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Trapped in the Rhizosheath: Root-Bacterial Interactions

Modulate Ethylene Signaling

Even moderate droughts can greatly limit plant
performance and reduce agricultural yield. Plants have
evolved a wide range of traits to acclimate to drought
(Yordanov et al., 2000), and enhancing these traits could
improve drought tolerance in crops. One promising
trait is the formation of the so-called rhizosheath under
drought. The rhizosheath is the soil that remains
strongly attached to the root upon excavation. This
protective layer enhances water and nutrient uptake by
maintaining direct contact between the root and the soil
(Brown et al., 2017). Rhizosheath formation occurs on
the roots of many but not all angiosperms and is asso-
ciated with several factors, including root hairs, root
and microbial mucilage, and the surrounding micro-
organisms (Brown et al., 2017). Rhizosheath production
is enhanced by drought, but the mechanism by which
this occurs remains elusive.

In this issue of Plant Physiology, Zhang et al. (2020)
explore rhizosheath formation in rice (Oryza sativa).
Using a transcriptomics approach, the authors found
that moderate drought strongly enhanced ethylene
signaling in the roots. Interestingly, ethylene is known
to reduce primary root growth but to promote root hair
formation in many plant species (Dolan, 2001). There-
fore, longer root hairs could contribute to rhizosheath
formation under moderate drought stress by enhancing
anchorage of the surrounding soil particles. The study
by Zhang et al. (2020) opens up possibilities to unravel
how this ethylene signal is generated and whether it is
indeed required for rhizosheath establishment. Since
ethylene is a gaseous phytohormone, ethylene signals
are readily transmitted between cells, especially when
the gas is trapped within plant tissues (Sasidharan et al.,
2018). Due to restricted gas diffusion, this ethylene en-
trapment typically occurs in roots that experience
flooding or high soil compaction (Hussain et al., 1999;
Sasidharan et al., 2018). Interestingly, Zhang et al.
(2020) show that ethylene signaling is increased in
roots grown in drier soils compared with waterlogged
roots. It is plausible that ethylene would also accumu-
late in rhizosheath-encased roots through reduced gas
diffusion similarly to compacted soils (Hussain et al.,
1999), but it would place ethylene signaling down-
stream of rhizosheath formation. Alternatively, ethyl-
ene signaling could be switched on in response to
drought through cross talk with other phytohormones
or enhanced ethylene production (Sharp, 2002; Hopper
et al., 2016). To follow up Zhang et al. (2020), future
experiments could examine an ethylene-insensitive rice
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mutant to address whether ethylene signaling during
drought is indeed required for rhizosheath formation
(Ma et al., 2013).

Zhang et al. (2020) also analyzed the bacterial com-
position of the rhizosheath and found that drought led
to an enrichment of plant growth-promoting Entero-
bacteriaceae rhizobacteria. The authors isolated several
bacterial strains and found that many Enterobacteria-
ceae bacteria showed high 1-aminocyclopropane-1-
carboxylic acid (ACC) deaminase activity. Since ACC is
a precursor of ethylene, ACC deaminase-containing
bacteria can reduce ethylene-mediated plant re-
sponses and promote growth during environmental
stress (Ravanbakhsh et al., 2017). Interestingly, this
high ACC deaminase activity of the rhizosheath En-
terobacteriaceae bacteria appears to be at odds with the
observed enhanced ethylene signaling in the roots.
However, inoculation of dry soils with wild-type En-
terobacter aerogenes resulted in increased rhizosheath
formation, while inoculation with an ACC deaminase-
deficient mutant strain did not (Zhang et al., 2020). The
authors thereby confirmed that the ACC deaminase
activity is indeed crucial for enhanced rhizosheath
formation during drought.

How does bacteria-produced ACC deaminase con-
tribute to enhanced rhizosheath formation and alleviate
drought stress? One explanation could be that an initial
ethylene signal upon drought is generated that in-
creases root hair development and subsequent rhi-
zosheath formation but also temporarily limits primary
root growth. Once this rhizosheath is established, the
ACC deaminase activity of the rhizosheath-colonized
bacteria could lift the ethylene-impaired root growth
and restore plant growth. Taken together, the results
produced by Zhang et al. (2020) suggest that modula-
tion of ethylene levels by root-colonizing bacteria con-
tributes to enhanced rhizosheath formation during
moderate drought stress. In the future, it may be
worthwhile to study the spatial and temporal dynamics
of ACC and ethylene levels during rhizosheath forma-
tion to uncover potential interaction effects. Revealing
this interaction between a rhizosheath-forming plant
species and its microbial partners could be pivotal in
promoting rhizosheath formation in non-rhizosheath-
forming plants, with the aim to enhance drought
tolerance.
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