l‘ frontiers
in Plant Science

EDITORIAL
published: 27 June 2016
doi: 10.3389/fpls.2016.00911

OPEN ACCESS

Edited by:

Marta Wilton Vasconcelos,
Universidade Catdlica Portuguesa,
Portugal

Reviewed by:

Marta Dell’Orto,

Universita degli Studi di Milano, Italy
Marta R. M. Lima,

University of California, Davis, USA
Stefania Astolfi,

University of Tuscia, ltaly

*Correspondence:
Francisco J. Romera
agTroruf@uco.es;
Aaron P Smith
apsmith@/su.edu;,
Rafael Pérez-Vicente
bv1pevir@uco.es

Specialty section:

This article was submitted to
Plant Nutrition,

a section of the journal
Frontiers in Plant Science

Received: 07 April 2016
Accepted: 09 June 2016
Published: 27 June 2016

Citation:

Romera FJ, Smith AP and
Pérez-Vicente R (2016) Editorial:
Ethylene’s Role in Plant Mineral
Nutrition. Front. Plant Sci. 7:911.
doi: 10.3389/fpls.2016.00911

®

CrossMark

Editorial: Ethylene’s Role in Plant
Mineral Nutrition

Francisco J. Romera'*, Aaron P. Smith?* and Rafael Pérez-Vicente**

! Department of Agronomy, Edlificio Celestino Mutis (C-4), University of Cérdoba, Cdrdoba, Spain, 2 Department of Biological
Sciences, Louisiana State University, Baton Rouge, LA, USA,  Department of Botany, Ecology and Plant Physiology, Edificio
Celestino Mutis (C-4), University of Cordoba, Cdrdoba, Spain

Keywords: ethylene, heavy metals, mineral nutrition, nodulation, nutrient deficiency responses, salinity

The Editorial on the Research Topic
Ethylene’s Role in Plant Mineral Nutrition

Ethylene is a gaseous plant hormone involved in many aspects of plant life, including seed
germination, flower senescence, abscission, and fruit ripening (Abeles et al., 1992). It also plays
a very important role in the responses of plants to both biotic and abiotic stresses (Abeles et al.,
1992; Shakeel et al., 2013; Kazan, 2015). The production of ethylene is tightly regulated by internal
signals, and usually increases in response to biotic (e.g., pathogen attack) and abiotic stresses, such
as mechanical stress, hypoxia, chilling, and nutritional disorders (Abeles et al., 1992; Lynch and
Brown, 1997; Concellon et al., 2005; Zheng et al., 2008; Geisler-Lee et al., 2010; Igbal et al., 2013;
Garcia et al., 2015).

In processes related to mineral nutrition, ethylene has been implicated in the regulation of
physiological and morphological responses to nutrient deficiencies; in nodulation of legume plants;
in salt tolerance responses; and in responses to heavy metals (Abeles et al., 1992; Lynch and Brown,
1997; Garcia et al., 2015).

This research topic updates recent results relating ethylene to different aspects of plant mineral
nutrition. It includes 10 reviews and 2 original articles: 7 reviews are related to nutrient deficiencies
(Khan et al.; Lucena et al.; Schachtman; Song and Liu; Wawrzynska et al.; Gonzalez-Fontes et al.;
Neumann), 1 to nodulation (Guinel), 1 to salt tolerance (Tao et al.), and 1 to heavy metals (Keunen
etal.); 1 original article is related to Fe (iron) deficiency (Ye et al.), and the other one to N (nitrogen)
deficiency (De Gernier et al.).

The role of ethylene in the regulation of responses to nutrient deficiencies was introduced in the
nineties, when some studies showed an implication of ethylene in the regulation of physiological
and/or morphological responses to Fe and P (phosphorus) deficiency (Romera and Alcantara,
1994; Lynch and Brown, 1997). In the last years, the role of ethylene has been extended to other
nutrient deficiencies, such as K (potassium) deficiency, S (sulfur) deficiency, and others (Igbal et al.,
2013; Garcia et al., 2015). The relationship between ethylene and other processes related to mineral
nutrition (nodulation, salinity and heavy metals) has also been known for many years (Abeles et al.,
1992; Lynch and Brown, 1997).

Since nutrient deficiencies cause stress to plants and stress promotes ethylene synthesis (Abeles
et al., 1992), most plant species increase ethylene production under different deficiencies (Lucena
et al; Schachtman; Song and Liu; Wawrzynska et al.). This higher ethylene production is generally
associated with increased transcript abundance for genes involved in ethylene biosynthesis and
signaling (Lucena et al.; Schachtman; Song and Liu; Wawrzynska et al.; Neumann). Moreover, the
mitogen-activated protein kinases 3 and 6 (MPK3/MPK®6), that can regulate ethylene production,
increase under Fe deficiency (Ye et al.) or under heavy metal stress (Keunen et al.). In the case of N,
the relationship between its deficiency and ethylene production seems to be complex, affected by
the degree of the deficiency and the plant genotype (Khan et al.; De Gernier et al.).
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Ethylene and Plant Mineral Nutrition

Similarly to nutrient deficiencies, both salinity stress and
heavy metal stress also cause higher ethylene production and
increased transcription of ethylene biosynthesis and signaling
genes (Tao et al; Keunen et al.). In the nodulation process,
ethylene production increases early in the symbiosis (Guinel).

In general, ethylene plays positive roles in the activation
of responses of plants to nutrient deficiencies (Khan et al;
Lucena et al; Schachtman; Song and Liu; Wawrzynska et al;
Ye et al.; De Gernier et al.; Gonzdlez-Fontes et al.; Neumann),
to salinity stress (Tao et al.), and to heavy metal stress (Keunen
et al), while it is considered a negative regulator of the
nodulation process (Guinel). Despite these generally accepted
roles, conflicting results have also been reported. As examples,
some research has shown that ethylene insensitive plants are
more tolerant to salinity (Tao et al.) or to heavy metal stress
(Keunen et al.) than corresponding wild types. To explain these
contradictory results, it should be taken into account the different
experimental conditions used, including plant material, dosage,
days of treatments, etc. (Keunen et al.). Additionally, it should be
considered that excessive ethylene could inhibit plant growth and
development (Tao et al.; Keunen et al.).

In relation to nutrient deficiencies, ethylene has been
implicated in the activation of both physiological and
morphological responses, such as enhanced ferric reductase
activity under Fe deficiency (Lucena et al.), enhanced acid
phosphatase activity under P deficiency (Song and Liu),
upregulation of the HAKS5 potassium transporter under K
deficiency (Schachtman), development of root hairs under
Fe, K, B (boron) or P deficiency (Lucena et al; Schachtman;
Gonzilez-Fontes et al.; Neumann), and development of cluster
roots under Fe or P deficiency (Lucena et al; Neumann). In
relation to salinity stress, ethylene has been implicated in the
regulation of Na™/K' homeostasis (Tao et al.); and in relation
to heavy metal stress, in the network leading to glutathione
and phytochelatin synthesis (Keunen et al.). In the nodulation
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process, ethylene has been implicated in most of the steps leading
to a mature nodule and even in nodule senescence (Guinel).

The participation of ethylene in all the processes described
above suggests it should act in conjunction with other signals,
and/or perhaps through different transduction pathways, to
confer specificity to the different responses. Both possibilities
are reflected in the reviews included in this research topic. As
examples, ethylene interacts with auxin and phloem signals to
regulate Fe deficiency (Lucena et al.) and P deficiency responses
(Song and Liu; Neumann); with ABA to regulate responses to
salinity (Tao et al.); and with ROS to regulate responses to K
deficiency (Schachtman) and heavy metals (Keunen et al.). On
the other hand, Lucena et al. present evidence suggesting that
ethylene regulates different responses to Fe deficiency through
distinct transduction pathways, which is in agreement with
recent proposals about ethylene signaling (Shakeel et al., 2013;
Zhang et al.).

Despite the specificity conferred by different signals, the
common participation of ethylene in different processes related
to plant mineral nutrition could partly explain the frequent cross
talks among nutrient deficiency responses (Lucena et al.) and
between salinity and nutrient deficiencies (Tao et al.).

In conclusion, this research topic, by putting together
different nutritional aspects affected by ethylene, tries
to pave the way for future research about the role of
this simple but fascinating hormone on plant mineral
nutrition.
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