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Soil Health

We generally think of the vigour of our plants as being the main test of soil health, and 
this is right. There are also many additional ways in which the health of soil can be tested. 
In the same way as animals alter the environment they live in by taking out nutrients and 
leaving waste matter, every growing plant will also alter the condition of the soil in some 
way. At the minimum, it will improve the organic content with its decaying form.

Starting from the very earliest plant life in the form of algae, mosses and lichens, 
photosynthesizing organisms survived on air, moisture, light and minerals in rock surfaces 
to grow and reproduce gradually. Over millennia, they created soil with their own decay-
ing matter until it was deep enough to support larger plants that required foundations for 
their roots. This process can still be seen on any bare rock surfaces that have been newly 
created by quarrying or volcanic activity, for example. It is quicker, however, where there 
is already a surrounding community of plants or active construction. Soil is therefore 
composed of substantially dead plants with traces of minerals from rock substrate. Good 
soil consists of a mix of 40–45% inorganic matter, 5% living and dead organic matter, 
25% water and 25% air. There is some flexibility in these percentages.

The depth of cultivable topsoil is also affected by its gradient and position with 
regard to the surrounding geology. Soil on steep slopes is prone to erosion and is thinner, 
while areas where sediment collects will differ from the bedrock, be deeper and consist of 
smaller particles. The activity of living organisms in the soil defines its quality. Living 
organisms affect soil structure by creating channels, with animals and microorganisms 
producing pores and crevices. Plant roots can penetrate into crevices to create friability, 
and strong, deep-rooted plants can break up compacted earth. Plant secretions promote 
the development of microorganisms around the roots. Leaves and other plant materials 
decompose and add to soil composition. Clearly, we do not know the entire story of soil 
dynamics, and there may be other approaches that our forebears, more conscious of nat-
ural cycles, understood better. Biodynamic systems (see Appendix) are demonstrably 
worthy of scientific study.

Microscopic organisms, so small that there would be millions in one teaspoon of soil, 
keep the soil alive with a variety of activities. They maintain the balance of life on earth 
by fixing gases and breaking down organic matter. These processes include breaking 
down bare rock into soil particles, cycling nutrients, transforming nutrients into different 
forms for plant uptake, helping the plants to absorb the nutrients, degrading toxins, both 
causing and preventing disease in plants, and both helping and hindering water penetra-
tion into the soil. A good balance of microbes in the soil is ideal for plant health, and this 
can be maintained by crop diversity, or at least small areas of monoculture together with 
crop rotation. Monoculture limits the type of microorganisms that can survive, and an 
imbalance permits the development of dominant pathogens.

As recently as 1996, glomalin was discovered by Sara Wright. It is a sticky substance 
that binds soil particles and sequesters carbon. It is thought to be produced mainly by 
mycorrhizal fungi that use it to protect their hyphae and strengthen the fragile fibres as 
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they penetrate the soil and bridge air gaps, while converting nitrogen into a form that 
plants can assimilate. The network of glomalin from decaying hyphae binds the organic 
soil particles, improving both aeration and drainage. This process is improved by mulch-
ing but damaged by digging and ploughing.

Hermaphrodite, blind, deaf and supersensuous worm populations are both indicators 
and guardians of healthy soil. There are 29 earthworm species in the UK, of which there 
are four main types. Composter worms, usually bright red and striped, live in rotting 
vegetation and are excellent recyclers. Epigeic worms are reddish brown and live close to 
the soil surface, breaking down leaf litter. Endogeic worms live in deeper soil, are grey, 
pink, blue or green, and eat earth. Anecic worms have red or black heads with paler tails 
and live in burrows in the upper layers of the soil, pulling leaves down into their burrows 
from the surface. Following up Gilbert White’s observations 100 years later, Darwin cal-
culated that anecic worm castings add 5  cm of quality topsoil to the surface every 
10 years. The worms do this by dragging dead leaves into their burrows, digesting them 
together with swallowed soil, and ejecting a fine calcareous and nitrogenous mix in their 
castings on the surface. Glands near the worm’s gizzard add nitrogen and phosphates to 
their castings, while glands at the rear end add calcium, making the soil affected by their 
casts less acidic. Worm burrows also help to drain and aerate the soil, while waterlogged 
soils or those compacted by heavy machinery will have few or no worm populations.

Regular ploughing also chops up surface worms and exposes them to predators. 
Synthetic fertilizers and pesticides reduce the microbes that make the soil a healthy habi-
tat for worms. Antiparasitic medicines given to grazing animals can reduce the number of 
microbes in the soil because of contaminated droppings.

A good mix of insects is an essential component of healthy soil. They are preyed on 
by spiders, which are a keystone species of the arthropods and a top predator, keeping the 
balance of pests and beneficial insects at an advantageous ratio.

Soil compaction is an increasing problem as farm machinery gets larger and heavier. 
Clay soils are particularly prone to this and are the hardest to restore. Even deep and 
strong-rooted plants like chicory, yarrow and sweet clover can sometimes fail to penetrate 
a clay pan. To some, the obvious solution may seem to plough it, but, paradoxically, not 
ploughing and leaving the soil organisms to do the work for you works better in the long 
run. Ploughing compounds the problem by extra heavy machinery passing over and chop-
ping up the worms.

At the Allerton Project in Leicestershire, UK, where ploughing has been minimal over 
25 years, the worm population has increased from single figures to an average of 800 per m2. 
This is key to keeping clay soils profitably cultivable.

Knowing how long it takes for this precious earth covering to accumulate naturally, 
it follows that we should try to take good care of it, as it is the very foundation of our 
being. Farmers who have largely given up tilling say they can restore soil depth by up to 
15 cm in as little as 2 years. The organic component of soil binds it, returns nutrients to 
the plant, stores moisture, makes soil friable and provides energy for soil microorganisms. 
Most soil microorganisms – bacteria, algae and fungi – are inactive when dry but become 
active once moisture is available. Good humus can hold water up to 75% of its volume 
without becoming waterlogged, rendering the land more drought resistant and preventing 
excessive runoff. Not all organic matter added to the soil is necessarily beneficial. In 
Secrets of the Soil (2004), Tomkins and Bird pointed out that cow manure is 25% 
microbes. Most of these are likely to be beneficial, but some may not be. Most microbes 
suppress diseases, but others may not. The effects will depend on the pathogens present 
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and the amount and quality of the carbon:nitrogen ratio in the organic material, as well 
as moisture and temperature.

Insects expert Dr Jonathan Lundgren estimates that there are between 3000 and 
15,000 species of potential pest insects, but for every pest species there are between 400 
and 1700 species that are beneficial to humans. This is a good ratio, and is better undis-
turbed by indiscriminate insecticide use. On the whole, however, addition of organic 
material will suppress disease and increase the variety and activity of invertebrates and 
microorganisms in the soil. Careful selection of green manure plants is key to ensuring the 
best-quality organic additions. Soil damaged by repeated synthetic fertilizer applications 
can regenerate remarkably quickly if kept covered by a diverse mix of cover crops, which 
can also be grazed. The variety is essential, as plants with different requirements and dif-
ferent length roots coexist without competing and encourage a wider range of microor-
ganisms. At Honeybourne Farm in the Cotswolds, UK, it was found that a sowing of 
mixed varieties produced a 50% increase in yield over a monoculture, known as the 
Darwin effect, having been noted by Darwin over 200 years ago.

We know that plants need water, light and nitrogen to grow. Nitrogen exists in the 
soil in two main forms: organic and inorganic. Crops cannot use organic nitrogen, but 
microbes in the soil convert it into inorganic nitrogen by a process called mineralization. 
Hungry plants, for instance those not fed with synthetic fertilizers, form stronger bonds 
with mycorrhizal fungi and symbiotic microbes, thereby enriching the soil with more 
diverse and vigorous microorganisms.

The speed at which organic matter breaks down in the soil is dependent on the 
carbon:nitrogen ratio of the matter. Soil composition will generally settle at a carbon:nitrogen 
ratio of around 12:1. The best ratio for decomposition is 24:1, which is the optimum for 
soil microbes, as too much carbon in the soil does not suit them. High-carbon plants such 
as rye with a ratio of 80:1 take a long time to break down, while low-carbon legumes 
provide a better ratio for rapid decomposition. This is an important consideration when 
choosing cover crops.

Plants also need trace elements in smaller quantities. The principal elements are phos-
phorous, magnesium, calcium, zinc, selenium and microscopic amounts of molybdenum. 
Molybdenum is essential for nitrogen fixation. In Australia, 28  g spread over 0.4  ha 
restored fertility for over 10 years. Trace minerals are absorbed by plants, largely through 
mycorrhizal fungi, becoming part of their structure and an essential element of human 
food. They are only required in minute quantities, but the band between a deficiency and 
toxic overload is also very small, and is measured in parts per million. This means that 
where naturally occurring elements are augmented by synthetic fertilizers, the potential 
for toxicity arises. A case in point is the use of phosphate fertilizers containing cadmium, 
or cadmium spread on farmland in contaminated sewage. The cadmium taken up by 
crops enters the food chain. Incidentally, smokers also inhale additional cadmium from 
cigarette smoke, tobacco being a plant that readily absorbs toxic minerals.

Food quality follows naturally from soil quality. Diversity of microbes in the soil 
enables plants to absorb micronutrients such as magnesium, calcium, zinc, sulphur and 
selenium, whereas synthetic fertilizers can only provide plants with nitrogen and phos-
phorous. The role that microorganisms play in the nitrogen cycle and in converting nutri-
ents for plant use will be explained in Chapter 2 (this volume).

Nutrient data from 1930 to 1980 in the UK measured calcium, iron and potassium 
content in 20 different vegetables. Over these 50 years, the calcium content decreased by 
19%, iron by 22% and potassium by 14%. Samples taken by government biochemists 
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over a period of 51 years from 1940 to 1991 found potatoes had lost 47% of their copper, 
45% of their iron and 35% of their calcium. Carrots, broccoli and tomatoes were in some 
respects worse. At the University of Texas, biochemists analysed the US Department of 
Agriculture nutritional data from 1950 to 1999 for 43 different vegetables and fruit, and 
recorded reliable information in loss of proteins, calcium, phosphorous, iron, vitamin B2 
and vitamin C over 50 years of increased use of artificial fertilizers. It now takes eight 
oranges to supply the same amount of vitamin C as was found in one orange 50 years 
ago. It is simple and cheap to measure the nutrient density of the food you grow with a 
Brix tester. Improvement in readings can be a guide to measuring the success of the plant-
ing on your soil. This has long been the tester of choice for the wine trade.
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