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Editorial on the Research Topic

Micronutrients movement from soil to the grains: Role of plant mem-
brane transporters
Micronutrients are required in smaller amounts than macronutrients for their growth

(Hansch and Mendel, 2009). Plant micronutrients include iron (Fe), manganese (Mn),

copper (Cu), zinc (Zn), boron (B), molybdenum (Mo), chloride (Cl), and nickel (Ni). These

micronutrients are first taken up by plant roots from the soil, and their availability varies

greatly depending on soil conditions. For example, when soil pH falls by one unit, the

concentration of Zn in the soil solution increases 100 times (Rengel, 2015). To cope with

such soil constraints, plants have evolved strictly regulated mechanisms of nutrient

acquisition. Among them, plant transporters play an important role in maintaining ion

homeostasis by controlling the movement of ions across the membrane (Vishwakarma

et al., 2019; Huang et al., 2020; Ma and Tsay, 2021).

After taken up by the roots, micronutrients are then translocated to the shoots,

distributed to various organs and tissues, and finally delivered to the grains. As

micronutrients in the soil, the imbalance of micronutrients in plants can negatively

impact plant growth. For example, Mn deficiency causes interveinal chlorosis in young

expanded leaf blades, while excess Mn causes brown spots on the mature leaves (Hannam

and Ohki, 1988). Plants use a variety of transporters to maintain basic cellular processes by

facilitating the movement of ions across membranes. Several transporters involved in the

movement of micronutrients from the soil to grains have been identified, with many more

to be discovered in the future. Moreover, most of the transporters identified to date come

from model plants such as rice, while the function of transporters in other crops such as

wheat and maize is largely unknown.

In this Research Topic, we include a review article and three research articles covering

aspects of transporter identification, characterization of transporter function and
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utilization of transporters for biofortification. Eleven TcZIP genes

have been identified in cacao (Theobroma cacao L.) based on a

homology search of the Arabidopsis thaliana zinc/iron-regulated

transporter-like proteins (ZIP), which are involved in the uptake of

metal ions (such as Fe and Zn) (Pacheco et al.). This study analyzed

the physicochemical properties, three-dimensional protein

structure, and promoter region of ZIP genes in cacao, which

expanded the knowledge of ZIP genes from model plants to the

economically relevant plant cacao, but the function of these genes in

planta remains to be characterized.

Unlike Fe and Zn, which are required by both humans and

plants, selenium (Se) is required only by humans. It is still unclear

whether Se is essential for plants or not. In this collection, eight

transporters have been identified in Se uptake in proso millet

(Panicum miliaceum L.). Data on expression of these transporters

suggest that they play an important role in salt stress mitigation

(Mushtaq et al.). The function and physiological roles of these genes

should be characterized by investigating their subcellular and tissue

localization, gene expression patterns, and phenotypic analysis

using knockout or overexpression lines.

Understanding the molecular mechanisms underlying the transport

of micronutrients from soil to grains is critical for the accumulation of

micronutrients in edible parts. Hu et al. characterized the function of a

molybdate transporter, OsMOT1;2 in rice. They found that OsMOT1;2

is involved in the delivery ofMo to grains by regulating the translocation

of Mo from root-to-shoot and the remobilization of Mo from leaves to

grains. Overexpression ofOsMOT1;2 increased the accumulation of Mo

in rice grains, which could benefit human nutritional needs and

improve adaptation to low Mo soils.

Some of the identified micronutrient transporters have been

used to enhance the biofortification of micronutrients. Wairich

et al. summarized the approaches to increase Fe/Zn in rice grains,

which included the manipulation of Fe/Zn-related transporters. In

comparison with the fundamental understanding of Fe transport

from soil to grain, knowledge of the molecular mechanisms of other

micronutrients transport to grain is still insufficient. More

transporters are expected to be characterized and manipulated in

the future to improve plant adaptation to soil stresses and generate

micronutrient biofortified plants using both conventional and

transgenic approaches.
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de Desenvolvimento Cientıfíco e Tecnológico) and was supported

by FAPERGS (Fundação de Amparo à Pesquisa no Rio Grande

do Sul).
Acknowledgments

The authors are deeply thankful to all authors and reviewers

who have contributed to this Research Topic.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
Hannam, R. J., and Ohki, K. (1988). “Detection of manganese deficiency and toxicity
in plants,” inManganese in soils and plants: Proceedings of the international symposium
on ‘Manganese in soils and plants’ held at the Waite agricultural research institute, the
university of Adelaide, glen osmond, south Australia, august 22–26, 1988 as an
Australian bicentennial event (Glen Osmond, South Australia:Springer), 243–259.

Hansch, R., and Mendel, R. R. (2009). Physiological functions of mineral
micronutrients (cu, zn, mn, fe, ni, mo, b, cl). Curr. Opin. Plant Biol. 12, 259–266.
doi: 10.1016/j.pbi.2009.05.006

Huang, S., Wang, P., Yamaji, N., and Ma, J. F. (2020). Plant nutrition for human
nutrition: Hints from rice research and future perspectives.Mol. Plant 13, 825–835. doi:
10.1016/j.molp.2020.05.007
Ma, J. F., and Tsay, Y. F. (2021). Transport systems of mineral elements in plants:
Transporters, regulation and utilization. Plant Cell Physiol. 62, 539–540. doi: 10.1093/
pcp/pcab026

Rengel, Z. (2015). Availability of mn, zn and fe in the rhizosphere. J. Soil Sci. Plant
Nutt. 15, 397–409. doi: 10.4067/S0718-95162015005000036

Vishwakarma, K., Mishra, M., Patil, G., Mulkey, S., Ramawat, N., Pratap Singh, V.,
et al. (2019). Avenues of the membrane transport system in adaptation of plants to
abiotic stresses. Crit. Rev. Biotechnol. 39, 861–883. doi: 10.1080/07388551.
2019.1616669
frontiersin.org


