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Introduction:

The intricate root systems visible at the base of uprooted trees didn’t provide those trees only with|
nutrients. They held them in place, keeping them stable and upright for decades or even centuries.
But those life-saving anchors also prevent trees (or any plants) from moving to spread their seeds.
So plants have devised inventive ways to disperse seeds—to avoid competing with their own
offspring for resources and to expand their range.

Some plants produce fruits to entice animals to carry away seeds. Others rely on winds and water
to do the same. One common weed, the popping cress, has evolved a way to launch its seeds in an
explosive burst that gives the plant its name.

Its seeds are encased in a slender oblong pod. With a loud pop, the pod splits open and its sheaths
curl back rapidly—Ilike a coiled paper party horn when you stop blowing into it. Within half aj
millisecond, scores of tiny seeds are violently ejected outward in all directions. They accelerate to|
speeds of 22 miles per hour (10 meters per second) and land 1 to 4 feet (0.3 to 1.25 meters) away.

The Strategy:

The mechanism that accomplishes this effective outburst is as fascinating as it is complex.

The pods have different layers. The outer layer has soft, pliable cells that curl easily. But an inner|
layer of cells contains a strong, stiff compound called lignin. It resists curling, and the pod stays
straight.

The lignin is shaped like a “U” cupping the bottom of the inner-layer cells. But if you apply enough|




force on lignin, it reaches a threshold that instantly overcomes its resistance. The two sides of the
“U” slap downward and the inner layer suddenly curls open. The structure is called “bistable,”
because it has two stable states and rapidly shifts between them. It works like a toy snap bracelet
or a thin metal tape measure, which can maintain its rigidity until you snap it—and then it bends
immediately.

In the case of popping cress, water is the key to building up tension. As the pod grows, water fills
the cells in the flexible outer layer causing their cell walls to expand. That substantially builds up
tension against the lignin in the inner-layer. In this way, the system builds up potential elastic
energy slowly but can release it rapidly.
When the tension on the lignin finally flattens its rigid U-shape, all that pent-up tension is released|
in just 3 milliseconds and the pod splits open. Pod sheaths curl back with a powerful snap that hurls
the seeds with ballistic force up and outward like exploding fireworks.

The Potential:
The popping cress has evolved an effective system to build up potential elastic energy and instantly
convert it into strong kinetic energy. Understanding its structural components and the physics
underlying how they work together offers lessons on how to design robotic manipulators and
ballistic systems.
The plant also inspires design systems that can monitor and respond to environmental conditions
and take advantage of the circumstances in exotic locales to produce energy. Such innovations
could lead to biomimetic solutions for challenges to remote exploration in unknown locales,

including space missions.
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“By combining analyses at different scales of magnitude, we identify specific cellular features

that cause the tissue level mechanics underpinning explosive dispersal. We demonstrate that




tension is actively generated in C. hirsuta fruit by the anisotropic deformation of living cells that
sustain turgor pressure. This unusual mechanism relies on a combination of three-dimensional
cellular geometry and anisotropic cell wall properties of the fruit epidermis. Moreover, we show
that the stored potential energy giving rise to tissue tension is released explosively via coiling of
the fruit valves. This coiling mechanism requires the asymmetric localization of lignin in a single
cell layer of the valve and represents an evolutionary novelty associated with explosive seed

dispersal across the genus Cardamine.”

“Geometry is also key to the rapid release of stored energy in C. hirsuta — geometry of the fruit
valve, but ultimately the geometry of a cell wall in a single cell layer of the valve. Cells in the
inner (endocarp b) layer of the valve are asymmetrically thickened by a lignified secondary cell
wall on their inner face. Lignin is precisely deposited in these cells to form three stiff rods
connected by very thin hinges. The fruit valve needs to coil along its length to reach its relaxed
state, but its transverse curvature prevents this. Opening these hinged cell walls flattens the cross-
section of the valve, which removes this energy barrier, allowing the sudden release of elastic

energy. Toy slap bracelets, for example, work by a similar principle.”

“Understanding in detail how plants control the development of seeds, fabricate structural
components for their dispersal, build molecular machineries to keep seeds dormant up to the right
moment and monitor the environment to release them at the right time could provide several
solutions impacting current space mission design practices. It can lead to miniaturization, higher

integration and packing efficiency, energy efficiency and higher autonomy and robustness.”
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