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A study analyzes the movement of tree sap

December 13 2010

This picture show a regular plant which is used in the research about the
movement of sap in order to apply these advances to new hydraulic systems or to
suction pumps. Credit: UC3M

Spanish scientists at Carlos III University of Madrid use 3-D modeling to
analyze the mechanisms used to by trees to transport water in their
interior. The objective: to discover the keys to the movement of sap in
order to apply these advances to new hydraulic systems or to suction
pumps.

The researchers decided to embark on this study in order to find out
which mechanisms are used by plants when they extract water from very
dry or somewhat inhospitable land. "In the case of mangrove swamps,
for example, the plants are able to extract freshwater from a saltwater
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environment, despite the fact that the osmotic pressure should make
quite the opposite happen", explains Professor José Luis Pérez Diaz,
who studies this type of relatively unknown phenomenon as part of a
new line of research that the Department of Mechanical Engineering at

UC3M has begun.

The objective of the study is to learn what type of mechanism the plants
use when extracting the water and transporting it from the roots to the
leaves. To do this, the researchers have generated a model that represents
the microscopic structure of the trunk of a European beech tree (Fagus
sylvatica) in order to study the changes produced when the water moves
through its interior; they have published some of the results of their
research in a recent issue of the Journal of Biological Physics.

This is an infographic about the study to find out which mechanisms are used by
plants when they extract water. Credit: Carlos III University of Madrid

The three-dimensional model created by these UC3M scientists allows
them to analyze the transpiration and absorption of the bark of the tree,
as well as the pressure in the different types of conduits, such as the
floem or xylem, that transport fluids inside the trunk. The first is a
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vascular tissue that carries sugars and other synthesized nutrients from
the organs that produce them to the organs where they are consumed and
stored, in both upward and downward directions. Xylem, on the other
hand, is different type of tissue that is adapted especially for conveying
water upward for the length of the plant; its elements are arranged in
longitudinal rows, through more or less continuous sections of conduits.

The main conclusion of this study is that the sap in the trunks of trees is
in a pressurized situation. It demonstrates, then, that when the pressure is
positive in the conduits of the xylem as well as in those of the floem, the
model expands in the radial direction. However, when the pressure is
negative in the xylem and positive in the floem, which is what is believed
to occur during the day, the model contracts in the radial direction. "Our
results are not absolutely conclusive yet, but they set us on a path to
continue our study and to find out more about these processes", says
Professor Pérez Diaz.

This line of research could have interesting applications for hydraulic
systems or devices for water extraction, for example. "Currently — the
expert points out — there is no water suction pump capable of raising
water more than ten meters at normal atmospheric pressure, but a
sequoia tree can raise water to a height of 100 meters, which I think
means that anything we can learn from plants is going to be of great
interest to people working in this field", he concludes.
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