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A guide to physical soil health
By Klaudia Jedyka and Nick Rowles

What is soil?

Soil is complex and consists of many interacting components as shown in the diagram below
(Figure 1).

Figure 1. The components of a soil particle (source: brainstudy.info)

A soil particle consists of many things:

•Minerals - A mineral is defined as an inorganic (not living) solid with a specific chemical
makeup and atomic structure. This includes minerals such as quartz or clays. These are a source
of nutrients in the soil and also define the soil texture. The mineral component of soils is a result
of weathering, which is the process of a parent rock being eroded (worn away, broken up into
smaller parts) by natural processes such as wind, rain, temperature changes or root growth. In
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temperate climates, it takes 200-400 years to form just 1 cm of soil making soil essentially a
non-renewable resource.

•Organic matter - This refers to material that was once alive but is now dead (e.g. leaf litter) or
anything that has been broken down (e.g. compost). Similarly to minerals, organic matter is a
source of soil nutrients.

•Microbes and soil animals - This includes your microfauna, such as bacteria, fungi, nematodes,
and the macrofauna, such as earthworms, woodlice, snails and a plethora of other creatures.
These animals play a role in a complex soil foodweb which aids in the breakdown and release of
nutrients from organic matter and minerals. They are key to nutrient cycling in soils.

•Air and water - Air and water play a role in providing oxygen and nutrients to plant roots. Water
supplies oxygen to roots and soil when oxygen is dissolved in it. Once that oxygen is used up,
the water becomes anaerobic (low in or lacking oxygen) which works for some soil organisms
and plants and less so for others. Water also carries nutrients when they dissolve in it - for
example, nitrogen in the form of nitrate (NO3-) easily dissolves in water, but this also makes it
prone to leaching out of the soil and therefore not being utilised by the plant.

Soil profile

Soil is more than just the surface layer we walk on. It’s even more than the layers we may dig
into as growers. A soil profile is a vertical section of soil from the ground surface to the
underlying rock and consists of different layers called soil horizons (Figure 2, 3). These horizons
can vary in colour, texture, thickness as well as chemical and mineral content. The soil horizons
can inform us on the characteristics of a particular soil, such as the drainage, aeration,
aggregation, depth and fertility of our soils - all factors that influence vegetation growth. If you
observe that the growth of vegetation in a specific area of your land is limited, the best thing you
can do is to dig in and observe what the problem might be.
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Figure 2. A soil profile consisting of soil horizons (source: nrcs.usda.gov)

O horizon is at the surface and consists of organic matter. This includes living plants,
decomposing and already decomposed matter. This horizon replenishes nutrients for vegetation
growth.

A horizon is the topsoil. This is mineral soil mixed with organic matter from the O horizon and is
used for testing soil texture. Soil animals and plant roots disturb this layer.

E horizon is not present in all soils, but would be found between A and B. This is the eluviated
horizon, meaning that organic matter and clay have been washed away from the layer, leaving
behind silt or sand particles. This makes the layer lighter in colour. It is found in well-developed
older soils or forest soils.

B horizon is the subsoil and is rich in minerals that have leached down from the layers above it.
This is the process of illuviation which refers to the introduction of salts into one soil horizon
from another by percolating water. Soil structure in this horizon may be blocky or prismatic due
to the high clay content and low organic matter.

C horizon is closest to the bedrock from which the soil is formed through weathering and may be
referred to as the parent material.
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R horizon is the bedrock of sandstone, granite or limestone and this is what parent material is
formed from, if the bedrock is close enough to the surface to undergo weathering. This layer is
not classed as soil as it is tightly bound and unbreakable, compared to the layers above which are
looser.

Figure 3. A real example of a soil profile and it’s horizons (source: nesoil.com)
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Soil texture

Soil texture is defined by the proportion of clay, sand and silt particles which make up the
mineral fraction of a soil. These can result in textures such as loam, sandy loam, silty clay etc.
The soil texture triangle (Figure 4) shows what soil textures exist depending on this proportion.

Figure 4. The Soil Texture triangle. Each side refers to the proportion of silt, clay or sand in a
soil (source: qld.gov.au)

Clay, sand and silt particles vary in size and this has significant consequences on the properties
of a soil, namely how much water the soil can hold, how much water can move through it, and
how workable and fertile it is (Figure 5). Knowing our soil texture can influence how we water,
fertilize and treat our soils in a way that is sustainable and efficient.
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Figure 5. The different sizes of clay, silt and sand particles.
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Clay

Clay particles are the smallest compared to silt or sand (less than 0.002mm), and have a
plate-like structure (Figure 6). This is significant as it limits water movement in heavy clay soils
and makes them more prone to compaction.

Figure 6. The plate-like structure of clay particles which results in reduced pore spaces.

Compaction can occur due to physical factors such as heavy rainfall, frequent walking or driving.
This reduces the amount of pore spaces (open spaces) within the soil through which plant roots
can penetrate and through which water, carrying oxygen and nutrients, can move (Figure 7). This
brings us to the next issue of heavy clay soils which is waterlogging. Due to the small size of
clay particles and their arrangement in a “brick wall”, there is an insufficient amount of pores in
the soil for water to freely move through. If water doesn’t move through soil, it can become
stagnant or anaerobic, meaning that it becomes low in oxygen or has no oxygen left in it at all.
Such conditions tend to be unfavourable for growing food but favourable for pathogenic
(disease-causing) microorganisms or conditions. For example, root rot occurs in waterlogged,
poorly draining soils. Although a heavy clay soil limits water movement, clays do retain water
well if they are mixed with other soil particles, as we will explore later.
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Figure 7. Root growth in more and less compacted soils.

Another feature of clay soils is good nutrient retention, meaning that nutrients remain in the soil
rather than being washed away with water. Clay minerals have an overall negative net charge on
their surface, which means they easily attract positively charged nutrients in the soil such as
magnesium (Mg+) or potassium (K+). Opposites attract!

Sidenote: Everything has a charge to it due to the ions it consists of - ions are atoms that are
either positively or negatively charged. The net charge refers to the sum of these positive or
negative ions. For example, if something has five positive ions and two negative ions, the overall
net charge would be positive.

This is relevant to the concept of cation exchange capacity (CEC) - the ability of a soil to
exchange cations (positively charged nutrients) therefore making them plant available. The CEC
is also influenced by the size of soil particles, where smaller particles, such as clay, have a higher
surface area meaning they have more space on their surface to hold onto nutrients compared to
larger particles. CEC is higher in soils with a higher clay content.

Clay soil feels very smooth in your hands, it can be smeared with your fingers or easily formed
into a ball which holds its shape. When wet, clay soil is sticky and difficult to work with. The
same goes for very dry soil which becomes very hard.
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Silt

Silt is intermediate in size, bigger than clay but smaller than sand (Figure 8). Silt consists of rock
and mineral particles that have been eroded by physical processes until they are
0.002mm-0.05mm in size. Silt refers to material that is carried by running water and later
deposited, so silt soil is found in or near bodies of water - floating through it, deposited at the
bottom or on the sides.

Figure 8. The size and shape of silt particles

Silt soil is fertile as it is an accumulation of soil that has been carried for a prolonged period of
time and includes soil that has been eroded or washed away from hills or slopes. Similar to clay,
silt soils retain moisture and are prone to compaction due to their small size. Silt soils have been
significant to the beginning of agriculture with Mesopotanians working on the rivers of the
Fertile Crescent or the Ancient Egyptians working on the Nile making use of the fertile soil and
sufficient irrigation.

Sand

Sand particles are larger than silt and clay (Figure 9 ). This results in large pore spaces in the soil,
meaning that water is poorly retained and flows away freely through sandy soils.
Sandy soils are also poor at nutrient retention. They have a lower net negative charge than clays
and also have a lower surface area, meaning they are less able to hold onto nutrients which are
more likely to leach away instead. Therefore, sands have a low CEC. Sandy soils require more
frequent watering than the other soils and are also more prone to erosion due to their fine, loose
texture. Sandy soils also tend to warm up a little faster in the spring compared to clay soils,
which gives you a bit of a head start with growing. Unlike the other soils, you can see sand easily
without a microscope. It feels gritty in your hands and when wet and molded into a ball, it tends
to not hold its shape. You can think of sand as the opposite of clay.
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Figure 9. The size and shape of sand particles

Loam

Loam soils are deemed best for food growing as they are a mix of the three soil types mentioned
above in a 40-40-20% mix of sand-silt-clay, respectively. The presence of all three types
balances out any limitations of each soil type, meaning that loam soils retain nutrients, are
adequately drained while retaining sufficient levels of water, and are less at risk of compaction
due to the mix of differently sized particles which provide a variety of differently sized pore
spaces (Figure 10).
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Figure 10. The sizes of different soil particles and how they interact in a loam soil.

Soil structure

Soil structure refers to the amount, size and arrangement of soil pores (open spaces), and the soil
aggregation which refers to how soil particles stick together, what size clumps they form and
how stable, or strong, those aggregates are. These are influenced by the soil textures explored
above and are important for the balanced movement and storage of air and water in a soil, as well
as root penetration.
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As we explored earlier, negatively charged clay particles attract positively charged nutrients.
These positively charged nutrients will then bind to other clay particles, causing multiple clay
particles to stick together. This makes clay particles a significant factor in soil aggregation. These
clay clumps then stick to other sand, silt and clay particles, being bound via organic matter or
other chemicals such as iron oxides. Soil life also plays an important role here. During
decomposition, soil organisms produce chemicals which act as glues that aid in aggregation. For
example, fungi produce glues called glomalins. In addition, fungal hyphae aid aggregation by
entangling soil particles to hold them together. Plant roots provide a similar function of
physically holding soil together, in addition to the production of plant exudates which again, act
as glues which aid in aggregation. Soils with stable aggregates are beneficial as they resist
erosion from physical actions such as heavy rainfall or strong winds - the soil is less likely to fall
apart and be carried away. Intense tillage or intense livestock grazing often used in conventional
agriculture tends to reduce aggregation and increases the risk of soil erosion. Figure 11 shows
how we can easily assess our soil structure using just a spade.

Soil aggregation is also highly significant for carbon sequestration in soils. Carbon from organic
matter can be lost to the atmosphere as the organic matter is decomposed - the microbes involved
in decomposition respire this carbon out as CO2, the same way humans do. However, if organic
matter becomes engulfed and protected by the soil particles aggregated around it, it becomes
recalcitrant. This means it is more resistant to decomposition, therefore the carbon is not released
through decomposition and remains in the soil for a long period of time. Again, carbon
sequestration is adversely affected by tillage and erosion.
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Figure 11. A guide to soil structure assessment (source: farmingforabetterclimate.org)

Soil pH

It may seem funny to talk about acidity and alkalinity before nutrients, but they really come first.
If the pH of your soil is way off, all of the fertilizer in the world isn’t going to do you much
good.  By bringing your pH into balance, you bring more nutrients within reach of the plants
without adding any fertilizer.  Very acidic or alkaline conditions upset the soil’s  chemical
balance, locking up existing nutrients so plants can’t absorb them. Some nutrients dissolve more
readily in acidic soil, others when the soil is more alkaline.  The ideal pH is slightly acidic - 6.3
to 6.8 where the biggest range of nutrients is available to plants.

Acidic soils are common where there is heavy rainfall, as rain leaches out chemicals such as
calcium and magnesium that counteract acidity.  Acidic soils are therefore low in available
calcium and magnesium.
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Alkaline conditions cause soil nutrients such as iron and manganese to be locked up and
unavailable to plants.

Plants which prefer acidic soils with a pH of 4.5 to 6.0:

Azalea, Camellia, Erica, Gardenia, Holly, Hydrangea, Magnolia, Pelargonium & Rhododendron

Fruit

Blueberries & Cranberries

Vegetables

Potatoes
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Plants which prefer alkaline soils with a pH of 7.0 to 8.0:

Sweet Pea, Cacti, Choisya, Geranium, Gerbera, Hebe, Hibiscus, Ivy, Poinsettia & Viburnum

Fruit

Melon

Vegetables

Beetroot, Chervil, Leek & Spinach

It is often therefore more important to measure the pH of your soil than to analyse the nutrient
content.

Nutrient balance

Most gardeners recognise that nitrogen (N), phosphorus (P) and potassium (K) are major
nutrients necessary for plant life and growth.  They are the ones used in greatest quantities by
plants, which is why they are included in standard fertilizers.  But don’t underestimate the
importance of the other major nutrients.  These are calcium (Ca), magnesium (Mg) and sulphur
(S). Plants need other nutrients, too, but in smaller quantities.  These trace elements or
micronutrients include iron, manganese,  copper, boron, zinc, molybdenum, chlorine and cobalt.

Micronutrients aren’t a problem for many gardeners.  Keeping your soil pH range between the
6.3 - 6.8 range and regularly spreading compost or manure every year or two will maintain
adequate levels.

In order to keep your soil nutrients in balance, it may be necessary to alter the pH.  In acidic
soils, the gardener can add lime, dolomitic lime or wood ashes.  In more alkaline soils, seek out
acifying forms of organic matter, such as leaf mould, ground bark, pine needles or pine bark
mulch.

Major nutrients

Nitrogen is a component of chlorophyll and essential for leafy growth in plants.  Good sources
of nitrogen include well rotted manure, organic compost, green manures, and nitrogen fixing
plants such as beans and clover.

Phosphorus encourages healthy roots in plants. A common source is rock phosphate.

Potassium is important for flowering and fruiting. There are good levels of potassium in
manure, compost, seaweed, wood ashes, and liquid teas made from comfrey.

Calcium can be very important in helping maintain a healthy soil structure, particularly in clay
rich soils.  Gypsum is often added to clay soils for this reason.  Lime or dolomitic lime is another
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possible source.  Buckwheat can also be grown as a green manure and mineral accumulator to
increase calcium levels.

Magnesium is an essential component of chlorophyll and aids photosynthesis.  It can be added
to your soil as dolomitic lime.

Sulphur aids disease resistance in plants and can be added as a ground elemental powder

Soil carbon

Carbon is the most important nutrient in any soil as it is the essential building block for all plants
and other life forms.

One way of achieving and maintaining a fertile soil is to apply organic matter.  This improves the
cohesiveness of the soil, increases its water retention capacity and promotes stable soil aggregate
structure.  Organic matter may be added as green manures, compost,  crop residues or manures.

One of the principal ways to conserve soil organic matter is to always maintain a crop or green
manure cover, and avoid bare soil.  Organic matter will naturally oxidise under direct sunlight,
where the soil carbon becomes CO2 and is lost to the atmosphere.  A good cover of vegetation
will prevent this by shading the soil.

Reduced tillage of the soil can also reduce the loss of soil carbon, as cultivation exposes the
organic matter in the soil to sunshine and the elements.

Why are soils so important?

Soils carry out numerous life-sustaining functions:

● Medium for biomass growth - Vegetation that grows in soils provides spaces and food for
wildlife as well as food, medicine, natural fibres and growing materials for humans.

● Biodiversity and nutrient cycling - Soils are complex ecosystems containing millions of
bacteria, fungi, protozoa, nematodes, earthworms, woodlice and so much more. These
feed into the wider ecosystem, becoming sustenance for other organisms such as
hedgehogs or birds. Estimates suggest that the life present in soils makes up to ¼ of all of
Earth’s biodiversity - all of that right under our feet! The plethora of soil life is also
responsible for removing and reusing the planet’s waste products by decomposing them
and providing nutrients that sustain vegetation.

● Water filtration - This can occur in many ways. It can be a physical process,  where soil
particles act as the filter and physically intercept any big particles in the water as it flows
through. It can be chemical, with negatively charged soil particles attracting positively
charged chemicals in the water, and therefore binding to the soil and removing them from
water. The process can also be biological with soil microorganisms breaking down any
organic matter that may be in the water. By slowing the flow of water, peatland soils are
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deemed great for water filtration, with up to 70% of UK drinking water being sourced
from catchments dominated by peatland habitat.

● Carbon sequestration - All living things contain carbon - carbon is the backbone of life.
As vegetation or animals die, they are decomposed into their primary components. This
includes carbon which then stays in the soil rather than entering our atmosphere, where it
meets oxygen to form carbon dioxide (C+O2=CO2). It is predicted that soils contain
2,500 billion tons of carbon, compared to the 560 billion tons in plant or animal life.

● Flood resilience - Soils high in organic matter (such as the aforementioned peatlands) and
with plenty of air spaces act like a sponge during periods of heavy rainfall by holding
onto high volumes of water. They can also slow the flow of water, limiting the movement
of water during a flood.

Healthy soils are essential for the functioning of our planet. However, their health is degraded by
current land use, such as the expansion of urban spaces and methods utilised by conventional
agriculture. A popular example of mistreated soil is the Dust Bowl, which occurred in the US in
the 1930’s. During a period of drought in 1931, soils were overworked, over ploughed and left
bare to be carried away by the wind all the way from the Great Plains (near Texas) to New York
City on the east coast. It is estimated that 35 million acres of land were rendered useless for
agriculture by 1934.

Some growing methods that promote soil health include:

● Compost - Compost consists of decomposed organic matter, providing a nutritious
medium in which plants grow. Compost feeds the plant as well as the soil life. It also has
a fluffy structure, which holds onto water like a sponge. In addition, due to its net
negative charge, it holds onto positively charged nutrients. Just like clay, compost/organic
matter has a high CEC due to its large surface area and net negative charge.

● No-dig/no-till/low-till - This is the process of building on existing soil instead of digging
it over. This method keeps carbon in the soil instead of exposing it to oxygen where it
forms carbon dioxide and is lost to the atmosphere. It also benefits soil life, as it doesn’t
disturb earthworm burrows of fungal hyphal networks. However, this method may not
work for every type of soil. For example, a heavy clay soil may require digging over and
improving over a number of years to reduce compaction or waterlogging.

● Mulch - This refers to any material that is added onto the soil surface, often around a
plant. This material prevents water evaporation and promotes water retention in the soil.
It also reduces soil erosion as it protects the soil beneath from heavy rain or wind which
could carry the soil and its nutrients away from the desired plant or land. Mulch can also
be used to warm the soil in early winter and suppress weeds by reducing their access to
sunlight. In addition, mulch adds organic matter to soil as it breaks down over time.
Woodchip and straw are commonly used for this purpose.
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● Cover crops and green manures - These are crops that are grown to feed and protect the
soil rather than for human consumption. They provide the same benefits as mulch but are
also used as natural fertilizers. Green manures are nitrogen fixing crops used to replenish
the nitrogen status of a piece of land. The manures are dug into the ground or left as a
surface mulch to decompose over time. Cover crops are used to cover bare soil, for
example, if it is in a time of recovery in its crop rotation, or during winter. Such crops can
also be fantastic food for pollinators and include red clover, phacelia and vetch.
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Testing the soil health

Soil texture



20

Soil pH
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Soil structure

Structure refers to the way soil particles are put together. For practical reasons, think of structure
as the shape of the soil particles. The soil minerals bind with the organic matter to form
aggregates of various shapes. Some shapes are ideal for holding air and moisture in the soil.
Other shapes don’t allow enough moisture and air, some allow too much, and some simply don’t
hold them there long enough to help the plant roots.
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