplied for eight months
in a culture pot using Urochloa brizantha (Hochst. ex
A. Rich.) R.D. Webster as host plant.

The soil was classified as Dystrophic Red
Latosol, collected on the subsurface layer (at 60 to
80cm depth), corrected with dolomitic limestone,
incubated for 30 days. Afterwards, it was chemically
and physically characterized, as follows: pH (H,0)
= 6.3, K= 12mg dm*; P (Mehlichl) = 0.01lmg dm; Ca
=2.10cmol_dm?; Mg = 0,50cmol dm™; Al=0.01cmol
dm; H+Al = 1.86cmol dm?; clay = 690g kg'; silt =
140g kg!, and sand = 170g kg'. Density of native
AMF spores in the soil was determined by wet
sieving (GERDEMANN & NICOLSON, 1963)
and 5 unidentified AMF spores per 50 dm™ of soil
were reported.

Fertilization was carried out considering
only 50% of the recommended phosphate fertilization,
by applying 125, 100, 80 and 80, 120 and 60kg ha'' of
N, P205, and K, O, respectively, and 2; 10; 0.01; 0.03;
1 and 0.02kg ha' zinc, magnesium, boron, copper,
manganese and molybdenum, respectively, to both
crops (SOUSA & LOBATO, 2004). Urea was used as
nitrogen source.

Seeds of the cultivar ‘FMT 701’
(Gossypium  hirsutum) were used for cotton, and
seeds of the single hybrid 30S31 were used for maize
(Zea mays). Seeds were sterilized for 30 seconds in
alcohol, two minutes in 2% sodium hypochlorite,
and subsequently rinsed in sterile water. After
disinfestation, seeds were subjected to the proposed
treatments. The colonization stimulant (Formononetin
= 7-hydroxy, 4’-methoxy-isoflavone) was applied to
the seed considering 2.8g kg™ of maize seed and 0.9g
kg! of cotton seed.

Sowing was carried out on August 19,
2013, and three seeds were sown in 3kg pot. On
top of each seed, ImL of solution containing 100
spores of arbuscular mycorrhizal fungi (AMF) was
inoculated with the aid of a pipette. For inoculation,
100 spores per ImL of each AMF were studied. In
the combined Inoculation, 100 spores per Iml of
a mixture were added, in the same proportion of
all studied AMFs. One mL of the solution without
spores was added to the control treatment. Each pot
consisted of two plants for cotton and one plant for
maize. Humidity was maintained at 60% of the total
pore volume by periodic weighing.

The study was carried out until the
flowering stage of each crop, corresponding to 45 and
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50 days for cotton and maize, respectively. Shoots
and roots were collected, washed in distilled water,
stored in paper bags, and allowed to dry in forced
air circulation oven at 60°C, for 72 hours, in order
to obtain shoots dry matter (SDM) and roots dry
matter (RDM). SDM was ground in a Wiley mill for
the determination of calcium, zinc and phosphorus,
according to MALAVOLTA et al. (1997). One gram
of fresh roots was collected, clarified with KOH,
and stained with methyl blue (KOSKE & GEMMA,
1989) for the evaluation of mycorrhizal colonization
(GIOVANNETTI & MOSSE, 1980).

The experimental data were subjected
to individual analysis, and subsequently, to
joint analysis of variance, under conditions of
homogeneity of the residual variances, using the
F test. Only the mycorrhizal colonization was
transformed by the equation (x + 0.5)*. The Scott-
Knott test was applied at 5% for means comparison,
using the SISVAR software.

RESULTS AND DISCUSSION

All inoculated arbuscular mycorrhizal
fungi (AMF) promoted higher colonization than native
AMF (Figure 1). For cotton, the highest mycorrhizal
colonization was observed in the combined inoculation
and Rhizophagus clarus. For maize, the highest
colonization occurred with Dentiscutata heterogama,
in the presence of colonization stimulant, and in the
combined inoculation, regardless of the application of
mycorrhizal colonization stimulant.

The wuse of colonization stimulant
increased mycorrhizal colonization, except in
plants inoculated with Gigaspora margarita in
maize, and with D. heterogama and R. clarus in
cotton. Mycorrhizal colonization was observed
in the non-inoculated treatment (<8%) provided
by the native AMF, being greater in the presence
of mycorrhizal stimulant for both crops, which
corroborated the study of CORDEIRO et al.
(2015) in Cerrado soil.

In cotton, the fungi Acaulospora
scrobiculata, Claroideoglomus etunicatum, and
Gigaspora margarita and the combined inoculation
increased shoot dry matter (SDM) in the absence
of stimulant (Table 1). This difference of response
obtained with different fungi was also observed by
BADDA et al. (2015), and confirmed the importance
of a greater diversity of AMF in the soil. Although,
there is no specificity between AMF and host plant,
the efficiency in growth promotion varies according
to the fungus and to the host plant.

The application of colonization stimulant
increased 91% SDM in cotton plants with native AMF,
differing significantly (P<0.05) from the treatment
with no colonization stimulant (Table 1). This is,
despite the low mycorrhizal colonization, it was
sufficient and efficient in increasing SDM. Studies
have demonstrated higher effect of colonization
stimulant in soils with low spore density (DAVIES
et al., 2005; CORDEIRO et al., 2015), corroborating
the present results.

In corn, inoculation with C. etunicatum
provided higher SDM growth in relation to the
treatments without stimulant (Table 1). Application of
colonization stimulant promoted an increase in SDM of
117,44 and 22% when inoculated with D. heterogama,
G. margarita and R. clarus, respectively; and of 11%
in the treatment that contained only native AMF, in
relation to the absence of colonization stimulant.

For cotton, root dry matter (RDM) in the
absence of stimulant was positively influenced by
the inoculation with C. etunicatum, D. heterogama,
G. margarita and by the combined inoculation
(Table 1). When stimulant was applied, only the
combined inoculation and R. clarus increased 38
and 59%, respectively, in relation to native AMF.

A study carried out in Australia in
soil subjected to monoculture for several years
demonstrated the importance of native AMF for the
development and production of cotton (THOMPSON
et al., 2012). Considering that the root system of this
crop has little capacity to exploit the soil, when the
soil presents low density of viable spores of native
AMF, the application of colonization stimulant is a
strategy to promote greater absorption of water and
nutrients, and to increase the growth in cotton, as
observed in the present study.

In the absence of stimulant in the maize
crop, all the inoculated AMF significantly increased
RDM, except D. heterogama, which did not differ
from the native AMF (Table 1). When stimulant
was applied, only the inoculation with G. margarita
differed significantly from native AMF.

The application of stimulant in the
cotton associated with R. clarus, in the combined
inoculation, and in the native AMF increased RDM
by 59, 38 and 28% in relation to the absence of
stimulant of colonization. In maize, the effect was
higher, with increase of 243, 144, 32 and 74% in
the inoculation with D. heterogama, G. margarita,
R. clarus and in combined inoculation, and of 153%
in the treatment with native AMF.

The increase of RDM is a strategy for the
crops to withstand environmental stresses, especially
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Figure 1 - Mycorrhizal colonization of roots in cotton (a) and maize (b) subjected to inoculation with different mycorrhizal fungi in
the presence (WS) and absence (WOS) of colonization stimulant. As: Acaulospora scrobiculata; Ce: Claroideoglomus
etunicatum; Dh: Dentiscutata heterogama; Gm: Gigaspora margarita; Rc: Rhizophagus clarus; Cl: Combined
Inoculation and Cont: Control. Means followed by the same letter do not differ by the Scott-Knott test at 5%.

b) Maize

As

a) Cotton

Ce

Dh Gm Rc ClI Cont

Inoculation

Ciéncia Rural, v.47, n.6, 2017.

e
>,

Fedid o
o

-, =
]
gy

P

o,
s



Arbuscular mycorrhizal fungi and colonization stimulant in cotton and maize. 5

Table 1 - Shoot dry matter (SDM), root dry matter (RDM) of cotton and corn, without colonization stimulant (WOS) and with colonization

stimulant (WS).
WOS WS WOS WS

Cotton Maize
Acaulospora scrobiculata 3.05aA 2.83 aA 8.83 dA 9.02 dA
Claroideoglomus etunicatum 2.76 aA 2.81 aA 13.95 aA 11.07 cB
Dentiscutata heterogama 1.48 bA 1.97 bA 4.46 dB 9.67 dA
Gigaspora margarita 2.86 aA 2.72 aA 8.58 cB 12.41 bA
Rhizophagus clarus 1.97 bA 2.30 bA 10.42 cB 12.72 bA
Combined inoculation 3.17 aA 293 aA 11.51 cA 11.19 cA
Control 1.76 bB 336 aA 12.46 bB 13.89 aA

RDM (g)

Cotton Maize
Acaulospora scrobiculata 0.33 bA 0.38 cA 4.69 aA 5.72 bA
Claroideoglomus etunicatum 0.37 aA 0.39 cA 3.43 bA 4.67 bA
Dentiscutata heterogama 0.40 aA 0.41 cA 1.66 cB 5.70 bA
Gigaspora margarita 0.37 aA 0.37 cA 3.09 bB 7.57 aA
Rhizophagus clarus 0.32bB 0.51 bA 3.95aB 520 bA
Combined inoculation 0.45 aB 0.62 aA 2.95bB 5.09 bA
Control 0.29 bB 0.37 cA 1.85cB 4.69 bA

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ by the Scott-Knott test at 5%.
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water, which is very common in the Midwest region
of Brazil. In this sense, the association between
mycorrhizal colonization stimulant and inoculation
with AMF provided mean increases of 21% and
101% for cotton and maize, respectively. R. clarus
stood out in the cotton crop, with increase of 50%;
and D. heterogama and G. margarita stood out in the
maize crop, with increase greater than 100%.

This increase in the root system
promotes greater soil exploration by the plants,
and consequently, greater absorption of water
and nutrients, besides contributing to the
accumulation of carbon in the soil by means of
root decomposition and root death. In this sense,
the RDM estimates obtained in this study show that
native AMF would contribute with 387kg ha' RDM
in the cotton crop, and with 2,476kg ha' RDM in
the maize crop. Moreover, an increase of 107kg
ha! and 3,786kg ha! MSR in cotton and maize,
respectively, would only occur with stimulant
application, representing a significant increase in

The highest calcium accumulation in
SDM was observed in the absence of stimulant when
cotton plants were inoculated with G. margarita
and in combined inoculation, differing significantly
(P<0.05) from native AMF. However, when stimulant

was applied, the greatest accumulation was verified in
the treatment with native AMF (Table 2).

In maize, native AMF and the inoculation
with A. scrobiculata and C. etunicatum in the absence
of colonization stimulant provided higher calcium
accumulation in SDM. However, only R. clarus
significantly differed from the other treatments when
stimulant was applied.

In the cotton crop, in the absence of
stimulant, the inoculation with A. scrobiculata, C.
etunicatum, and G. margarita, and the combined
inoculation promoted higher accumulation of Zn in
SDM in relation to native AMF (Table 2). The same
was observed for the maize crop in the inoculation
with A. scrobiculata and R. clarus. In the presence
of stimulant, the treatments with native AMF, C.
etunicatum and G. margarita presented greater Zn
accumulation in cotton, and only the combined
inoculation did not increase Zn accumulation in maize.

Plants inoculated with D. heterogama
and R. clarus in cotton, and with A. scrobiculata

.“\‘ the roots; and consequently a contribution with and D. heterogama in maize did not present
N the accumulation of carbon in the soil. higher phosphorus accumulation in the absence of

colonization stimulant (Table 2). In the presence
of stimulant, no difference was observed for P
accumulation in cotton; in maize, native AMF
provided greater P accumulation in SDM. The
association between stimulant and inoculation with

Ciéncia Rural, v.47, n.6, 2017.
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Table 2 - Accumulation of calcium, zinc and phosphorus in the shoot of the cotton cultivar FMT 701, and of the maize single hybrid 30S31,

without colonization stimulant (WOS) and with colonization stimulant (WS) (formononetin).

WOS WS WOS WS

Fungi Calcium accumulation (mg pot™)

Cotton Maize
Acaulospora scrobiculata 26.1 bA 28.5bA 54.9 aA 45.7 bA
Claroideoglomus etunicatum 24 .8 bA 28.6 bA 61.2 aA 54.6 bA
Dentiscutata heterogama 17.3 bB 28.0 bA 229cB 51.8 bA
Gigaspora margarita 40.9 aA 32.3bA 48.1 bA 51.0 bA
Rhizophagus clarus 21.8 bA 26.8 bA 44.5bB 70.2 aA
Combined inoculation 38.4 aA 32.0 bA 44.4 bA 46.3 bA
Control 243 bB 40.7 aA 63.1 aA 41.6 bB

Zinc accumulation (pg pot™)

Cotton Maize
Acaulospora scrobiculata 57.3 aA 60.7 bA 86.1 bB 112.1 bA
Claroideoglomus etunicatum 59.7 aB 85.7 aA 50.2 cB 250.6 aA
Dentiscutata heterogama 28.9 bA 44.1 bA 25.8cB 97.4 bA
Gigaspora margarita 73.0 aA 74.5 aA 589 cA 73.2 cA
Rhizophagus clarus 444 bA 57.4 bA 203.0 aA 72.5 cB
Combined inoculation 74.5 aA 57.6 bA 39.9¢cB 60.1 dA
Control 43.2bB 71.8 aA 30.5cA 46.1 dA

Phosphorus accumulation (mg pot™)

Cotton Maize
Acaulospora scrobiculata 2.7 aA 2.8 aA 144 cA 16.9 cA
Claroideoglomus etunicatum 3.0 aA 2.3 aA 24.6 aB 21.3 bA
Dentiscutata heterogama 1.2bB 2.2 aA 10.3 dB 16.5 cA
Gigaspora margarita 2.9 aA 2.4 aA 18.6 bA 19.8 bA
Rhizophagus clarus 2.1bB 2.9 aA 17.1 bA 20.1 bA
Combined inoculation 2.6 aA 2.5aA 17.8 bA 17.2 cA
Control 1.7bB 2.6 aA 19.4 bB 243 aA

Means followed by the same uppercase letters in the row and lowercase letters in the column do not differ by the Scott-Knott test at 5%.

D. heterogama and R. clarus in cotton, and with
C. etunicatum and D. heterogama in maize was
beneficial, providing greater P accumulation, which
is also observed in native AMF.

Strategies that provided greater absorption
and accumulation of Ca, Zn and P reflect in greater
development and production, since these nutrients
are essential for the growth of maize and cotton
(ROSOLEM & BASTOS, 1997). In this sense,
results demonstrated that the inoculation with AMFs
was beneficial and efficient when the soil presents
low density of viable spores of native AMFs, as in
the present study. However, inoculation with AMFs
is still economically unfeasible, due to its obligatory
biotrophism, which makes the use of the colonization
stimulant an alternative, since native AMF are
stimulated to efficiently colonize the roots and to
increase the development of crops, as presented in
this study for cotton and maize.

Results indicated that the native AMF
benefited from the application of stimulant in
relation to treatments inoculated with exotic
AMF. The ability to promote the growth of cotton
and maize plants differed with the inoculation
of different AMFs introduced from native AMEF,
corroborating with other studies (CORDEIRO et al.,
2015; GRUNWALD et al. 2009).

Cotton plants, in the absence of
stimulant, benefited from inoculation with
different AMF species. When the stimulant was
not applied, the plants inoculated with several
AMFs presented higher colonization, absorption
and accumulation of Zn and P, which resulted in
greater shoot development and root production.
Inoculation with A. scrobiculata, C. etunicatum
and G. margarita also increased SDM, with the
exception of mycorrhizal colonization. However,
in the presence of stimulant, this effect was lower,

Ciéncia Rural, v.47, n.6, 2017.
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being more evident the benefits in the treatment
without AMF inoculation.

Maize presented small effect when
inoculated with the different AMFs, both in the
presence and absence of stimulant. Only C. etunicatum
stood out as the species that most provided benefits
to this crop in the absence of colonization stimulant.
These results may be related to the genetics of the
studied cultivar, since most are developed for growth
with high fertilization, losing capacity to express and
respond to biological resources, such as AMF, a fact
reported in the literature and that corroborated the
present study (REIS et al., 2008).

CONCLUSION

In soil with low density of native AMF,
inoculation with exotic AMF and application of
mycorrhizal colonization stimulants were beneficial
to the development of cotton and maize plants.
Inoculation with arbuscular mycorrhizal fungi
demonstrated different effects depending on the
parameters evaluated in cotton and maize. The
application of colonization stimulant promoted greater
mycorrhizal colonization and initial growth in cotton
when associated with native AMF, and in maize when
associated with Dentiscutata heterogama, Gigaspora
margarita and Rhizophagus clarus.
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