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Abstract

Bromus auleticus (Trin.) is a grass native to the southern cone with important agronomical potential as fodder. Different
breeding programs have been initiated with this grass, but plant tissue culture techniques could not be used because B.
auleticus is recalcitrant. The aim of the present study was to develop a micropropagation protocol in the genus Bromus
and to investigate if the association between B. auleticus and Epichlo¢ endophytes affected in vitro culture and growth of
micropropagated plantlets. In different micropropagation stages, better results were obtained with endophyte-infected (E+)
seeds compared to endophyte-free (E—) seeds. The E+ seeds presented higher percentages of in vitro germination (82 +5
vs. 57 +6%), callus induction (72 +£6 vs. 37+ 6%), and plant regeneration from callus (89 +5 vs. 13 +5%). We also com-
pared the biomass of shoot complexes and regenerated plantlets. After 4 weeks of culture, shoot complexes obtained from
E+ seeds reached greater weight than the ones regenerated from E— seeds (173 +24 vs. 74 +£9 mg). More than the 80% of
the regenerated shoot complexes were rooted ex vitro and acclimated, regardless of their origin (E+ or E—). Finally, after
4 weeks of acclimatization, the plantlets regenerated from E+ seeds reached a greater weight than the ones from E— seeds,
(461 +64 vs. 172 +25 mg). These results indicate that the use of endophyte-infected (E+) seeds enhances significantly B.
auleticus micropropagation and promotes growth of the regenerated plantlets.
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Bromus auleticus Trin ex Nees (Pooideae) is a winter peren-
nial C3 grass, native to central Argentina, southern Brazil
and Uruguay. The majority of the populations of this grass
are natural ones, since their domestication is recent (Mil-
lot 2001). Bromus auleticus is considered one of the most

P4 J.J. Regalado
jirg@eelm.csic.es

S. L. Pitta-Alvarez
sandrapitta-alvarez @conicet.gov.ar; spittal 959 @ gmail.com

Laboratorio de Cultivo Experimental de Plantas y
Microalgas, No. 68, Departamento de Biodiversidad
y Biologia Experimental, Facultad de Ciencias
Exactas y Naturales, Universidad de Buenos Aires,
Ciudad Auténoma de Buenos Aires, Argentina

Laboratorio de Micologia y Fitopatologia, No. 69,
Departamento de Biodiversidad y Biologia Experimental,
Facultad de Ciencias Exactas y Naturales, Universidad de
Buenos Aires, Ciudad Auténoma de Buenos Aires, Argentina

Instituto de Micologia y Boténica (INMIBO),
CONICET - Universidad de Buenos Aires,
Ciudad Auténoma de Buenos Aires, Argentina

valuables grasses of the Southern Cone (Millot 1999; Ayala
et al. 2010), due to its high productivity, palatability, protein
abundance, field persistence and drought resistance (Gasser
et al. 2005). Bromus auleticus breeding has been the focus of
different studies (Scheffer-Basso et al. 2009; Gutiérrez et al.
2015; Condon et al. 2017), and some varieties of this grass
are commercialized in Uruguay (Ayala et al. 2010).

In the last decades, the development of diverse biotech-
niques has widened the range of possibilities classic breed-
ing offers. To adapt these biotechnological techniques to a
specific species, reliable micropropagation protocols are
a pre-requisite (Song et al. 2012; Ran et al. 2014). How-
ever, B. auleticus, like other grasses, is recalcitrant to plant

@ Springer


http://orcid.org/0000-0003-1664-2000
http://crossmark.crossref.org/dialog/?doi=10.1007/s11240-018-1462-1&domain=pdf
https://doi.org/10.1007/s11240-018-1462-1

280

Plant Cell, Tissue and Organ Culture (PCTOC) (2018) 135:279-286

tissue culture techniques (Giri and Praveena 2015). The
only species of the genus Bromus for which a micropro-
pagation protocol has been described is B. inermis Leyss
(Wattanasiri and Walton 1993). The only reference to
genetic transformation in the genus Bromus is also in B.
inermis (Nakamura and Ishikawa 2006). Nakamura and
Ishikawa transformed B. inermis calli but did not regen-
erate plantlets from them. Protocols for B. inermis cal-
lus culture were developed in the early 90’s (Tanino et al.
1991; Ishikawa et al. 1990) and have been used in different
studies but plants were never regenerated from these calli
(Nakamura et al. 2013; Ishikawa et al. 2006).

A recent study, carried out by our research group,
showed that the endophytic fungus Epichloé occultans
influences micropropagation competence positively in
Lolium multiflorum (Regalado et al. 2017), another grass
considered recalcitrant to in vitro culture. Epichloé spp.
are fungal endophytes associated with some cool-season
grasses of the subfamily Pooideae. The asexual Epichloé
are mainly vertically transmitted via the seeds of the host
plant (Clay and Schardl 2002). These associations are in
general considered mutualistic. Endophyte-infected plants
may be subject to morphological and physiological modi-
fications (Torres et al. 2012) that confer increased growth
and tolerance to abiotic stresses (Clay 1987; Nagabhyru
et al. 2013), and resistance to fungal pathogens (Gwinn
and Gavin 1992; Xia et al. 2016). The associations with
Epichloé endophytes have been used in the grasses breed-
ing (Johnson et al. 2013). In the last years, in vitro culture
techniques have been employed to study the effect of dif-
ferent microorganisms, such as endophytic fungi (Thomas
et al. 2010; Verma et al. 2015; Wang et al. 2016). How-
ever, the effect of Epichloé endophytes has never been
studied in in vitro cultivated grasses.

Different endophytes of the genus Epichloé¢ have been
isolated from Argentine populations of B. auleticus: E. pam-
peana (lannone et al. 2009), E. fembladerae (Iannone et al.
2009) and other Epichloé spp. not yet formally described
(Mc Cargo 2015). The association with Epichloé endophytes
is of interest in breeding programs because it provides dif-
ferent advantages to the infected plants of B. auleticus. For
instance, B. auleticus plants infected with Epichloé endo-
phytes (E+) produce not only more biomass and seeds (Ian-
none and Cabral 2006; Iannone et al. 2012), but also larger
seedlings that increase survival rates (Novas et al. 2003).
Furthermore, Epichloé endophytes interact with other micro-
organisms present in B. auleticus plants by inhibiting the
growth of Ustilago bullata, which causes a disease known as
the head smut of grasses (Vignale et al. 2013; lannone et al.
2017), increasing the diversity of phosphorus-solubilizing
rhizospheric fungi (Arrieta et al. 2015) and promoting arbus-
cular mycorrhizal fungi development (Novas et al. 2011;
Vignale et al. 2016, 2017).

@ Springer

The aim of this research was to examine if the associa-
tion between B. auleticus and Epichloé endophytes enhances
micropropagation of this native grass and promotes growth
of the micropropagated plantlets. The development of a
micropropagation protocol adapted to B. auleticus would
allow the use of other biotechnological tools in the breeding
of this grass.

Materials and methods
Plant material and endophytic status

The seeds used in this work are original from a population
located at El Palmar Natl. Park, whose plants are naturally
associated with an Epichloé sp. not yet formally described,
but different from the other Epichloé species described in
association with B. auleticus (Mc Cargo 2015). In this popu-
lation, all the plants are associated with Epichloé and the
incidence of the endophytes in the seeds is 100%. In 2004,
seeds from E+ plants of this population were collected and
stored. In 2007, these seeds were sown in the field of the
INTA-Concepcién del Uruguay Agronomic Experimental
Station, Entre Rios Province, Argentina. Endophyte-free
(E—-) plants were obtained from some seeds in which the
endophyte had lost its viability during storage. Since then,
nursery of E+ and E— plants were established and seeds
are collected every year. In December 2015, seeds from E+
and E— plants were collected and bulked according to the
endophytic status of the mother plant to establish E+ and
E— seed lots used in this work. Notwithstanding, prior to
the experiments, we used the protocol described in Vignale
et al. (2017) to check the endophytic status of the seed lots.
The endophytic status was examined in 50 seeds randomly
chosen from each pool. The seeds were immersed in a 10%
sodium hydroxide solution at room temperature (22 °C) for
5 h, then rinsed and stained with aniline blue. Epichloé pres-
ence in seeds was confirmed by conventional histological
techniques (Clark et al. 1983). Endophytic mycelia were
visualized by staining tissue using aniline blue (0.1% aque-
ous). A seed was considered as endophyte-infected (E+) if
twisted hyphae were observed to be associated with the aleu-
rone layer cells in seed preparations.

Seed disinfection

B. auleticus seeds were disinfected to avoid contamination
during the in vitro culture. We used the protocol developed
by our research group for the disinfection of Lolium mul-
tiflorum seeds (Regalado et al. 2017) and, to increase its
effectiveness, the glumels were previously removed.
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In vitro germination of E+ and E— seeds

The viability of E+ and E— seeds was examined through a
germination test. 20 E+ and 20 E— seeds were used in the
germination test and three independent repetitions were car-
ried out, totaling 60 E+4+ and 60 E— seeds. The seeds were
cultured in Petri dishes, five seeds per Petri dish, on 25 ml
of MS (Murashige and Skoog 1962) culture medium supple-
mented with 30 g 1! sucrose, solidified with 8 g 17! of bac-
teriological agar and pH adjusted to 5.74 before autoclaving.
All culture media employed in this research had the same pH
and gelling agent. The Petri dishes were placed in an incuba-
tor model I-291PF (Ingelab) at 25+ 2 °C under dark for 4
weeks. This incubator was used in all in vitro experiments.
The germination percentage was calculated, as the number
of seeds with visible radicle with respect to the number of
total seeds, and compared between E+ and E— seeds.

Induction of calli in E+ and E- seeds

In order to obtain calli to regenerate B. auleticus plantlets,
a total of 60 E+ and 60 E— seeds were cultured in Petri
dishes, five seeds per Petri dish, on 25 ml of CIM culture
medium (callus induction medium). The seeds were distrib-
uted in three independent repetitions, 20 E+ seeds and 20
E— seeds in each repetition. CIM consists of MS medium
(Murashige and Skoog 1962) supplemented with 30 g 17!
sucrose, 2 mg 1~ 124-Dand 0.1 mg 1= ! BA. The Petri dishes
were incubated at 25 +2 °C under dark for 4 weeks. The
callus induction percentage in the E+ and E— seeds was
calculated as the number of seeds in which callus is pro-
duced with respect to the total seeds. The seed germination
percentage in CIM medium was also evaluated.

Callus proliferation

The calli obtained from E+ and E— seeds were subcul-
tured every 4 weeks, in new Petri dishes with CIM culture
medium, until they reached a pre-established size to begin
regeneration of B. auleticus plantlets (15 mm). The Petri
dishes were placed at 25 +2 °C in dark conditions.

Regeneration of shoots

For plantlet regeneration, 45 callus pieces (approximately
15 mm of diameter), in three independent repetitions, each
with 15 callus pieces, derived from E+ and E— seeds were
transferred to Petri dishes containing 25 ml of regeneration
medium (RM medium), which consisted of MS medium
(Murashige and Skoog 1962) supplemented with 30 g 17!
sucrose and 0.2 mg 1~ ! kinetin. Five calli were cultured on
each Petri dish, three Petri dishes with E+ seeds and three
with E— seeds in each independent repetition, and incubated

for 4 weeks at 25+ 2 °C under 16:8 h (L:D) photoperiod
with a light intensity level of 40 umol photon m~2s~!. After
4 weeks, the percentage of shoots regenerated from calli
was determined and compared between the calli obtained
from E+ and E— seeds. The percentage was calculated as
the number of callus with regenerated shoots versus the total
number of cultured callus.

Elongation and multiplication of shoots

For elongation, the shoots regenerated were transferred to
individual test tubes with 10 ml of RM medium and incu-
bated under the same conditions of light and temperature
used for shoot regeneration. During this elongation, new
shoots were formed together with the regenerated ones, but
none of these shoot complexes formed roots. To multiply
the shoot complexes, they were subcultured every 4 weeks
in test tubes with 10 ml of RM medium. The multiplication
consisted in the mechanical division of each shoot complex.

Effect of Epichloé sp. on the growth of in vitro shoot
complexes

Once the shoot complexes were ready to be subcultured, we
measured the biomass of thirty shoot complexes regenerated
from E+ seeds and thirty from E— seeds. The shoot com-
plexes were distributed in three independent experiments.
After 4 weeks of culture, the biomass of these explants
was measured by removing the explants from the agar and
weighing them. The biomass of shoot complexes regener-
ated from E+ seeds and E— seeds was then compared. These
same shoot complexes were used in ex vitro rooting and
acclimatization.

Ex vitro rooting and acclimatization

To induce the ex vitro formation of roots, thirty shoot com-
plexes regenerated from E+ seeds and thirty shoot com-
plexes from E— seeds, both without roots, were acclima-
tized using the grasses acclimatization protocol developed
by our research group (Regalado et al. 2017). The shoots
complexes were distributed in three independent experi-
ments, ten shoot complexes regenerated from E+ seeds and
ten from E— seeds in each experiment. The shoots com-
plexes were thoroughly washed with tap water, transplanted
to 5 X5 cm polyethylene alveolus trays containing a mixture
of tyndallized sand:peat:perlite (1:1:1), and incubated in a
culture chamber at 22 °C, 60% relative humidity and 14:10 h
(L:D) photoperiod with a light intensity of 30 umol photon
m~2 s~ 1. The tray with the plantlets was wrapped with plas-
tic film for 2 weeks to maintain high humidity. During the
next 2 weeks, holes were made in the plastic film to reduce
the humidity down to 60%, and finally the plastic wrap was
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removed. After 4 weeks, the acclimatization percentage was
calculated and the plantlets were removed from the pots to
check the ex vitro rooting.

Effect of Epichloé sp. on the growth of acclimatized
plantlets

Once the substrate residues were removed, we measured
the biomass (fresh weight) of the acclimatized plantlets and
compared it between the plantlets regenerated from E+ and
E— seeds.

Statistical analysis

All data were analyzed using SPSS software package (ver-
sion 19.0; SPPS INC., Chicago, IL, USA). The percentage
of germination, callus induction, plantlet regeneration and
acclimatization obtained for E4+ and E— seeds were analyzed
by Generalized Linear Models using Logit as the link func-
tion and Binomial as the probability distribution. Pairwise
comparisons among groups were performed by Bonferroni
test. The biomass of the shoots ready to be subcultured, the
biomass of shoots after 4 weeks of in vitro culture and the
biomass of the acclimatized plantlets were analyzed by one-
way ANOVA, using a HSD-Tukey test in the post-hoc analy-
sis for comparisons between E+ and E— seeds.

Results
In vitro seed germination

The percentage of germination in MS medium of B. auleti-
cus E+ and E— seeds are presented in Table 1. The germina-
tion percentage of E+ seeds was 82 +5%, while in E— seeds
it was 57 + 6%, and this difference was statistically signifi-
cant. In both classes of seeds, germination percentages in
CIM medium, which is used for callus induction, were lower
than in MS medium (Table 1): 55+ 6% in E+ and 43 + 6%
in E—. This difference in the germination percentage was
statistically significant for E+ seeds but not for E— seeds.

Callus induction

Regardless of the endophytic status of the seeds, callus for-
mation was not induced in any seed (0%) cultured in MS
medium without growth regulators (data obtained from
In vitro germination assay). However, in seeds cultured
in CIM medium, the callus induction percentage of E+
seeds (72 +6%) was significantly higher than in E— seeds
(37 +6%) (Table 1).

@ Springer

Table 1 Germination percentage, induction callus percentage and
plant regeneration percentage of Bromus auleticus E+ and E— seeds

Culture  Type of Germi- Callus Plant
medium*  seeds nation induction regeneration
percentage  percentage  percentage

MS E+ 82+5% 0+0°

E— 57+6 0+0°
CIM E+ 55+6" 72+6"

E— 43+6° 37+6°
RM E+ 89+5%

E— 13+5°

Different letters in each percentage indicate groups that were signifi-
cantly different by LSD at a=0.05

*Composition of the different culture media is shown in “Materials
and methods”

Regeneration, elongation and multiplication
of shoots

After 4 weeks of culture in RM medium, shoots regenerated
from 89 + 5% of the calli from E+ seeds (Table 1), obtaining
a total of 40 shoots. However, only 6 shoots were regener-
ated from E— calli, with a regeneration success percentage
of 13 +£5%. All the shoots transferred to individual test tubes
with RM medium elongated correctly and new shoots were
formed together with the regenerated shoots, constituting
shoot complexes. However, the shoot complexes did not
root in the RM medium. During the multiplication of the
shoot complexes, depending on the initial size of the shoot
complex, 2—4 new shoot complexes were obtained in each
division.

Effect of Epichloé sp. in the in vitro growth of shoot
complexes

The biomass of shoot complexes ready to be subcultured
was 82 + 10 mg in shoot complexes regenerated from E+
seeds (Fig. 1a) and 42 +6 mg in shoot complexes from
E— seeds (Fig. 1b) (Fig. 2). After 4 weeks of culture on
RM medium, shoot complexes regenerated from E+4 seeds
(Fig. 1c) reached an average weight of 173 +24 mg, while
the ones regenerated from E— seeds (Fig. 1d) reached an
average weight of 74 +9 mg (Fig. 2). In both cases, the dif-
ferences in biomass between the shoot complexes regener-
ated from E+ and E— seeds were statistically significant.

Ex vitro rooting, acclimatization and effect
of the endophyte Epichloé sp. in the growth
of acclimatized plantlets

Four weeks after acclimatization, completely functional
roots grew in 83 + 7% of the shoot complexes regenerated
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Fig. 1 Different micropropaga-
tion stages of Bromus auleticus.
a Shoot complexes regenerated
from E+ seeds ready to be
subcultured. b Shoot complexes
regenerated from E— seeds
ready to be subcultured. ¢ Shoot
complexes regenerated from E+
seeds cultured on RM medium
for 4 weeks. d Shoot complexes
regenerated from E— seeds
cultured on RM medium for

4 weeks. e Micropropagated
plantlets regenerated from E+
callus and rooted ex vitro, 4
weeks after acclimatization.

f Micropropagated plantlets
regenerated from callus E— and
rooted ex vitro, 4 weeks after
acclimatization

from E+ seeds (Fig. le) and in 86 + 8% of the shoot com-  and 86 + 8% in the plantlets regenerated from E+ and
plexes regenerated from E— seed growth seeds (Fig. 1f).  E— seeds respectively.

All plantlets that were rooted ex vitro also acclimatized Finally, 4 weeks after acclimatization, the average weight
correctly, thus, the acclimatization percentage was 83+7  of the plantlets regenerated from E+ seeds was significantly
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Fig.2 Biomass of shoot com-

plexes regenerated from E+ and 500

E— B. auleticus seeds in differ-

ent stages of the micropropaga-

tion protocol 200
300
200
100

Biomass of shoot complexes Biomass of shoot complexes Biomass of micropropagated
ready to be subcultured cultured on RM for four plantlets four weeks after the
weeks acclimatization.
From E- From E+ From E- From E+ From E- From E+
seeds seeds seeds seeds seeds seeds
42+6mgb | 82+10mg= 74+ 9mgb | 173+24mg? 173+25mgb| 461+ 64 mg?

greater than the average weight of the plantlets regenerated
from E— seeds, 461 +64 and 173 +25 mg respectively
(Fig. 2).

Discussion

As in the most grasses, species of the genus Bromus are
recalcitrant to micropropagation (Giri and Praveena 2015).
In this work, we examined if the symbiosis with endophytic
fungus of the genus Epichloé could enhance the micropro-
pagation of B. auleticus. Once we obtained in vitro B. aule-
ticus plants, we analyzed how this association affected plant
growth.

First, we studied the effect of an Epichloé endophyte in
the germination of B. auleticus seeds. Our results showed
that the presence of the endophyte increased in vitro ger-
mination (Table 1). This is in agreement with the results
obtained by our research group for the ex vitro germination
of B. auleticus (Iannone and Cabral 2006) and B. setifolius
seeds (Novas et al. 2003) infected with Epichloé endophytes,
and for the in vitro germination of Lolium multiflorum
(Regalado et al. 2017).

The first stage of micropropagation consisted in induc-
ing callus from seeds. The callus induction percentage of
the control seeds (E—) was 37 + 6% (Table 1). Wattana-
siri and Walton (1993) obtained a callus induction per-
centage of 88.9% using as explants 10-15 cm long young
unemerged inflorescences of B. inermis. Since this result
was obtained in another species of the genus Bromus and
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with a different initial explant, it is less comparable to
our results. The presence of Epichloé endophytes in B.
auleticus seeds (E+ seeds) increased callus induction up
to 72 +6%. Similar effects were produced by E. occul-
tans on the callus induction of Lolium multiflorum seeds
(Regalado et al. 2017). The production of AIA (indole
acetic acid) was detected in culture extracts of Epichloé
coenophialum, endophytic fungus associated to Festuca
arundinaceu (De Battista et al. 1990). This production
of AIA could be associated with an increment in callus
induction in B. auleticus and L. multiflorum seeds infected
with Epichloé sp. It is possible that this positive influ-
ence on callus induction could also be produced by other
species of the genus Epichloé, but additional assays are
necessary to confirm this.

Regarding the regeneration of shoots from the callus of
B. auleticus, the regeneration percentage in callus obtained
from E— seeds (control seeds) was 13+ 5% (Table 1). This
percentage is low compared with the regeneration percent-
ages obtained for calli of B. inermis (Wattanasiri and Wal-
ton 1993), Lolium multiflorum (Lee et al. 2009; Regalado
et al. 2017) and Lolium perenne (Liu et al. 2006), which
ranged from 20 to 50% depending on the genotype. The high
regeneration percentage obtained with E+ seeds (89 +5%)
indicates that the influence of Epichloé sp. increased notice-
ably the regeneration percentage. This increase in the regen-
eration percentage has also been described for E. occultans
in shoot regeneration from L. multiflorum callus (Regalado
et al. 2017), but additional studies are necessary to establish
if this effect is also observed in other species of the genus



Plant Cell, Tissue and Organ Culture (PCTOC) (2018) 135:279-286

285

Epichloé¢ and to elucidate the mechanism by which these
endophytes enhance the micropropagation of their hosts.

Once regenerated, we studied the influence of the
Epichloé endophyte in the in vitro growth of the shoot com-
plexes. The shoot complexes, regenerated from callus E+
reached a higher biomass after 4 weeks of culture in RM in
comparison to the ones regenerated from callus E— (Fig. 2).
Thus, the presence of Epichloé endophytes in the B. auleti-
cus seeds resulted in greater growth in the shoot complexes
regenerated from these seeds. This work is the first study
pertaining to the effect of Epichloé endophytes in the in vitro
growth of their hosts. The results are in agreement with
those obtained by our research group in ex vitro plants of B.
auleticus (Iannone and Cabral 2006) and B. setifolius (Novas
et al. 2003) infected with Epichloé endophytes.

To attain high acclimatization percentages, the plantlets
must have a well-developed in vitro root system. However,
since the strategies tested to root the shoot complexes in vitro
were unsuccessful (data not shown), we decided to carry out
ex vitro rooting. In the literature, there are some examples
where the authors combined ex vitro rooting with the accli-
matization phase (Agarwal et al. 2015; Aygun and Dumano-
glu 2015; Ahmed et al. 2017). Usually, the micropropagated
shoots were dipped in different rooting solutions to induce
root formation. In many cases, without these rooting solu-
tions ex vitro rooting failed (Agarwal et al. 2015; Aygun and
Dumanoglu 2015; Ahmed et al. 2017). In B. auleticus the
use of rooting solution was not necessary, since the stress
produced during the acclimatization was sufficient to induce
ex vitro rooting in more than 80% of the shoots complexes.
All ex vitro rooted shoot complexes survived acclimatization
and resulted in viable plants, regardless of their origin (E+
or E— seeds). However, the origin of the shoot complexes
influenced the biomass of the plantlets 4 weeks after accli-
matization, and as a result, the plantlets regenerated from E+
seeds were larger (Fig. 2). This plant growth enhancement
was previously described in the in vitro growth of shoot
complexes in this work and also in previous works in potted
plants obtained by the germination of B. auleticus and B.
setifolius seeds infected with different Epichloé spp. (Novas
et al. 2003; Iannone and Cabral 2006), but never in micro-
propagated pastures. The production of AIA by Epichloé
sp. has been detected (De Battista et al. 1990), but the stud-
ies concerning the relation between this production and the
promotion of plant growth in the endophyte-infected plants
were inconclusive (De Battista et al. 1990). Therefore, addi-
tional studies will be necessary to explain the mechanism by
which the presence of different Epichloé spp. promotes the
growth of their hosts.

In conclusion, the use of seeds infected with Epichloé¢
endophytes is essential for B. auleticus micropropagation.
The interaction with Epichloé endophytes enhances the suc-
cess percentage in key phases of micropropagation, such as

callus induction or shoots regeneration. Furthermore, our
results indicate that the presence of Epichloé endophytes
in B. auleticus seeds promotes in vitro and ex vitro plant
growth.
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