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Have you ever seen black smog come out of cars? Or noticed an

unnatural oily film on water puddles in parking lots? Humans have

polluted practically every corner of our planet and most of it is

invisible to our eyes. Sadly, Earth su�ers the consequences of this

pollution. But scientists have recently found a simple way to restore

contaminated soils back to health. In this article, we will talk about

how plants and bacteria team up to restore our polluted world!

WHAT IS REMEDIATION?

Years of irresponsible human activities have caused our planet
to become polluted with harsh chemicals. Once these chemicals
settle into the earth, it is very challenging to remove them. These
pollutants pose a huge threat to the health of humans and wildlife.
Trichloroethylene (TCE) is a long-lasting chemical pollutant that has

TRICHLORO-

ETHYLENE

A chemical widely used
as solvent and
degreaser that is
persistent in the
environment as
a pollutant.

seeped into soils and groundwater from manufacturing sites, where it
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is used as a degreaser. TCE is known to cause cancer, which is why the
Environmental Protection Agency from the United States considers it

ENVIRONMENTAL

PROTECTION

AGENCY

An agency of the US
government
responsible for
protecting
the environment.

a top priority to clean up [1].

What are we doing about this problem? One popular method is
excavation, in which contaminated soil is literally dug out of the
ground with big construction machines. If the groundwater, the
water layer below the soil surface, is polluted, pumps are used to
pull the water out and treat it. These methods are very expensive.
The Environmental Protection Agency estimates that it would cost
$2.5 billion to clean up all TCE-contaminated sites in the U.S.!
Also, the usual decontamination methods are very impactful on the
environment. For example, digging up contaminated soil and moving
it elsewhere, far away from people, may reduce human risk, but the
environmental problem is not solved, it just moved to another place.
There are, however, alternative methods for cleaning up pollutants.
Mother nature has plenty of tricks up her sleeve, and scientists have
learned how to tap into that power. Bioremediation is the use of

BIOREMEDIATION

Use of an organism’s
natural ability to
remove and break
down pollutants in
the environment. living organisms to destroy pollutants. One type of bioremediation

is known as phytoremediation, which takes advantage of a plant’s

PHYTOREMEDIATION

The use of a plant’s
natural ability to
remove and break
down
environmental pollutants.

natural ability to remove toxins from soil. That is right, some plants
can clean up pollution!

Not all plants are equally skilled at taking up pollutants, and if there is
too much of a polluting chemical, it can kill the plant [1]. To avoid this,
scientists focused on using poplar trees because they grow quickly
(three meters per year), have lots of long roots, and can slowly destroy
TCE [2]. You could call poplars the superhero of all trees. Still, some
polluted sites have TCE concentrations that are too high for even
poplar trees to handle. But, with the help of a very special bacteria,
the problem can be solved.

BACTERIA HELP PLANTS CLEANUP THE ENVIRONMENT

How can a tiny bacterium be of help to a big tree? Well, scientists
discovered a very special type of bacteria known as an endophyte.

ENDOPHYTE

Bacteria or fungi that
live within a plant.

An endophyte is a bacteria or fungus that lives inside a plant and
forms a symbiotic relationship with that plant host. This concept is

SYMBIOTIC

A long-term interaction
between two
di�erent organisms.

similar to the helpful bacteria you and I have in our guts. Using several
di�erentmechanisms, endophytes can help plants toleratemany kinds
of stresses, like droughts and salty soils. Some endophytes can even
provide their hosts with essential nutrients. In return, the plants o�er
the endophytes sugar theymake fromphotosynthesis, and a safe place
to live.

Bacterial endophytes can live in practically any part of the plant.
Before moving into their new plant home, endophytes reside in the
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soil and must work hard to find a plant to live in. They may sense
compounds released by plant roots to guide their way to a potential
host plant. Think about a police dog sni�ng its way to a treat. Once
they reach the plant, the endophytes enter it through cracks in the
roots [3].

But what about our TCE problem? A special bacterial endophyte
known as PDN3was used because it came frompoplar trees and could
grow in super-high levels of TCE [4]. The bacteria PDN3 was tagged
green (Figure 1) so scientists could use a special microscope to verify
that the endophyte could enter the plant. The next step was to get the
PDN3 into poplar trees. This was done by simply soaking some poplar
sticks in a bucket of bacterial solution. Then the sticks were poked
into the ground of a TCE-polluted site. Another group of sticks, called
controls, were also stuck into the ground, but were not added to the
bacterial solution. By monitoring the trees with PDN3 and the control
trees, biologists could see if PDN3 helped the trees clean up the TCE
pollution. Look at the photograph in Figure 2. Do you think the bacteria
helped the trees?

Figure 1

Figure 1

The green you see in
the photographs are
-tagged PDN3 bacteria
at (A) 48h after being
added to the
poplar branch, and (B)

1 week after being
added. These images,
taken using a special
microscope that can
detect green
fluorescence, show
that the endophyte can
enter roots through the
cracks where roots join
each other and can
begin to live within the
poplar tree [1].

Figure 2

Figure 2

In this photograph, you
can see how much
larger and healthier the
trees with PDN3
looked, after just 1 year
of growth. The control
and PDN3-containing
trees were planted in
alternating rows. These
results also
demonstrated that the
endophytes did not
move from one tree to
another, because the
control trees did not
benefit from the
endophytes.
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WHAT IS ENDOPHYTE-ASSISTED

PHYTOREMEDIATION?

We see that the trees with the added endophyte bacteria clearly look
bigger and healthier than the control trees without PDN3. But did
those bacteria help solve the TCE problem? Scientists collected several
lines of evidence showing that the bacteria-tree partnership worked.
The groundwater downstream of the trees had almost no trace of
TCE 3 years after the trees were planted. So, the trees took up the
polluted water but they did not look sick like the control trees did.
The scientists checked inside the trees and learned that the trees given
PDN3 had less TCE in their tissues than the control poplars had. This
means that TCE taken up by the trees was destroyed inside the trees
with the help of their endophyte friend. When TCE is broken down,
chloride is released (since TCE is tri-chloro-ethylene). Sure enough,
there was lots of extra chloride in the soil around the PDN3 trees.
In other words, the endophytes helped the poplars reach more TCE
and break it down. This process, in which plants and endophytes
work together for restorative purposes, is called endophyte-assisted
phytoremediation.

ENDOPHYTE-

ASSISTED

PHYTOREMEDIATION

The use of endophytes
to help plants
remove pollutants.

Now we know the bacterial endophyte helped the poplar trees
fix the TCE pollution problem, but scientists still wonder exactly
how it works. Since the bacteria by itself can break down TCE
really well, we know that the endophyte has special enzymes to
do this. But endophytes also bring many benefits to their host
plants, all of which may contribute to better removal of pollution.
For example, endophytes such as PDN3 can make plant hormones
that tell the plants to make more roots. The roots start growing
quickly and can be longer and denser than they are in trees
without PDN3. As a result, the PDN3-containing plants can pull more
nutrients out of the ground. PDN3-containing poplar trees can also
grow deeper and can possibly reach polluted regions that were
previously unattainable.

MOVING FORWARD

This discovery has the potential to change the way we clean up
environmental pollution. Endophyte-assisted phytoremediation is a
whole lot cheaper than the usual practices, it is very e�ective,
and it is good for the environment. Likewise, it benefits wildlife as
well as humans. But, because the discovery of endophyte-assisted
phytoremediation is so new, the world still primarily uses the usual
methods. The health of our planet depends on how we treat it, and
it is our responsibility to clean up the mistakes of past generations. We
must determine the future of our world by making the right decisions
about howwemanage our environment. By using themicroorganisms

kids.frontiersin.org June 2022 | Volume 10 | Article 722958 | 4

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.722958
https://kids.frontiersin.org/article/10.3389/frym.2022.722958
https://kids.frontiersin.org/article/10.3389/frym.2022.722958


Ordukhani et al. Endophytes Can Help Remove Pollution

within plants and relyingmore on natural practices, we canmake Earth
a better home for all.
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