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Introduction

Soils have supported trees for some 350 million years. In the years to the present there have been huge changes in the distribution and nature of forests, driven by changes in climate which also led to changes in the soils in which they grow. There was a time when the tree was the principal life form on earth. With the advent of humans, this has now changed but trees still cover a major part of the earth’s surface and provide most of its biomass. The relationship between trees and the soil is an extremely important one. Trees rely on the soil for anchorage, for nutrients and for water; hence there would be few, if any, trees without soil. In turn, trees as well as other plants are an important factor in the creation of new soil as leaves and other vegetation rots down and decomposes.
How Trees Grow and Reproduce
Growth and Reproduction

Trees are perennial plants - this means they continue their growth from year to year. A tree gets its sustenance from energy in the form of sunlight, carbon dioxide from the air, and water and nutrients from the soil. By a process called photosynthesis, organic compounds are created from water and carbon dioxide using light energy absorbed from the sunlight. Most of the water needed by the tree comes from the soil. The roots of the trees tap the soil water supply and this water is then passed up the trunk to other parts of the tree. Most of the nutrients required by trees are also taken up from the soil and passed dissolved in water to the growing tree via the roots. This process continues year after year as long as the tree remains alive, which may be hundreds of years. Did you know there are trees still alive that were alive back in the time of King Henry the Eighth!
Trees bear fruit containing seeds and as the fruit ripens and matures the seeds are released. Eventually the seeds fall to the ground where they try to become established in the soil. The seeds contain a food store which is used in germination. Each tree seed contains an embryo which, given the right soil conditions, will grow into a tree like its parents. The development of the seed into a plant, which then flowers and produces more seeds, is a continuing process by which new trees develop to grow beside parent trees in the forests or to colonise new ground. Did you know that trees have flowers – just like plants in the garden have flowers. 
There are two main kinds of trees, called deciduous and coniferous. Broad-leaved trees, known as deciduous, shed all their leaves every year during the period when temperatures are cold and sunshine limited.  They then grow new leaves when temperatures become warmer again and there are more hours of sunshine. Thus for part of the year they will be green and leafy and at other times bare-branched. A very common such tree in Britain is the Oak (Quercus). 
Evergreen trees, unlike deciduous trees, keep their leaves for several years and lose their leaves only gradually. New leaves develop in among the older established leaves - so they are never bare. Conifers are the best known type of evergreen. They tend to form needle-like, semi-circular or elliptical leaves so as to limit transpirations as much as possible, and in this way are adapted to climates characterised by coldness and/or drought. A very common such tree in Britain is the cyprus evergreen (Cupressus) – often used for hedges; another is the Yew tree (Taxus baccata) which can grow very old and is often found in churchyards.
Trees grow both in height and diameter. They grow in height by division of cells at the tips of their branches. The girth or diameter of the tree grows in a different way – by cell division in the layer between the bark and the main woody part of the trunk. The Californian Redwood (Sequoia sempervirens) is the tallest tree in the world, and can grow to a height of over 100 metres and have girths of 25 metres. This represents a huge biomass.
Anchorage of Trees in Soils

Rooting in soil

Soil provides the medium for most tree roots and the rooting system that develops provides the anchorage for the above ground parts of the tree. For successful establishment of woodland and commercial forests it is important there is little or no impediment to roots prospecting the soil and that there is ample depth of soil. Depth requirements vary according to species. Oak, ash, sweet chestnut and lime, for example, require at least 75 cm of soil depth, whereas species such as spruce, beech and larch will grow well in shallower soils. Ideally a tree needs sufficient depth for anchorage consistent with its future size and the nature of its rooting system but many soils are less than perfect in this respect ( See diagrams in the book ‘Down to Earth’). However, seeds of potential trees cannot always be too choosy about where they settle to germinate. Inevitably trees will begin growing in soils that have less than ideal conditions for the species. This lack of ideal soil condition will either be reflected in poor growth or in some cases by tree-fall at some stage during its existence. For example, some soils are shallow over rock, limiting the depth of soil and thus the rooting depth. Such thin soils will be unable to anchor large trees.(Show picture of beech on the Chilterns that has suffered fall)  In other cases the soils may suffer from occasional shallow waterlogging. This creates an environment where tree roots will periodically be deprived of oxygen. While some trees may thrive on this situation, for example the mangrove forests of India, in most situations and climates trees will not be able to tolerate waterlogging for long periods and this again may lead to shallow root development and reduced anchorage for the growing tree.
Some soils also have compacted layers within the growing area for roots. It is interesting that the soil type that develops most typically in the coniferous forests of northern Europe and America, the podzol, has a thin iron pan which as it develops will prevent roots of trees passing easily through it. As this is usually developed in the top 50 cm of the soil it can form a barrier to roots and thus make the trees prone to wind throw (being blown over). Thus when a tree seed falls on the soil there will be an element of chance as to whether the soil and site will be well suited to the species.and whether the tree will grow all the way to maturity. Fortunately over the centuries many forests have become well established on a range of soils.
There have been big expansions in commercial forestry in recent years and for these purposes the plantation managers are more selective than nature as to where trees are planted and on what soils. They can also modify the soils before planting, for example by deep ploughing and by breaking through of any hardpans that may occur. Soil maps are an important aid to the commercial forester as they provide information about the type of soils, their depth and other characteristics, enabling the forester to be selective about what species is planted, thereby creating better possibilities for the successful generation of woodland.

Soil Water for Trees
Soil water

Most trees do better when there is adequate soil water that can be replenished at regular intervals. Most trees do not like extremes unless they are particularly adapted to them. There have been numerous experiments that have shown that trees growing in soils at field capacity, (i.e. with enough water), have a much healthier rooting structure, particularly in terms of root length, than is the case in dry soils. Maximum root growth therefore occurs in soils which are regularly at field capacity (fully wetted through).
Some soils become flooded from time to time. Although a few tree species are adapted to such conditions, long periods of flooding and high soil water tables will affect growth. Problems arise when the soil is so wet that there are insufficient air-filled pores to transfer oxygen from the air down to respiring roots, as well as to take toxic gases away from the roots. (Diagrammatic representation of of roots in waterlogged soil.)

For the purposes of most trees a well structured soil allowing ready root gowth (roots ‘prospect’ the soil), combined with adequate water supply are ideal conditions for most trees.
Soils- The Nutrient Supplier for Forests

Soil nutrients

Forests rely on soils to ‘manufacture’ the nutrients that they need. In all soils under forest cover there will be a thin, darkish topsoil in which the nutrients are extracted from the dead plant material and transformed into nutrients that are used to maintain the living forest above. In the topsoil, and also in the deeper subsoils, weathering of minerals will release nutrients. Trees rely on these two sources of nutrients to supply what is necessary for their growth. Unlike in agricultural soils where fertiliser is added regularly to top up nutrient levels by the farmer, in most forest situations nutrients for the trees have to come from stocks in the soil. In some soils the demand for nutrients from the tree population is huge, such as in the tropics. In other climatic situations, such as in the cold Boreal areas, the requirements of the tree population are much smaller and the prevailing climatic conditions are such that the turnover over of plant remains and the weathering of rocks to release nutrients can be very slow indeed.

There are some 18 essential elements that are required by plants, nine of which (C, H,O,N, Ca, Mg, K, P and S) are needed in relatively large amounts and nine of which (B, Cl, Co, Cu, Fe, Mn, Mo, Ni, Zn) are needed only in much smaller amounts. In addition there are a few other elements needed in very small amounts (trace) or by specific types of vegetation. Apart from C, H and O, the plant is reliant on the soil to produce the other elements.
Soils and the Tropical Rainforest
Tropical Rainforests

The tropical rainforest is a forest type that captures huge attention from the public. It is undoubtedly one of the most fascinating interactions between climate, vegetation and organisms, and soil that exists in the world today. The rainforests which previously occupied up to 24 million square kilometres today occupy only some 10 million square kilometres on either side of the equator. The main areas of this immensely important rainforest are: the Amazon basin, Central Africa, mainly involving Zaire, and Southeast Asia.

The climatic conditions in which these forests have developed are characterised by average annual temperatures of about 27° C, average rainfall of about 200cm and permanently high humidity. These are the ideal conditions for lush plant growth. Such climatic conditions can support enormous amounts of vegetation, but in the tropics it is not only the amount of vegetation that is amazing but also the variety both above ground in terms of species, and also below ground in terms of organisms and their activities. A rainforest is like a biological powerstation running on and recycling the products of nature.
There are some commonly misunderstood points about tropical soils in books and museums. Tropical soils may often be described as being thin. This is certainly not so - did you know that tropical soils are among the deepest in the world! Many tropical soils have been under forest cover for millions of years. Over this period, and under high rainfall conditions, deep tropical soils have been formed from the underlying rock. Tropical soils are often several metres deep, but the soils are often washed out, or strongly leached, with large amounts of nutrients and minerals being removed from the subsoils and considerable thickness of rock broken down to produce soil. Over many millions of years this leaching has left most of the soils lacking many of the fundamental nutrients needed by the above ground vegetation.
So how does such a lush vegetation exist if the soils are so depleted of nutrients. The answer lies in the very thin topsoils, made up mainly of decaying vegetal and animal remains. An amazing cycle exists between the huge body of vegetation above ground and this thin topsoil. The rainforest depends for its nutrients on the constant recycling of its enormous biomass. Plant remains fall to the ground, are consumed and broken down by the huge range of soil organisms in and on the soil, converted by these back into nutrients which can then be used by the dense vegetation above. It is a constant cycle. The thin layer of topsoil is the engine house for the food supply for the tropical forest and, together with climate, is responsible for the maintenance of the huge biomass. This is surely one of the most incredible cycles in nature- and it works. (We need here some very good pictures, diagrammatic illustrations, etc, to show the rain forest, tropical soils, the tropical tree and topsoil interface, etc This is one of the great stories in nature, we should make the most of it)
The tropical rainforest is often in the news for various reasons. There are major concerns about deforestation of it and the consequent damage to the soil. From a soil point of view, cutting down of the rainforest disturbs the natural soil-plant cycle and makes the soils extremely vulnerable to soil erosion and loss of this vital topsoil (See: Section on Soil erosion). The topsoil also holds huge amounts of carbon which is now known to have a major potential influence on CO2 levels in the atmosphere and hence a major potential influence on climate change.(See Section on climate change)
Soils and the Boreal Forests

Boreal forests
The Boreal Forest is the term applied to the huge area of dense coniferous forests of North America, northern Europe and Asia occurring at high latitudes where the climate is characterised by very cold winters, usually about 40cm of rainfall and a short summer growing season. The dominant species are evergreens, such as pine, spruce, fir, whose water loss through transpiration is low in winter at the time when the soils may be permanently frozen. Unlike tropical forests which have a huge range of species, the boreal forest usually have rather few species of trees, shrubs and plants. In fact the undergrowth of boreal forests is almost non-existent. The species present are able to get their nutrient requirements from the very shallow layer of soil above the permafrost. The trees present have a notable climatic tolerance and survive on rather infertile soils. Pines survive on very sandy soils like those in northern Europe whereas spruce requires more loamy and clayey soils with more nutrients.
Most of the soils are strongly leached as a result of centuries of leaching and somewhat impoverished parent materials. The soils are generally strongly acid and the main soil process under this dominantly leaching climate is ‘podzolisation’. The extreme climate coupled with the strong soil acidity means that relatively few organisms exist in the soil and the turnover of organic matter is slow. Under these conditions the organic layer comprising the topsoil is usually thick and consists of a litter layer (L) (largely undecomposed), overlying a fermentation layer (F) in which there is some decomposition of the organic remains, and this in turn overlies a humose layer (H) in which decomposition of the organic remains is more or less complete. The turnover of plant remains into nutrients that can be re-used by the trees is very slow here, and is in strong contrast with the rapid turnover experienced in the tropical rainforest. Below these layers is the strongly leached subsoil and other layers rich in organic matter and iron washed down from higher in the soil profile. Many conifers exist on very low quantities of nutrients and hence can just about survive on these very nutrient-poor, leached soils.

The boreal forest–soil relationship is another example of the strong adaptation that exists in nature between the nature of the soil, the vegetation that grows on it, and the prevailing climate. Again, it is a very good example of the nature’s cycling and the precarious but successful relationship that exists between the soil and the forest.
(Needs to have a picture of the coniferous forest and a good podzol profile showing the different layers clearly).

The soil thus plays a crucial part in forest production. There is a strong but often fragile link between the needs of the tree and the ability of the soil to satisfy them. Natural processes manage these linkages well, humans much less so!
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