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Summary

The impact of tree species on soil productivity forms part of the system of effects
and influences of management in man-made forests. Research instigated to ascer-
tain the causes of the die-back and reduced growth in forests in Central and West-
ern Europe at the end of the 19th century and later indicated that the influence of
fast-growing conifers such as Norway spruce and Scots pine was deleterious. Origi-
nally it was assumed that these species caused soil productivity to decrease, but lat-
er more sophisticated research methods revealed that management activities such
as terrain and soil preparation largely controlled the tree’s effect on the soil.

An important aspect is the improvement in soil productivity observed after soils
impoverished by man (such as heathland soils, peat soils and abandoned agricuitu-
ral land) have been afforested.

Finally, proposals for experiments to determine quantitatively the impact of tree
species on soil productivity are put forward.

Scope of the problem

The problem of ascertaining how a tree species affects soil productivity is not isola-
ted but forms part of the framework of the effects of man-made forests on forest
ecosystems. Changes in the soil that result from forest management should never
affect the soil productivity negatively. Management generally comprises preparing
the terrain, establishing the plantation, tending, thinning and harvesting. These
practices affect the vegetation and the soil conditions. Individual tree species also
have an effect on soil: this is achieved by their litter, their root activity and their as-
sociated micro-climate.

The natural processes of forest ecosystems also affect soil productivity. Nutrients
from the atmosphere enter the soil directly or via the vegetation and simultaneously
nutrients are lost by leaching, erosion and volatilization.

The problem of the impact of tree species on soil productivity has been studied
for many years. Since the beginning of this century, countless publications have ap-
peared, first in Europa and later on in other parts of the world. Therefore no refer-
ence will be made in the following text to the existing literature, but a selected bibli-
ography on the subjects will be appended. The list is restricted to recent literature,
including several reviews.
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Present state of knowledge

Forestry as a regular kind of land-use began in Central Europe in the middie of the
18th century and became important from the 19th century onwards. Since the 18th
century the area of man-made forests in Central Europe has been greatly increased
and many of the forest ecosystems of today are far from natural. Particularly in the
19th century and the first decades of the 20th century, fast-growing tree species
were planted on unsuitable sites. Furthermore, because the practice of afforesta-
tion was in its infancy, vast quantities of tree seeds were transported from one re-
gion to another, and races that were not adapted to unfamiliar conditions were mis-
takenly planted.

Calamities of large-scale die-back of forests and serious decrease of growth inevi-
tably occurred. Spruces, Scots pine and silver fir were particularly affected. Of
course, the reasons for these setbacks became the focus of research programmes. It
soon became evident that neither insects, fungi, nor other pathogens were the pri-
mary cause of the die-back and poor growth, but that the cause was probably the
adverse influence of the tree species on the soil.

Much research was done to ascertain the properties of litter and the form of hu-
mus and their significance for soil processes. The so-called raw humus under conif-
er stands was considered to be deleterious to soil fertility. It was thought that raw
humus made nutrients unavailable for the trees and that because the pH fell, podso-
lization was accelerated.

Although this hypothesis could nout be confirmed — the facilities for research
were rather primitive at the time — it was recommended to make more use of indige-
nous tree species or to mix the fast-growing exotic species with soil-improving hard-
wood species in the crown layer, or by underplanting.

In the middle of the 20th century, liming was applied to increase humification and
biological activity in the soil with the aim of preventing the formation of raw humus.
Specific silvicultural methods were advocated, such as partially removing raw hu-
mus to stimulate regeneration, or intensive soil cultivation combined with fertiliza-
tion and green manuring or interplanting with nitrogen-fixing crops and shrubs.
When more sophisticated methods for research became available, better under-
standing of the problem developed rapidly. The prevailing opinion about the ad-
verse effect of tree species on soil fertility could not be confirmed by results of sys-
tematic research. Die-back of forests and decrease of growth with succesive gener-
ations of Norway spruce and Scots pine apparantly had other causes. It became evi-
dent that management had a much more far-reaching impact than the tree species.
On sandy soils the increase of biological activity, e.g. by complete cultivation,
whether or not combined with liming and fertilization, was found to result in a se-
rious loss of soil organic matter under certain conditions. The studies done by Wit-
tich around 1920 in northern German sandy forest soils are classic. He found that
plantations of Scots pine initially developed well on completely cultivated soils, but
that after some twenty years their performance was surpassed by the plantations on
partially cultivated soils.

A critical analysis of the related European studies up to mid-1950s by an [IUFRO
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working party could not establish any evidence for tree species having an adverse
effect on soil. In those cases where such a negative impact had been supposed other
influences appeared to be decisive. In certain cases, the sites of the trials with dif-
ferent species were not comparable; in others different treatment of the soil had
been involved, for instance cultivation or burning. The interaction of difference of
races was sometimes confusing, particularly with Scots pine. It was concluded that
the effect of an exotic species did not differ from the influence of the indigenous
species as far as the negative effect on soil productivity concerns.

In Western Europe it is therefore now generally accepted that for reforestation
or regeneration the soil should be disturbed as little as possible. No complete culti-
vation is applied. To overcome subsequent problems of competition from vegeta-
tion, chemical weed control was introduced. Later, chemical weed control was re-
duced because of its undesirable environmental effects. Subsequently, the quality
of planting stock was adapted. Unexpectedly, it was found that soil productivity in-
creased in afforestations of previously unforested land. On impoverished soils -
heath, peat, abandoned agricultural land — trees had a positive effect on soil pro-
ductivity. Here too, the question was whether this effect was caused by the trees or
by the change in microclimate following the afforestation and whether different
tree species produce different effects. This question has not yet been answered.

It is evident that when impoverished soils are afforested the nitrogen content is
boosted, even if the tree species used do not themselves fix nitrogen. After one gen-
eration of forest an improvement in soil productivity can already be observed. In
heath afforestations in the Netherlands, the rate of growth of a second generation
of forest is generally 30 % faster than of a first generation of forest. Furthermore, a
clear vegetational succession is evident. Recently, research on nitrogen fixation un-
der forests, in particular by bacteria, algae and fungi associated with coniferous
species, has been intensified.

On these impoverished soils no negative effect of complete soil cultivation has
been observed during the establishment of the first forest generation. However, the
improvement in soil condition during the first generation can be nullified if the soil
is fully cultivated for the regeneration of the next generation of forest.

In Western and Central Europe the problem of maintaining soil productivity and
the role of tree species in this respect no longer form an important topic for re-
search. Given the accelerating conversion elsewhere in the world (particularly in
the tropics and subtropics) from natural forests to man-made forests with fast-grow-
ing species and the increasing activity in afforesting waste land in these regions, this
problem of maintaining soil productivity is currently receiving much attention. But
since there is a certain degree of comparability between forests in different parts of
the world, these scientists should endeavour to ascertain and exploit the state of
knowledge and the experience gained in Europe. European experience indicates
that management activities are crucial to the dynamics of the forest ecosystem and
that the phase of ecological development in the forest determines the magnitude of
the effect of management.
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Ecological development of forest ecosystems

The strategy adopted for forest management, especially in the case of man-made
forests, depends on the way the forest ecosystem has developed. The development
phase of a forest ecosystem strongly influences which processes will take place in
the ecosystems of man-made forests: it will dictate the management activities that
will not endanger the maintenance of soil productivity.

There are many conceivable starting-points of ecological development at which
forestry management can begin. They can be combined in three broad groups:

1. The original (natural) forest is present and is to be converted into man-made
plantations;

2. The original forest was converted into man-made plantations long ago;

3. The vegetation is not composed of trees, or was impoverished by man long ago.

For these starting-points, a forestry strategy with man-made plantations general-
ly has the following consequences.

In the first group of forest ecosystems, a kind of equilibrium exists. By converting
the original forest ecosystem into a man-made ecosystem, the following are the
minimum changes that can be expected:

— interruption of the supply of organic matter to the soil for a short period. The way
organic matter cycle is affected also depends on the methods used to prepare ter-
rain and soil;

- the supply of new organic matter is qualitatively affected;

- the root activity of the original vegetation cover is disturbed;

— the micro-climate is affected;

— the forest ecosystem is changed.

However, when the conversion of the natural stands into man-made stands is car-
ried out very carefully, without damaging the soil by cultivation, burning or log-
ging, adverse effects will be minimized, especially when the choice of tree species is
restricted to indigenous species. But even when exotic species are used, there may
not be any appreciable adverse effect, provided the above-mentioned care is ob-
served. Yet, when conversion of the forest is accompanied with intensive terrain
preparation, such as burning or cultivation, soil productivity will undoubtedly be
jeopardized. On soils with a great reserve of minerals, however, such as young allu-
vial or volcanic soils, the risks will be far less than on more developed soils or sandy
soils.

In the second group of ecological starting-points there is also a kind of equilibri-
um, albeit with man as an essential factor of the forest ecosystem. No changes will
occur as long as existing management is continued.

As in the preceding group, negative affects can be avoided if management activ-
ities do not change the abiotic environment irrevocably. It is not clear to what ex-
tent various tree species will influence soil productivity permanently.

It is assumed that when man-made forests of the final group of ecological starting
points have been growing for more than 200 years on impoverished soils, a kind of
equilibrium has developed. When a first stand is established, the ecological situa-
tion changes dramatically. This change includes:
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— the range of the amplitude of climatic factors is considerably reduced by the de-
velopment of a microclimate, and thus the conditions for the edaphon improve;

— the supply of organic matter increases both in amount and quality;

— root activity increases: soil penetration, input of organic matter and soil biology
improve;

— nitrogen content is improved as a result of enhanced nitrogen fixation.

The changes in the ecosystem brought about by afforestation are considerable and
mostly beneficial. It is important to prevent incorrect management activities from
interfering with this positive development of the ecosystem.

The impact of tree species

Although in the preceding section it was made clear that the impacts of forest man-
agement on soil productivity greatly exceed the effect of the trees, the different spe-
cies must have differing effects. Many species differ in their root activity, litter, im-
pact on micro-climate and biological soil activity and these differences might be-
come evident as species-specific influence on soil processes and thus on soil produc-
tivity.

But although much research has been done to try to quantify the specific impact
of tree species on soil productivity, no general concensus has been achieved. The
extreme complexity of the dynamics of forest soils has not always been sufficiently
taken into account, which is why there is great controversy in the literature.

If the specific influence of tree species on soil productivity is to be ascertained,
other influences have to be eliminated. Comparing soil conditions under different
tree species to find out if there is a difference between the species should be carried
out on fully comparable soils, under fully comparable management regimes and un-
der comparable ecological conditions. Any effects identified must subsequently be
tested by growth experiments with one or more tree species on the plots that have
been compared. So far, this kind of research has never been done: only parts of the
problem have been studied.

But how should such research be carried out? First, one should select a site cov-
ered with a natural forest vegetation and without any appreciable present or histori-
cal influence from man, such as grazing or litter removal. On such a site the tree
species to be studied should be planted after the original forest vegetation has been
removed. Some of the original vegetation should be retained for comparison. The
preparation of the terrain and the soil must be carried out in the same way on all
plots. All treatments have to be equal on all plots.

After the establishment of the stands, all changes in the various plots have to be
monitored.

At the end of the experiment, when the trees in the various plots are fully grown,
the stands are felled, chipped on the spot, and left in the plots. Subsequently, each
plot is planted with one or more tree species, whose growth is monitored to ascer-
tain how much the previously planted species has influenced the soil productivity.
Test trees are also planted on the part of the experiment where the original forest
was left as the control.
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Such an experiment should show whether individual tree species have a specific
influence on soil productivity. Differences may occur in the soil conditions under
the stands during the growth of the trees, but these are no proof of the impact of a
tree species on soil productivity.

Such a long-term study will require much time and continuity, and therefore for-
esters have tried to find short-cuts. Unfortunately, although these short-cuts pro-
vide much information, they have not revealed whether individual tree species do
have an impact on soil productivity.
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