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Team looks to plant tissues that move for
inspiration in designing artificial actuators
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Natural plant tissues provide potential strategies for the speed regulation of
biomimetic actuators, ranging from ultrafast to ultraslow. Credit: Nano Research
(2023). DOI: 10.1007/s12274-023-6092-1
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Scientists are looking to plant tissues that are capable of motion to
inspire the design and fabrication of artificial actuators. These
bioinspired actuators hold significant potential in applications, such as
soft robotics, prosthetics, and smart biomedical devices.

A research team from the Chinese Academy of Sciences has published a
perspective paper in the journal Nano Research focusing specifically on
the ways plants regulate their motion speed and how this might be
applied with artificial actuators.

These artificial actuators, that are responsive to humidity, solvents, heat,
light, and electricity, convert the environmental energy into shape
transformation. Scientists look to plants for inspiration because of the
ways plants have learned to move.

Over billions of years of evolution, many plant organs have developed
strategies for changing their shape. Plants use their shape changes to get
nutrition, disperse seeds, bury seeds in soil, or even get rid of stress. "By
drawing inspiration from nature, artificial actuators can be developed
with a wide range of motion speeds, from ultrafast to ultraslow. This
opens up new possibilities for creating advanced robotics and devices,"
said Feilong Zhang, a researcher at the Technical Institute of Physics and
Chemistry, Chinese Academy of Sciences.

Venus flytraps close their lobes to capture insects when their trigger
hairs are touched twice. The sundew plant curls its leaves over its prey.
The Mimosa pudica plant closes its leaves to avoid water droplets on
rainy days. Even some dead plant tissue can change shapes. For example,
the pine cone scale, wheat awn, seed pods, ice plant seed capsules, and
the bristles of dandelion seeds can all change their shape.

In living plants, the shape changes and movement are related to ion
channels. However, the dead plant tissues demonstrate hygroscopic
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motions, that is, movements related to changes in moisture. Because of
their unique structures and compositions, these dead plant tissues
provide scientists with natural models for artificial actuators.

These plants are able to control their movements in very precise ways.
For example, pine cones move very slowly to guarantee that they open
only in a long-term dry environment, which allows wind and animals to
disperse the seeds from the parent trees.

Conventional research has focused mainly on the ways that the plant
tissues move, but little attention has been given to the speed regulation
strategies. In the team's perspective paper, they focused on
understanding the speed regulation strategies used by plant tissues and
proposing potential speed regulation strategies for biomimetic actuators.

The team summarized the strategies of nature for designing biomimetic
actuators that can mimic the incredible speed, from ultrafast to
ultraslow, and versatility of biological systems. Their paper explores the
mechanisms responsible for the shape changes, along with strategies for
controlling the speed of the motion.

The team also looks at several models learned from plant prototypes for
bioinspired artificial actuators, with different scenarios related to
different speed requirements. They explore the challenges and
opportunities in the development of artificial actuators. Finally, the team
discusses potential strategies for speed regulation of actuators that might
contribute to their further development.

The current bioinspired artificial actuators with extreme
speeds—ultrafast or ultraslow—still lag far behind what scientists
observe in nature. "Therefore, there are still many challenges and
opportunities in exploring the mechanism of natural motile plant tissues
with extreme speeds and developing biomimicking artificial actuators
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for extended applications," said Zhang.

The team notes that new biotechnology, like the genome editing tool
CRISPR-Cas9, may provide opportunities to combine genetics and
biomechanics so that the plant motion mechanisms can be studied at all
scales, from the plant scale down to the cellular and molecular scales.
"Furthermore, with the development of new responsive materials and
manufacturing technology, such as multi-component 3D printing
technology, more complex and functional actuators are to be designed
and fabricated for specific practical applications by drawing inspirations
from plant species," said Zhang.

Looking ahead, the team plans to further explore the design principles of
biomimetic actuators and to refine their performance. "Our ultimate goal
is to develop actuators that can replicate the complexity and efficiency
of biological systems," said Zhang.

More information: Man Yang et al, Bioinspired strategies for
biomimetic actuators from ultrafast to ultraslow, Nano Research (2023).
DOI: 10.1007/s12274-023-6092-1
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