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They are types of
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with a certain level

of homogeneity.

Just to the south of the Amazon, there is a vast and biodiverse
savanna that scientists believe is under even greater threat, called
the Cerrado. Scientists want to understand how the plants that live
in the Cerrado affect the rainfall that enters the ground to recharge
the aquifer. Many of these plants are trees that capture rainwater and
drain it down their bark-covered branches and trunks. This water,
called stemflow, may be one way to recharge the aquifer, if the
branches and bark of the trees are the right size and shape. This article
will introduce the common plant species of the Cerrado, describe
how they affect the way rainfall enters the ground, and discuss how
bark and branches may help conserve water.

The Cerrado originated at least 40 million years ago, making it one of
the oldest biomes on Earth. The Cerrado is huge, originally covering
22% of Brazil, and it contains the highest biodiversity of any biome in
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Figure 1

The Cerrado forest is
also called the
“upside-down” forest.
Notice how the tree
roots go much deeper
into the soil than their
canopies reach to the
sky! Figure credit: Dr.
John Toland Van

Stan, Il.

WOODY PLANTS

Forest species
providing products
such as wood.

AQUIFER

An area that can store
or transmit water

underneath the ground.
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Figure 1

Brazil. The Cerrado isn't the same over its entire area; instead, it is a
patchwork made of different types of land cover, including cerradao
("big cerrado”), typical cerrado, campo cerrado, dirty cerrado field, and
clean cerrado field. The cerradao is the only type of land in the Cerrado
with large forests. There is a great diversity of plants in the Cerrado,
including palm, fruit, and timber trees, plus a wide variety of grasses,
bromeliads (like mini pineapples), orchids, and other smaller plants.
Some species, like timber trees, have twisty and thick trunks reaching
up to 20 meters in height. Other woody plants are shorter and more
like bushes, like the strawberry guava.

This diversity of plant life is surprising because the Cerrado has a dry
season every year that can last from April to September and the soils
are generally low in nutrients. Scientists believe that many trees survive
the long dry seasons in poor soils due to their deep root systems:
some roots can reach up to 15 meters in depth. This allows them
to capture water from natural water storage areas called aquifers,
deep below the surface. The rainwater that flows through this huge
savanna contributes water to the Guarani aquifer, which isimportant to
many countries in South America. Many measurements and estimates
suggest that the height of the tree canopy above the ground is only
a third of distance that the roots extend into the soil. Because its root
system can be more extensive than its treetops, the Cerrado is also
called the “upside-down forest.” So, the Cerrado’s upside-down forest
is strongly rooted into the aquifers below it (Figure 1).

HOW TREES HELP TO RECHARGE AQUIFERS

Plant roots take up lots of water from the Cerrado’s aquifers during
the dry season. But they also help to put lots of water back into these
aquifers later. You see, the climate of the Cerrado also has a rainy
season, which generally occurs between October and February. The
aquifers are recharged by this rain, but they depend on plants to get
the rainwater down into them. The same plant roots that remove
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STEMFLOW

Water that is captured
by plant leaves and
branches and drained
down their stems.

ARID AND
SEMI-ARID REGIONS
Regions where the rain

is usually short-lived
but very intense.
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groundwater from the aquifers during the dry season provide drainage
pathways for rainwater into and through soils during the rainy season.
These root pathways can help rainwater to drain into and recharge
the aquifers. In fact, if we looked closely at one of these plants, we
could count thousands or even millions of roots—that's thousands
to millions of pathways for rainwater to travel along to recharge the
aquifers! And, if we look for tiny roots with our microscopes, we will
see countless other mini-root water pathways that intertwine with the
roots of other plants [1]. So, the Cerrado’s complex root system can
promote water movement from the soil surface to the aquifers in the
wet season, while also nourishing the plants in the dry season.

RAIN MUST OVERCOME LEAFY AND BARKY OBSTACLES

The story of roots and aquifers is a little more complicated though,
because a lot happens to rainwater between the Cerrado’s treetops
and the soil surface. When the rain reaches the forest’s leaves and bark,
it is forced along one of three paths... and not all of them lead to the
soil surface! First, some water will be stored on leaves and bark and
will eventually evaporate back into the air. Second, some water will
drip to the surface, as if a branch has become a leaky faucet. Finally,
some rain will stick to the bark, branches, and stems and will drain all
the way down to the soil surface at the bottom of the tree trunk. This
last process is called stemflow. Stemflow comes from many branches
all draining down to one spot at the surface right next to the trunk,
so it can result in a very concentrated flow of water to the soil in that
location. Stemflow does not just come from rain. In fact, in some arid
and semi-arid regions where there is little rainfall, water vapor from
the air condenses into liquid water when it contacts the plant and
drains to the soil via stemflow.

Many researchers are now trying to understand what factors affect
the production of stemflow in the Cerrado and in many other regions
around the world. Stemflow depends on how the forest is structured,
such as the number of trees in a certain area and the types of plant
species present. For example, forests with a larger density of trees and
a greater area of leaves and bark tend to catch a greater amount of
rainfall that becomes stemflow. Sometimes, the structure of a plant's
leaves can reduce the amount of stemflow, for example if they are
hairy. In those cases, the leaves may retain the water, which will
eventually evaporate and not make it to the soil. The way a tree species’
bark is shaped is also important. There are many types of bark in
the Cerrado. A thicker bark (Figures 2A—C) could reduce stemflow by
acting like a sponge and sucking up all the water draining down the
trunk. A thinner bark (Figures 2D—F) would not absorb as much water,
allowing more stemflow to reach the ground.
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Figure 2

Examples of bark types
from the Cerrado.
Notice how the top row
of trees has thick bark
that can absorb some
of the stemflow, while
those in the bottom
row have thinner bark
that would allow more
stemflow to reach the
soil. (A) candeia, (B)
cedro, (C) angico, (D)
palm, (E) pata de vaca,
(F) ipé amarelo.

LITTER

Is the layer composed
by the deposition of
plant remains (leaves,
branches) and the
accumulation of
organic material in
different stages of
decomposition that
superficially covers
the soil.
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Figure 2

THE FINAL HURDLE: CROSSING THE LITTER

Upon reaching the bottom of the trunk, stemflow may still not meet
the soil quite yet...it might instead meet the litter, a thick layer of
fallen leaves, branches, insects, flowers, fruits, and even fallen tree
bark, too! This litter can protect the water that makes it into the soils
below, blocking soil water from the wind and sun that could cause it to
evaporate. Some researchers have found that stemflow can pass right
by the litter layer and into the soils. If this is common, then stemflow
may make it to the soils and the protection of the litter layer by riding
the bark straight into the soils. In the Cerrado, more water has been
found in soils that lie beneath the forest litter. So, maybe the bark
does a double duty! First, it helps to drain rainwater along stems and
into the soils. Then, perhaps the fallen bark in the litter helps protect
the water that makes it to soils, allowing it to infiltrate and recharge
the aquifers!

THE MAGNIFICENT UPSIDE-DOWN FOREST

The upside-down forests of the Cerrado, with their large roots and
trees with thick and rugged bark, have been fittingly called a “cradle
of waters.” We hope that you now have a better understanding of
forest and water relation. It is important for researchers to continue to
study forest hydrology because we have a lot of specific interactions
among biomes, their structure, soil properties and hydrology. Further
research will help us to understand and protect Cerrado forests in
South America. So, we wish someday we can count on your help to
study and protect this magnificent biome!
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