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Various external and internal factors can affect plant growth
and development, and mechanical force is one of most
essential factors among them. Both the mechanical forces
within plant tissues, that is, tensile stress and external
mechanical forces, that is, mechanical pressure are consid-
ered to influence plant growth and development in various
aspects (Bull-Herefiu et al. 2022). Previous classical stud-
ies based on the observations of morphogenesis in various
plants, particularly of the floral development, have sug-
gested that mechanical forces among floral organs could be
an important driving force in changing the floral morphol-
ogy (reviewed by Ronse De Craene 2018). Classical experi-
mental approaches has also been conducted to examine the
effects of applied mechanical pressure on plant organs by
fitting molds or the change of internal tensile stress pat-
terns through wounding the plant tissue (e.g. Hernandez and
Green 1993).

Recent technical and theoretical advances have enabled a
more comprehensive analysis of how the mechanical forces
affect plant growth and development. Hamant et al. (2008)
demonstrated that mechanical forces influence the orienta-
tion of microtubules in plant cells, in turn the distribution
of tensile stress, by combining live imaging with a confocal
microscope and using the finite-element method to model
the shoot apical meristem (floral meristem). In this study,
they used the laser cell ablation to alter internal stress pat-
terns in the meristem. Louveaux et al. (2016a) adopted the
same approach and used a stochastic model explaining the
selection of a division plane to demonstrate that mechanical
forces also affect the cell division. Beauzamy et al. (2015);
Louveaux et al. (2016b) induced mechanical forces on the
floral meristem of Arabidopsis thaliana using the nano-
indentation method and characterized the floral meristem
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behavior. Milani et al. (2011) established the method to
directly measure the tensile stress pattern of epidermal cells
in shoot apical meristem, which can be utilized to examine
the effects of mechanical forces exerted on the shoot apical
meristem.

Given these backgrounds, this special issue of JPR
entitled “Mechanical forces in plant growth and develop-
ment” to revisit the significance of mechanical forces in
plant morphogenesis and promote future research. At first,
this issue reviews previous studies and introduces recent
studies examining the effects of mechanical forces on floral
morphology. Ronse De Craene (2024) summarized the flo-
ral development in various species, highlighting the impor-
tance of mechanical forces in its evolution of angiosperms.
Examples illustrating how the interaction between mechan-
ical pressure and heterochrony is responsible for shifts in
organ position and the establishment of a novel floral Bau-
plan are presented and discussed. Thaowetsuwan et al.
(2024) elucidated the diversity of floral morphology in the
genus Croton (Euphorbiaceae) based on the detailed obser-
vations and suggested the potential influence of mechani-
cal forces on this diversity. Jerominek and Claflen-Bockhoff
(2024) focused on the explosive movement of style in flow-
ers of Marantaceae and investigated its mechanisms driven
by internal tensile stress. Iwamoto et al. (2024) developed
a novel experimental system to analyze the organ-level
effects of mechanical forces on floral development. Using
this novel experimental system, they successfully altered
the floral development in A. thaliana by applying artificial
mechanical forces onto floral primordia. While these stud-
ies enhance our understanding of the relationship between
the mechanical forces and floral morphology, two papers
focused on the molecular basis of how mechanical forces
influence plant growth and development. Asaoka et al.
(2024) conducted three-point bending tests on the inflores-
cence stem of various A. thaliana mutants and revealed the
correlation among mechanical properties of whole stem,
stem morphology and inner tissue arrangement. Kubota et
al. (2024) reviewed the land plant-specific mechanosensi-
tive channels in 4. thaliana, midl-complementing activity
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1 (MCAL) and its paralog MCA?2 including recent findings
on them. They discussed the physiological roles of these
mechanosensitive channels based on their spatio-temporal
expression patterns.

We believe that incorporating recent advanced approaches
in plant molecular physiology into the classical analysis of
plant morphology represents an interdisciplinary approach
in further research aimed at understanding plant growth,
development, and evolution.

References

Asaoka M, Badel E, Ferjani A, Nishitani K, Hamant O (2024) Con-
tributions of lignification, tissue arrangement patterns, and
cross-sectional area to whole-stem mechanical properties in
Arabidopsis thaliana. J Plant Res. https://doi.org/10.1007/
$10265-024-01543-2

Beauzamy L, Louveaux M, Hamant O, Boudaoud A (2015) Mechani-
cally, the shoot apical meristem of Arabidopsis behaves like a
shell inflated by a pressure of about 1 MPa. Front Plant Sci 6.
https://doi.org/10.3389/fpls.2015.01038

Bull-Hereifiu K, dos Santos P, Toni JFG et al (2022) Mechanical forces
in floral development. Plants 11:661. https://doi.org/10.3390/
plants11050661

Ronse De Craene LP (2018) Understanding the role of floral develop-
ment in the evolution of angiosperm flowers: clarifications from a
historical and physico-dynamic perspective. J Plant Res 131:367—
393. https://doi.org/10.1007/s10265-018-1021-1

Ronse De Craene LP (2024) The interaction between heterochrony and
mechanical forces as main driver of floral evolution. J Plant Res.
https://doi.org/10.1007/s10265-024-01526-3

Hamant O, Heisler MG, Jonsson H et al (2008) Developmental pat-
terning by mechanical signals in Arabidopsis. Science 322:1650—
1655. https://doi.org/10.1126/science.1165594

@ Springer

Hernandez LF, Green PB (1993) Transductions for the expression of
structural pattern: analysis in sunflower. Plant Cell 5:1725-1738.
https://doi.org/10.1105/tpc.5.12.1725

Iwamoto A, Yoshioka Y, Nakamura R, Yajima T, Inoue W, Nagakura
K (2024) Mechanical forces exerted on floral primordia with
a novel experimental system modify floral development in
Arabidopsis thaliana. ] Plant Res. https://doi.org/10.1007/
$10265-024-01557-w

Jerominek M, ClaBen-Bockhoff R (2024) What keeps the style under
tension? Experimental tests to understand the biomechanics
of the explosive style movement in Marantaceae. J Plant Res.
https://doi.org/10.1007/s10265-024-01535-2

Kubota M, Mori K, Iida H (2024) Physiological roles of Arabidopsis
MCAT1 and MCA2 based on their dynamic expression patterns. J
Plant Res. https://doi.org/10.1007/s10265-024-01575-8

Louveaux M, Julien J-D, Mirabet V et al (2016a) Cell division plane
orientation based on tensile stress in Arabidopsis thaliana.
Proc Natl Acad Sci 113:E4294-E4303. https://doi.org/10.1073/
pnas.1600677113

Louveaux M, Rochette S, Beauzamy L et al (2016b) The impact of
mechanical compression on cortical microtubules in Arabi-
dopsis: a quantitative pipeline. Plant J 88:328-342. https://doi.
org/10.1111/tpj.13290

Milani P, Gholamirad M, Traas J et al (2011) In vivo analysis of local
wall stiffness at the shoot apical meristem in Arabidopsis using
atomic force microscopy. Plant J 67:1116-1123. https://doi.
org/10.1111/j.1365-313X.2011.04649.x

Thaowetsuwan P, Riina R, Ronse De Craene L (2024) Floral mor-
phology and development reveal extreme diversification in some
species of Croton (Euphorbiaceae). J Plant Res. https://doi.
org/10.1007/s10265-024-01572-x

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s10265-024-01543-2
https://doi.org/10.1007/s10265-024-01543-2
https://doi.org/10.3389/fpls.2015.01038
https://doi.org/10.3390/plants11050661
https://doi.org/10.3390/plants11050661
https://doi.org/10.1007/s10265-018-1021-1
https://doi.org/10.1007/s10265-024-01526-3
https://doi.org/10.1126/science.1165594
https://doi.org/10.1105/tpc.5.12.1725
https://doi.org/10.1007/s10265-024-01557-w
https://doi.org/10.1007/s10265-024-01557-w
https://doi.org/10.1007/s10265-024-01535-2
https://doi.org/10.1007/s10265-024-01575-8
https://doi.org/10.1073/pnas.1600677113
https://doi.org/10.1073/pnas.1600677113
https://doi.org/10.1111/tpj.13290
https://doi.org/10.1111/tpj.13290
https://doi.org/10.1111/j.1365-313X.2011.04649.x
https://doi.org/10.1111/j.1365-313X.2011.04649.x
https://doi.org/10.1007/s10265-024-01572-x
https://doi.org/10.1007/s10265-024-01572-x

	﻿Mechanical forces in plant growth and development
	﻿References


