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Global nutrients, household opportunity
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▴ Castings from a
composting bin can
be used for organic
gardening
◀ Circa 1939–1945: A
British World War II
poster by John M Gilroy
encourages collection
of kitchen waste to feed
pigs and poultry
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THE EARTH’S BIOSPHERE is constantly cycling through
material in a complex network of energy and matter.
It cycles not just through the bio-massive bulk, but
also through the more ecologically valuable nutrients.
Soil fertility is the vitality of the planet, and the source
of our fuel and substance as living beings. As human
individuals, we are part of that cycle and so too are we
as societies. Like our heartbeat, respiration and immune
system, the flow of biomass and nutrients on Earth is
vital to health and happiness. But these cycles are falling
sick and we ignore the disruption at our own peril.
There is a medicine available, however, and the
secret ingredients are surprising in their simplicity
and abundance: food scraps, rotting plants and animal
excretions. This medicine is known as composting and

it is a remarkably simple skill to learn. If everyone were
able to effectively compost their own organic scraps, the
world would be a better place.
Our ancestors would be amazed at the waste of
organic material in our cities. Without giving it a second
thought, we send this valuable material to the landfill
or downstream to the ocean, but we truly need to
learn to reintegrate this precious rubbish back into the

Like our heartbeat, respiration
and immune system, the flow of
biomass and nutrients on Earth is
vital to health and happiness.
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ecosystem. While the abundant quantity of biomass is
an important cycle of reintegration, it is the quality that
is so vital: nutrients. The humble sounding compost bin
is one of the keys to a healthier environmental future,
allowing us to recycle the nutrients that we consume or
waste. It can be as simple as a bucket kept by the kitchen
tap, or as complex as an industrial facility recycling a
city’s garden waste and human sewage.
NUTRITION AND NITROGEN
Plants, and by extension virtually every other terrestrial
organisms, require a mix of elements to survive. Besides
carbon, which provides the chemical lattice for biological
molecules, the elements of nitrogen, potassium and
phosphorous are essential nutrients. Other elements
are required: calcium, sulphur, magnesium and, to a
lesser extent, 10 other trace elements such as copper,
selenium and iron. Nitrogen is especially important and
is incorporated into the genetic material of every cell.
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Biological information, DNA, is written with molecules
incorporating nitrogen. Until very recently, nitrogen was
the limiting nutrient in human agriculture.
The atmosphere contains abundant nitrogen – in
paired atoms, as N2 – which is biologically elusive.
Although we inhale this gas with each breath, it is
impossible for most organisms to chemically exploit it.
Some groups of ecologically critical bacteria associated
with certain groups of plants, such as peas and alders,
can “fix” nitrogen from the atmosphere; this is Nature’s
way of providing this element to the ecosystem. There
is also a trace amount of nitrogen fixed by the energy of
lightning strikes.
Ancient agriculturists returned the valuable nutrition
on a large scale, by fertilising fields with animal and
human manures, and on a small scale, by throwing food
scraps and yard clippings into kitchen gardens. These
skills still exist, but most farmers have taken advantage
of modern fertilisers to dramatically increase crop yields.

ALTERING THE CYCLE
In the first decade of the 20th century, a German chemist
named Fritz Haber led a team of scientists that truly
altered the biogeochemical cycle of Earth. Using newly
developed high-pressure equipment and improving on
an inefficient Norwegian process, they discovered a cheap
method to create biologically useful ammonia (NH3),
which could then be used to produce ammonium nitrate.
The ammonia molecules are created from a combination
of atmospheric nitrogen (N2) and hydrogen gas (H2) from
methane fossil fuels. Nitrates are excellent soil fertilisers,
and they had never been available in large quantities.
Previously, the major sources were Chilean desert salts,
underground accumulations of bat droppings and
aboveground accumulations of bird droppings.
Tragically, this process also opened the doorway for
industrial manufacturing of gunpowder and explosives,
a key secret weapon of the German war machine.
(Ammonium nitrate can also be used as an oxidising

Ancient practices of recycling
nutrition via compost and
manure have been abandoned
in favour of manufactured
fertiliser containing nitrogen
and other chemicals.
agent in explosives.) Haber himself, born Jewish,
was a prominent developer of the German chemical
weapons arsenal in the First World War and his deadly
gases would later be used in the Nazi death camps to
exterminate the Jews of his beloved country. He would
end his life in exile.
Just as significantly, the Haber Process is one of the
main chemical processes responsible for the artificial
increase in soil fertility around the world. Ancient
practices of recycling nutrition via compost and manure
have been abandoned in favour of manufactured fertiliser
containing nitrogen and other chemicals. The food you
eat, and the cells in your body, incorporate vast quantities
of Haber-processed nitrogen. At least a third of the human
population on Earth exists as a direct result of this process
– before Haber’s work, there was simply not enough soil
fertility for agriculture to support so many people.

◀▴ Egypt: Production of
compost from the city’s
garbage. 20,000 tonnes
of compost are produced
daily
Ashley Cooper/Corbis
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The overabundance of food that we enjoy in the modern
day is a recent blessing. But there is a darker side to this
bounty: dependence on fossil fuels, irrevocable alteration
of the geochemical cycle and the ongoing abandonment
of sustainable agricultural practices.

▶ A compost toilet
at the Centre for
Alternative Technology in
Machynlleth, Wales, UK
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▴ Bangalore, India: Indian
physician Meenakshi
Bharath shows her
composted household
waste. Parts of the Indian
middle class are concerned
with the separation of
waste and recycle on
their own
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▶ Doctor Meenakshi
Bharath demonstrates
how to chaff her
household garbage for
composting. About half
of the volume of daily
trash in India can be
composted, and there are
various initiatives and
movements to promote
composting

plants. In some cities, you can have this waste collected
for municipal composting, or you can deliver it to a
collection point. But why not keep the cycle close at hand?
First, you will need a destination for the compost.
You can create a small kitchen garden in pots on a
balcony, or in any abandoned urban green space. From
this garden, you can create a supply of food that will cost
little and bring much joy. If you don’t have the space,
perhaps you can join forces with your neighbours or
connect with a local community garden. If there isn’t a
community garden, start one! The rooftops of apartment
blocks are obvious places for kitchen gardens. The green
plants will cool the air and beautify the space. If you find
you really do have a green thumb, you may be able to sell
your surplus and make some extra money.
Collecting this material is trivially easy: place a
bucket in the kitchen and throw organic food scraps into
it. Tough materials such as fish skins, bones, paper and
wood decompose slowly, and odorous fats and meats can
attract rats and insects; these are best avoided.
Composting requires ventilation and moisture. The
disintegration of organic material is an oxygen-requiring
aerobic process, rather than an anaerobic one: the model

THE LARGE SCALE: SUSTAINABLE AGRICULTURE
It is in the best interest of the individual farmer to have
high yields, but it is in the best interests of humanity
as a whole to have sustainable practices. A more
calibrated use of industrial fertilisers could reduce the
toxic effects of runoff and help to keep our waterways
and soils healthy. Farm waste such as cornhusks, root
vegetable stems and cereal stems can all be recycled into
the system. Large-scale processing of human and farm
animal sewage into safe fertilisers would contribute
greatly to future sustainability, but this requires highly
organised efforts. Indeed, many sewage treatment
facilities are working to create agricultural fertilisers to
be used on forestry and farming lands.
Private enterprises now harvest municipal discarded
green waste – especially from urban parks and lawns
– and sell this recovered material at a profit for use
in landscaping and agriculture. These businesses can
operate efficiently at large scales and with specialised
expertise. But what about at the small scale?
THE SMALL SCALE: URBAN COMPOSTING
Imagine the preparation of a large meal and the
dynamics of a kitchen. With sharp blades and other tools,
we discard the seeds of one vegetable, the skin of another
and the bones, organs and skins of animals. Whether you
eat from a private kitchen or from a restaurant, there is a
substantial amount of discarded food that is inedible or
unpalatable to us, but is full of vitality and nutrition for
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FIXING THE CYCLE
We are now in a delicate and unsustainable situation.
A substantial portion of Earth’s energy is diverted to
producing nitrates and its overabundance has altered
terrestrial and oceanic ecosystems. The amazing growth
rates of artificially fertilised agricultural plants strip the
soil of other nutrients, as they are repeatedly harvested
and shipped away. Excess nitrogen flows downstream
from farm fields to the ocean, killing the biota and
encouraging toxic abundances of microorganisms.
Similar stories could be told regarding the industrial
manufacture of other elemental nutrients. While they
have created great bounty, they are also an addiction for
our species. At a large scale, it is unclear what options
the future holds for agricultural fertilisation. While
creating industrial fertiliser is an obvious priority for
fossil fuel usage, the question of alternative energy
sources remains unanswered. With human populations
still growing, we will become more and more dependent
on these industrial techniques. Clearly, reducing our
reliance on artificial fertilisers is the path of wisdom.

PERCENTAGE OF NITROGEN
IN VARIOUS MATERIALS:

2.2%
PINE WOOD 0.07%
SAWDUST 0.1%
GRASS CLIPPINGS

FRUIT PROCESSING WASTE

1.52%

1.7%
MANURE: HORSE 2.3%
MANURE: SWINE 3.75%
MANURE: CHICKEN 6.3%
MANURE: SHEEP 3.75%
MANURE: COW

Sources: Tchobanoglous, Theisen & Vigil, 1993. Integrated Solid Waste Management: Engineering Principles
and Management Issues. (McGraw-Hill, Inc., New York, USA and Hoornweg, Thomas & Otten, 1999).
Composting and Its Applicability in Developing Countries. (The World Bank, Washington, DC, USA)
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THE 17 NUTRIENTS FOR GREEN PLANTS
Boron Deficiencies show up first in younger
leaves; they turn yellow. Boron deficiencies
resemble calcium deficiencies. Symptoms
include stunting, discoloration, death of
growing tips, and floral abortion.
Calcium Deficiencies show first in new,
young growth. Calcium moves slowly within
plants and concentrated in roots and older
growth. That's why young growth shows
deficiency signs first.

Chlorine Believe it or not, chlorine is

essential for plant growth. It’s needed for
photosynthesis. It’s also an enzyme activator
that assists production of oxygen from water
and in water transport regulation.

Nitrogen Deficiencies often appear first in
older leaves and will manifest as a light green
overall appearance. As symptoms progress, the
leaves turn a yellow colour and stems become
weak and lower leaves drop off.
Sulphur Deficiencies show up on older leaves
first. Then they show up on younger leaves,
turning them light green, then yellow. These
symptoms are accompanied by slow growth.
Leaves lose colour, but veins remain green.

Magnesium Deficiencies
show first in older, lower leaves. The
symptoms start from the margin inwards.
The leaf mid-rib and veins remain green while
leaf margins are yellow or whitish, sometimes
leaving a green arrowhead shape in the centre
of the blade.
Potassium Deficiencies show first in older

leaves and are displayed as yellowing; singed or
scorching of leaf margins with small necrotic
areas that start small and get bigger; brittle
stems accompanied by withering leaf tips;
interveinal chlorosis starting at the base of
young leaves; and reddening and upwards leaf
curl in older leaves.

Sodium is involved in the regeneration of
phosphoenolpyruvate in plants, responsible
for the biosynthesis of various aromatic
compounds. It can also substitute for
potassium in some circumstances.

Nickel is unique among plant nutrients
because its functions in plant growth and
development were described in detail before
nickel was added to the list of essential elements.
Plants suffering from nickel deficiency show
necrosis initiating from the tip of the leaf.
Copper Deficiencies show up first on the
Phosphorous Deficiencies show up in

older growth first. You will see leaf tips curling
downwards. When phosphorus is deficient,
slow and spindly plants with reduced growth
will result.

youngest leaves, young tips, buds and shoots.
Older leaves develop chlorosis, growing tips
die and bud development is small. Copper
deficiencies cause irregular growth and pale
green leaves that wither at leaf margins.

Manganese Deficiencies show up on young
Iron

Deficiency is common in many plants,
especially those grown indoors. Deficiencies
initially show as interveinal chlorosis in
young leaves, with leaf veins green in
colour and older leaves unaffected. Leaves
are smaller than normal.

Molybdenum

Deficiencies show up in older
and middle-aged leaves first, and then
show up in younger leaves. Molybdenum is
rarely deficient in most plants, but chlorosis
symptoms similar to nitrogen deficiency are
typical of molybdenum deficiency, along with
scorching and strapping of leaf margins.

Selenium is an essential trace mineral
present in the soil.
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leaves first: they develop interveinal chlorosis
(yellowing between veins or mottling laterally
along the leaf margins). The discolouration goes
from light green to white, but veins remain green.
The leaves become bronze-coloured and then die.

Silicon is a very important plant nutrient. It
is a vital component of epidermal cell walls. It
strengthens plants so they can fight off diseases
and resist insects, drought, heat and stress.
Zinc Deficiencies are among the more
serious of micronutrient deficiencies and
should be corrected as soon as they are
diagnosed. Deficiency first shows itself as
pronounced interveinal chlorosis in young
leaves and mid-shoot leaves.
Sources: advancednutrients.com, edis.ifas.ufl.edu

Shiitake mushrooms
(Lentinus edodes) growing
on a compost block

should be the forest floor, rather than a peat bog. You
can set up composting buckets with air vents or turn
over the compost regularly. You won’t need to purchase
any additives, either. There are abundant nutrients
and microorganisms in the compost as it is. If you add
earthworms to your compost, it will break down much
more quickly.
While techniques exist for recycling human solid
waste on a small scale, these systems are best left to the
experts. In some wilderness areas, you can see welldesigned composting toilets to minimise the impact of
human visitors.
There are vast amounts of information and
equipment available to help you begin this wonderful
healing cycle. Any gardener will be able to give you
advice and it is very likely that your municipality will be
able to help you get started. These projects are a critical
part of civic planning, and good ideas abound.
The Urban Development Division of the World Bank
identifies small-scale composting as a better option
for developing countries than large-scale centralised
projects. In all nations, no matter the level of urban
development or the type of diet, we depend on the soil

In all nations, no matter the level
of urban development or the
type of diet, we depend on the
soil fertility for life.
fertility for life. Industrial processes such as Haber’s
method for fixing nitrogen have benefitted us greatly, but
they have also altered the global nutrient cycle. We can,
at the small scale, help to bring that cycle back to a more
natural state. Composting not only helps reduce our
waste stream, but also brings the vitality back into the
Earth’s soil. AG

YD Bar-Ness is a conservation ecologist based in
Fremantle, Western Australia. As a scientist, he specialises
in climbing trees to explore the canopy biodiversity and
as a conservationist, he seeks to use geography and
photography to create environmental education materials.
outreachecology.com
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