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Humans have been growing rice for thousands of years, but we
have not been doing it alone this whole time. With over 7.6 billion
mouths to feed on our hungry planet, would not you want to get
as much help as possible when growing food? We can easily see
caterpillars, such as the fall armyworm, eating rice leaves above
ground, but there are also insects, like immature rice water weeuvils,
feeding on the roots underground. So, who is the mysterious helper
in these scenarios? Fungi! Rice plants are able to provide nutrition
for themselves, but when they team up with arbuscular mycorrhizal
fungi (AMF), they can more efficiently obtain the building blocks
needed to grow. From our results, we think that maybe AMF can
help plants repair themselves following pest damage. This could
lead to a reduction in pesticides used and, more importantly, more
food for everyone to eat.

frontiersin.org March 2019 | Volume 7 | Article 50 |


https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://kids.frontiersin.org/
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://doi.org/10.3389/frym.2019.00050
https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://kids.frontiersin.org/article/10.3389/frym.2019.00050
https://loop.frontiersin.org/people/502560/overview
https://loop.frontiersin.org/people/568187/overview
https://loop.frontiersin.org/people/156952/overview

The thin zone of soil
surrounding a plant’s
roots.

Arbuscular mycorrhizal
fungi ("Arr-bus-cue-ler
My-core-rise-uh
Fun-guy”) are
organisms that live in
the soil and form
long-term, strong
relationships with the
roots of host plants in
order to exchange
resources.

Bernaola et al. Friends and Enemies of Rice

INTRODUCTION

Earth’s population has exploded in the last 200 years, and it is estimated
that over 7.6 billion people currently live on Earth today! With that many
mouths to feed, how do farmers keep up? There are common types of
food, like grains, that are cultivated in large amounts by people all over
the world. Rice, for example, has been grown by human civilizations for
over 4,000 years and is grown on every continent except Antarctica!
Growing rice has been so popular because it can thrive in so many dif-
ferent conditions. However, rice plants face some major challenges,
such as insect pests that feed on rice plants while they grow. One of
the ways that rice farmers reduce the threat of insect pests is by using
insecticides. While insecticides have been effective in controlling some
plant-eating pests, they also carry the risk of endangering human health.
One way humans have learned to help rice and other crops deal with
plant-eating pests or other threats is by making friends with certain
fungi. There are some fungi that live in the soil that can protect differ-
ent crop plants [1], similar to the way vitamins and medicines protect
the human body against colds and infections. Beneficial organisms like
these fungi can potentially reduce our reliance on insecticides.

THE RHIZOSPHERE: A WHOLE WORLD RIGHT BENEATH
YOUR FEET

Plants are exposed to attackers above ground, and they also face dif-
ficulties below ground. The zone surrounding the roots of a plant is its
own little community called the rhizosphere, and it is not an empty
neighborhood! The soil around roots is full of microorganisms. Of these
microorganisms, there are some that establish give-and-take relation-
ships with the roots of plants. One such group of soilborne organisms
is called arbuscular mycorrhizal fungi (AMF), which we abbreviate as
AMF. How could such a community in the rhizosphere be of help to
its plant host?

Well, you are free to move about to grab a nutritious snack or go to
the doctor for prescriptions when you feel sick. Plants cannot walk, so
they depend on their roots to search for water and nutrients. Roots are
limited in length, of course, so plants look to other sources for help,
including AMF. AMF are fungi (related to mushrooms) that are similar
in appearance to roots and they enable the plant’s roots to reach more
nutrients required for growth (Figure 1). The structure of AMF is much
finer than plant roots though, so the fungi are able to absorb miner-
als more efficiently than the plant [2]. Because of their structure, they
can deliver higher doses of mineral building blocks to plants, just like
chewable vitamins can give your body the building blocks it needs
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Figure 1

Symbiosis between
AMF and a few cells in
the outer layer of a
plant’s root tissue. An
AMF spore cell, shown
as a brown circle, has
extended hyphae
through the
rhizosphere and into
the plant's root cells.
The tree-shaped
structure of the AMF,
called arbuscules, helps
it interact with the plant
cells, and the round
vesicles in various cells
allow the AMF to
accumulate the
nutrients received from
the host plant.

SYMBIOSIS (“SIM-
BEE-OH-SIS")

A partnership between
two organisms. The
association usually helps
both partners thrive in
their environment.

SPORE (“SPOUR")

A single reproductive
cell having the ability to
generate a new
individual fungus
without needing to
combine with another
fungus or spore.

FUNGUS

Fungi form a group of
organisms, both helpful
and harmful, that feed
on other organic
matter; typical
examples include mold
and mushrooms.

BIOTROPHIC (“BY-
OH-TROFF-ICK")

Describes the long-
term feeding
arrangement between
a fungus and the cells
of a host plant, in
which the cells of the
host plant are not
harmed.
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Rice grains

Plant root cells

Figure 1

quicker than food can alone. In particular, AMF absorb the nutrients
phosphorous and nitrogen from the soil and transfer these nutrients to
the plant. In exchange for this help, the plant also provides the fungi with
essential nutrients. This relationship is called a symbiosis, because it is
a partnership in which both sides cooperate closely with one another
and benefit from one another.

The main parts of a plant are the leaves, stem, and roots. AMF begin as
small, individual cells called spores and have hyphae, which are very
thin, branchlike structures that connect different areas of the fungi
together. AMF also have vesicles, which are round structures that store
the nutrients the fungus gathers from the soil, and arbuscules, which
are tree-shaped structures that allow the exchange of nutrients with
the roots of the host plant [3]. These three structures, shown in Figure 1,
help us to understands why the fungi have this name: the name comes
from the form of the fungus and the relationship that it creates with
the plant.

AMEF are called biotrophic because of this symbiosis with plants. Biotrophs
must have another host plant (such as corn, rice, cotton, wheat, lentils,
etc.) for a long-term feeding partner, in order to exist! So, how do AMF
and plant roots find each other? Communication between plant roots
and AMF involves a sequence of events, but ultimately concludes when
the fungi penetrate the root to begin colonization of the root cells.

RICE AND ITS ENEMIES

Besides the exchange of nutrients with plants, another role fungi
have is to help protect the plants against different stresses, such as
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Figure 2

Common pests, such
as rice water weevil
and fall armyworm,
attack rice throughout
the plant’s life cycle.
The weeuvil larvae target
the underground roots,
while the adult weevils
and fall armyworms
chew on the leaves of
the plant above
ground.
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herbivorous (plant-eating) insects. Did you know, during the rice season,
that different insects attack the rice plant at different times? Rice plants
can come under attack as soon as their seeds are planted until the time
they are harvested at the end of their life cycle. In the United States,
this life cycle usually begins with the planting of seeds into dry soil.
At some point, usually within a month of planting, the field is flooded.
This is the best growing condition for most types of rice, and it helps
defeat some weeds that would otherwise crowd out the rice.

Once the plant is about 1 month old, and the flood has been well-
established, the rice plant is exposed to more threats. There are several
herbivorous insects that feed on rice in the United States, but we will
only focus on two. One tiny insect, called the rice water weevil, shows
up in the rice fields at an early stage of the plant’s life. After male and
female weevils mate, the females lay eggs, which then later hatch into
larvae. The larval weevils dig below the surface to feed on the root
system of the rice plant. They will remain there, eating away at the rice
plant’s roots while the weevils mature (see Figure 2). If there are many
weevils, then they can remove enough of the roots that there will not
be enough of a root system to support the growth of the rice plant (see
Figure 3). When rice water weevil infestations become severe enough,
the amount of rice produced per plant will be much less than it could be!

Also, during therice’s life, another insect called the fallarmyworm shows
up. It does not burrow underground but prefers to snack on the leaves
of the plants above ground. These insects are the young versions of a
common type of moth. They can destroy an entire field by eating the
leaves of the plants.

Rice Water
Weevil
adult

Fall armyworm
larva

Rice 4
Water
Weevil larvae

Figure 2
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Figure 3

Rice water weevil root
damage to rice plants.
The rice plants on left
have short roots due to
damage from rice
water weevil larvae
feeding on them, and
the plants on right have
longer, undamaged
roots (photo: Lina
Bernaola).
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Figure 3

How can plants fight back? Arbuscular mycorrhizal fungi help the plant
survive the stress of herbivore attacks. Luckily, AMF exist in many areas
naturally, but farmers can also add AMF to the soil to give their rice crop
its best chance of surviving. Scientists have seen that AMF encourage
growth in some plants [4], but this may not always be the case with
rice. AMF are a lot like medicine that we can take when we feel bad.
However, just like the medicines we take, some work well for you while
others do not. Sometimes, kids respond differently to the same treat-
ment, and this is the case for plants in any type of symbiotic relationship.

HOW DOES ALL THIS HELP MAKE MORE FOOD?

If plants are protected from herbivorous pests, then they will be able to
live long enough to produce food for more people. This could poten-
tially reduce our reliance on insecticides and allow us to get more rice
grains from the same size field. Itis important to remember that insects
are not the only things that cause damage to plants. The existence of
other microorganisms in the rhizosphere can either help or hurt the
growth of plants. This effect will depend on the particular rice crop and
the type of microorganisms involved.

In addition to helping rice plants tolerate insect attacks, AMF can help
plants to grow significantly more shoot (which is any part of the plant
above ground, such as the stems, leaves, and flowers) than rice grown
without AMF. If insects eat part of the plant, then AMF can potentially
help the plant to regrow the lost plant material [5]. If the rice plants
can regrow after being eaten, the pests will not reduce the size of the
harvest as much.
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TOO MUCH OF A GOOD THING?

When AMF colonize the roots of a plant, they can sometimes lead to
those bigger or taller plants just mentioned. Also, the symbiosis can
help protect from the attack of herbivores by boosting the defenses
plants use. It is similar to when you feel sick: you take medicine to help
combat everything from colds to fevers. Your body does most of the
hard work to remove whatever is making you sick, while the medicine
provides some of the tools to make the job easier.

On the other hand, AMF can be bad for rice. They can weaken the
plant by giving it too many nutrients. How could this possibly be bad?
Well, if it gets too many nutrients, the rice plant will become larger
and more irresistible to insects, which can see the difference between
average and strong plants. For example, would not you rather dine
on a large, red apple vs. a small, wrinkled one? Insects can be just
as picky as we can!

HOW DOES THIS RESEARCH MAKE A DIFFERENCE?

Scientists are trying to understand the interactions between AMF and
rice plants and the insects that feed on those plants so that we can
better use AMF to increase the amount of rice that will help to feed our
world's rapidly growing population. As you have seen, the interactions
between fungi, plants, and insects is complex and depends on many
things. However, using these natural farming methods, and avoiding
the use of harmful insecticides, is part of our responsibility to keeping
the planet healthy.
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