
South African Journal of Botany 113 (2017) 164–169

Contents lists available at ScienceDirect

South African Journal of Botany

j ourna l homepage: www.e lsev ie r .com/ locate /sa jb
Acclimatization of micropropagated plants of Etlingera elatior (Jack) R. M. Sm.
inoculated with arbuscular mycorrhizal fungi
A.R. da Silva a, N.F. de Melo b, A.M. Yano-Melo c,⁎
a Laboratório de Microbiologia, Programa de Pós-Graduação em Agronomia – Produção Vegetal, Universidade Federal do Vale do São Francisco, Campus Ciências Agrárias, 56300-990 Petrolina,
PE, Brazil
b Laboratório de Biotecnologia, Centro de Pesquisa Agropecuária do Trópico Semiárido, Embrapa Semiárido, 56302-970 Petrolina, PE, Brazil
c Laboratório de Microbiologia, Colegiado Acadêmico de Zootecnia, Universidade Federal do Vale do São Francisco, Campus Ciências Agrárias, 56300-990 Petrolina, PE, Brazil
⁎ Corresponding author.
E-mail addresses: angelica.ricarte@hotmail.com (A.R. d

natoniel.melo@embrapa.br (N.F. de Melo), amymelo17@ho

http://dx.doi.org/10.1016/j.sajb.2017.08.014
0254-6299/© 2017 SAAB. Published by Elsevier B.V. All ri
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 2 October 2016
Received in revised form 5 July 2017
Accepted 21 August 2017
Available online 30 August 2017

Edited by WC Otoni
The traditional method of propagating Etlingera elatior (Jack) R.M. Sm. promotes the proliferation of pathogens,
reducing the quality of its output. However, as an alternative, one can use in vitro culture, making it possible to
obtain plants free of pathogens on a large scale. Moreover, inoculation of plants with arbuscular mycorrhizal
fungi (AMF) can be critical to ensure greater survival and development of these plants under ex vitro conditions.
Thus, the present study examined the effect of AMF inoculation (Gigaspora albida and Claroideoglomus
etunicatum) on success in the establishment and development of E. elatior on the acclimatization phase. Plants
were inoculated with G. albida, C. etunicatum or MIX (both AMF isolates) and after cultivation in a greenhouse
for 60dayswere evaluated for survival percentage, height, leaf area, biomass production of plants, spores number
and mycorrhizal colonization. The effect of AMF on plant survival could be observed from 30 days after
inoculation; and by 60 days, there was an increase of up to 50% in survival compared to non-inoculated plants.
In addition, mycorrhizal inoculation also provided better performance in plant growth, compared to those not
inoculated. Finally, different effects were observed between the AMF species studied (Gigaspora albida and
Claroideoglomus etunicatum). It follows from this work that plants of E. elatior respond differently to inoculation
with different AMF species and show better development when acclimatized with G. albida. This finding
highlights the importance of selecting the most effective isolates for specific plants.

© 2017 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Originating from Southeast Asia, Etlingera elatior (Jack) R.M. Sm. is a
tropical plant that belongs to the Zingiberaceae family. The family
includes several species with applications in horticulture, particularly
for their use in cooking, medicine, ornamentation, and landscaping.
This plant is conventionally propagated from rhizomes, which hampers
the large-scale production of commercial quality plants due to the
ease in spreading disease with this technique (Loges et al., 2008;
Wong, 2008). Therefore, in vitro culture becomes an alternative to this
method and allows for the large-scale propagation of plants under
high phytosanitary conditions (Faridah et al., 2011; Yunus et al., 2012).

One of the steps of in vitro cultivation is the acclimatization phase,
which consists of a transition in the plant from a heterotrophic
condition (in vitro) to an autotrophic (ex vitro) one. However, due to
the strict environmental control under which plants in in vitro culture
a Silva),
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may be, plants may fail to overcome the adverse conditions related to
ex vitro cultivation. During this transition, it is important that the crucial
physiological processes for the plant's survival are enhanced. The
acclimatization phase may affect the plant's photosynthetic efficiency,
reduce its defense against pathogens and harm proper development of
the root and sap conduction systems (Kapoor et al., 2008).

Thus, arbuscular mycorrhizal fungi (AMF) may represent a crucial
tool to be used at this stage, as they provide several benefits to the
plants with which they are associated, such as protection against biotic
and abiotic stresses as well as improvement of plant development
(Smith and Read, 2008). These fungi are obligatory biotrophs and the
symbiosis basically involves an exchange of nutrients, in which the
plant provides C through the products of photosynthesis and the fungi
transfer nutrients from the soil, especially P, to the plant (S.E. Smith
and Smith, 2011). The absorption of nutrients to the plants from the
soil may be through direct contact of the roots with soil (direct uptake),
or via the mycelium of mycorrhizal fungi (AMF uptake). In general, the
latter pathway is more efficient due to the ability of the fungi to extend
their hyphae through soil for distances up to 40 times greater than plant
roots can (Giovannetti et al., 2001). Furthermore, this pathway is a
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highly regulated and fast transfer system, while direct uptake
occurs through immediate contact of the root with the soil fraction
(S. E. Smith and Smith, 2011).

Although arbuscular mycorrhizal symbiosis is non-specific, some
plant-fungus compatibility has been found with higher efficiency of
promoting plant growth. In this sense, there may be differences in
plant response to mycorrhization when inoculated with different
fungi (Novais et al., 2014). Variation in compatibility was observed
with inoculation of two AMF isolates, while Glomus mosseae increased
the P content and growth in the associated plant, Gigaspora rosea had
the opposite effect (Burleigh et al., 2002). Similarly, other studies have
shown different responses for growth and ex vitro establishment of
plants inoculated with different species of AMF (Campanelli et al.,
2014; de Oliveira et al., 2011). Thus, the selection of the fungus to be in-
oculated is related to the response of plant growth to mycorrhization
(Smith et al., 2009). Furthermore, the combination of compatible
fungus-plant-substrate is also an essential criterion in this selection
in order to obtain the maximum benefits derived from mycorrhizal
inoculation (Azcón-Aguilar and Barea, 1997).

For decades, the benefits provided by AMF in horticulture have al-
ready been known, at least in terms of which exert influence on various
plant species of ornamental importance. Studies performed under con-
trolled conditions have shown the benefits these fungi provide plants in
various aspects of their growth and development (Koltai, 2010). In this
sense, AMF inoculation for the ex vitro establishment of plants in horti-
culture has beenwidely recommended as they enable better adaptation
of micropropagated plants to the adverse conditions they face during
this phase (Azcón-Aguilar and Barea, 1997; Kapoor et al., 2008).

A previous study demonstrated the widespread occurrence of AMF
in plants of the Zingiberaceae family (Uma et al., 2010), except that
the effect of these fungi on the ex vitro cultivation of these plants was
modulated by the conditions of the study. For example, the use of
substrates with high fertility, i.e. vermicompost, reduced the benefit of
the AMF in the growth of Alpinia purpurata and Zingiber spectabile
(Silva et al., 2006). On the other hand, the use of a substrate composed
of coconut husk powder can promote the benefits of mycorrhizal
inoculation in plants of Z. spectabile (de Oliveira et al., 2010). Thus, the
use of these fungi can be an alternative to application of P during the
acclimatization phase, as observed for the growth of Z. officinale grown
in a soil- and sand-based substrate (dos Santos et al., 2010; da Silva
et al., 2008).

Therefore, inoculants containing AMF are a viable biotechnologi-
cal tool, especially for cultures that undergo a propagation phase,
such as those in which horticultural plants are grown in nurseries,
pots or in vitro (Azcón-Aguilar and Barea, 1997). Moreover, it is
also possible to associate two biotechnological tools for obtaining
plants with high added value while ensuring more sustainable
production in horticulture:micropropagation andmycorrhizal symbiosis
(Campanelli et al., 2014).

The hypothesis to be tested in this study is that the inoculation
with compatible AMF species is essential for survival and development
of E. elatior plants in the acclimatization phase. Thus, this study
aimed to verify the effect of inoculation of three treatments of AMF
(Claroideoglomus etunicatum, Gigaspora albida and MIX) on the ex vitro
establishment of micropropagated plants of E. elatior in order to evalu-
ate the effectiveness of the use of these fungi in the acclimatization
phase of this plant.

2. Materials and methods

2.1. Micropropagation

Plants of E. elatior, previously established in vitro in theBiotechnology
Laboratory of the Embrapa Semi-Arid (Petrolina, PE, Brazil) were
subcultivated in a semi-solid MS medium (Murashige and Skoog,
1962) supplemented with 3% (w/v) sucrose and 2.0 mg/L BAP
(6-benzylaminopurine) with 0.45% agar and pH adjusted to 5.8. The
culture medium had been previously autoclaved at 121 °C and 1 atm
for 20 min. The subcultures were performed by transferring the
explants (average 1 cm), taken from the basal portion between
the roots and shoot and containing shoot meristems. Cultures were
maintained in a growth chamber at 25 ± 2 °C, with a photoperiod of
16/8 h (light/dark) and irradiance around 35 μmol m−2 s−1.

2.2. Acclimatization and experimental design

Micropropagated plantlets with developed roots and leaves were
previously selected based on height and acclimatized for 60 days
in a greenhouse, with an average temperature of 30.5 ± 3 °C and rela-
tive humidity of 57 ± 9%. The roots were washed to remove excess
culture medium and transplanted into polyethylene conical shape
pots (11.5 cm× 13.5 cm larger diameter × 9 cm smaller diameter) con-
taining sand: vermiculite-based substrate, which had been previously
sterilized at 121 °C and 1 atm for 1 h.

At transplanting, inoculation was carried out with AMF species
(Claroideoglomus etunicatum – 10 mL, Gigaspora albida – 9 mL or MIX
Ce and Ga – 5.5 and 4.5 mL, respectively), via soil-inoculum (containing
spores, colonized root fragments and AMF hyphae), deposited directly
on the roots and standardized to 1500 infective propagules/cm3 in
each pot. To standardize the microbiota of the substrate, all plants were
supplemented with 2 ml of a filtrate (AMF-free) prepared from screen-
ing the dilution of the two inocula (1500 infective propagules/cm3 of
each inoculum in 100 mL of distilled water) through a 45-μm sieve.
Irrigation was done with distilled water, and once a week was replaced
by 40 mL of nutrient solution prepared with half-strength of the MS
salts concentration.

The experiment was randomized with four inoculation treatments
(NI – non-inoculated, Ga – inoculated with G. albida, Ce – inoculated
with C. etunicatum and MIX – inoculated with mixture of Ga and Ce)
with 10 replicates (one plant per replicate).

2.3. Mycorrhizal inoculum

The AMF inocula, C. etunicatum [URM AMF 03] and G. albida [URM
AMF 11], were provided by the Laboratory of Mycorrhiza of the Federal
University of Pernambuco (Recife/PE). The AMF inocula were cultivated
in a greenhouse from September to December 2014, using a sterilized
soil:sand-based substrate (1:1, v/v) and maize (Zea mays L.) as a
host plant. The inoculum of C. etunicatum and G. albida had,
respectively, 50.3 spores g−1 soil and 140 propagules cm−3 sub-
strate and 8.8 spores g−1 soil and 170 propagules cm−3 substrate.
Spores were extracted from the substrate by the wet-sieving technique
(Gerdemann and Nicolson, 1963) and centrifuged in water and sucrose
(Jenkins, 1964; modified with 50% sucrose), and then quantified in a
channeled plate with the aid of a stereomicroscope. Quantitation of
the Most Probable Number (MPN) of infective propagules of AMF
(propagules cm−3 substrate) was made by the technique of Feldmann
and Idczak (1994), from inoculum dilutions in tubes with a capacity of
approximately 250 mL of substrate, which were performed in order of
0, 1/10, 1/100 and 1/1000 in five replicates, using washed and sterilized
sand andmaize as a test plant whose rootswere clarified and stained by
the technique of Phillips and Hayman (1970) after 30 days, for analysis
of the presence of mycorrhizal colonization. Data were analyzed with
the Cochran Table (Cochran, 1950).

2.4. Plant growth measurements

During the 60 days of acclimatization, for each treatment, the plants
were evaluated every two weeks in terms of percentage of survival. At
the end of the experiment, the following parameters were evaluated:
height increment, number of leaves, leaf area, fresh and dry biomass
of the shoot, fresh biomass of the root, estimated total root length,



Fig. 1. Survival percentage of Etlingera elatior plantlets after 15, 30, 45, and 60 days of
acclimatization without mycorrhizae (NI) or inoculated with Claroideoglomus etunicatum
(Ce), Gigaspora albida (Ga) or both (MIX).

Table 1
Pearson's correlation between height increment (HI), leaf number (LN), leaf area (LA),
shoot fresh biomass (SFB) and shoot dry biomass (SDB), root fresh biomass (RFB),
total root length (TRL), mycorrhizal colonization (MC), and number of spores (NS)
after 60 days of acclimatization of Etlingera elatior plantlets inoculated or not with
Claroideoglomus etunicatum, Gigaspora albida or both.

LN LA SFB SDB RFB TRL MC NS

HI 0.25ns 0.71* 0.80* 0.67* 0.79* 0.73* 0.39ns 0.11ns

LN 0.56* 0.49* 0.50* 0.65* 0.09ns −0.07ns −0.23ns

LA 0.91* 0.68* 0.81* 0.52* 0.07ns 0.00ns

SFB 0.68* 0.84* 0.56* 0.30ns 0.22ns

SDB 0.63* 0.57* 0.20ns −0.15ns

RFB 0.40ns 0.15ns −0.06ns

TRL 0.25ns 0.12ns

MC 0.48*

*: significant at 5% probability by T test. ns: not significant at 5% probability.
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number of spores and percentage of mycorrhizal colonization. For the
survival percentage 10 replicates were considered, while for the other
variables five replicates were considered.

The increase in height was determined from the difference
between final height (measured at 60 days) and initial height
(at transplantation). Leaf area was measured with the aid of a Cl-202
LASER AREA METER (CID Bio-Science). To determine dry biomass,
shoots were kept in a forced air circulation oven at 60 °C until constant
weight and plant dry biomass was measured.

For the total root length of each replicate, the same samples were
used which had been processed and evaluated for determination of
the percentage of mycorrhizal colonization (Giovannetti and Mosse,
1980; Phillips and Hayman, 1970). After evaluation, total root length
was estimated according to eq. 1 (Newman, 1966):

R ¼ πNA
2H

ð1Þ

wherein R is the total root length (cm), using a sample of about 0.5 g
root; N is the number of intersections between the root and the grid
lines; A is the area of the quadrant (cm2); and H is the circumference
of the quadrant (cm).

2.5. Mycorrhizal measurements

The extraction of sporeswas performed from100 g of fresh substrate
as previously described (Section 2.3).

To evaluate root colonization byAMF, rootswere rinsed in running tap
water, dried at room temperature (about 28 °C) for approximately 1 h
and a sample of 0.5 g was collected. The process was followed by
diaphanization with KOH (10%) for 24 h and clarification with H2O2

(10%) + KOH (10%) (1:1 v/v) for 15 min, followed by acidifying the
roots with HCl (1%) for 5 min and staining with trypan blue (0.05%) in
lactoglycerol overnight (Phillips and Hayman, 1970 modified). After pro-
cessing, the roots were placed under a stereomicroscope to quantify the
percentage of mycorrhizal colonization by the grid-line intersect method,
in which all intersections were observed (Giovannetti and Mosse, 1980).

From the shoot dry biomass, the percent plant growth response
to mycorrhization (GRM) was calculated, according to Eq. 2 (Hetrick
et al., 1992):

GRM ¼ 100x I−NIð Þ
NI

ð2Þ

wherein, I and NI represent the plant biomass with and without AMF,
respectively.

2.6. Statistical analysis

The data, except for the GRM and percentage of survival variables,
were submitted to the Shapiro–Wilk normality and Bartlett homogene-
ity of variance tests at 5% significance. Subsequently, the data, when
presenting normal and homogeneous variances, were submitted to
ANOVA (p b 0.05) and to Tukey's multiple comparison of means test
(p b 0.05), with the aid of the ExpDes.pt. package (Ferreira et al.,
2013). In the absence of normality or homogeneity of variance, the
non-parametric Kruskal–Wallis test was performed at 5% probability,
using the dunn.test package (Dinno, 2016). The Pearson linear
correlation coefficients were also calculated between the variables
analyzed at the end of the experiment, using the agricolae package
(Mendiburu, 2015). Analyses were performed using R software
version 3.2.1 (R CORE TEAM, 2015).

3. Results

The plants inoculated with AMF, compared to non-inoculated ones,
had a higher percentage of survival (Fig. 1). Mycorrhized plants had
reduced survival between the 30th and 45th days of acclimatization,
with values stabilizing after this period; whereas non-inoculated plants
(NI) had reduced survival over the 60-day duration of the experiment.
In this period, there was survival of only 40% among non-inoculated
plants, while those with G. albida (Ga) had the highest percentage
(90%), followed by those inoculated with C. etunicatum (Ce; 80%) and
both fungi (MIX; 80%) (Fig. 1).

After 60 days of acclimatization, there was a significant positive
linear correlation between the variables related to the vegetative
growth of E. elatior (increase in height, leaf number, leaf area, fresh
biomass of the root and shoot, dry biomass of the shoot and total root
length), however there was no significant correlation between the
increase of height and leaf number. Likewise, total root length was not
correlated with the leaf number nor the fresh biomass of the root. In
addition, the variables concerning mycorrhizal association (percentage
of colonization and number of spores) were positively correlated, but
only among themselves (Table 1).

In general, plants inoculatedwithG. albida (Ga) showed the greatest
development, compared to the other treatments (Table 2).While plants
mycorrhized with Ga showed greater average leaf area (102.13 ±
9.20 cm2) and shoot fresh biomass (4.57 ± 0.79 g), there were no
differences in height, root fresh biomass and shoot dry biomass
between Ga and the treatment without inoculation (NI). However,
leaf number and total root length did not show any significant effect
of inoculation with AMF.

Moreover, in general, inoculation with Ce and the MIX of both AMF
species did not promote development of E. elatior during acclimatiza-
tion (Table 2). In this sense, there was a positive plant growth response
to mycorrhizae (GRM) only in the treatment with G. albida (9.0%),
the opposite of what was observed for C. etunicatum (−47.9%) and
MIX with both inocula (−25.2%).



Table 2
Effect of inoculation or not (NI)with Claroideoglomus etunicatum (Ce), Gigaspora albida (Ga) or both (MIX) on height increment, leaf number, leaf area, shoot and root fresh biomass, shoot
dry biomass, total root length, mycorrhizal colonization, and number of spores after 60 days of acclimatization of Etlingera elatior plantlets.

Treatment Height
increment

Leaf number Leaf area Fresh biomass Dry biomass Total root length Mycorrhizal
colonization

Number of spores

(cm) – (cm2) Shoot (g) Root (g) Shoot (g) (mm) (%) (100 g−1 substrate)

NI 13.73 ± 4.53 ab 5.27 ± 0.27 a 80.44 ± 10.90 b 2.99 ± 0.51 b 1.28 ± 0.20 a 0.33 ± 0.09 a 353.16 ± 39.30 a 0.00 ± 0.00 0.00 ± 0.00
Ce 6.40 ± 1.23 c 4.00 ± 0.29 a 38.45 ± 12.16 c 1.09 ± 0.27 c 0.59 ± 0.24 b 0.17 ± 0.06 b 291.71 ± 50.75 a 6.51 ± 0.18 b 20.31 ± 1.14 ab
Ga 19.02 ± 0.95 a 5.20 ± 0.19 a 102.13 ± 9.20 a 4.57 ± 0.79 a 1.58 ± 0.24 a 0.36 ± 0.09 a 394.79 ± 67.24 a 38.39 ± 8.38 a 25.95 ± 4.03 a
MIX 12.84 ± 4.02 b 3.80 ± 0.21 a 41.36 ± 9.91 c 1.75 ± 0.56 c 0.79 ± 0.21 b 0.25 ± 0.09 ab 351.99 ± 60.62 a 43.50 ± 11.74 a 15.72 ± 6.72b
p-Value b0.001 0.080 b0.001 b0.001 b0.001 0.008 0.066 b0.001 0.014
CV (%) 24.06 23.03 16.16 21.72 21.13 29.12 15.95 30.4 22.13

Means (±SD) followed by the same letter do not differ between the treatments of inoculation by Tukey's test at 0.05 significance level.

167A.R. da Silva et al. / South African Journal of Botany 113 (2017) 164–169
Treatments with AMF inoculation were colonized, while none of the
plants of the NI treatment formed associations with AMF, showing
that inoculation was effective and that there was no contamination.
Mycorrhizal colonization was higher in plants subjected to the Ga and
MIX treatments, while the number of spores differed only between
these treatments. It was found that Ce colonized only 6.5% of the root,
possibly indicating poor compatibility considering the negative GRM
in plants of E. elatior (Table 2).

4. Discussion

The observed survival percentage of plants inoculated with G. albida
(90%), C. etunicatum (80%), and both fungi (80%) showed increased
survival by at least 50% as compared to non-inoculated ones (40%).
This response, however, may vary according to the plant species,
as Alpinia purpurata showed only 50% survival when inoculated with
G. albida, 25% with C. etunicatum and 87.5% in the absence of AMF. For
Zingiber spectabile this rate was 100% in the treatments with G. albida
and without AMF and 85% with C. etunicatum, both acclimatized in
soil with high fertility of up to 209mg dm−3 P and 92.5 g kg−1 of organ-
ic matter (Silva et al., 2006). Similarly, there was no effect of mycorrhi-
zal inoculation on the survival rate of Tapeinochilos ananassae, where
G. albida had a lower percentage (80%) compared to the control treat-
ment without AMF and with C. etunicatum (both 100%), as observed
by de Oliveira et al., 2011.

The increased survival of E. elatior plants inoculated with AMF,
especially with G. albida (Ga), may have been a result of the benefits
provided by the symbiosis. In Heliconia species, despite the high
rate of colonization by Gigaspora margarita (55.95%), there was no
significant effect of mycorrhizal inoculation, including other AMF,
such as Glomus clarum (=Rhizoglomus clarus) and Glomus etunicatum
(=Claroideglomus etunicatum) on the growth of that plant during
acclimatization (Sato et al., 1999). On the other hand, in Z. officinale
higher valueswere observed of growthmeasurementswhen inoculated
with AMF compared to the treatment without mycorrhiza (dos Santos
et al., 2010).

The results clearly showed the influence of inoculation with AMF on
the success of acclimatization of E. elatior, highlighting the G. albida
inoculum, whose effect can already be seen 45 days after inoculation.
In the sameway, benefits ofmycorrhizal inoculation on the acclimatiza-
tion of T. ananassae were more evident from 45 days after inoculation
(de Oliveira et al., 2011). In general, for AMF species of the Glomeraceae
and Gigasporaceae families, this is sufficient time for effective coloniza-
tion in roots of the host plant to occur (Hart and Reader, 2002).
According to F.A. Smith and Smith (2011), the percentage of mycorrhi-
zal colonization is the most convenient and common measure in field-
based study that indicates the activity of AMF and its benefit for plants.
However, variation promoted by mycorrhization in medicinal plants
was demonstrated in a review by Zeng et al. (2013). Their studies indi-
cated differential mycorrhizal colonization among distinct AMF species
that affect the accumulation of secondarymetabolites. Plants inoculated
with G. albida had higher mycorrhizal colonization than C. etunicatum,
but did not differ fromMIX treatment, which suggests greater contribu-
tion of G. albida. Synergistic interactions can be found between different
species of AMF when they were co-inoculated, e.g. higher frequency of
the S. castanea and G. rosea in the roots when Glomus species were inoc-
ulated (van Tuinen et al., 1998). Recently, differences amongmycorrhi-
zal colonization promoted by distinct AMF inoculumwere observed by
Tarraf et al. (2017) in Salvia officinalis L. plants.

In this study, plants inoculated with Ga showed improvements in
terms of height, leaf area and fresh biomass of the shoot, observing
positive GRM with this AMF isolate. On the other hand, there was no
positive effect of inoculation with Ce and no synergism of the two
species of AMF (MIX treatment) on these variables, highlighting Ga
compared to Ce. Neither synergismnor competitionwas found between
Ga and Ce in promoting increase on the analyzed variables. It is possible
that differential compatibility between each fungi and plant had
been established (Novais et al., 2014). Harmonious co-existence be-
tween members belonging to these genera (Glomus intraradices and
G. margarita) was observed by Tiwari and Adholeya (2002), which can
be detected by the normal development of the structures and sporula-
tion of these fungi. In addition, the influence of the AMF on plant growth
depends strongly on its genotype. While Acaulospora morrowiae has
stimulated the growth of Rudbeckia hirta and reduced the growth of
Plantago lanceolata, the opposite effect was observed with G. rosea
(Klironomos, 2003). Baum et al. (2015) reported that the probability
of an AMF isolate to promote growth and quality of the host plant was
also determined by genotype of the fungi, genotype of the plant and
their interaction. Thus, although the GRM has been negative in plants
inoculated with MIX, this treatment did not reduce dry shoot biomass
as observed with Ce inoculation.

In this sense, it is possible that only the Ga effect had occurred,
evidencing the compatibility of this isolate. Some plants simultaneously
inoculated with different AMF species present further development
during acclimatization, compared to those inoculated with isolated
species, as observed byMoreira et al. (2015) in substratewith low levels
of P (≤40 mg kg−1).

The growth response of mycorrhizal plants can be highly positive,
neutral or negative, which can be influenced by factors controlled as
much by the plant as by the fungus, together or separately (F.A. Smith
and Smith, 2011; S. E. Smith and Smith, 2011). In addition, growth
responses of mycorrhized plants may be related to the inoculated
fungus, and consider the cost in C for the plant to maintain the symbio-
sis, as well as to the differentiated balance in nutrient absorption via
direct (roots) and indirect (external mycelium) means, as reviewed by
Smith et al. (2009) and S. E. Smith and Smith (2011). Colonization
of roots by less effective fungal species has a high cost in C for the
plant (Kiers et al., 2011). This high cost of C is mainly verified when
mycorrhized plants have lower growth than non-mycorrhized counter-
parts, and this C supply to the fungi has been allocated to sporulation
and production of biomass (inter and extra-radical) (Smith and Read,
2008). Species of Glomeraceae have been reported to display high
internal mycorrhizal colonization (Hart and Reader, 2002), however,
radicular colonization by Ce was low (6.51%). This fact suggests that if
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drain of C has occurred, this allocation of C could have beenused for spor-
ulation (20.3 spores) and not for mycorrhizal colonization. Evaluation of
extra-radical mycelium should help to clear our understanding.

The absence of significant correlation between variables of growth
of the E. elatior and mycorrhizal colonization observed in this study
disagrees with studies made with other plants. Gladiolus varieties
(Gladiolus grandiflorus L.) showed highest positive correlation between
mycorrhizal colonization and plant vegetative and reproductive growth
in early growth stage (Javaid andRiaz, 2008a); similarity, positive corre-
lation between dry biomass and mycorrhizal colonization were found
for maize (Javaid and Riaz, 2008b) and lentil (Lens culinaris cv. Laird)
(Xavier and Germida, 2002). However, as emphasized by de Novais
et al. (2014), some AMF isolates can colonize roots without promoting
benefits to growth or uptake of nutrients, suggesting that functionality
of mycorrhizal association is not strictly related to the percentage of
radicular colonization.

Considering that micropropagation and acclimatization should
ensure the survival and vigor of the plants, resulting in better quality
of leaves and flower (Silva et al., 2015), the hypothesis of this study
was confirmed because plants of E. elatiorwere benefited by mycorrhi-
zal inoculation of G. albida (URM AMF 11), which increased the survival
of plants by 50%, displaying more compatibility with E. elatior plants.
Other studies have also shown the effectiveness of using AMF in
acclimatization to obtain higher rates of survival and growth, ensuring
the ex vitro establishment of other horticultural plants, such as Gerbera
sp. (Sato et al., 1999), Curcuma zedoaria (Miachir et al., 2004), Gloriosa
superba (Yadav et al., 2013), Cynara cardunculus (Campanelli et al.,
2014), Musa spp. (Kavoo-Mwangi et al., 2013; Koffi and Declerck,
2015; Yano-Melo et al., 1999) and three cultivars of Paeonia (Wen
et al., 2016), among others. This confirms the importance of using
AMF as a biotechnological tool for the sustainable production of plants
of high quality and with the potential of large-scale production in
order to obtain plant material that can be recommended for implemen-
tation in the field.

5. Conclusions

This study shows that micropropagated plants of E. elatior may
respond differently to inoculation with C. etunicatum and G. albida,
which have varying effects on the performance of this plant. Therefore,
inoculation of this plant with G. albida for the plant's ex vitro establish-
ment, given the potential of this fungus to foster establishment and
plant growth during the acclimatization phase, is recommended.
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