
A baby grub, fat and hungry, chews on 
the tree.
“More…” it grumbles, biting again.
“Give me more.”

A tree stands, waist deep in earth, 
its tender roots in agony.

The tree sends pain signals through the 
soil, a chemical cry for help that radiates 
into the darkness.

3.2.



The signals reach Nema, a young 
nematode. Nema is tiny, almost a hundred 
times smaller than an earthworm. She 
wriggles free from her writhing mass of 
family, and lifts her head to sense the 
signals. “Come on! Toda, Seri, Glassa,” 
she calls to her friends. “Someone out 
there needs us.”

Each nematode is carrying microscopic
passengers. Deep inside them huddle the
Xenos, a little group of bacteria, riding
wherever the nematodes travel.

“Go Nema, go!” the Xenos whisper.
“Our feast awaits.”

5.4.
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The signals keep on calling. The 
nematodes hurry past a shard of sunlight 
that cuts through from a strange world 
above. Algae thrive here, happily making 
sugar from the light. 

“Good luck, little ones,” a tardigrade 
calls, sucking on moss roots as the 
nematodes wriggle past.

“Go Nema, go!” the Xenos say.

13.12.



Nema stops in front of a structure full
of bacteria, busily breaking down and
building with minerals.

“Excuse me,” Nema asks them, “we’re
following signals and I thought they came
from this direction.”

The bacteria ignore her. But a tip of friendly 
white fungus curves out of the structure.
“You’re looking for the tree root,” it says.
“Follow me.”

15.14.



They trace along the fungal thread and
stop where the white fungus plunges into 
a tree root. The signals here are clearer 
than ever.

The root oozes fresh sweetness and it’s like
a highway, with microbes racing in all
directions. Crowds of bacteria gather along
it, devouring its moisture. They breed 
and die and feed the protozoa who glide 
between them.

17.16.



The tree’s pain signals 
surround Nema.
This is why the nematodes 
were called! They’re here to 
save the tree from the grub.

Inside Nema, the Xeno bacteria are
urging her onward. They carry a stockpile 
of chemical weapons, ready to launch the 
instant they’re needed.

“Go Nema, go!” they call from within.

In front of them a baby grub 
bites at the tree root. 

“Mmmm, more!” it mutters.

19.18.



The grub exhales, making a trail of
carbon dioxide.
Nema senses it and lifts her head,
suddenly hungry.
The nematodes wriggle into the grub, 
through tunnels and branching pathways,
searching for their feasting place.

They’ve made it.
Nema’s outer layer of skin peels back and
she squirms free.
“Phew! What a relief,” Toda says with his
skin behind him.
Nema clenches to push out her Xenos.

D
A

Y 
2

21.20.



“Firstly, our feast,” the Xeno bacteria
announce. They devour the grub’s blood
sugar, until they’re ready to split. They
reproduce again and again. The place fills
with Xenos.

But the grub won’t die without a fight. The
grub’s white blood cells hunt down Xenos
one by one and swallow them whole.

The Xenos respond, launching chemical
weapons that stop the white blood cells in
their tracks.
The battle rages. Thousands of Xenos die,
but slowly, surely, the bacteria overcome 
the grub’s defences.

22. 23.



SOIL IS MADE UP OF A SERIES OF LAYERS CALLED HORIZONS

35.34.

Micrograph of sand particles by Thilo Eickhorst & Rolf Tippkoetter. University of Bremen, Germany.

SOIL IS THE SKIN OF THE EARTH

Soil is the outer surface of the Earth’s crust. It is made from 
a dynamic mixture of minerals and organic matter (creatures 
both dead and alive). 

THE MINERAL COMPONENT OF SOIL
The mineral portion of soil is usually divided into three sizes 
of particles: sand, silt and clay. Sand grains are the biggest 
particles, while silt and clay are too small to see.
 
Soil particles are created through a combination of physical, 
chemical and biological weathering from larger rocks.
Depending on the conditions, this process can happen 
rapidly over a decade, or slowly over millions of years.

Physical weathering such as wind, rain, snow, sun and cold 
helps break rocks down into smaller particles. Biological 
and chemical weathering are caused by acids and other 
chemicals (from biological or non-biological sources) 
breaking the molecular bonds holding soil minerals together.

The most common chemical component of sand and silt 
particles is silica (as silicon dioxide, SiO2), usually in the form 
of quartz crystals. Clay particles are a lattice of aluminium 
and silicon oxides, which together have a very high ability 
to hold and supply minerals such as calcium, magnesium, 
potassium and ammonium to soil microbes and plants.

Surfaces matter
A teaspoon of sand grains has the same surface area as a 
postcard. But a teaspoon of tiny clay particles has the same 
surface area as a bedroom floor. This means clay has much 
more room for water, organic matter, minerals and microbes 
to attach and for chemical and biological reactions to occur.

If we imagine that a clay particle was the size of a peanut 
...then the silt particle would be the size of a watermelon
...and the sand grain would be the size of an elephant.

SILT:
0.002–0.063 mm
(2–63 µm) 

SAND:
0.063–2 mm
(63–2000 µm)

 

CLAY: 
LESS THAN 0.002 mm
(< 2 µm)
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37.36.

Citizens of the soil
THE ORGANIC COMPONENT OF SOIL
Topsoil contains the most organic matter and is where most 
biological interactions and chemical reactions take place. 
Healthy topsoil is the most biodiverse habitat on Earth. 

Here, millions of soil creatures are continually making and 
recycling nutrients, breeding, moving, building, decomposing, 
recomposing, dying, pooing and capturing carbon.

MESO
Meso-scale (medium size) 
soil creatures graze on 
the smaller soil microbes, 
releasing nutrients that 
support the growth 
of plants.

MACRO
Macro-scale (large size) 
soil creatures help turn the 
soil, mixing air and water 
with organic material 
to create new pathways 
and pores.

MICRO
Micro-scale (small size) 
soil creatures form the 
base of the soil food web, 
scavenging minerals and 
decaying dead organic 
matter, such as fallen 
plant leaves. These 
recycled nutrients are a 
vital food source for larger 
soil creatures and plants.

Earthworms WeevilsAnts Termites SlatersMoles

SpringtailsNematodes Rotifers Mites Tardigrades

Bacteria Protists

“Nema, Toda, Seri and Glassa follow the 
signals into a rich, decaying soilscape. 
It’s a maze of canyons, crumbling and 
shadowed.” (pg7)

The spaces between soil particles, called pores, are just 
as important as the particles themselves. Soil pores form 
a vast, intricate labyrinth of air and water pockets and 
pathways, which can extend many metres down into the 
soil. A handful of healthy soil contains thousands of 
micro-habitats, such as tiny tunnels, sand caves and pools 
of water.

Plant roots and burrowing animals such, as earthworms 
and termites, play an important role in turning the soil 
and creating new soil clusters, which further enriches the 
structure of soil. However, soil microbes such as bacteria 
and nematodes are too tiny to move big soil particles. 
Instead, they move within existing pockets of water or 
across the thin films of water coating many roots, fungi 
and soil particles.

Healthy soil is an equal mix of air and water
Soil that contains a mixture of sand, silt and clay particles 
is called loam and is considered the ideal soil for growing 
most plants and maintaining healthy soil biodiversity.

While larger sand particles help create bigger air pockets 
within soil, the smaller soil particles – silt and clay – can 
hold much more water, minerals and organic matter for 
the tiny creatures living there.

AN UNDERGROUND LANDSCAPE



Fungi
(10 micrometres wide

...many kilometres long)

•  One of the main decomposers 

in soil, along with bacteria

• Some fungi form partnerships 

   with plant roots, such as the 

   white fungus in the story

• Some fungi can be carnivorous 

   or parasitic, such as the lasso 

   fungus in the story

Xenorhabdin
(weapon) molecule
(400 picometres)

•  A molecule made from 12 carbon 

atoms, 16 hydrogen atoms, 

   2 nitrogen atoms, 2 oxygen atoms    

   and 2 sulfur atoms (C12H16N2O2S2)

• Made by Xenorhabdus 

   bacteria (Xenos) as a toxic weapon 

• Kills the grub’s white blood cells 

   in the story

XENOS
Xenorhabdus  
bacteria
(5 micrometres)

•  Single-celled bacteria with 

many flagella (tails) 

• Form a partnership with 

   Steinernema nematodes

• Can make a wide range of 

   molecules to kill insects, 

   bacteria and fungi

NEMA
Steinernema
nematodes
(1 millimetre)

•  One of the main characters, 

along with her friends Toda, 

Seri and Glassa

• Forms a partnership with 

   Xenorhabdus bacteria

• Reproduce inside an insect

THE TREE
(2 metres)

• A large plant

• Releases sugars through its 

   roots, which attract soil 

   microbes and larger insects, 

   such as the grub in our story 

• Some trees can live for 

   thousands of years

How small 

are the 

characters?

Methyl salicylate 
(pain signal)
(250 picometres)

• A molecule made from 8 

   carbon atoms, 8 hydrogen atoms 

   and 3 oxygen atoms (C8H8O3)

• Released by many plants as a      

   distress pain signal

• Sensed by some animals such 

   as nematodes to help locate 

   their prey

Sand grains
(200–2000 micrometres)

• The largest type of soil 

   particle

• Typically composed of silicon 

   dioxide (SiO2) or calcium 

   carbonate (CO3)

Earthworm
(100 millimetres)

• Segmented tube-shaped 

   worms

• The tunnels they make allow 

   air and water to flow 

   through soil

• Help decompose and recycle 

   nutrients in the soil

• Found in most soil 

   ecosystems

Tardigrade
(2 millimetres)

•  Water-based animals 

with 8 legs

• Also known as water 

   bears or moss piglets

• Found in all habitats, 

   from mountains and 

   forests to deserts and 

   ice caps

Mite
(2 millimetres)

• Member of the arachnid 

   family, with spiders, 

   scorpions and ticks

• Some are carnivorous, 

   eating nematodes, 

   springtails and even 

   other mites

• Found in soil and many 

   other habitats

Particulate 
Organic Matter
(2 millimetres)

• Dense clusters of fungi, 

   bacteria and archaea around 

   decaying plant and animal 

   matter

• A source of water, 

   nutrients and minerals for 

   plants

• Essential component of 

   healthy soil

BABY GRUB
Scarabaeidae
(40 millimetres)

• Larva of the scarab beetle 

   family

• Feeds on the roots of many 

   plants and grasses

pm
picometres (10-12 m)

nm
nanometres (10-9 m)

1,000 pm = 1 nmSIZE 1,000 nm = 1 µm 1,000 µm = 1 mm

µm
micrometres  (10-6 m)

mm
millimetres (10-3 m)

1,000 mm = 1 m 

m
metres

39.38.



THE RHIZOSPHERE
Plants feed and nurture a world of soil creatures, such as 
bacteria, fungi and nematodes, in the zone around their roots 
called the rhizosphere.

“They trace along the fungal thread and
stop where the white fungus plunges into 
a tree root.” (pg16)

Using photosynthesis, plants harness energy from the sun 
and carbon dioxide from the atmosphere to create a variety 
of organic (carbon-based) chemicals, including sugar. Plants 
release a quarter of this sugar through their roots to feed a 
community of trillions of bacteria and kilometres of fungi. 
Around the bacteria and fungi, a hungry army of protists and 
nematodes wait to feed on them.

“The root oozes fresh sweetness and it’s like
a highway, with microbes racing in all
directions.” (pg16)

If you are a hungry soil microbe, the best place to be is close 
to a plant’s root, in the rhizosphere. Plant roots constantly 
release sugars and other energy-rich chemicals, called plant 
root exudate. This sweet, sticky substance acts a lot like mucus 

– a moist layer where tiny microbes such as bacteria and 
archaea can eat, breathe and move.

An important part of the rhizosphere are mycorrhizal fungi, 
which are described in this story as the white fungus. Almost 
all plants on Earth form a life-long symbiotic partnership with 
these fungi. But that’s another story...

Micrograph courtesy of the Lewis Lab at Northeastern University. 
Image created by Anthony D’Onofrio, William H. Fowle, Eric J. Stewart and Kim Lewis.

chemical conversations

“The tree sends pain signals through the soil, 
a chemical cry for help…” (pg3)

Plants produce and release a wide variety of chemicals that 
can communicate with, and influence the behaviour of, other 
plants, animals and smaller soil microbes, such as fungi.  
Over millions of years, trees and soil-dwelling creatures (such 
as nematodes) have co-evolved a system of producing and 
responding to chemical signals.

The most common chemicals released by plants in this way 
are called volatile organic compounds (VOCs or essential oils). 
These chemicals are described as volatile because they spread 
quickly through air, including the underground networks of 
air running through soil pores. They often have strong odours 
to help attract attention, and can also act as a pheromone 
(signalling chemical), alerting neighbouring trees to prepare 
their defense response to a potential insect attack.

“The signals reach Nema, a young nematode
…and lifts her head to sense the signals.” (pg4)

When under attack by insects such as grubs or aphids, some 
trees can release a VOC called methyl salicylate. This chemical 
signals to the natural enemies (predators) of those insects, such 
as nematodes or ladybird beetles. In the story, Nema senses this 
signal, and it attracts her and the other nematodes towards the 
roots and to the grub. 

“The grub exhales, making a trail of carbon 
dioxide. Nema senses it and lifts her head, 
suddenly hungry.” (pg20)

While humans cannot smell CO2, nematodes have sensory 
organs much like a nose that are able to detect this molecule. 
In the story, the trail of CO2 helps the nematodes navigate to 
the grub, and then find their way inside its body through the 
spiracles (breathing holes).

There are two chemical signals in this story. One is a signal produced by the tree, and one is the carbon dioxide released by the grub.

Carbon dioxide (CO2) is a gas found throughout the 
atmosphere and soil. In the darkness of soil, a trail of CO2 is 
an excellent signal of a living, breathing creature – a potential 
place for nematodes to breed.

41.40.




