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In the territory of Central Europe, and, consequently,
in Czechoslovakia, there has occurred in the last two
centuries a substantial change in the species composition
of the forests. This change was caused by an economic-
historical situation in this country. In the areas of relatively
dense population the timber consumption increased pro-
portionally with the development of industry, so that the
timber resources in the forests were successively reduced.
Artificial regeneration was not regulated, and natural
regeneration was, in those times, hindered to a great
degree by grazing.

Timber scarcity and the unfavorable state of forests
were such that various ways for the improvement of
forestry were sought, in order to ensure a sufficient quan-
tity of timber. One of those ways was, especially at the
close of the 18th and in the 19th century, the establish-
ment of pure stands of Norway spruce (Picea excelsa L.)
and Scotch pine (Pinus sylvestris L.). In Central Europe
the Norway spruce is a native species in mountain ranges,
while the Scotch pine is a species of the lowlands, grow-
ing there as an autochthonous species in the oak zone in
relatively poor and dry sites. Regarding climate, both
species are, to a great degree, indifferent to it, thus
enabling them to be grown outside of their natural range.

In the pure stands, the Scotch pine was grown first of
all at low altitudes, later, in the oak stand zone (up to 600
meters above sea level), and finally, instead of in the oak
forests, was mixed with the following species: Quercus,
Carpinus, Fagus, Ulmus, etc. In the beech zone, ranging
in Czechoslovakia at altitudes from 400 to 1,000 meters
above sea level, mixed stands formed by the species Fagus
silvatica L., Abies alba Mill.,, Picea excelsa L., Acer
pseudoplatanus L., etc., were changed to pure stands of
Norway spruce.

The pure stands of Pinus sylvestris L., and especially
of Picea excelsa L., which were most favorable from the
economic point of view, successively extended and took
over more and more areas, from which the autochthonous
tree species were removed. In regeneration, a radical
method—clear-cutting, together with artificial regenera-
tion by sowing and planting—was used, and in this way
the original ecotypes suitable from the site point of view
were destroyed. This management method caused the
establishment of pure, even-aged stands, characterized by
their regularity of cut areas and compartments. In the
history of Central European forests, this was the first and,
to a great degree, accomplished planning, which ensured
a space arrangement in the forests and established a
simplicity and greater possibility in their management.
However, this method involved a number of errors,
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because it did not take into consideration the biological
requirements of individual tree species.

A substantial change of tree species composition
occurred in the territory of Bohemia, situated, from the
phytogeographical point of view, in the Hercynian range.
At the present time, the Norway spruce here covers over
62,5%, and the Scotch pine over 19,7% of the total high
forest area. The broadleaved species cover only 13,2%
of the area. In the eastern part of Czechoslovakia, i.c.,
in Slovakia, which belongs to the Carpathian range, and
where industry was not developed to such a great extent
as in Bohemia and timber consumption was less important,
no substantial change of species composition occurred.
Here, high forests are composed primarily of broadleaved
species (54,8% ), whereas conifers occupy only 45,2%
of the areca. The present tree species composition here
corresponds roughly to the natural conditions. On the
other hand, in the western part of Czechoslovakia, i.e., in
Bohemia, a great part of the spruce stands is situated
in unsuitable sites. The comparison of actual tree species
representation in Bohemia with the ideal species composi-
tion corresponding to site conditions is given in the fol-
lowing table:

(Cover of the total area (in %)

Ideal
(corresponding to

Species Actual site conditions)
Picea excelsa L. 62,5 24,7
Pinus sylvestris L. 19,7 15,7
Abies alba Mill. 2,8 10,0
Larix decidua Mill. 1,6 4,1

Other conifers 0,2 —
Fagus silvatica L. 5,0 18,1
Quercus robur L. 3,8 11,5
Fraxinus, Acer, Ulmus 1,1 4,7

Other hard broadleaved 2,1 2,1

Other soft broadleaved 1,2 9,1
Total coniferous 86,8 54,5
Total broadleaved 13,2 45,5

It is clear that in Bohemia a large area of spruce stands
is situated on unsuitable sites, so that an important prob-
lem arises here, viz, in which ways those pure stands may
be replaced by mixed ones composed of species corres-
ponding to the respective site conditions. The fact that
the spruce and pine stands in Bohemia occupy unsuitable
sites may be illustrated by a rough comparison with the
site qualitics of the stands situated in the eastern part of
the Republic, i.e., in Slovakia, where the spruce and pine
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stands grow on much more favorable sites. The mean
site qualities (by Schwappach’s method) of Norway spruce
and Scotch pine in Bohemia are 2,6 and 2,8 respectively,
and 1,4 and 2,2 in Slovakia. The same differences may
be found in regard to the mean annual increment of coni-
ferous and broadleaved tree species, averaging 3,4 cubic
meters and 2,5 cubic meters in Bohemia, and 4,9 cubic
meters and 3,1 cubic meters in Slovakia, respectively.

The large-scale establishment of pure stands, especially
of Norway spruce, which was extended even to unsuitable
sites in Bohemia, brought about not only a decrease in
timber production, but also a series of other unfavorable
features accompanying the pure stand management over
the whole of Central Europe.

The pure stands suffered heavily from various disasters
caused by both abiotic and biotic agents. The most dan-
gerous abiotic factors were storm and snow. So, e.g., a
great deal of timber, equaling two annual calculated cuts,
was damaged by gales in 1929, and by snow and rime in
the years 1930 to 1933. The last gales in 1955 destroyed
one-third of the annual calculated cut. The pure spruce
stands growing outside of their natural range suffered in
1947 from drought, causing enormous financial losses.
In spite of the fact that forest management in Bohemia has
aimed at protecting the pure stands from storms and snow
by various silvicultural measures (outer and inner space
arrangement, sequence of regeneration operations, tending
of stands), at present, 11,5% of the total forest area is
menaced by wind, 12,4% by snow, and 5,9% by drought.

The disasters in pure stands caused by abiotic agents
affected outbreaks of harmful insects, inducing again
further biotic calamities. Of the great group of insects
which attack the pure stands of Norway spruce, bark
beetles (Ips typographus L., Polygraphus polygraphus 1..,
and Pityogenes chalcographus 1..) are the most dangerous
species, causing, in the years 1945-1947, timber destruc-
tion equalling ¥4 of the annual calculated cut. A very
dangerous insect enemy of pure spruce and pine stands
is the nun moth (Lymantria monacha L.) which attacked
the forests of Bohemia several times. The most destruc-
tive outbreak of this pest was in 1917-1919, when it
attacked the pure stands of Bohemia and Moravia, caus-
ing compulsory logging on 4% of the total forest area.
The establishment of pure stands also caused consider-
able damage in game management, especially in game
suffering from diminished nutrition possibilities. The
lack of suitable food caused the game to damage the
stands heavily, including the new young plantations.

A further unfavorable consequence of pure stands was
the deterioration of soil properties—soil degradation. The
acid humus, which is formed in pure stands of Norway
spruce and Scotch pine, causes in the soil profile leaching
of nutrients from the upper horizons, this being sometimes
accompanied by the formation of secondary hard pans,
which diminish the physiological soil depth. At the pres-
ent time, the pure stands have caused 4,86% of forest
soils in Bohemia to become degraded, and 2% heavily
degraded (soil sickness), where the further existence of
the forests is endangered.

The species composition of the stands, which does not
correspond to site conditions, as well as the clear-cutting
system, with all its unfavorable consequences, have caused
the hydrological conditions of the landscape in many
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parts of Czechoslovakia to become considerably deterio-
rated. At the present time, only 11% of the forests are
fully active from the hydrological point of view. In the
residual forest area, the retention capacity of forest soils
deteriorated 1-9 times. In view of the fact that a majority
of Central European rivers rise in the territory of Czecho-
slovakia, this situation is very unsatisfactory.

The above-mentioned unfavorable effects of pure stands
accompanied by rough regeneration methods caused
forest science and practice to start, as early as at the close
of the 19th century and in the early 20th century, to solve
the problem of pure stands. Even at the present time, a
great deal of attention is devoted to the change of pure
stands in Czechoslovakia, both in research and in practice.

In Central Europe the spruce and pine pure stands
cover various geologic substrata and various soil types, and
occur in various climatic conditions. The difference
between the given site conditions and those of the natural
range of Norway spruce and Scotch pine forms, together
with the economic conditions (growth, quality, resistance
of stands), the main criteria for the extent of changes.
Taking into account these points of view, the pure stands
are divided into those with complete, prevailing, and
partial changes. Because the greater part of Bohemian
forests consists of managed forests (96% ), the changes
are not performed with the purpose of forming the
natural associations of tree species which should replace
the present pure stands, but in order to form economically
profitable stands. In such forests the economically
important species, including the Norway spruce and
Scotch pine, must be represented to a maximum degree.
However, the site conditions (especially the soil condi-
tions) and the safety of the forests must not be unfavor-
ably influenced.

In order to determine the optimum species composition
and the silvicultural treatment aiming at the changes, it is
necessary to take into account the diversity of natural
conditions, and, therefore, forest typology is largely
applied. Based upon the analysis of environmental factors,
of historical research results, and of economic considera-
tions, the determined typological units make it possible
to find not only the required species composition, but
also the techniques of changes (regeneration methods).

In the given natural conditions, the technique of changes
requires special silvicultural measures elaborated with
respect to the biological and ecological properties of both
logged and regenerated tree species. A number of methods
for changes were elaborated and tested in Czechoslovakia.
One of the best and most-used methods of changing the
pure stands is the regeneration method by Gayer (1886).
Gayer’s regeneration method of gap-cutting was elaborated
in Czechoslovakia with respect to the changes of pure
spruce and pine stands. In this connection, the problems
of the preparation of pure stands to changes, inner space
arrangement of pure stands, establishment of regeneration
elements, development of regeneration, etc., were solved.

The most important measure in changing the pure
stands may be considered the inner space arrangement of
stands. It was elaborated in various natural conditions,
whereby special attention has been drawn to the extensive
accessibility of the stands, to the resistance to climatic
factors (especially to storms), and to the utilization of
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regeneration cuts regarding their favorable climatic

effects. :

The goal of changes is also the improvement of growth
conditions, especially of soil properties. In changing the
pure stands, the amelioration measures are also largely
applied. The highest emphasis is placed upon biological
amelioration, i.c., introduction of different broadleaved
species with ameliorative effects into the stands, e.g.,
Fagus silvatica L., Carpinus betulus L., Tilia europaea L.,
etc. This biological amelioration, which is of long-term
character, is usually combined with mechanical or chemi-
cal amelioration (fertilization).

In Czechoslovakia, the technique of changes is being
further elaborated and tested under various natural con-
ditions. The results obtained in establishing the pure
stands and their changes may be used both in the coun-
tries where the natural stands are replaced by pure stands,
and in the countries where the pure stands situated on
unsuitable sites are to be replaced by stands in harmony
with the natural conditions. This was proved also in the
FAO Forestry Study Tour in Czechoslovakia in 1956.

RESUMES
Changements dans les foréts en Tchécoslovaquie

Au cours des deux derniers siécles, I’ensemble du territoire de
I'Europe Centrale, y compris la Tchécoslovaquie, a été I’objet
de changements importants dans la composition des essences
dans les foréts, & la suite de la culture de peuplements purs
épicéa (Picea excelsa L.), et de pin sylvestre (Pinus sylvestris L.)

Dans le cas des peuplements purs, ’épicéa était cultivé aux
basses altitudes de la région du chéne, tandis que le pin sylvestre
était cultivé dans la région du hétre. L’etablissement de peuple-
ments purs équiennes a été accompagné par une méthode de
-régénération radicale—la coupe & blanc. Les résultats de cette
méthode d’exploitation ne sont pas favorables du point de vue
des‘conditions de la station, et de la composition des essences
cultivées dans les peuplements, qui sont parfois attaquées par des
agents nuisibles. Une autre conséquence défavorable des peuple-
ments purs est la détérioration des propriétés du sol—la dégrada-
tion du sol. En Bohéme, les peuplements purs ont causé une
dégradation de 4,86%, et une forte dégradation (maladie du sol)
‘de 2%, de la zone forestiere.

A Theure actuelle la Tchécoslovaquie met en oeuvre un pro-
gramme intensif de modifications dans la culture du sapin et des
peuplements de pin purs, notamment dans les emplacements peu
favorables 2 la culture des essences mentionnées. Ce programme
‘est basé sur la typologie forestiére qui permet de déterminer non
seulelpent la composition d’essences désirée, mais encore les
techniques de modifications. D’aprés les résultats des recherches
typologiques obtenus, on suppose que les zones plantées d’épicéas
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et de pins sylvestres seront réduites de 62.5% a 24,7% et de
19,7% a 15,7% respectivement.

En Tchécoslovaquie, une attention soutenue est accordée au
travail des techniques de modifications dans des conditions
naturelles diverses. Sous ce rapport un certain nombre de
problémes forestiers relatifs 4 la transformation des peuplements
purs ont déja été résolus, notamment I’entretien des peuplements
purs, leur disposition interne, la mise au point d’éléments de
régénération, le développement de la régénération, etc. On
accorde également une attention toute spéciale a I'amélioration
biologique des sols par la culture d’essences feuillues. Les
résultats obtenus en rapport avec la solution de cette question ont
été communiqués aux membres de la FAO lors de leur voyage
d’études forestiéres effectué en 1956.

Cambios de los Bosques de Checoeslovaquia

Durante los tGltimos dos siglos en el territorio de toda la
Europa Central, inclusive en el de Checoeslovaquia, se registraron
cambios sustanciales en la composicion de las especies de arboles
de los bosques cuando se establecieron los rodales puros de pino
del norte (Picea excelsa L.) y de pino de Escocia (Pinus
sylvestris L.).

En los rodales puros el pino del norte se cultivé a bajas alti-
tudes, en la zona correspondiente a los robles, mientras que el
pino de Escocia se planté en la de las hayas. Al plantarse estos
rodales regulares se empleé también el método de renovacién
radical con tala a mata rasa. Este tipo de administracién no ha
dado resultados en lo que respecta a las condiciones del sitio y
las especies de composition de los rodales, que suelen ser atacados
algunas veces por agents abilticos y biéticos. Otra mala con-
secuencia de los rodales puros es el deterioro de las propiedades
del suelo, su degradaciéon. En Bohemia 4,86% de las tierras
forestales estdn degradadas y un 2% sumamente degradadas
(enfermas).

Actualmente, en Checoeslovaquia, se Ileva a cabo un trabajo
intensivo para cambiar los rodales de piceas y pinos, especial-
mente en los lugares no adecuados para las especies mencionadas.
Este trabajo se basa en los principios de tipologia forestal,
mediante los cuales es posible determinar no sélo la composicién
de especies requerida, sino también los métodos de cambio. De
acuerdo con los resultados de estas investigaciénes tipolégicas, se
supone que las areas de pino del norte sean reducidas del 62,5%
a un 24,7% vy las de pino de Escocia, del 19,7% a un 15,7%.

En Checoeslovaquia, estd dedicandoseles gran atencién a los
trabajos relacionados con los cambios en las distintas condiciones
naturales. En este respecto se han resuelto algunos problemas
de silvicultura concernientes a los cambios de los rodales
puros, como son, su cuidado, el espaciamiento interior, el es-
tablecimiento de los elementos reproductivos, el desarrollo de la
reproduccién, etc. También se estd poniendo atencién al mejora-
miento bioldgico de los suelos, mediante el cultivo de especies
de hoja ancha. Los miembros del grupo de Estudios de Silvicul-
tura de la FAO que estuvieron en Checoeslovaquia en 1956
informaron sobre los resultados obtenidos en la solucién de este
problema.
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“Orchard” Versus “Naturalistic” Silviculture

T. JEYADEV

Conservator of Forests,
Madras State, India

In the early days, foresters mainly dealt with timber
and fuelwood, but with advances in civilization, foresters
were called upon to develop a variety of species for
varied uses of man. In days of old, mostly slow-grown
hardwood timber species were raised. The rotation was
necessarily long. On the other hand, the species raised in
forests in the recent past include fast-growing timber or
fuelwood species as well as tree species raised for other
products, such as bark, fruits, etc. Short rotation crops
are, in fact, becoming more common. The pattern of
silviculture adopted at present naturally varies con-
siderably from the earlier pattern.

Forestry no longer contents itself with the pickings
obtained from whatever nature gave to man in the
primeval forest. Forestry is now assiduously engaged in
planting, tending, harvesting and replanting not merely
timber species but trees of economic value for purposes
other than timber. Even when the artificial establishment
of plantations of timber species became a regular feature,
the practice of silviculture, which in early times was
mainly concerned with the tending and manipulation of
existing forests, gave place to methods akin to those of
agriculture. By “silviculture” should be meant “more or
less the same thing in relation to the forest, as is meant
by agriculture in relation to the fields” says H. Cotta. Of
late, with the growing of tree species other than those
of timber value, the concepts of silvicultural practice
have undergone many changes; ideas pertaining to horti-
culture have set in, and, gradually, the concept of “orchard
silviculture” has evolved as distinct from “naturalistic
silviculture.”

Kostler says that “silviculture is a biologically de-
pendent technique by means of which treatments are so
regulated that definite objectives are attained; within the
frame work of organised forestry, these for the most part
are economic objectives.” In the early days, when the
demand was mostly for a particular species, silviculture
concerned itself either with natural production of the
desired species in greater proportion in the natural forest,
or, when the need for more concentrated effort arose, it
dealt with artificial regeneration techniques, but in keeping
with the basic concepts of naturalistic silviculture. The
development of silvicultural techniques reached the stage
of orchard practices when it was decided that forest lands
also could be devoted to growing species other than those
of timber value. The naturalistic silviculture in the initial
stages naturally dealt with the virgin forests, which
originated on the soil without man’s assistance, and de-
veloped without disturbance by man. Thereafter, to the
concept of conservation was gradually added the concept
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of rehabilitation of the forests which had been adversely
interfered with by man.

The concept of naturalistic silviculture confined itself
to the dominant aim of developing good timber. The
emphasis had always been on the development of clean,
well-developed stems in the forest stands, so that they
might achieve the maximum production of timber. In
orchards, it was the usufruct of the tree that was the
concern of the producer, and the emphasis was to develop
trees in order to yield maximum usufructs. Even in the
case of fast-growing timber species grown under orchard
conditions, the concern now is to produce the maximum
of wood (cellulose) per hectare rather than the maximum
of good timber, as the trend is towards use of pulp or
processed wood. Where trees are grown for timber, the
development of height is an important consideration.
Often in orchards, a spreading crown with excessive
branch is deliberately aimed at. A very close espacement
with a view to covering the soil as early as possible and
its gradual opening with the development of crop is a
common practice in naturalistic silviculture, while in
orchards, the species are raised at wider or final espace-
ment, and intensive attention is given to the individual
plants so that the objective is attained early. The gradual
removal of excessive stems by way of thinnings is not
economically unsound where the intermediate yield is
marketable and when the tree crop is raised at low cost.
In the case of species of orchard value, intermediate re-
moval of the stems which had been raised and tended
with care and greater cost is a waste of effort and money.
Hence, while in naturalistic silvicultural practice, close
espacement is the rule, in orchards and forests grown
under orchard conditions, wider espacement or the final
espacement itself even to start may be resorted to.

As the bearer and sustainer of the forest stands, the
forest soil demands the constant attention of the forester,
and one of the constant endeavours of the forester is to
maintain the productive capacity of the forest soil. As
injuries to the soil are much more difficult to rectify than
injuries to the forest crop, the forester naturally exercises
great caution whenever he has to interfere with the
canopy. When clear felling is resorted to, he attempts to
replace the vegetal cover without delay. The protection
of the forest soil is always considered to be of paramount
importance. In the early days, attempt was rarely made
towards any curative action in the form of application of
fertilizers or manure. But care was always taken to
prevent deterioration of the forest site. Once the constitu-
tion of the soil had been disturbed, it was found difficult
to restore it by natural means to the same condition
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capable of bearing the original forest growth. The
naturalistic silviculture, based on the concept of sustained
production of yield, paid attention to the maintenance of
the inherent natural capacity of forest soil of the site and
did not advocate any silvicultural measure which had a
deleterious effect on forest soil. The ideal system for
maintaining soil productivity was always considered to be
the selection system, and clear felling systems were not in
favour. In due course of time, when methods of conver-
sion became essential, complete clearing, followed by
reforestation with desired species, was done. The methods
adopted in farming slowly came into play in the field of
forestry as well: Soil working or preparation of the soil
for regeneration activities, burning, as a means to improve
the soil condition, measures to eradicate the acidic nature
of the detritus, etc., were adopted.

With the development of forest lands for growing
economically valuable species and for maximizing the
production per unit area of land, attempts specially to
prepare the soil for regeneration work had become a
part of forestry operations. Over expensive areas, which
were once considered difficult if not unsuitable, by adop-
tion of high-powered soil-working machines, planned
development of chosen species had taken place on a large
scale. In orchard silviculture, the forester is not content
merely with taking care of the soil he deals with. In
addition to taking precautions necessary for preventing
soil deterioration, he makes constant effort to apply
deficit elements and also add the trace elements which
may be particularly needed for the species. In orchards,
the horticulturist does not wait to see the effect of the soil
of a particular plot on the yield but begins to apply
straightaway to the soil all the needed elements desirable
for the species in question, so that the development of the
species may be the optimum. Thus, in all cases, irrespec-
tive of the soil found in the areas that had been selected
to grow the species, optimum achievement is secured.
The principle of application of correctives has been ex-
tended, in recent days, even in regard to timber stands in
some countries. The application of correctives to the
forest soils has become a common feature as a result
of application of the concept of orchards to silviculture,
whereas naturalistic silviculture paid attention mostly to
the care of the soil on the spot and sought to prevent
any action that would cause deterioration of the forest
soil. Whereas the status quo of the virgin forest soil was
sought to be maintained with all care in the old concept,
the modern trend is to get the optimum development of
the species on all sites by resorting to corrective methods
or curative action.

The development of the orchard concept in silviculture
had made many a marginal forest land come into full
productivity. Lands, which in the past were considered
not worthwhile for being developed into timber stands,
etc., are now taken for raising tree species of economic
value. The varied needs of man for different kinds of
products has made the forester grow varied kinds of
species of economic value for purposes other than of
timber. As the produce obtained from growing of such
species are economically more valuable than timber, it
has now become possible to resort to more intensive
preparation of the site than in the past. Intensive prepara-
tion of the site at a great cost had led the investor to
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expect quick returns, and the traditional forms of raising
forest species, commencing from a large number of seeds
ultimately giving few distributed number of stems, had
given place to organised planting work in which a well-
developed seedling is planted at a regular espacement and
the development of each of the planted seedlings claims
the attention of the forester. Main attention is devoted to
make all the planted seedlings achieve their full produc-
tive capacity at an early date.

Intensive forest management for quick returns will, in
future, have to resort to the application of fertilizers on an
increasing scale as is now being done in orchards. The
development of radio tracers has proved the relatively
greater efficiency of applying fertilizers in liquid form
than by the old method of fertilizing the roots. Tests with
P 32 have shown that the foliar method is 95% efficient,
as against a score of about 10% by root feeding. In the
case of forest species, the application of fertilizers by
root-feeding methods will also invigorate the other un-
wanted ground flora in the forest, whereas the application
of fertilizers by the foliar method would be useful as an
economic method for application of the solution to the
planted species only.

The utilisation of lands for growing species valuable for
purposes other than timber is better confined to such lands
which do not naturally support timber stands. It would
not be advisable to convert timberland to growing of
other species of economic importance. It is only in regard
to the lands where the forests have degraded that the
forester is finding it increasingly difficult to resist the
demand of the public for converting them to agricultural
farms. If more intensive methods are adopted by foresters
in such degraded forest areas and in the marginal lands
by preparation of the soil, using high-powered tractors and
by application of fertilizers, there is the possibility of
retaining them as forest lands. If the forester sticks to
basic naturalistic silvicultural concepts, many such areas
will inevitably be transformed into agricultural lands.

In Madras State, many of the degraded forest lands
have been devoted to growing cashews (Anacardium
occidentale), and steps are being taken to manage them
as orchards. In case of other unproductive forests, but
with better soil conditions on the hills, leases of lands for
growing of plantains and oranges have been given in the
hill tracts of South India. Some of the chestnut forests
in Southern France, which played a great part in the hill
economy, are in poor shape, due either to neglect or to
attack by chestnut blight. Those chestnut forests which
are not in good productive state are being grouped in such
a manner as to have regular orchards of chestnut where
conditions are favourable, and to convert other unproduc-
tive chestnut forests into productive timber stands. The
role which the old chestnut forests played as a multiple
use of land in the field of agriculture, animal husbandry,
and forestry is being changed into a more intensive form
of single utilization of land by having chestnut orchards
confined to more suitable locations.

The modern concept of orchard silviculture seeks to
attain maximum utilization of lands by bringing into the
field of forestry the tools of the farmer and the recent
advances made in agriculture and horticulture. In the
past, the forester was content in selecting seeds of good
origin from chosen mother trees for the development of
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the desired species. The modern development of genetics
has helped to create disease-resistant or fast-growing or
high-yielding varieties, more potent than even the parent
species. The production of superior varieties has also
become possible by radiation methods, as a result of
progress of atomic science in the field of plant genetics.
In course of time, superior strains of many timber species
will be evolved as a result of application of orchard silvi-
culture. In all cases, where species of economic value
are grown, it has already become a regular feature to
resort to a particular strain in order to get the maximum
productivity. In Switzerland, care is taken to plant only
chosen strains of poplars. The progeny from trees of
satisfactory performance are given specific numbers in
order to identify the parentage. In the case of chestnuts
in Southern France, hybrid varieties from Castanea sativa
and Castanea crenata have been developed. The use of
hormones to stimulate growth and of antibiotics to pro-
tect plants against diseases are some of the orchard prac-
tices that will find increasing use in future forestry.

Water is an indispensable constituent of all living
organisms. The consumption of water (soil moisture)
varies with the species. According to the water supply
from the soil—limited or adequate or abundant—different
types of plants, namely, xerophytes, mesophytes, hygro-
phytes, tropophytes, etc., inhabit different tracts. The
forester takes into account the moisture requirements of
different species, and according to the extent of rainfall
or local soil moisture conditions, he decides on the species
to be raised. With the growing of species of high eco-
nomic value or of short rotation, it had become possible
for him to regulate the moisture conditions of the site by
having recourse to aids like flood irrigation, hand watering
or sprinkler irrigation. Growing forests under orchard
conditions, the forester now employs various methods of
water supply, and as the moisture needs of the species is
met to an adequate degree, tree species which could other-
wise not be grown in a particular site are raised now. For
instance, in otherwise dry tracts of coastal Madras,
casuarina has been grown successfully by hand watering,
and mulberry and sissoo under irrigated conditions in the
arid zone of the Punjab. Sprinkler irrigation is used in
some forest nurseries of European countries, and where
it is practicable, the method is likely to be extended to
forest areas as well, in future. The economics of watering
will depend on the availability of water in the vicinity and
the value of the species grown.

In areas where excessive moisture precluded the grow-
ing of valuable species in the past, attempts have now been
made to grow trees either as tree belts or plantations by
the draining of marshes or swampy tracts. The planting
of shelter belts in the Orbe Plains of Switzerland, and the
reclamation of marshes in Del Fueino, Delta Pedanna in
Italy are some of the cases where land not carrying vegetal
growth had been brought under either agricultural crop or
tree crop (orchard or poplar shelter belts). In one of the
erstwhile marshy areas of Ferranna (Italy), the reclaimed
land now carries a large number of orchards (peaches).
Tractor ploughing and placement of fertilizers is done
to get maximum production of the fruit crop. Poplars are
being increasingly planted by agriculturists in some places
in Italy and Switzerland in view of the increased demand
for wood by the wood industries of the region. The grow-
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ing of fast-grown timber under orchard conditions is made
possible in view of the economic importance of the species.
The concept of orchard silviculture has developed even
as the economics of growing fast-grown wood came to
compare favourably with traditional farming.

In naturalistic silviculture, great importance was paid to
biological control of pests. Where the forester was called
upon to regulate the composition of natural stands by
suitable tending to yield the desired species, the regula-
tion of the various species that helped as alternative hosts
was possible. Where forest plantations are established
after complete eradication of all other vegetal growth and
making elaborate soil preparation, it is difficult to depend
upon alternate host plants for biological control of pests.
Under orchard silviculture conditions, increasing impor-
tance is therefore paid to the role of chemical insecticides
and herbicides. Chemical control by way of application
of chemicals either by dusting the powder or by spraying
the solution has become more common.

In naturalistic silviculture, by a series of tending opera-
tions, the forester builds up gradually, spread over a long
span of time, a forest most suited to the locality. Under
orchard silviculture conditions, attention is paid mainly
to the commercial or productive aspect. Attention is paid
to the rapid development of the species by application of
methods adopted by farmers and horticulturists in order
to get the maximum production in the shortest time. The
concept of natural regeneration formed the first basis of
silviculture. The early foresters tended, exploited, and
regenerated the forests by resorting to natural methods
which would give abundant natural regeneration to replace
what had been taken out. Sowing and planting methods,
which were in use for a long time in agriculture, came
in only subsequently when artificial regeneration was
adopted in the field of silviculture. With the development
of economic species, intensive methods have come to
play; and many measures of the agriculturists and horti-
culturists are being used in modern forestry also. In any
case, whether naturalistic silviculture or orchard silvicul-
ture is adopted, it has to be remembered that the objective
is the creation of a forest. Whether it is the ideal selection
forest, where naturalistic silviculture principles can con-
tinue unviolated, or a commercial forest raised under
orchard conditions, the fact should always be kept in mind
that the forest is a living entity which should be in har-
mony with nature. The basic principles of silviculture
remain the same whether the traditional or modern
methods are adopted to regenerate the forest, and once
the forest has been established, it should be managed with
a long-range view and with a full understanding of the
function of the forest, its economic objective, and its con-
tribution to human welfare. Even if modern methods aim
at maximizing production, forest management should con-
tinue to be on the basic principle of sustention—the
guiding force of silviculture at all times.

RESUMES

La sylviculture “en verger” par opposition a la sylviculture
“naturaliste”

L’orientation de la sylviculture a varié au cours des temps en
raison des objectifs différents qui ont régi la culture des essences
forestitres. A lorigine, les forestiers s’occupaient surtout de
bois d’oeuvre et de chauffage; depuis quelque temps, certaines
essences sont cultivées en vue de la production de cellulose
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plutét que de bois d’oeuvre, et, tout récemment, a commencé la
culture d’essences recherchées pour leur écorce ou leurs fruits.
La sylviculture d’aujourd’hui se consacre & la plantation, 2
Pentretien, & la récolte et au reboisement, et ne se contente plus
d’exploiter les ressources des foréts vierges. Depuis que l'on
cultive d’autres essences que celles qui produisent, aprés une
longue période de croissance, du bois d’oeuvre, les notions de
base de la sylviculture ont subi des modifications importantes.
Des idées relevant de Iagriculture et de l’horticulture se sont
implantées, et la théorie de la sylviculture “en verger”, que l'on
distingue de la sylviculture naturaliste, s’est développée.

A ses débuts, la sylviculture s’est occupée de la régénération
naturelle des essences désirées, et méme lorsque le besoin de
régénération artificielle intensive s’est fait sentir, les notions
fondamentales propres a la sylviculture naturaliste ont é&té
respectées. La remise en état des foréts dégradées et la culture
d’essences nouvelles ne donnant pas de bois de sciage, ont forcé
le sylviculteur & emprunter les outils de Iagriculteur et de
Ihorticulteur. Alors qu’autrefois tous les efforts visaient & la
production de troncs droits et bien développés pour en faire du
bois de sciage, le forestier en est arrivé a rechercher la plus
grande quantité de bois (cellulose) que peuvent rendre les
essences a croissance rapide, ou encore les fruits d’autres essences.
En sylviculture naturaliste, la régle consiste & planter serré et a
éclaircir ensuite graduellement, alors qu’en sylviculture en verger
on a recours a une méthode de plantation plus ouverte, voire
méme respectant ’espacement définitif des arbres.

La sylviculture naturaliste limitait ses efforts & Ientretien du
potentiel de production du sol forestier tel qu’il se trouvait dans
la forét vierge, alors que la sylviculture en verger a eu recours
a des méthodes de prévention et de correction, en utilisant des
engrais, naturels et artificiels, et des oligo-éléments de maniére
a obtenir un production maximum sur toutes les stations. Le
travail du sol forestier au moyen de puissants engins de terrasse-
ment, et I'application d’engrais sont des caractéristiques courantes
de la sylviculture en verger. L’acceptation de la notion de sylvi-
culture en verger a permis 3 de nombreuses foréts marginales
de devenir pleinement productives. L’irrigation des terres arides,
le drainage des sols détrempés et des marécages, lutilisation
d’hormones facilitant la croissance, et la lutte contre les parasites
au moyen de produits chimiques efficaces, sont les outils utilisés
dans le cadre de la sylviculture, & la suite des progrés réalisés en
agriculture et en horticulture. En sylviculture naturaliste, le
contréle biologique des parasites pouvait aisément &tre effectué en
raison des nombreuses essences qui poussaient dans les foréts
vierges, alors qu’en sylviculture en verger le contréle chimique est,
pour ainsi dire, le seul utilisé.

Dans le contexte de la sylviculture naturaliste, la forét la
mieux adaptée au site est aménagée aprés une série d’opérations
d’entretien qui s’étalent sur un long laps de temps. Par contre,
avec les méthodes de sylviculture en verger, la forét commerciale
est soignée de maniére a produire dans les plus courts délais. Les
principes fondamentaux de la sylviculture restent inchangés, qu’ils
s'appliquent & une forét a sélection idéale obtenue grice i la
sylviculture naturaliste, ou & une forét commerciale cultivée dans
un but précis selon les méthodes de sylviculture en vergers.
Lorsqu'une forét a été aménagée de manidre i rendre sa pro-
ductivité maximum, que ce soit par I'une ou par lautre de ces
deux méthodes, il importe qu’elle soit gérée suivant le principe de
la sustentation et en pleine connaissance du réle des foréts dans le
bien-&tre de I’humanité.
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La Silvicultura de “Huerto” y la “Naturalista”

La situacién de la silvicultura ha cambiado con el tiempo.
debido a los diversos objetivos del cultivo do las especies en las
especies en las areas forestales. En un principio los silvicultores
se ocupaban principalmente de la madera de construccién y de
combustible. Hoy se cultivan las especies con miras a obtener
més bien madera para celulosa y, aparte de esto, las tierras
forestales se utilizan ahora también para cultivar especies valiosas
por su corteza, sus frutas, etc. Actualmente la silvicultura da
mas preferencia a las labores de plantacién, cuidado, corta y
repoblacién que a la explotacién de lo que ofrecen los bosques
virgenes. Con el cultivo do las especies de rdpido crecimiento
han cambiado los conceptos de la silvicultura. Se han implantado
ideas propias de la agricultura y la horticultura y se ha desar-
rollado un concepto de la silvicultura de huerto, distinto del
concepto de la silvicultura naturalista.

Al principio, la silvicultura se limité a la regeneracién natural
de las especies deseadas y aun cuando surgié la necesidad de
implantar la regeneracién artificial concentrada, los conceptos
basicos naturalistas continuaron en uso. Las tareas de rehabilita-
cién de bosques degradados y el crecimiento de especies de otras
maderas no destinadas necesariamente para fines maderables,
puso al servicio de la silvicultura los implementos del agricultor
y el horticultor. Asi como los esfuerzos se dirigian anteriormente
a la produccién de troncos bien desarrollados para madera, en el
caso de las especies de rdpido crecimiento el silvicultor con-
centré sus esfuerzos en la produccién méaxima de madera para
celulosa y en el caso de otras especies, para productos derivados.
En la prictica la silvicultura naturalista suele plantarse a corto
espacio y el aclareo es gradual, mientras que en la silvicultura
de huerto las plantas se espacian méas desde un principio o como
norma definitiva.

La silvicultura naturalista se limita a mantener la capacidad
productiva del suelo forestal, tal como se encuentra en los
bosques naturales, mientras que la silvicultura de huerto se vale
de la accién curativa o de los métodos correctivos mediante la
aplicacién de fertilizantes, estiércol o elementos de indicio, a fin
de lograr la produccién méaxima en todas partes. La preparacién
del suelo forestal mediante maquinaria de gran potencia y la
aplicacién de fertilizantes son procedimientos comunes de la
silvicultura de huerto. El desarrollo del concepto del sistema de
huerto en la silvicultura hizo que muchas tierras forestales de
poco rendimiento, pasaran a ser muy productivas. La irrigacién
en terrenos aridos, el drenaje de Aareas cenagosas y pantanos,
el uso de especies mejoradas y la aplicacién de hormonas para
estimular el crecimiento, asi como el eficiente control quimico
de las plagas, son medidas que vienen aplicandose progresiva-
mente en la silvicultura de huerto como resultado de los adelantos
logrados en los campos de la agricultura y la horticultura. El
control biolégico de las plagas puede ensayarse con facilidad en
la silvicultura naturalista debido a la variedad de especies dis-
ponibles en los bosques naturales, mientras que en la silvicultura
de huerto se recurre mayormente al control quimico.

En la silvicultura naturalista el silvicultor sigue una serie de
tendencias, en proceso lento, y cultiva el bosque en la localidad
mas adecuada al mismo, mientras que la silvicultura de huerto
cultiva el bosque, con criterio comercial, a la mayor brevedad
posible. Bien sea la selecci6n ideal del bosque, segun la silvicul-
tura naturalista, o el bosque con fines comerciales cultivado con
un determinado propésito, segun la silvicultura de huerto, los
principios basicos de la silvicultura prevalecen, y una vez que el
bosque ha desarrollado su méxima productividad por cualquiera
de los dos métodos, éste debe regirse por el principio cardinal de
pleno sostenimiento, con el completo entendimiento de las
funciones que ha desempeiiar el bosque para el bienestar humano.
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Creation of Mixed Stands
as a Method for Raising the Productivity of Forests

P. S. PoGREBNIAK

Botanical Gardens, Ukrainian Academy of Sciences,
Ukrainian S.S.R.

On creating mixed stands, it is essential to choose tree
species which exert a beneficial effect on one another, or
at least attenuate sharpness of competition, especially the
competition of the secondary species in respect to the
chief species. If the selected species meet the environ-
mental conditions and have been properly combined, it is
possible to attain a rise in productivity, resistance of the
stands to injurious influences and, in a number of cases,
an improvement in the quality of the wood; the important
point, however, is that all this is attained without any
additional investment of capital or expenditure of labour.

To accentuate the essential features of the method of
raising productivity, specifically for forestry, dealt with in
this report, let us compare it with agronomic methods.
The use of organic and mineral fertilizers and the com-
plex measures of modern intensive preparation of the soil
and care of plants, considerably raise the cost of the
crops. Among the measures in question we may include
sideration, bean-cereal crop mixtures and, especially, grass
mixtures in meadow management. In these cases, use is
made primarily of the fertilizing effect of leguminous
plants, which provide fixed nitrogen for non-leguminous
plants.

The method of mixed forest plantation is similar to
that of crop rotation, widely practised by agronomists,
which leads to considerable increase in productivity as
compared with one crop planting over long periods
(according to Williams—as much as 50 per cent yield
increase in cereal grains).

Crop rotation may also be effective in forestry. Russian
forest and soil scientists have found the soil-improving
role of birch and aspen stands, arising from natural seed-
ing after a clear cut of spruce stands. The researches of
many German, Swedish, Czech, and Polish scientists have
shown the necessity of planting deciduous trees—
especially, beech—after soil-deteriorating spruce.

Deciduous trees are known to neutralize in these cases
the high acidity caused by spruce, to accumulate consider-
able reserves of mild humus, lime, nitrogen, phosphorus,
potassium, and magnesium in the surface soil, and to
accelerate metabolism between trees and soil with the aid
of the attendant diversified and numerous soil microflora
and mesofauna. Most active and beneficial for accelerat-
ing the rotation of matter among the mesofauna are the
earthworms.

Agronomic crop rotation is similar to the mixed planta-
tion of foresters with the sole essential difference that, in
the former case, the effect of agricultural plants on one
another is one-sided, without interaction, since the pre-
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ceding crop a affects the succeeding b; whereas b cannot
possibly affect a. In mixed forest and other plantations,
species a, b, etc., are planted together and simultaneously,
and all the components, therefore, mutually affect one
another.

It follows from the foregoing that forestry has at its
disposal broader prospects than agronomy for utilizing
the relations between plants for elevating their produc-
tivity; in addition, forestry is more interested than agron-
omy in the proper choice and the adaptation of its
perennial plants to the environment, among other reasons,
because forest stands are planted once for a long time.
Under these conditions, mistakes made at the beginning
will have their repercussions after several decades, whereas
in the case of annual or biennial crops, the agronomist’s
error is recognized and corrected within the next few
years.

The best object for research on the problem involved is
that of artificial forest seeding and plantation. The
Ukraine has abundant experimental material of this kind.
The total area of forest plantations in our republic
amounts to 2.357.000 hectares, which constitutes 31 per
cent of all its forests. The plantations are located in
various thermal and hydroclimatic zones—from the semi-
desert banks of the Sivash to the boggy plains of Polesye
and the highland forest zone in the Carpathians. The
edaphical conditions are just as diversified. ‘

Mixed plantations, consisting of 2, 3, 4, and more
species, not infrequently involving shrubs as well, are
created on fertile soils occupying over 50 per cent of the
plantations. The age of the plantations varies from 1 to
150 years. There are sections with mature stands of the
second generation, created like the first by human hands.
The number of forest tree species cultivated in the Ukraine
is considerable—about 40 aboriginal and over 110 intro-
duced tree and shrub species. The most diversified
methods of spatial alternation of species are encountered.

The introduction of the principle of the proper choice
of arboreal species for a given site has greatly raised the
productivity, quality and resistance of our plantations.
Selection of “types of forest plantations” to correspond to
types of site has been applied in practice, the classification
of sites having been developed on the basis of data on
natural woods. Its basis is the ordination system—an
“edaphical network™ reflecting the quantitative gradations
of soil fertility from A to D and soil humidity from O to 5
obtained by utilising plant indicators.

During the last century forest stands planted in the
steppe consisted of relatively hygrophilous elm trees;
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they withered in the course of 15-25 years from drought
and insect invasions. Oak plantations proved hardy in
steppes, surviving to 60 and, in some localities, to 100
years.

The types of plantations for deciduous forests of the
forest-steppe and forest zones of the Ukraine correspond
to natural stands in respect to species. The plantations
created in conformity with the new system differ favour-
ably from those of the last century.

Many new species of trees have been introduced into
the plantations. In the steppe zone of the Ukraine black
and honey locusts have been extensively planted; in the
forest-steppe zone many walnut species (Juglans), hick-
ory, dark conifers (spruce, fir), Douglas-fir, larch, red
oak, the Amur cork-tree and others, frequently as addi-
tions to local trees.

Of particular interest are the combinations of tree
species yielding a pronounced rise in productivity and
recommended for extensive use. We shall dwell briefly on
two examples.

1. Plantation of common ash (Fraxinus excelsior 1.)
and larch (Larix sibirica Ledeb.) on soil of medium and
high fertility (C and D) and medium moisture (2 and 3).
This mixture is not encountered in our natural forests
and was considered unpromising, since both varieties
require a great deal of light. It was used accidentally in a
number of places in the Ukraine at the close of the last
century. Ash grows well and within 50-60 years sup-
presses the larch, which has by that time attained a height
of 30 metres.

In 60 years the ash attains the same height and diameter
as it does in natural stands on the same soils in 100 years;

the' larch produces 400-500, and the ash 250-300 cubic

metres of wood per hectare, which is twice the yield of
normal natural stands of the same age under the same
conditions of site.

The explanation of the success of this combination was
found in the domain of metabolism. The ash, as was
shown by vegetational experiments, is a nitro-phosphoro-
phil. The larch furnishes fertilizer for the ash in the de-
composition products of its litter, which is rich in
phosphorus and potassium. In addition, it sets up the best
microbiological conditions for the nitrogen exchange of
the soil (nitrogen fixation, ammonification, nitrification)
and yields other advantages on which we are unable to
dwell in a brief report.

2. Mixed plantation of poplar and alder (Alnus glu-
tinosa Gaertn.). This record-breaking productive com-
bination of tree species was discovered by my pupil, G. L
Redko, in 1955.

He did not find any mature mixed plantations of poplar
and alder and studied the mutual effect of these species
at the points of contact of pure stands. It has been shown
that alder effectively influences the growth of poplar
(Populus canadensis Moench., P. nigra L.).

At a young age the highest growth of h and d was
revealed by the second row of poplars from the alder,
since the first row was shaded by the older and taller
alder. The second and succeeding rows of poplar, not
subjected to light suppression, were better able to utilize
the advantages created by alder in the soil. It was the
interrelationships in the soil sphere that were the chief
cause of the record-breaking rise in poplar productivity
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under the influence of alder: the increase in height at a
young age (up to 10 years) was as much as 100 per cent;
at old age—up to 20 per cent; the increase in diameter at
a young age—up to 200-250 per cent, at old age—up to
30-70 percent; the increase in reserve at a mature age—
up to 100-150 per cent.

Excavations showed that the horizontal roots of the
poplar grew chiefly in the direction of the alder, over-
coming a distance of 10-20 metres. On reaching the alder
zone they are densely ramified. G. I. Redko found numer-
ous cases when the small roots of the poplar penetrated
into the large nodules on the alder roots. He established
by means of chemical analysis that the poplar absorbs
nitrogen compounds from the alder nodules. Here we have
a typical case of one component benefiting the other, the
latter effectively taking advantage of the opportunity
offered to increase its growth.

We whole-heartedly recommend combined plantations
of poplar and alder, particularly on sites B and C, where
the poplar cannot yield an average annual accretion of 8
cubic metres without recourse to fertilizers. The common
alder (Alnus glutinosa Gaertn.) grows best on sites of
the 3rd and 4th rank of humidity; in the second rank of
humidity, less hygrophilous alder species should be em-
ployed—A. incana Moench and A. viridis DC.

The favourable mutual influence of forest trees may be
reflected not solely in the mobilization or transfer of
deficient elements of soil nutrition, but also in removing
excess of some element. Thus, in pure black locust stands
an excess of nitrogen accumulates in the soil, which may
be absorbed by nitrophilous plants, especially by elder
(Sambucus) undergrowth. By decreasing soil nitrogen,
the elder makes the N: P: K ratio more favourable for
black locust.

The interaction of arboreal species may take place in
various spheres. Direct chemical action is not unfre-
quently encountered, bearing the character of so-called
“allelopathy.” More comprehensive and involved inter-
action is of greater frequency, being effected through a
long chain of intermediate links, the interrelationship of
the plants and the ecological environment being of con-
clusive importance. Thus, the beneficial effect of horn-
beam, maples, Rhus cotinus L., spruces on neighbouring
species is particularly effective on soils rich in lime and
on alkaline soils, inasmuch as the litter of these species
promotes soil acidification. The soil-alkalinizing decidu-
ous plants, especially elder and other shrubs (the acidity
of water infiltrated through their forest litter having a pH
of up to 9.5), are able to neutralize acid podsolized soils
rapidly and effectively. Tree species whose litter is choice
food for earthworms (shrubs, maples, limes, etc.) are
able to raise soil fertility and productivity of the stands in
a short time.

Since the interaction of arboreal species with the
environment and with each other is greatly diversified
and alters with time (antagonistic relations in youth, for
instance, may give way to beneficial relations in old age),
special experiments conducted with the aim of finding
effective combinations are of great value. We suggest the
universal application of poly-chessboard plantations,
which permit testing on a relatively small area all possible
combinations of species. Poly-chessboard plantations
should be founded in each forest ranger district.
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The idea of these plantations is the following. To test
all combinations of tree species cultivated in the given
locality, not only must their binary combinations n by n
be planted, but at least four different vectorial meetings
must be secured for each pair of species. In other words,
species a should meet with species b on the south, north,
east and west, since this condition affects in lighting regime
and may substantially alter the course of interaction be-
tween the species. In the elementary case of a simple
bi-chessboard system, if one of its sides is aligned with
the meridian, the black and the white squares meet in
the four above-mentioned vectorial combinations.

Row plantations do not satisfy our requirements; first,
because it is necessary to use for the experiments a large
area of homogenous land. Secondly—and even more im-
portant—on mixing species in solitary rows, an early and
sudden termination of the experiment may occur when one
species suppresses the other at a young age, because one
of them is backward in development due to weather con-
ditions, pests and other accidental factors. It is better to
make use of a chessboard combination of species in
squares (10 x 10 m. or larger), each of which contains a
seeding or planting of only one species. In this case, the
course of interaction of the species may be observed at the
points of contact over a fairly long period—25-50 years—
since the depth of the front of their meeting is great (in
the example given, 10 m. or more), The control of the
growth of each species is the height of the trees in the
centre of the square.

The bi-chessboard principle is suitable only for com-
binations of two species. The poly-chessboard system
proposed by the author enables us to conduct experiments
with many species. Take, for example, a poly-chessboard
system for ten species on an area of one hectare. Each
species meets each of the other species four times in
accordance with the four-vector requirement mentioned
above. Each species is diffusely scattered over the section,
which enables us to control the homogeneity of soil
conditions by the average height of the trees in the
centre of the square. The mathematical principle of
arrangement, the methods of calculation and organisation
of the experiments have been previously described.

The practice of poly-chessboard plantations demon-
strates their high scientific informativeness. A compari-
son of the heights of tree species: (1) at the line of
contact; and (2) in the centre of the squares, answers
the question of the interaction of two neighbouring
species. There are cases when one species rapidly sur-
passes some neighbouring species in growth at a young
age, which is to be expected when combining rapidly
growing and slowly growing species. In this case, the
research value of the combination may be raised by some-
what complicating the experiment, which permits assaying
the obscure aspect of root competition between the pair
of species. The trunks of the rapidly growing trees are cut
at the level of the top of their slowly growing neighbours.
The subsequent difference in the growth of this pair of
species may, to a great extent, reflect their interrela-
tionships in the soil environment. The cutting is carried
out on an area of ¥4 of a square adjoining the species that
is lagging in growth.

Our practice includes a poly-chessboard plantation of
28 species which is ten years old. The first investigation
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of five- to 7-year-old sections has been published, valuable
indications being obtained on favourable and unfavourable
species combinations.

Poly-chessboard plantations
international application.

The results will be of great scientific and practical
interest—especially communications on productive com-
binations of the type mentioned in the foregoing—ash and
larch, poplar and alder and others. It is essential to
indicate the types of site on which the results were
obtained.

are recommended for

RESUMES

Création de peuplements melangés pour accroitre la
productivité des foréts

Ayant étudié les nombreuses associations d’essences se trouvant
dans les peuplements mélangés, I'auteur et ses collaborateurs ont
trouvé des combinaisons d’essences sylvestres qui accroissent de
facon considérable la productivité forestiere grice a I'effet salutaire
des essences les unes sur les autres. Ainsi, dans les conditions de
climat et du sol spécifiquement indiqués dans le rapport, certaines
essences qui emmagasinent de 1’azote, notamment 'aune glutineux
(Alnus glutinosa Gaertn.) ont pour effet de doubler, et parfois
méme de tripler I'accroissement des essences nitrophiles voisines.
On a découvert par exemple que les radicelles du peuplier
pénétrent dans les nodules des racines de l'aune et en tirent un
supplément d’azote. Dans des peuplements de robiniers (Robinia
pseudoacacia L.), I'excés néfaste de nitrates du sol, mis en réserve
par cette essence, est absorbé par des essences nitrophiles, notam-
ment le Sambucus, ce qui a pour effet d’augmenter la croissance
du robinier.

Il a été possible d’établir et d’étudier une augmentation de
croissance chez le fréne (Fraxinus excelsior L.) sous l'influence
du méleéze (Larix sibirica Lebed.) qui ameliore les conditions
générales de nutrition du sol.

L’auteur propose le systtme de damiers pour des plantations
expérimentales ayant pour objet de découvrir des combinaisons
productives d’essences pour des peuplements mélangés. Chaque
essence est semée ou plantée dans des carrés de 10 metres de
c6té au moins; les carrés sont disposés de facon géométrique, ce
qui fait que toutes les essences se rencontrent quatre fois: au
nord, au sud, & lest et & louest. Les résultats de I'action
réciproque des essences sont étudiés a la ligne de contact. Cette
expérience a l'avantage de ne pas nécessiter une grande surface
de sol homogene et de permettre la plantation dans des carrés de
grandes dimensions. Elle permet également d’étudier I’action
réciproque des essences au cours de longues périodes. Les
premiers résultats de ce systtme de plantation en damiers ont
été publiés.

Nous recommandons, pour I’estimation du site, un arrangement
basé sur deux facteurs—fertilité et humidité du sol (réseau
édaphique de sites).

Creacion de Arbolados Mixtos como Método para Elevar
la Productividad de los Bosques

A base del estudio de numerosas combinaciones de arboles en
bosques mixtos, el autor y los colaboradores han encontrado
algunas combinaciones de especies arbéreas que permiten un con-
siderable aumento en la productividad, debido a los efectos
beneficiosos de una especie sobre otra. Asi, en determinadas
condiciones de clima y suelo, segn se indica en el informe, las
especies que conservan nitrégeno particularmente el Alnus
glutinosa Gaertn., aumenta dos o tres veces més el crecimiento
de las especies vecinas nitrofilosas. Se descubri6 que los extremos
de la raiz del Alamo habian penetrado en los nudillos de las
raices del aliso, utilizindolo como fuente suplementaria de ni-
trégeno. En arbolados de Robinia pseudoacacia L. el exceso
dafiino de nitrégeno del suelo, almacenado por esta especie, es
absorbido por las especies nitrofilicas, particularmente el Sam-
bucus, y esto aumenta el crecimiento del algarrobo.

El aumento de crecimiento se establecié y se estudié en la
especie Fraxinus excelsior L. bajo la influencia de Larix sibirica
Ledeb., que mejora las condiciones generales de nutricion del
suelo.
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El autor propone el método de tablero de ajedrez para las
plantaciones experimentales, con el fin de descubrir combinaciones
de especies productivas para rodales mixtos. Cada especie es
sembrada o plantada en espacios de 10 metros cuadrados (o
mayores) y los cuadrados se trazan en orden geométrico de
modo que todas las especies encuentren a las demas cuatro veces:
al norte, sur, este y oeste. Los resultados de la acci6n mutua
de las especies se estudian en las lineas de contacto. La ventaja

de este experimento es que no requiere una gran area de suelo
homogéneo; esta plantacién en grandes cuadrados, permite
estudiar las interrelaciones de las especies por largos periodos de
tiempo. Los primeros resultados de las plantaciones en forma de
tablero de ajedrez han sido ya publicados.

Para fines de estimacién del sitio es recomendable que la
ordenacién considere la fertilidad y humedad de los suelos.

El Método Mexicano de Ordenacion de Montes

RopoLFo RoDRIGUEZ CABALLERO

Ingeniero Agrénomo Especialista en Bosques
del Servicio Forestal Federal del
Gobierno de la Repiiblica Mexicana,
México, D. F., México

Desde hace treinta y cinco afios las leyes forestales
del pais, con un sentido altamente proteccionista en
beneficio de la colectividad, se han promulgado para que
su jurisdiccion se extienda sobre todos los regimenes de
propiedad (particular, ejidal, comunal y nacional),
impidiendo la aplicacién de métodos de tratamiento
(matarrasa y sus variantes) que tienden a la obtencién
de montes regulares, y obligan, para permitir explota-
ciones, que en forma previa se presente ante el Servicio
Forestal Federal, quien los supervisa, estudio de los
bosques por aprovechar formulado por técnicos en la
rama con ejercicio de postulancia autorizado.

Por los accidentados sistemas orograficos y la diver-
sificacién de climas, exposiciones y suelos en los que
tiecnen asiento, los bosques mexicanos, tanto coniferos
como hojosos ofrecen extrema irregularidad: en edades,
didmetros, alturas, crecimientos y desarrollos, asociacion
de géneros y especies, cubierta herbécea, etc.

Tomando en cuenta la circunstancia real de nuestra
deficiente experiencia, que las condiciones estacionales y
los elementos de proteccién disponibles generalmente no
garantizan el seguro establecimiento del repoblado en
grandes 4reas descubiertas, y dadas las condiciones
sociales de nuestro medio no preparado aiin para admitir
cortas intensas; no tenemos ni hemos tenido los forestales
mexicanos, otra alternativa que la de seguir métodos de
tratamiento (de seleccién principalmente) que producen
bosques irregulares.

Pero si desde su origen el manejo de bosques de tipo
irregular es mmpuesto por la naturaleza misma, a mi
entender, de 1926 a 1945 esta necesidad no fué bien
comprendida porque para la determinacién del cuanto
volumétrico de las cortas, los técnicos postulantes y los
del Servicio Forestal Federal aplicaron procedimientos
propuestos por la escuela europea, entre otros el de
Cabida, Von Mantell, Heyer, Suizo y Francés, todos ellos
derivados de bosques regulares o irregulares sensiblemen-
te normalizados en los que 1a edad tiene significacién como
parametro ordenador, y por lo mismo, fundamentalmente
distintos de las masas arboladas de México, repito,
altamente irregulares y de edades muiltiples confusamente
mezcladas; lo que se demuestra conocido el origen de
deduccién de las expresiones de los métodos europeos
citados, en las que st ¥C = volumen de corta anual,;
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S = supertficie del bosque; 7 = turno; v = volumen real
por unidad superficial; ¥ = volumen total; VN .= volu-

men normal total; i = incremento volumétrico anual; y
X = afios para que V = VN, tenemos:
S
Cabida: VC= —v (1)
T
2V
Von Mantell: VC = —— ... ... (2)
T
V-VN
Heyer: VC=i+4+—r-—- . 3)
X
2.25V
Francés: VC= —— ... 4)
T
Y+ Z
Suizo: Ve = —;
cc
Y+ Z
CC= —— e (5)
Xi+Yi

en las que: Y y Z = volumenes de las clases diamétricas
sobre el diametro limite, y extracortable; cc = ciclo de
corta; Xi e Yi = incrementos anuales de las clases bajo
el diametro limite e Y.

La inadaptabilidad de los métodos antertores a los
montes mexicanos la pone de manifiesto el hecho com-
probado de que después de mas de veinte afios de aplica-
cién ningdn bosque ni remotamente sostuvo el volumen
del aprovechamiento anual que en ellos calculaban, y
porque los mismos bosques no se encuentran siquiera
en mediano bosquejo de ordenacién al no saberse cuando
permitirdAn una nueva corta por cantidad parecida a la
originalmente explotada.

Ante esta situacion varios técnicos forestales mexicanos,
deseosos de dar a nuestros bosques un tratamiento acorde
con sus realidades, propusieron en 1944 y han venido
mejordndolo gradualmente, un sistema de célculo del
cuanto de la cosecha que efectivamente producen las
masas arboladas, en funcién de sus existencias antes y
después de las cortas y del incremento corriente en volu-
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men antes de ellas, y que permite ademas determinar el
ciclo y la intensidad de corta, aunque para ésto debe
prefijarse uno cualquiera de los dos valores para definir
el otro.

La teoria relativa a que los crecimientos anuales vo-
lumétricos de un arbol se acumulan siguiendo la ley del
interés compuesto, la hizo extensiva a las masas forestales
este método, que por no tener semejanza con otros cono-
cidos y al complementarsele con instrucciones para la
fijaciébn del donde, cuando y como de la ordenacién
forestal se le ha venido llamando Método Mexicano de
Ordenacién de Montes, siendo sus expresiones matema-
ticas las siguientes:

vC
PcC=— 6)
cc
ER = VP X 1.0p .. ........ VD)
log.ER — log. VP
¢ = — - (8)
log 1.0p
1
IC=0-——)x100  .......... %)
1.0p*

en las que: PC = posibilidad de corta anual.

ER = existencias reales antes de la corta.

VP = volumen en pié después de la
explotacién.

VC = volumen de la corta, por definicién
ER—VP, de donde VP=ER—VC.

p = porciento de incremento corriente en

volumen, observado al hacer el
inventario de ER.

cc = ciclo de corta en afios.
IC = intensidad de corta = (VC/ER)
X 100.

Obsérvese por (7) que el método forja como tendencia
la reposicién de VC para volver a obtener ER original
partiendo de VP, lo que se logra durante cc si los cre-
cimientos volumétricos anuales del mismo VP se acumulan
siguiendo su tasa p la ley del interés compuesto.

Es de hacer notar especialmente que para cc fijo, IC
solo es funcién de p, por lo que para cada predio o rodal,
si tienen crecimientos diferentes, lo que generalmente
sucede, deben calcularse intensidades de corta también
diferentes segiin les correspondan. Esto es lo que se hace
en la practica porque el ciclo de corta debe permanecer
contante, y se determina haciendo variar la IC general
entre el 35 y 50% de ER, eligiendo la que concilie: 1°.-
la economia del aprovechamiento con 2°. las necesidades
dasondmicas.

Los limites anteriores se mantienen aunque las IC in-
dividuales (de predios o rodales) resulten menores o
mayores por el célculo, atendiendo precisamente en el
primer caso a la referida economia porque intensidades
mas bajas impiden o hacen poco costeable la explotacion,
y en el segundo a razones de conservacién y cultivo
silvicola.

Apréciese por lo expuesto, y este concepto debe que-
dar perfectamente claro, que con el Método Mexicano se
programan cortas segiin sus crecimientos, con intensidades
variables en cada predio o en cada rodal de los compren-
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didos por la extensién boscosa sujeta a ordenacion,
espaciadas a un niimero de afios (ciclo de corta) fijo,
durante el cual las masas reponen con sus respectivos
incrementos (del arbolado dejado en pié y del renuevo) el
volumen cortado; estableciéndose rotacién de explota-
ciones que en teoria tienden a repetirse indefinidamente.

La variacién de las intensidades de corta individual es
se comprende porque para un mismo periodo de recu-
peracién (ciclo de corta), un monte que tenga mayores
crecimientos podrd reponer mayor volumen cortado que
otro que los tiene inferiores, en el que por comparacion,
debera ser también menos su aprovechamiento.

Por su reciente enunciacién carecemos de experiencia
propia sobre la aplicacién de este Método en bosques
nativos, y para juzgar de la ley de acumulacién de cre-
cimientos en masas cortadas consultamos los resultados
obtenidos en montes de P. Ponderosa durante treinta
afios (1909 a 1939) de observaciones controladas
mediante la parcela S-3 de investigacion permanente con
456 acres (185.5 Has. aproximadamente) de extension,
de la Estacién Experimental Forestal de Fort Valley,
Arizona, publicados por United States Department of
Agriculture, Forest Service, en la Monografia N°. 6
intitulada Management of Ponderosa Pine in the South-
west.

GRAFICA UNO
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Gréfica |. Sitio permanente de experimentacién S3 de Southwestern
Forest and Range Experiment Station
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Gréfica 2. Curso de las tasas volumétricas de incrementacién
corriente y media reales
y corriente y media segfin la ley del interés compuesto
{Interpretacién del autor)
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La Grafica y Tabla Uno corresponden a los resultados
que reporta la Monografia; la Tabla Dos corresponde a la
Tabla Uno con interpretaciones de factores y coeficientes
de conversidn, y las Tablas Tres a Cinco se deriban de la
Tabla Dos también segiin interpretaciones del suscrito,
haciendo hincapié en que la Tabla Tres se tomé p = 1.07
y VP = 63.378 m3. Finalmente la Grafica Dos expresa
el curso de las tasas de los diversos incrementos anuales
deducidos en las Tablas Tres a Cinco.

Estacién Experimental Forestal de Fort Valley, Arizona, EEUU,
Pinus ponderosa

Crecimiento Total, Mortandad y Crecimiento Neto
Sitio Per te de Experi taciéon No. S-3

TABLA NUMERO UNO

ARBOLES POR ACRE VOLUMEN
ANO DN en pulgadas PIES TABLA

Por acre
4-117" 1277 6 més Total Mortandad Neto

12’7 6 mas
1909 6.38 11.71 3,521 — — —
1914 _ — 3,946 96 11 85

1919 4.70 13.07 4,518 19
1924 — — 4,951 110 24 86

1929 3.77 13.56 5,333 27 76
1934 — — 5,676 85 16 69

1939 14.41 13.75 5,939 88 36 52
PROMEDIOS DE 30 AROS (1909-1939): 103 22 81

Los datos subrayados se interpolaron de la Grafica Uno.

PIES TABLA x ACRE
x ANO

TABLA NUMERO DOS

Estacién Experimental Forestal de Fort Valley, Arizona, EEUU.
Pinus ponderosa

Sitio Per te de Experi
TABLA NUMERO TRES

PORCENTAIJES:
Total Mortandad Neto

OBSERVACIONES

1.90 — 1.70 Deducido
243 0.28 2.15 Observado
2.97 0.42 2.55 ”

2.22 0.48 1.74

1.94 0.51 1.43

1.50 0.28 1.22

1.48 0.61 0.87

0.63 2.30

TABLA NUMERO CUATRO
VARIACION REAL DE LA TASA DE INCREMENTO MEDIO

ANO EXISTENCIAS REALES 1. MEDIO/ARO
M3. ROLLO/HA. V3 %

1909 63.378 — 1.70
1914 71.028 241
1919 81.324 2.83
1924 89.118 2n
1929 95.994 2.57
1934 102.168 245
1939 106.902

TABLA NUMERO CINCO

VARJACION DE LAS TASAS DE INCREMENTO CORRIENTE Y
MEDIO CONFORME A LA LEY DEL INTERES COMPUESTO

PROMEDIOS
M3. ROLLO x HA. x ANO

ARBOLES POR HA.
————— VOLUMEN

1. CORRIENTE/ANO 1. MEDIO/ANO
Ma3. % Ma3. %

ANO 1.0p» ER M3.

ANO DN en metros ———————
M3. ROLLO/Ha.
.10a.275 30 6mas  0.30 m. 6 mas Total

1909 15.77 28.94
1914 — —

1919 11.61 32.30
1924 — —_

1929 9.32 33.51

Mortandad Neto

63.378 — — —
71.028 1.728 0.198 1.530

81.324 2412 342 2.070
89.118 1.980 432 1.548

95.994 1.854 486 1.368
1934 — — 102.168 1.530 . 1.242

1939 35.61 33.93 106.902 1.584
PROMEDIOS DE 30 ANOS (1909-1939): 1.854

DATOS Y NOTAS: Volumen antes de la corta
Volumen después de ella
Intensidad de corta
M3. ROLLO TOTALES POR HECTAREA:
(0.00246 x 2.47104 x BF)/(.50 x .65) = 0.018 x BF.
0.00236 = factor de conversién de pies a M3.
2.47104 factor de conversién de acres a Has.

0.50 = coeficiente de asierre.

0.65 proporcién de fustes en el volumen total por &rbol.

Del anélisis de las graficas y tablas anteriores tenemos
dos conclusiones béasicas:

Primera. Que como consecuencia de los aclareos y del
arbolado generalmente mas joven dejado por las cortas, en
la masa remanente se produce una “aceleracién” en el
crecimiento de rapido ascenso con culminacién aproxi-
madamente a los diez afios, decreciendo después con
mayor celeridad. Esto fué comprobado en un pinar del
Estado de Jalisco, México, que antes de la explotacién en
1947 de 5,700 m3. con intensidad del 37% de ER
(15,400 m3.) incrementaba 6.2%, y en 1957 con ER de
22,400 m3. su tasa era del 12.6%,y

Segunda. Que el Método Mexicano al calcular la
recuperacién del volumen cortado partiendo de VP y de
p antes de la corta, resulta conservador durante unos
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63.378 — 1.70 —_ 1.70
68.955 1.115 1.62 1.76
75.040 1.217 1.62 1.84
81.631 1.318 K 1.92
88.793 1.432 . 2.01
1934 1.524 96.588 1.559 2.10
1939 1.658 105.081 1.699

FORMULA APLICADA: ER = VP x 1.0p*

1909 —
1914 1.088
1919 1.184
1924 1.288
1929 1.401

veinte afios después de la explotacion; caso general porque
los ciclos de corta elegidos raras veces son mayores. Esto
es conveniente para prevenir bajas por incendios y plagas,
lo que no motivara se deje de comprobar cual es la ver-
dadera reaccion del monte y procedamos en concordancia.

Las extensiones boscosas que proporcionan el volumen
de corta por afio se localizan y delimitan en el plano de
predios y rodales integrando cada una las llamadas Areas
de Corta Anual, cuyo nimero es igual al de afios que
comprende el ciclo de corta, con lo que se define el donde;
a cada una de estas 4reas se les asigna un orden de explo-
tacion, con lo que se tiene el cuando, la intensidad de corta
y el método de tratamiento de seleccién o cortas de jar-
dineria constituye el como, quedando asi resueltas las
cuatro condiciones fundamentales que pide todo sistema
ordenatorio.

Sin embargo no esperamos que la primera intervencién
de este método o la primera corta gobernada con €l
ordene los bosques mexicanos. Seri necesario que se
repita varias veces hasta que en una area de corta dada
se establezcan tres o cuatro clases de edad diferentes, y
el conjunto de estas dreas o cuartel de ordenacidn, tenga
tantas clases de edad como afios el turno obtenido para
poder aplicar, entonces si, uno de los métodos europeos
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de ordenaciéon que mejor encaje en el tipo de masas
irregulares semicontinuas producidas.

Por lo dicho, no es propiamente el Método Mexicano
un método de ordenacion, sino que cuando mas aspira a
ser preparatorio de ella. Pero si con €l o con otra idea
mejor logramos persistencia en los volimenes de aprove-
chamiento, podremos considerar los forestales mexicanos,
el cumplimiento de la misién que en la época que nos ha
tocado vivir nos corresponde.

El ingente deseo y nuestro alto sentido de responsabi-
lidad por dar a los bosques de México el tratamiento
técnico que merecen, mantienen abiertas las puertas para
recibir con beneplacito, la capacitada colaboracion que
para resolver el problema que afrontamos nos hagan los
honorables miembros de este magno Congreso.

RESUMES
The Mexican Method of Forest Management

The European forest management systems, such as the Cabida,
Von Mantell, Heyer, Swiss, French or Melard, and other similar
methods, have been considered unsuitable for the forests of
Mexico, because these methods have been developed from
normal forests where age and rotation act as managing param-
eters. Such is not the case in Mexico, where there is a lack of
regularity in ages, diameters, heights, and growth, as well as a
mixture of generic and specific associations and, in general, all
other aspects of the individuals comprising the native stands of
Mexico.

To approach the technical problem that these forests present,
the first cutting operations are designed to prepare the forests
for management, properly speaking, by reducing their extreme
irregularity and maintaining a constant annual yield.

The estimate of the measurable annual yield and the cycle
and intensity of the cutting is determined by the law of the
accumulation of compound interest, as follows:

vC
PC = —
cc

AS = VCx 1.0p*
log. AS — log. VC

cc =
log 1.0p
IC = (1— 1)x100
1.0p®°

Explanation of symbols:
PC = Possibility of annual cut.
AS = Actual stocks before cutting.

VS = Volume still standing after cutting = AS -VC.
VC = Volume of cut = AS - VS,
IC = Intensity of the cut = (VC/AS) x 100.
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This method, which has been suggested by Mexican tech-
nologists, with added proposals for determining the where, when
and how of forestry management, has come to be known as the
Mexican System of Forest Management.

An earnest interest in providing the forests of Mexico with
the treatment that they deserve has led me to present the
described method for the consideration of the distinguished
delegates. We gladly accept any aid which will help us to solve
our problem.

La méthode mexicaine d’aménagement des foréts

On a estimé que les méthodes de Cabida, de Van Mantell, de
Heyer, la méthode suisse, la méthode francaise, celle de Mélard
et autres méthodes européennes d’aménagement forestier ne
pouvaient étre appliquées aux foréts du Mexique, parce qu’elles
avaient pour point de départ des foréts considérablement
normalisées, pour lesquelles Pdge et la rotation jouent le réle de
paramétres ordonnateurs; il n’en va pas de méme pour les foréts
mexicaines, vu la grande irrégularité que 'on y constate quant
a Page, au diamétre, 4 la hauteur, a accroissement, aux mélanges
de genres et d’espéces, et, en général, en tout ce qui releve du
mesurage des sujet composant les massifs indigénes mexicains.

Pour s’attaquer au probléme technique que posent ces foréts,
on y pratique tout d’abord des coupes ayant pour objet de les
préparer 3 I'aménagement proprement dit, en atténuant U'extréme
irrégularité et en maintenant & un niveau constant le volume de
leurs accroissements annuels.

Voici, calculée selon la loi d’accumulation de l'intérét composé,
la formule exprimant le ‘“combien” de Paccroissement annuel,
ainsi que le cycle et Pintensité de la coupe:

vC
PC = —
cc
RE = VPx 1.0p*

log. RE — log. VP

cc =
log. 1.0p
1
IC = (1 ———)x100
1.0pc*
étant entendu que:
PC = potentiel de coupe annuelle.
RE = réserves effectives avant la coupe.

VP volume sur pied aprés abattage = RE - VC.
VC = volume de la coupe = RE - VP.
IC — intensité de la coupe = (VC/RE) x 100.

Proposée par les techniciens de notre pays, cette méthode, une
fois complétée par des indications permettant de fixer les “ou,
quand et comment” de Paménagement forestier, a été baptisée
“Méthode mexicaine de 'aménagement des foréts”.

Mis par le grand désir de donner aux foréts mexicaines le
traitement qu’elles méritent, nous soumettons a lexamen des
éminents congressistes la méthode exposée ci-dessus, le meilleur
accueil étant assuré A toute offre de collaboration qui nous
permeattrait de résoudre nos problémes.
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Working Plans In Great Britain

D. R. JOHNSTON

Forestry Commission of Great Britain,
London, England

The Forestry Commission of Great Britain has recently
produced a Working Plans Code which introduces a form
of working plan and a system of planning and management
designed to meet the needs of a young and expanding
forest estate in a period of rapid economic and technologi-
cal change. The Forestry Commission was established in
1919 and inherited a number of old Crown forests, but
1,000,000 acres of the present planted area of 1,200,000
acres are less than thirty years old, and 700,000 acres are
less than twelve years old. Management planning in the
early establishment phase was achieved with simple, short-
term plans for individual operations such as planting,
weeding, cleaning, and thinning, but as forests reached
the production stage, the need was felt for a more com-
prehensive form of plan; particularly as it is our policy to
maintain a permanent labour force in each forest. A
number of working plans have been written in recent years
both for old Crown woods and also for younger forests
entering the production stage. These plans, which were
based upon the traditional pattern developed in Europe
and India in the nineteenth century, were found to be quite
unsuitable for our purposes, since they were evolved to
meet the needs of a non-expanding forest estate having
well-established markets in a relatively stable world. They
invariably became out of date in a few years and, because
a plan is invested with a certain amount of authority,
any prescriptions contained in it became more of a
hindrance than a help to management, as soon as they
became obsolete. In addition, lacking an effective working
plans code, there was no uniformity in the form and
presentation of plans, so that officers who moved from
one district to another found it easier to write a new plan
than to try to operate the old one. The various procedures
for short-term planning, financial estimating, and record
keeping, were developed quite independently of the work-
ing plan, which, if it existed, was regarded as a rather
impracticable ornament to management.

The Code introduces a system of planning and man-
agement which is quite new to Great Britain, and some
aspects of it may be of interest to other countries with
similar problems. The Code not only introduces a form
of working plan but also deals with the organisation
necessary to carry out field surveys, and with the writing,
maintenance, and implementation of the plan. It defines
the responsibilities of the various grades towards working
plans and ensures that the routine management of each
forest is intimately linked to the working plan procedures.

Some of the more important aspects of a working plan,
as set out in the Code, are discussed below:
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The Purpose of the Working Plan

The purposes of a working plan are summarised in the
Code as follows:

(a) To ensure that national forest policy is made
effective at all levels of forest management.

(b) To ensure the orderly and economic develop-
ment of the forest within this framework of policy
and to prevent unco-ordinated ad hoc management
decisions being taken without regard to their wider
implications.

(c) To ensure that the aims of management are clearly
defined and that the methods of achieving them are
realistic and are the result of a careful study of
all relevant factors.

(d) To ensure that all supervisory staff concerned
with the forest are aware of its intended future
development and thereby to achieve continuity of
management when there are changes in staff.

(e) To bring together in a readily accessible form such
information as is necessary for the efficient
management of the forest.

The Working Plan Period

The plan is not written for a fixed period of years but is
regarded as having an indefinite life. It is revised and
adjusted once a year, before the detailed annual financial
estimates are prepared; but since it would be impracticable
to keep a plan completely up to date in this way, it is
throughly reviewed every ten years.

Planning Procedures

Planning, which is achieved in three stages, is highly
flexible. One might say that plans come sharply into focus
for the year immediately ahead but become progressively
less detailed as one looks further into the future.

Long-term planning takes the form of a statement of
local policy which is written under the traditional title of
“Objects of Management.” This defines, for example, the
type of forest to be produced; whether broadleaved or
coniferous, selection or evenaged and, if possible, gives
some idea of the size of final crop tree and rotation length.
Although the Objects of Management may not be altered
without high authority, it is intended that they should be
rewritten if changing circumstances make them unrealistic.
An alteration to the Objects of Management might well
involve a complete review of the whole working plan.

Medium-term planning is expressed in five-year fore-
casts of quantities, which are revised and extended by one
year every July. These forecasts deal only with quantities
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of work, not with location, and they are prepared by an
analytical rather than a synthetic process. The require-
ments and potential production of the forest as a whole
are considered and, in the light of changing circumstances,
the district officer, who is responsible for the forecasting,
decides what quantities of work by operations (e.g.,
acres of planting, acres and volumes of thinning and
felling, miles of ditching and road making) are required
for each of the ensuing five years. He takes account not
only of the requirements, but also of the resources likely
to be available and reconciles all the forecasts with the
likely resources for each year of the five-year period.
These forecasts are not regarded as prescriptions, and
at the annual revision, the district officer is able to revise
any forecasts which have become unrealistic. The fore-
casting process is particularly valuable in balancing the
labour force with the requirements of the forest and,
although no cumulative record of departures from earlier
forecasts is maintained, it is possible from a critical
examination of a series of forecasts to detect any changes
in the tempo of work either in the forest as a whole or in
any particular operation.

Short-term planning is the most detailed and normally
extends for only one year ahead. Annual programmes of
work are prepared for each operation. These state not
only the quantity, but also the location of work, by com-
partments or subcompartments. They are regarded as
quantitative prescriptions, and the total of each pro-
gramme equals the total for the first year of the cor-
responding forecast. If, for example, the planting forecast
were as follows,

1960 1961 1962 1963 1964
497 acres 450 acres 400 acres 350 acres 350 acres

the planting programme for 1960 would list a number of
compartments or subcompartments whose total area came
to 497 acres. The programmes thus become the foresters’
working instructions for the year, the basic document of
record and control, and also form the basis of the annual
financial estimates. If it proves impossible to complete a
programme, the programme total is not amended, but is
retained as the basis for working plan control. The
quantity of work actually completed is recorded on the
programme and forecast at the end of the year, and any
discrepancy is taken into account when preparing fore-
casts and programmes the following year.

Allocation of Responsibilities

There is often a tendency for the responsibilities of
different grades within a forest service to be imperfectly
defined. The new code defines responsibilities in some
detail. Broadly speaking, the ranks from district officer
to conservator (professional grades) are responsible for
local planning, and the forester (technical grade) is re-
sponsible for carrying out these plans. More specifically,
the conservator (there are thirteen territorial conserva-
tors in Great Britain) is responsible for writing the
Objects of Management, while the district officer (who
will usually have several working plan areas in his charge)
is responsible for writing the working plan, keeping it up
to date, and for revising and extending the five yearly fore-
casts each year. He is also responsible, with the help of
the forester, for preparing the programmes and annual
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financial estimates. The forester is responsible for plan-
ning and supervising the year’s work in the forest. It is
recognised that the district officer and forester rarely have
either the time or the necessary technical experience to
undertake the topographic surveys, forest inventories,
and soil surveys required for a working plan. The district
officer writing the plan can therefore call upon the serv-
ices of specialist working plan survey teams, who work
under the technical control of a central Working Plans
organization. The Objects of Management, together with
a summary of proposals for achieving them, have to be
approved by the Director of each country (England, Scot-
land, and Wales) and finally by the Director General of
the Forestry Commission, but the details of each working
plan need only be approved by the conservator.

Contents of the Working Plan

The layout of the plan is conventional, with a descrip-
tive Part I, followed by Objects of Management, and a
prescriptive Part II. It is bound on a loose-leaf system to
facilitate revision and amendment, and includes forecasts,
programmes, compartment records, inventory data, record
and control forms, and maps.

The plan is regarded as a planning document, not as a
manual of instructions and qualitative prescriptions are
kept to a minimum. Since well trained foresters are
available to implement the plans, only exceptions from
normal forest practice are prescribed in detail.

Application of the Working Plan

It will take a number of years to complete the necessary
surveys and inventories and to write plans for all forests,
but as from 1960, all planning, financial estimating, rec-
ords, and control in the Forestry Commission is being
done in accordance with the procedures defined in the
Working Plans Code, and all existing procedures which do
not fit into this scheme are being abolished. There is
therefore no longer any fundamental distinction between
a forest managed according to a working plan and one
without a plan. The preparation of a plan, however,
involves the careful collection of data and a critical evalua-
tion of the factors affecting management. As a result,
planning and management will be based upon a surer
foundation than if no working plan existed.

RESUMES
Plans d’exploitation en Grande-Bretagne

L’auteur fournit les raisons pour lesquelles des plans d’exploita-
tion ont été adoptée par la Forestry Commission en Grande-
Bretagne. 1l décrit le type de plans utilisé et donne un bref
exposé des objectifs que ces plans doivent réaliser. Il indique les
méthodes adoptées pour I'élaboration des plans et les responsabil-
ités des différents gardes forestiers 2 tous les échelons a I’égard
de ces plans. II fait ressortir que le rassemblement des renseigne-
ments et le contrdle des opérations sur les bases établies pour le
plan d’exploitation peuvent étre introduits dans le plan d’aménage-
ment d’'une forét avant que le plan soit complétement prét. Le
parachévement des plans d’exploitation pour I'ensemble des
foréts de la Forestry Commission doit nécessairement s’échelonner
sur un certain temps.

Planes de Trabajo de la Gran Bretana

Se dan las razones que indujeron a la Comision Forestal a
establecer el sistema de planes de trabajo en los bosques de la
Gran Bretafia. Se describe el tipo de plan que va a usarse y se
esbozan brevemente los propésitos que éste ha de servir. Se
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explican los procedimientos seguidos en la preparacién de los
planes y se enumeran los responsabilidades de los djversos
miembros del personal forestal en el desarrollo de los citados
planes de trabajo. Se sefiala, también, que la compilacién de datos
y la regulacién de las operaciones sobre las bases establecidas para

cada plan pueden comenzarse en el bosque antes de que dicho plan
esté completamente preparado. Por necesidad, la terminacién de
los planes de trabajo que la Comisién Forestal tiene para todos
sus bosques tendri que extenderse por periodo razonable de
tiempo.

The Introduction of the Check System
Into Scottish Woodland Management

C. J. TayLor

Department of Forestry, University of Edinburgh,
Edinburgh, Scotland

In 1878, Gurnaud in France devised a method of man-
agement which he called the Méthode du Contréle and
which is generally known in the English language as the
Check Method. Its development in practice was largely
due to Biolley in Switzerland, where he applied it to mixed
uneven-aged forests in the Val de Travers.

The application of the method requires the following:

a. Division of the forest into permanent compartments.

b. The diameter or girth measurement at breast height
of all the trees in each compartment which are
above a certain minimum size. The point of
measurement is marked on the tree so that remeas-
urement can take place at the same point. This
measurement is done once during each cycle or
management period.

¢. The computation of the standing volume of all the
measured trees, using a volume table where the con-
ventional unit of the silve is employed.

d. Any trees to be utilised are measured in silves before
they are felled.

e. The calculation of the increment by subtracting
the volume at the beginning of the period from the
volume at the end of the period, taking into ac-
count the yield and the recruitment into the lowest
size-class.

Under the direction of Professor M. L. Anderson, the
Check Method is being used in the management of cer-
tain Scottish woodlands. These studies, undertaken by the
Department of Forestry of the University of Edinburgh,
are concerned with some half-dozen woodlands where one
of the objects is to manage them as irregular forests by the
Check Method. At the beginning of these management
studies the woodlands ranged from those composed mostly
of leaf-trees to one entirely made up of conifers. Some of
the woodlands are more or less fully stocked and to some
extent are already of an irregular group structure. Even-
aged stands occur in the coniferous forest. Some of the
woodlands contain large areas of bare ground. Two of
the woodlands will be described below.

The application of the Check Method to these Scottish
woodlands follows the same lines as the classic examples
of the Val de Travers, with one or two modifications.
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Instead of enumerating the whole forest once during the
period, say every 6th year, one block is enumerated an-
nually. In fact, all the operations take place in the cur-
rent block with the proviso that at half-cycle a block may
be re-entered for silvicultural reasons.

The size-class interval is 1¥2 in. Q.G., beginning with
class (O) with a mid-Q.G. of 4%2 in. The unit of stand-
ing volume measurement is the hoppus silve. The conven-
tional volume table is used for all species and is based on
that employed in the Val de Travers but related to quarter-
girth measurement. Conversion factors are calculated for
the various species by equating the volume of the outturn
of felled trees in hoppus feet against their corresponding
volume in hoppus silves.

The cycle of operations is 6 years for some of the
woodlands and 8 years for those where growth is slower.
As yet, insufficient data are available to draw other than
tentative curves for the ideal growing-stock, but in a year
or two it should be possible to construct curves of equilib-
rium and to have reliable increment data for some of the
forests now being managed by the Check Method.

Dalmeny Woods are situated in the county of West
Lothian and comprise 448 acres. The greater part of the
growing-stock consists of leaf-trees (oak, beech, sycamore,
elm, and ash), but there are some patches of pure conifers
(pine and larch). The stands show a rather irregular
structure and, in general, there is an excess of the over-
mature size-classes. The woodlands form part of the
Dalmeny Estate. They range in altitude from mean sea
level to 387 feet. They are interspersed among farm land.

Through the carboniferous strata intrude basaltic out-
crops which appear on the hilltops and ridges. The soils
arc base rich and variable in depth. They range from
heavy marls to light sandy soils.

The annual rainfall is about 30 in., of which a little
under half falls during the growing season of 190 days.
Humidity is high, and frost occurs on 25-50 days. The
mean minimum temperature is 36°F., and the range of
temperature, 25°F.

The objects of management provide for the maximum
production in perpetuity, for protection, for amenity, and
for resecarch purposes. It is considered that the principal
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objects can best be achieved by managing the woodlands
on a group-selection system by the Check Method.

It is anticipated that when the woods have been
brought up to full production the increment should be 2
per cent per annum. Taking this as a guide, the prescribed
cycle of operations is 6 years.

The 448 acres have been divided into six blocks, one
being treated each year. The ultimate management unit
is the compartment, of which there are about seven per
block, averaging 1012 acres each. Existing boundaries
have been used to demarcate the compartmients.

The operations carried out by compartments in the cur-
rent block are:

a. Complete callipering of the growing-stock.

b. Lay-out of regeneration group openings, marking
and callipering the trees to be felled.

Yield marking and its enumeration.
Selection of species for planting groups.
Felling and tending.

f. Planting.

The above sequence begins towards the end of the
growing season in October and ends some six months
later.

The management volumes of the stand and of the yield
are calculated in hoppus silves from the enumeration
figures. After felling, the outturn of the yield is measured
in hoppus feet, and thus the conversion factors can be
computed by species if necessary. So far, this has worked
out to be about 0.55 for the leaf-trees. Such a low figure
is due to the greater part of the yield being made up of
short boled, large girthed, big crowned leaf-trees—a relic
of lack of management. No great improvement on this
figure may be expected for some years until the majority
of the mis-shapen trees have been removed.

The management volume for the growing-stock on the
221.5 acres enumerated to date gives an average of 4,100
hoppus silves per acre, and for the yield, 521 hoppus silves
per acre. This represents an exploitation per cent of 12.7,
which is near enough to the 12 per cent considered
normal by the management planner.

Until the first cycle has been completed and the entire
growing-stock enumerated, no real attempt will be made
to construct a curve of equilibrium. Current statistics
show, as expected, that there is a dearth of trees in the
younger size-classes. They also show from the extended
range of size-classes that there are many trees which, from
a management point of view, must be considered as over-
mature.

As the group-selection system has been adopted, no
rotation has been prescribed, but from increment investi-
gations and because ash and sycamore will be grown on
relatively short rotations, an appropriate average exploit-
able age for all species has been taken as 90 years.

The area to be regenerated each year is the total area
divided by the exploitable age, 448 = 90, i.e., 5 acres.
Artificial regeneration by planting is being used at present
because squirrels, rabbits, hares, and game birds make
natural regeneration difficult or uncertain, except for ash
and sycamore, and because it is desirable to introduce
some pioneer species on certain sites.

A planting group of 1%5 chains x 1 chain (0.133 acre)
has been chosen, and in it 300 young trees are planted.

o a0
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Thus, 38 groups are planted each year to give the required
5 acres.

After 90 years, that is after 15 cycles, the woods should
be fully constituted so that each block will consist of a
series of age-classes at 6-year intervals.

The second example forms a part of Glentress Forest
which is situated in the county of Peebles. By agreement
with the British Forestry Commission, a high elevation ex-
perimental area of 306 acres is being managed by the
Forestry Department of the University of Edinburgh with
the object of creating and maintaining in perpetuity a
forest of irregular structure which will function primarily
in a protective capacity.

The experimental area is situated on two diverging
spurs at an altitude of from 800 to 1,831 feet, with most
of it above 1,250 feet. It is exposed to winds from the
south-west and west. The annual rainfall is more than the
37V inches, recorded at Peebles, 3 miles away and at 600
feet altitude, and there are 206 rainy days a year. Snow
lies for at least 20 days, and frost occurs on over 100
nights. The relative humidity is 75 to 80 per cent, and
the mean annual temperature 45°F.

Hard greywackes outcrop on the ridges. There is a
heavy glacial till on the lower slopes. The soil is mostly
a brown earth, being slightly leached at the higher eleva-
tions.

The growing-stock is entirely coniferous, being mainly
pine, larch, Norway and Sitka spruce, and Douglas-fir.
The existing stands have been artificially created. There
are some relics of Scots pine and European larch dating
from 1903-06, and the other stands were planted after
1920 when the Forestry Commission acquired Glentress
Forest. Thus, the stands have a regular structure.

The principles involved in the management of such an
experimental area are:

a. The stand must have a composition and structure
best adapted to the environment and must be able
to maintain and increase soil fertility to the greatest
possible extent.

b. The growing-stock must be so constituted that it
will give the highest value production and the
highest possible increment in respect of volume and
quality.

¢. To determine the optimum amount and composition
of the growing-stock for the provision in perpetuity
of a sustained yield while maintaining the soil
permanently overshaded.

d. To obtain experience and information that will
provide the means of assessing the effect of the
proposed treatment and the progress towards the
desired objective.

Bearing these principles in mind, it is prescribed that
the treatment will have as its objective the ultimate
establishment of a main crop of climax species of irregular
structure and composition, in particular Norway spruce,
silver fir, and beech, and that management will be by the
Check Method.

Treatment began in 1952-53. The 306 acres were
divided into six blocks, more or less of equal area, and
the existing Forestry Commission compartments were
retained. One block is treated each year. The conversion
period has been taken as 60 years, and as the cycle is 6
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years, one-tenth of the annual block is planted. Regen-
eration groups are either 1 ch. x ¥2 ch. or ¥2 ch. x V4 ch.
and containing, in general, 200 and 100 plants respec-
tively. In the later cycles of this conversion period, it is
likely that a smaller area will be planted annually because
of the retention of parts of stands created before the intro-
duction of the present treatment. At the end of the tenth
cycle the growing-stock in the experimental area should
have a group-selection structure and should contain an
age-class distribution of 0-90 years.

The blocks are treated in sequence, and the operations
carried out in the current block are along the same lines
as those described for Dalmeny Woods.

The enumerations and calculations resulting from the
application of the Check Method will provide the means
of assessing the effect of the treatment proposed and the
progress being made towards the desired objective. In
such a conversion scheme the treatment must necessarily
be flexible and it will be modified from time to time on
the basis of the results obtained. Observations and
records will provide the means of assessing the results
of the silvicultural treatment, and the application of the
Check Method of management will furnish statistics on
increment, production, ideal stocking, and the develop-
ment of the stands towards the objective of a group-
selection structure.

As the experiment is in its eighth year, two sets of
statistics are available for Blocks A and B. These are
for immature stands and therefore in many respects
abnormal. The upper size-classes are unrepresented.
However, the statistics do provide a check on exploitation
against production. Exploitation for the 6-year period
came to 35 per cent of the production in Block A, where
Douglas-fir, representing the larger sized trees, was re-
sponsible for 63 per cent of the fellings, and to 15 per cent
in Block B. These are reasonable figures at the moment,
considering the composition of the growing-stock and the
aim to create a proper distribution of size-classes.

The application of the Check Method to Scottish
forestry is still in its infancy, but it is considered that it

has a definite place in Scottish woodland management.
Associated as it is with irrigular forests, it has the follow-
ing merits:

a. It ensures a continuity of annual operations which
can maintain a small and efficient labour force in
proper employment.

b. It provides an annual source of forest produce
which is very desirable in estate management.

c. No extremes of periodic expenditure and financial
returns are experienced, but rather a regular an-
nual outlay which should be more than covered by
the annual income.

d. Individual stands are treated according to their re-
quirements.

e. The evolution and equilibrium of the stands can be
followed by statistical and graphical means.

f. The proper application of the method should ensure
the maintenance of site fertility, the maintenance of
stand productivity, and the maximum value produc-
tion at the minimum cost per unit area.

g. The elasticity allowed by the method and the pro-
vision for the proper collection and recording of
data and the ease of making comparisons make this
method ideal for research purposes.

RESUMES

L’introduction du systéme du contrdle dans I'aménagement
des foréts écossaises

La Méthode du Contréle est utilisée par I'Ecole de Sylviculture
de [I'Université d’Edimbourg dans l'aménagement d’une demi-
douzaine de foréts écossaises. L’auteur présente des variantes
de P'application classique de la méthode. Il décrit ensuite ’applica-
tion 4 deux foréts de la méthode du contréle, et énumére quelques-
uns des avantages de cette forme d’aménagement.

Introduccion del Método de Control en el Manejo de los
Bosques de Escocia

El Departamento de Silvicultura de la Universidad de Edim-
burgo emplea el Método de Control en el manejo de seis bosques
escoceses. En este estudio se indican modificaciones a la aplica-
cién clasica del método, se explica su uso en dos bosques y se
mencionan algunas de las ventajas de esta forma de manejo.

The Role of Exotic Species In Forest Improvement

T. ACHAYA

Associate of the Indian Forest College,
Madras, India

Generally speaking, there has been some apathy among
Indian foresters regarding the introduction of exotic tree
species in forest areas. The main reason for this feeling
against exotics was a tendency to expect the exotic to
thrive under conditions where indigenous species had
failed. When the exotic also failed, all exotics and experi-
ments with them were discredited. In India, an exotic
which will yield fuel is always a favourite, as it finds a
ready market since the majority of the population depend
on wood fuel to meet their daily needs. On the other hand,
an exotic which has a good timber value in its natural
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habitat would rarely find a market here, as this country
produces extremely well-known indigenous timbers such
as teak and rosewood. The selection of a suitable exotic
requires the application of prolonged and systematic
research. As such, exotics have not been given the fair
trial that they deserve. Much has been achieved, however,
in the introduction and large-scale adoption of exotics.

In Madras State particularly, exotics have played a vital
role in forest improvement. This was due to some favour-
able factors locally. The extreme fuel shortage experienced
both in the plains and in the hills, which has become more
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intense with the steady increase of population, necessitated
the raising of quick-growing exotic fuel species. Large
forest areas were, as a result of past excessive use, ren-
dered completely bare of vegetation and posed a problem
requiring quick and efficient rehabilitation with any species
that would fill the bill. Exotics therefore enjoyed con-
tinued patronage in Madras State, due to compelling cir-
cumstances and continued enthusiasm for improving its
forest wealth.

Madras State is one of the 13 States of the Indian
Union, with a total land area of 50,020 square miles and
a forest area of 6,734 square miles. The forest area thus
works out to only 17% of the land area, which is far
below the accepted world standard. The State occupies
the southeast portion of the Indian Peninsula and lies
between latitudes 8° and 14° N. and longitudes 76° and
81° E. The State is characterised mainly by a hot and
dry summer followed by interrupted monsoon rains, except
at higher elevations, where a temperate climate and greater
rainfall are experienced. The soils of the State are mostly
shallow, red loams.

The forest areas in Madras State and the use of exotics
in them, can be broadly dealt with under different eleva-
tion groups.

Denuded and Eroded Low Hill and Plains Areas

The type of forest found here is Champion’s “Southern
Thorn Forest.” These forests cover an area of about 3,000
square miles at elevation from sea level to 500°. They
are characterised by poor, dry and well-drained soils, low
moisture resources and prolonged hot dry weather over
9 months of the year. The temperature ranges from 102°
F. to 54° F., the months from March to June being hot
and dry, resulting in all vegetation becoming parched.
The total annual rainfall is about 22, the main rainy
season being October-November. The other months of
the year are extremely dry except for slight drizzles which
are instantaneously blotted up by the hot, parched earth.
The water table varies from 10" to 35’, but the supply
is poor, especially in rocky areas. These forests are of
the open, low type in which thorny, usually hardwood,
species predominate, Acacia species being characteristic.
Acacia leucophloea, Acacia sundra, Albizia amara,
Albizia lebbek, Cassia fistula and Anogeissus latifolia are
some of the common species. The trees have short boles
and low-branching crowns and rarely exceed 20’-3(0 in
height. There is a mixture of species, usually few in num-
ber. An ill-defined sparse lower storey may also be found
consisting of large shrubs, mostly spiny and xerophytic,
extending down to low shrub growth of similar character.
A thin grass growth may appear during the short moist
season, but the soil is more or less bare. Climbers are
few, also frequently showing xerophytic adaptations. The
soil is shallow red loam with a high pH value.

A majority of these forests are badly degraded owing to
past excessive use and are not being worked for wood
(fuel) but are still open for grazing. Where these forests
are worked for fuel, the simple coppice system is adopted.
At the end of the rotation of 30-35 years, the average out-
turn is only about 1-2 tons per acre.

The coastal areas are saline, sandy and bare of any
vegetation. As early as 1930, steps were taken to plant
them up with a suitable fuel species, and after trials,
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Casuarina equisetifolia from Australia proved extremely
successful and is now grown extensively by both private
growers and the Forest Department. The species is raised
by transplanting 8- to 12-months-old nursery seedlings in
one-foot-cube pits, at 6’ x 6 or 8%’ x 8%2’. The seed-
lings are watered daily for about eight months till the end
of the first summer. No thinnings are carried out. The
crop is worked on a 5- to 8-year rotation and yields, at
rotation age, from 15 to 25 tons of fuel per acre. This
species has thus helped to convert bare wastelands into
useful fuel forests, casuarina fuel being the most popular
in the State and yielding a high return on a short rotation.

Recently, it has been found that Eucalyptus camal-
dulensis can reach a height of 22’ in three years, with
watering daily for six months, and Eucalyptus hybrid from
adjacent Mysore State, a height of 42" in 3 years with
similar watering. Both these species can be grown with
no watering at all, but the rate of growth would be slower.
As these two exotics are faster grown than Casuarina
equisetifolia and are strong coppicers, they bid fair to
replace Casuarina equisetifolia in the afforestation of
saline coastal soils. Steps are being taken to extend their
planting on a large scale.

Another exotic which shows promise in these areas
under experimental conditions is Casuarina junghuniana
from Thailand. Layered cuttings watered daily for six
months have reached a height of 52’ in three years, which
is a much faster rate of growth than even for the
Eucalyptus.

In red, loamy soils, exotics which have shown promise
in artificial regeneration work are Eucalyptus hybrid and
Prosopis julifiora. These are much faster grown than our
indigenous species, Eucalyptus hybrid and Prosopis
juliflora having the added advantage of not being browsed
by cattle. Eucalyptus hybrid sometimes suffers from total
termite attack at the collar, and control measures using
pesticides are being studied. While indigenous fuel species
worked on a 30-35-year coppice rotation yield 1-2 tons
per acre, Eucalyptus hybrid on a 15-20-year rotation is
expected to yield, on a moderate estimate, 15-20 tons
per acre. This exotic is thus expected to increase our
forest resources four-fold, if not more.

Another useful exotic species that has been introduced
successfully is Anacardium occidentale from the West
Indies, which yields the cashew of commerce and has a
good foreign market, both for the edible nut and for
cashew-shell oil. It has come into its own on an extensive
scale, thanks to its adaptability to grow even on poor
soils, its limited moisture requirements, its large crown-
spread which makes for an effective soil cover, its im-
munity against grazing and its industrial uses for nuts and
oil. Tt is raised by dibbling seed at the break of the
monsoon in one-foot-cube pits, dug 22’ apart on clean-
scraped sites. No watering is done, and full stocking is
casily obtained. Better growth is observed if all surround-
ing vegetation is cleared and the soil worked to a depth
of 67-9”. At the end of five years, a yield of up to 80
Ibs. of nuts per acre can be expected.

Low Elevation (500°-2,000") Tropical Fuel and
Timber Forests

The areca of forest under this type is approximately
3,000 square miles. The locality factors are almost similar
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to Type I forests, except for a better annual precipitation
of 30”-50”. The upper canopy is usually uneven and
not very dense. It is formed by a mixture of trees, prac-
tically all of which are deciduous during the dry season,
usually for several months, though some for a short
period only. The main species found are poor quality
Tectona grandis, Lagerstroemia lanceolata, Terminalia
tomentosa, etc. In areas of higher elevation and better
rainfall they stand 5(r-75’ tall. The crop is mixed, how-
ever, and none of the species is gregarious. The few more
or less pure associations can thus be traced to soil pecu-
liarities or human interference. The lower canopy is like-
wise almost entirely deciduous, and although evergreens
or sub-evergreens are present they are inconspicuous and
mainly confined to the moister and more sheltered spots.
An undergrowth of shrubs and grass is usually present.
Bamboos may be present but not luxurious. Climbers are
conspicuously few but include large woody species which
are locally conspicuous. Epiphytes and ferns are not seen.

These mixed forests are usually worked under a clear-
felling system and replanted with teak or semihard-woods
(Ailanthus excelsa) to improve the stand. The outturn is
about 350 cubic feet of teak and 230 cubic feet of non-
teak timber per acre. In the drier parts, wherever coppice
regeneration is poor, fast-grown exotic fuel species like
Eucalyptus are introduced. Experiments are also planned
for introducing tropical American pines.

In the timber forests, Chlorophora excelsa (African
teak) from Uganda, tried experimentally, has put on a
mean height of 40’ and a mean girth of 20” in 15 years,
which is better than the adjacent teak plantations raised in
the same year. Its future against a local quality timber
like teak is, however, very doubtful.

Other exotics that have shown promise in these timber
areas are Aleurites fordii, (tung-oil tree), Araucaria cun-
ninghamii (hoop pine), Castanospermum australe (Aus-
tralian chestnut), Pericopsis mooniana, Pterocarpus dal-
bergioides, (Andaman padauk) and Swietenia macro-
phylla (mahogany).

The matchwood and plywood industries in the country
are facing a large shortage of wood, and the State is
making efforts to meet this demand partly. Of the exotics
tried, Sterculia companulata, the Andaman papita, and
Sterculia alata are found to be fast growing in the moister
areas, reaching a height of 30’ and a girth of 8” in 8
years. - Steps to plant these species over larger areas are
being taken to augment the supply of indigenous soft-
woods and feed two important Indian industries.

In Tectona grandis (teak) regeneration areas, during
the first two to three years the ground is covered with
useless weed growth which hampers the growth of young
seedlings. Ocimum kilimandscharicum, an exotic shrub
whose leaves, on distillation, yield the camphor of com-
merce, has been successfully introduced by both sowings
and cuttings as an undergrowth in teak regeneration areas.
Thus, a useful exotic shrub has been introduced to replace
useless indigenous weeds.

High Altidude (5,000’-8,000’) Temperate Plateau Forests

The mean annual temperature is about 55° F. Frost
is common from November to January. These forests are
windswept from June to August, and this exposure is
important in the development of forests. The total annual
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rainfall is about 70”. The southwest monsoon gives rain
from May onwards, with a maximum in June/July. This
is followed by a drier August/September, and then the
northeast monsoon sets in, giving a second maximum in
October. December to April are the driest months.

These shola-grassland forests consist of tall grass with
occasional shrub growth of Ulex. Patches of Gaultheria
fragrantissima and Hypericum mysorense are also found.
Rhodendron arboreum is practically the only tree found
very scattered in these areas. Exotics have been success-
fully established on these grasslands as a result of patience,
perseverance and zeal on the part of Madras foresters.

The attempts to clothe these grasslands with tree growth
commenced as early as 1843, when Eucalyptus globulus
(bluegum) was first introduced into the Nilgiri Hills, to
supply fuel to the growing towns that had sprung up here
in 1840 and depended otherwise on the limited shola
growth valuable for its functions of catchment protection.
This was selected as the best species to be grown in these
areas, after a trial of nearly 35 species. Some of the hard-
wood eucalypti grown for timber were found to be
unsuitable for the purpose, being slow growing and sub-
ject to frost cracks. The species is raised by planting one-
year-old “messed” seedlings in 1’-cube pits. A small dose
of NPK fertilizer is applied to the planting pit to give the
seedling an initial boost and raise it above the winter frost
level. Smaller seedlings are frost-shaded with bracken fern
during the winter months. The species is worked for fuel
on a 15-year rotation (under simple coppice) when an
outturn of about 100 tons of wood is obtained per acre.
After every four coppice rotations, when there is a con-
siderable drop of yield, the area is replanted.

Exotic Acacias also played an important role in the
improvement of these grasslands. Acacia melanoxylon
was introduced long ago and today forms a good timber
species in these hills. Acacia decurrens (green wattle)
and Acacia mollissima (black wattle) are grown with
comparative ease, seed profusely and yield tanbark for
processing leather. Incidentally, it may be mentioned that
Madras State leads India in the leather industry. The
planting technique is almost the same as for bluegum.
The wattle will be worked on a 9-year rotation and is
expected to yield 5 tons of bark and 20 to 40 tons of fuel
per acre. Natural regeneration, which is profuse, will be
depended upon during the second rotation.

Thus, these two exotics, bluegum and wattle, have
changed the face of the high-level grasslands of Madras
State and have contributed significantly towards improv-
ing the local wood resources.

Another exotic (Pinus insignis)—which was originally
introduced for its aesthetic value—has proved to be a good
timber for packing cases. This was raised during 1906-15
over about 400 acres on the grasslands and has now
reached a height of 80’-100’ and a girth of 24”-36".
The trees, however, failed to produce fertile cones and
have commenced to die. They are being extracted, and
the felled areas are being replanted with the same species
and with Pinus khasya from Assam (India).

A number of other exotic species such as Pinus species,
Callitris rhomboidea, Bucklandia populnea, and Syncarpia
laurifolia have been tried with poor results.

It will thus be seen that while introduction of exotics
started merely on an experimental scale, it soon became
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obvious that great emphasis should be laid on this aspect
of forestry. Tt will not be wrong to say that exotics have
played a vital role in forest improvement in Madras State.
Some of the introduced species have grown so well and
adapted themselves so admirably to our conditions that
they have become almost indigenous. They have helped
to reclothe areas laid bare by man or left bare by nature,
to improve our indigenous forest resources and to feed
our forest industries. An indication of the volume of work
carried out can be obtained by stating that 191 exotics
have been tried so far in the State in our quest towards
forest improvement, a quest that will continue in the years
to come with all the resources at our command and with
the assistance of other nations.

RESUMES

Le role des essences exotiques pour I'amélioration de la
forét

Le présent rapport traite du rdle joué par les essences exotiques
dans I'amélioration des foréts, et s'inspire de I'expérience acquise
jusqu’a présent dans 1’état de Madras de I'Union indienne. Cet
état pratique depuis 1846 la conservation systématique des foréts.
On commenga dé&s 1843 a effectuer des essais avec des essences
exotiques, mais ce n’est qu’en 1919, lorsqu’un service de recherche
forestiére y fut établi, que ceux-ci firent I'objet de plans déterm-
inés. Depuis lors, 191 essences exotiques ont €été essayées et
certaines d’entre elles se sont si bien acclimatées qu’elles sont
devenues presque indigenes. Les essences exotiques ont été
trés utiles pour le reboisement des régions forestieres dégradées,
fournissant du bois de chauffage de bonne qualité et a croissance
rapide, des bois et produits d’industrie, et contribuant de fagon
générale & lamélioration des foréts de cet €tat. Les essences
exotiques snivantes (qui s’y sont bien acclimatées) méritent
d’étre mentionnées:

1. Acacia decurrens
. Acacia mollissima
. Anacardium occidentale
. Cassia siamea . Ocimum kilimand-
. Casuarina equisetifolia scharicum
. Eucalyptus camaldulensis 11. Pinus insignis
12. Prosopis juliflora

De nouveaux essais sont actuellement en cours, et ’'on travaille
également & un projet visant a l'utilisation d’essences exotiques
avec les essences indigénes pour les travaux de génétique
forestiére. Les essences exotiques ont joué—et vont continuer de
jouer—un rdle vital dans ’amélioration des foréts de cet Etat.

. Eucalyptus globulus
. Eucalyptus hybrid
. Ochroma lagopus

A bW
—_
=R =R B

Papel de Especies Exoticas en el Mejoramiento de
Bosques

Este estudio trata del papel de las especies exéticas en el
mejoramiento de bosques, a base de la experiencia adquirida
hasta la fecha en el Estado de Madras de la India. Este Estado
ha conservado sistematicamente sus bosques desde 1846. Los
experimentos con especies exdticas se iniciaron en 1843, pero se
les di6 base metédica a partir de 1919, con el establecimiento en
el Estado de una sucursal de investigacion forestal. Desde
entonces se han ensayado 119 especies exdticas y algunas de ellas
han medrado hasta el punto de convertirse casi en indigenas.
Dichas especies exéticas han servido para rehabilitar regiones
forestales degeneradas, siendo fuente de madera de lefia de
superior calidad y de crecimiento rapido, proporcionando materia
prima industrial y, en general, contribuyendo al mejoramiento de
los bosques estatales. las siguientes especies exoticas, que se
han cultivado con €xito en el Estado, merecen mencién especial:

1. Acacia decurrens 7. Eucalyptus globulus
2. Acacia mollissima 8. Eucalyptus hybrid
3. Anacardium occidentale 9. Ochroma lagopus
4. Cassia siamea 10. Ocimum kilimand-
5. Casuarina equisetifolia scharicum

6. Eucalyptus camaldulensis 11. Pinus insignis

12. Prosopis juliflora

Silviculture and Management

Se contindan otros ensayos y se adelantan planes para cruzar
especies exdticas con especies indigenas. Las especies exdticas han
desempefiado un papel vital en el mejoramiento de los bosques del
Estado y seguirdn desempefidndolo en el futuro.

Comments

Lester W. Bryan, (U.S.A)):

Hawaii has very few native timber trees. For this
reason many exotic species have been introduced and
planted under the many different climatic conditions
which exist in Hawaii. Introductions began over 150 years
ago when, in 1827, Prosopis juliflora was brought in.
This species at one time covered over 100,000 acres of
land. Tt proved to be a very valuable introduction. The
fruit (bean) is an excellent cattle feed; the flowers are
outstanding for the production of honey; from the wood
we secured charcoal, firewood, and fence posts. It does
best in areas too dry for most other species.

During the past 50 years over 1,000 species of exotic
trees have been introduced for trial. Included in this
number are over 100 different species of eucalypti. Many
of those introduced have done well and are now being
used in our tree-planting program.

Risto Olavi Sarvas, (Finland):

The topic of our discussion underlines a certain con-
troversy between “orchard-like” and “naturalistic” silvi-
culture. It seems to me, however, that there is no great
need to emphasize such a controversy. In some instances,
at least when working in the North European forests, we
feel that by following the natural trends of our forest
development we achieve the best economic results. In
some other cases again the natural trend can’t be followed
with economic means, and in such cases we have to choose
something that comes more or less near the orchard-
like silviculture.

In all cases, however, we have to know the nature of
our forests.

I think, therefore, that we shouldn’t speak as much of
orchard-like silviculture or naturalistic silviculture, as of
a silviculture based on the knowledge of the nature and
laws governing the development of our forests and based
on an economic thinking.

There should be no naturalistic silviculture only, there-
fore, though the word “naturalistic” is very sympathetic
and impressive. If that is done there is a danger that we
are practicing a silviculture based on a natural philosophy
more than on science.

Valentin Grigoryevich Nesterov, (U.S.S.R.):

The paper, just delivered by Professor Leibundgut, is
of considerable value. The problem of which forests are
better—those of artificial origin or those which have
originated naturally—is a very interesting one.

In connection with a series of failures in reforestation
by planting, there is a tendency to give up artificial re-
forestation and to revert to natural regeneration. It seems
to me that such an approach is one-sided. Both artificial
reforestation and natural regeneration can result in good
forests. The success depends upon proper attention to
bioecos, that is, to the relation between the unity of
organisms and the environment. By the term “unity”
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the author means such a concrete complex of biocenos
and ecotope that outside of it neither of them can exist.

The success of the undertaking depends on the applica-
tion of principles within the bioecos, that is, on the degree
of correspondence of the complex of organisms and its
environment (bios—organisms, oikos—environment). In
my idea of nature, I stress the diatopos or bioecoses. They
represent the unity of biocenos and ecotope (bioecodia-
topes). The contradiction between the biocenos and the
ecotope is a fundamental one. Upon this contradiction
depends the collision between organisms of the same
species, between organisms of different species, within a
single organism, within a cell, and so on. Forest cultures
do not thrive and may even perish if the principle of the
bioecos is disregarded. To guarantee the success of seed-
ing, planting, tending, fire control, and insect and disease
control, it is necessary to be guided by the principles of
diotopic approach (dia—two-component, topos—unity).
This means that it is necessary to coordinate the biocenos
and the ecotope.

According to this school of thought, we may obtain
high resistance to unfavorable conditions, high produc-
tivity and high quality of wood, and vigorous growth,
utilizing the cooperative efforts of dendrologists, geneti-
cists, entomologists, phytopathologists, and physiologists
on the one hand, and pedologists, site improvement ex-
perts, and climatologists on the other hand—all coordi-
nated under the authority of foresters.

The search for the best composition of the biocenos
and ecotope in relation to one another and to the environ-
ment, while improving both on the basis of the above
principles, will ensure good results in both methods of
reforestation (artificial and natural reforestation).

My school of thought on the diotopes of nature I have
compiled on the basis of facts observed in actual field
work.

V. S. Rao, (India):

In the case of the enormous development of human
population, the latest term that is now in vogue is “popu-
lation explosion.” To represent a similar condition in the
field of modern technology, Professor Leibundgut has
coined the very apt term “stormy development.”

To the forester, both these developments present
features which cause him great concern and anxiety.
Whereas “population explosion” tends to militate against
the very existence of forest lands, which are demanded
more and more for establishment of cities and towns,
for mining, for setting up large industrial plants, for
creating artificial lakes in connection with hydro-electric
projects, for greater agricultural production to feed the
growing population, and for rehabilitating the people dis-
placed from submerged lands, the explosive development
of technology tends to put too fast a pace on the extrac-
tion of timber to feed the constantly growing mills which,
in turn, not only cater to the legitimate and essential needs
of a growing population but, in the interest of larger sales
and consequently larger incomes, try to create new and
larger demands, wants, and needs, some of which are
artificial and non-essential.

In the very fast pace set by modern technological de-
velopment, one is likely to forget the biological needs of
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the forest which, of necessity, is an organism whose maxi-
mum of growth is “slow and steady.” Tt is therefore very
necessary that warnings are constantly sent from ex-
perienced, sober, and philosophic foresters like Professor
Leibundgut, to curb the tendency to treat the forests as
one would treat a factory or mill. It is essential to remem-
ber that here we are dealing with living organisms, rooted
to the soil and spread over very large blocks, where treat-
ment of every acre by mechanical means to correct
imbalance is a matter of considerable difficulty and ex-
pense.

The operations that we try to carry out in the living
forests, in our great hurry and impatience, are like surgical
operations which, when they do not heal rapidly and we
cannot. devote attention to them, will tend to remain as
festering sores. It is a matter for considerable gratification
that a great movement toward a more, if I may be per-
mitted to use the term in this context, humane treatment
of forests has been initiated in Europe, the very country
which gave rise to the large-scale use of orchard forestry,
mainly in the shape of monocultures of conifers in the
18th and 19th centuries, giving rise to strictly regimented
forest stands.

I was fortunate in being a member of the Study Tour
group arranged by the FAO which went into the question
of pine and mixed conifers in Czechoslovakia in 1956.
The experience during that tour brought home to many
foresters the need to protect and keep in good condition,
and for all time, the most important element in the forest
capital, namely, the soil.

Pure and even-aged stands of conifers, which are no
doubt the delight of the wood-based industries, were
certainly not kind to the soil; and even if the deleterious
effects were not noticed in the first generation, they were
strikingly apparent in the second, or, more definitely, in
the third generation. Because of the great and rude
disturbance of the totality of the biological environment,
it was also noticed that such stands were more susceptible
to attack, by insects and disease, while stands maintained
on the naturalistic pattern were resistant to disease and
epidemic insect attacks.

The point that Professor Leibundgut wants to drive
home is, therefore, worthy of serious consideration,
namely, that it is far better that the industrial concerns
adapt themselves more to the exploitation of forests main-
tained on the naturalistic pattern than that silviculture
should adjust itself to the needs of the industry—which
really means that the stable and enduring silvicultural
health of the forest crop is sacrificed to short-term
economic conditions.

Speaking from my own experiences in India, the re-
placement of natural mixed stands by artificial means
with monocultures, even of broadleaved species, has led
to disastrous results, as in the case of Michelia champaca
plantations which were ravaged by a pentatomid bug
Urostylis punctigera, or those of Cedrela toona, which,
for some reason not yet clear, seem to die out early in
pure stands, though in the mixed natural forests the
species can grow in health to large dimensions.

Professor Leibundgut has also pointed out that
although naturalistic silviculture is generally considered
to result in low yields, the converse is really the case.
“Trees not native to the site,” he says, “exhibit better
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quality and health in naturally managed forests than in
plantations, providing, in the long-run, higher yields.”
This is a point which deserves very serious consideration.

He has not denied the usefulness of orchard forestry in
special circumstances, as in the case of raising plantations
on new sites. But it is best to remember that silviculture
will always remain a biologically based technique, and
that in the long run whatever proves to be incorrect
biologically will never be economically sound.

I am glad that Professor Leibundgut has sounded a very
timely note of warning against the too-mechanical treat-
ment of a highly complex living organism like the forest.

Hans Emil Lamprecht, (Venezuela):

Quiero enfocar brevemente unos puntos del tema en
discusion tal como los veo en mi condicién de silvicultor
que trabaja en y con los bosques tropicales, porque es de
mucha actualidad para con los trépicos.

En verdad y salvo contadas excepciones no disponemos
en la mencionada zona ain de resultados concretos basa-
dos en experiencias suficientemente largas para poder
sacar conclusiones definitivas con respecto a las ventajas
e inconvenientes ni del manejo de los bosques naturales
con métodos silviculturales adecuados ni tampoco de la
arboricultura artificial.

A pesar de la falta de experiencia propia me parece
posible prever—por lo menos en grandes rasgos—Ias
consecuencias principales de la aplicacién de uno u otro
de los dos sistemas mencionados en los trépicos, lo que
sin duda puede ayudar grandemente a ahorrar tiempo y
dinero. Porqué son factibles tales predicciones?

Sencillamente porque las principales leyes naturales
que rigen la vida y el potencial productivo de los bosques
tienen validez universal, o sea ellas son validas también
en las condiciones tropicales. Lo que hace posible que el
silvicultor tropical pueda aprovechar y utilizar—dentro
de ciertos limites, por supuesto—muchas de las experien-
cias hechas en otras zonas climéaticas, siempre y cuando
se atengan a hechos y fenémenos comparables. Seria
deplorable y contraproducente en sumo grado si no apro-
vechara todas y cada una de tales oportunidades, si pre-
firtera, pues, hacer él mismo el largo camino de errores,
equivocaciones, decepciones, de pérdidas de tiempo y
dinero que tuvieron que hacer los forestales de otras zonas
antes de alcanzar el alto nivel de la dasonomia que los
distingue en la actualidad.

Tal vez unos ejemplos concretos pueden aclarar un
poquito mejor lo que quiero decir. No cito sino dos:

1. Es una ley natural universal—pues valida también
en los tropicos—que en el bosque climatico la vegetacion,
el clima y el suelo se hallan en un equilibrio biolégico
estable el cual garantiza ipso facto su continuidad por
tiempos indefinidos y el cual, por consiguiente, constituye
la base de la produccién continua o sea del rendimiento
sostenido de cada bosque. Huelga insistir en el hecho de
que cualquier economia forestal sana y sensata tiene que
fundarse invariablemente en el principio del rendimiento
sostenido. Ahora bien, al sustituir la vegetacién natural
por completo y de una manera brusca por otra artificial
se destruye necesariamente el mencionado equilibrio
natural y con eso las bases naturales de la productividad.
Eso—precisamente eso—hacemos con la arboricultura que
consiste esencialmente en la implantacién de monocultivos
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completamente artificiales y, a lo mejor, compuestos de
una especie exdtica.

Como consecuencia inevitable resultardn a largo plazos
rodales raquiticos, enfermos con una productividad muy
debajo de lo esperado. Todo eso no es teoria especulativa
sino se trata de hechos ampliamente comprobados por
la experiencia practica. Me permito citar al respecto unas
cifras por las cuales debo las gracias al Prof. Weck, quién
me las puso a disposicién esta mafiana. Alrededor del
afio 1800 comenzé en Sejonia la transformacion directa de
los bosques estatales en monocultivos artificiales sobre una
superficie de 180.000 ha. En el decenio de 1870 a 1880
terminaron los trabajos de conversion. La llamada
estructura normal de las masas en pie que se habia logrado
entonces no sufrié ninguna alteraciéon hasta 1930. El
incremento medio anual en los 180.000 ha. de arboricul-
tura se desarrolld como sigue:

1840, 4.2 m.?/ha./afio.

entre 1870-1880, 6.2 a 6.4 m*/ha./afio.

Pues la arboricultura, una vez establecida dié efectiva-
mente rendimientos muy superiores en comparacién con
aquel de los bosques originales. Pero del maximo alcan-
zado de 6.4 m.3, el incremento cay6 cada decenio mas y
mas hasta llegar entre 1920 a 1930 a un minimo de 2.4
m.?/afio/ha. Esos en muy grandes rasgos son los
resultados del probablemente mayor experimento con-
trolado durante 100 afios con exactitud que se ha llevado
a cabo en la historia forestal con la arboricultura. Hablan
tan claramente que cualquier comentario parece superfiuo.
Repito que tales experiencias europeas son validas tam-
bién en los trépicos o en cualquier otra parte.

Sé que presumiblemente seria posible evitar el men-
cionado desarrollo desastroso por crear y mantener un
equilibrio bidtico de producciéon por medios artificiales de
acuerdo con las exigencias del monocultivo en cuestién
como lo hace la agricultura.

Pero esto implicaria entre otras cosas:

1. Trabajar los suelos periddicamente.

2. Abonarlos cuando sea necesario.

3. Controlar y combatir en cualquier momento
insectos, hongos, virus y cualquier otra plaga que
podria surgir.

4. Controlar y regular el abastecimiento adecuado
de la arboricultura con agua, etc.

Todo esto y mucho més hay que preveer si se quiere
evitar que los cultivos fracasen mas temprano o mas tarde
con seguridad. Pero aiin asi, queda siempre un cierto
riesgo de desastres.

Ahora bien. Disponen los paises tropicales, por lo
general, hoy en dia de la organizacién, de los medios
financieros, de los especialistas, etc., para llevar a cabo
tales empresas dificiles, complejas y siempre arriesgadas?
Dejo la pregunta sin contestar.

2. El segundo ejemplo: 1La introduccién de nuevas
especies en un pais cualquiera provoca inevitablemente
un proceso severo y alargado de seleccion dirigido por
fenémenos de indole genética, ecoldgica, climatica,
edafica, etc., pues factores los cuales en su gran mayoria
no los dominamos o sélo en una escala modesta. Este
proceso ocurre no importa ni la especie introducida ni
la localidad de su cultivo——pues, tiene lugar también en
los trépicos porque también este fendmeno tiene su origen
en leyes naturales de validez universal.

499




A menudo, los efectos selectivos no se manifiestan,
sino muchos afios después de los primeros cultivos pero
a lo largo pueden conducir en casos extremos a la elimina-
cién total de especies exdticas por lo demés prometedores.
Recordemos al respecto sélo el caso del Pinus strobus en
Europa, cuyas existencias fueron literalmente destruidas
por un modesto hongo que empezd a seleccionarlos en un
momento dado.

Ahora bien. Disponemos hoy dia en los trépicos ya
sobre los imprescindibles conocimientos genéticos, sabe-
mos lo suficiente sobre las exigencias, necesidades y
reacciones de las especies potencialmente utilizables, con-
ocemos suficientemente bien las condiciones ambientales
en los lugares donde pensamos cultivarlos para poder
reducir en lo posible el riesgo de una seleccién completa-
mente negativa?

Tampoco quiero contestar estas preguntas sino voy a
terminar mi intervencién a pesar de que serfa facil agregar
muchos otros ejemplos simulares a los citados.

Existen hoy en dia marcadas tendencias en todas las
regiones tropicales hacia la arboricultura. Es facil de
comprender tales tendencias en vista de las enormes
dificultades que presenta muy a menudo la dominacién
y el manejo racional de los bosques naturales. Sin embargo
serfa falso y sumamente peligroso resignarse y esperar la
solucién definitiva y completa de las dificultades innatas
a la dasonomia tropical de la arboricultura porque a
primera vista puede parecer més sencilla y mas promete-
dora que cualquier otro sistema.

Vista a la lux de hechos concretos validos plenamente
en las condiciones tropicales resulta al contrario que la
arboricultura incluye un enorme complejo de problemas,
dificultades y riesgos. Verlos y conocerlos a tiempo puede
salvar la silvicultura tropical naciente de menudos errores,
pérdidas y decepciones enormes.

Domingo Cozzo, (Argentina):

Una discusién sobre la posible oposicién entre los
conceptos tedricos y practicos de la produccién de madera
por medio de la Silvicultura del bosque espontdneo y la
Silvicultura del bosque cultivado, solo puede tener razén
de ser en aquellos paises ricos en bosques espontaneos de
especies comerciales, con rodales uniformes y casi
homogéneos o puros; en tales paises no tiene sentido el
invertir dinero para reemplazar el uno por el otro, o al
menos seria en tales lugares donde una posible discusién
sobre el tema tendria validez.

Este no es el caso en numerosos otros pafses del mundo,
donde sea por las condiciones productivas, escasas, de sus
bosques espontaneos, atin cuando esmeradamente maneja-
dos técnicamente (como ocurre en la gran mayoria de las
regiones tropicales), sea por las condiciones de creciente
déficit en su economia forestal (caso de la Argentina,
Uruguay, etc.), o sea por hallarse tales bosques muy
alejados o inaccesibles a los centros y mercados de
consumo, la cuestién es que el bosque cultivado no solo
no se opone al bosque espontineo, sino que lo comple-
menta y colabora con él. El bosque cultivado utilizando
especies de rdpido crecimiento, de buena madera, y de
gran plasticidad en la adaptacion a diferentes tipos de
suelos y climas, sean exéticas como indigenas del propio
pais, es incuestionablemente una medida correcta an
aquellos pafses pobres de bosques espontineos (Sud
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Africa, Uruguay), o donde estos bosques se encuentran
muy alejados de los centros de consumo (Argentina)
cuyos costos de explotacién y transporte resultan muy
elevados, sin compensacién comercial en la competencia
con las importaciones. Quizds el verdadero enfrenta-
miento entre ambos tipos de bosques puede hallarse en
las regiones donde se elimina el bosque espontianeo
original por substitucién de otro bosque cultivado por el
hombre; tal seria el caso del Brasil, del norte y sud de la
Argentina, del sud de Chile, paises de Centro América,
etc. En tales regiones la substitucién de la masa espon-
tanea no puede ser considerada tampoco una medida
antagénica de la silvicultura clésica; ella tiende a crear
nuevas masas, puras o entremezcladas con pocas especies,
siempre de aplicacién comercial e industrial, las que en
turnos cortos de explotaciéon (8-15 afios) producen
suficiente materia prima valiosa para numerosas in-
dustrias: celulosa, papel, hardboard, maderas aglomera-
das, aserraje menor, torneria, postes, etc. Pero no solo
existen argumentos de caracter econdémico para inducir
a tal substitucién (necesidad de establecer industrias en
tales regiones que estabilicen y aumenten el nivel de vida
de sus poblaciones) sino que también los hay de caracter
técnico, porque en tales casos el manejo de los bosques
espontdneos resulta dificil sino imposible, dada la ex-
trema heterogeneidad de su composicién, por los todavia
desconocidos hébitos biolGgicos y culturales de sus
integrantes, y porque la aplicacién de un manejo técnico-
econémico requiere primeramente un proceso de mejora-
miento de la masa cuyas tareas suelen ser caras, no
retribuibles por una comercializacién de sus productos
(raleos, podas, enriquecimiento por plantacién, siembras,
etc.) y de resultados futuros no bien conocidos.

Por otra parte cuando la propiedad de los bosques
espontdneos que se han de substituir, es privada y no
fiscal o publica, la diferencia econdémica de los dos con-
ceptos se agudiza, pues mientras en estos ultimos el
Estado puede tratarlos con sentido de perpetuidad, atin
cuando con rendimientos muy bajos y de no econémica
renta en relacién con el dinero invertido, en los primeros
todavia estdn resultando dificiles tales medidas sin una
clara respuesta de valor financiero; aqui los principios
bioldgicos o los planteos técnicos forestales tedricos deben
en forma inexorable regirse por la unidad de la economia.
Sin duda que una correcta solucién es la de procurar
hallar una coincidencia entre estos principios y la existen-
cia de una nueva masa lefiosa, que disminuya el peligro
de una baja sanidad o de inferiores rendimientos con el
tiempo.

Hay ejemplos en cantidad que demuestran que un
bosque cultivado ha substituido con eficacia econdémica,
técnica y hasta bioldgica, a otra masa esponténea, llevando
el progreso y el bienestar a la poblacién, y al pais entero;
asi el Brasil, pais forestal por excelencia, debid recurrir a
los eucaliptos para crear la fuente de combustible a una
de sus principales empresas de ferrocarril, y hoy es el
centro mundial de mayor importancia en este tipo de
arboles por la magnitud de lo cultivado, la diversificacién
de especies utilizadas, y los conocimientos técnicos
adquiridos, a expensas todo del bosque original que en
nada hubiera contribuido a la nacién si se lo hubiese con-
servado, ain mejorado por ciertas practicas técnicas
costosas. Practicamente lo mismo ocurrié en Chile con
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sus inmensas plantaciones de Pinus radiata, y en la Argen-
tina tenemos el ejemplo de la Pcia. de Misiones donde el
cultivo de Araucaria angustifolia en substitucién del denso
bosque subtropical, heterogeneo, produce al décimo afio
de crecimiento tanto volumen de madera como en 100
afios brinda el bosque espontianeo de igual especie en
Argentina y Brasil, y estas plantaciones han permitido la
instalacién de plantas productoras de celulosa y papel,
que de otra manera jamas hubiera sido posible.

_Es cierto que se corre un peligro con tales substitu-
ciones, principalmente el de los dafios por enfermedades y
plagas, pero este no es el caso general en las forestaciones
substitutivas; por otra parte es un riesgo consciente que
s¢ corre frente a la urgente necesidad de proveer a tales
regiones de materias primas indispensables para la eco-
nomia y la vida corriente. En todo caso se puede incluso
reducir tal peligro si se adoptan medidas de precaucion
en la eleccion de la especic para el sitio o la estacién
(tipos y calidad de suelos) o para una regién de ecologia
muy variada, realizando ensayos previos mediante la
instalaciéon de arboretum, estaciones experimentales, etc.
Por ejemplo el Pinus radiata demuestra una extrema
suceptibilidad a dafios por ataques de Diplodia y otros
hongos y a la Rhyacionia, un insecto que destruye sus
brotes terminales, pero ello ocurre cuando es plantado en
regiones de ecologia diferente a la de su habitat original
en California, Estados Unidos. Todavia tales riesgos
pueden disminuirse si se tratan las masas cultivadas con
medidas técnicas apropiadas: raleos periédicos, diversifica-
cion de las masas cultivadas, trabajos culturales del suelo
y de las plantas, etc.

El criterio de que tales forestaciones realizadas mediante
plantaciones regulares, y con cuidados culturales extremos,
no integran el concepto clasico de la Silvicultura, y en
cambio participa de la comin arboricultura o de la agri-
cultura forestal, no es del todo exacto; si bien se advierte
que en la iniciacién del bosque cultivado se realizan
tarcas mas propias de la arboricultura, ellas se funda-
mentan sin embargo en el conocimiento biolégico silvicola
comin al manejo de cualquier bosque espontaneo: necesi-
d?d de una alta densidad inicial de arboles—1,000 a 3,000
ejemplares por hectarea—la produccién a corto plazo de
la competencia miitua de los ejemplares para lograr el
cierre de la copa, la aplicacién de raleos de intensidad y
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oportunidad regulados por la misma especie, la densidad,
por la calidad de la estacién de crecimiento, y por el
régimen de manejo y corta a adoptarse: tala rasa total o
con arboles portagranos, tala rasa en franja, cortas selec-
tivas, etc. Nadie puede negar que estas practicas son
propias de la Silvicultura comiin; todavia cabe recordar
que con frecuencia muchos bosques cultivados iniciados
con técnicas de la arboricultura, a poco se transforman
en verdaderos bosques espontaneos porque €n su proceso
de adaptacién y acomodacién al nuevo ambiente alcanzan
la completa naturalizacién, y al semillar dan lugar a la pro-
duccién de renovales ahora irregularmente dispuestos que
pronto reemplazan a la masa cultivada, y que deben ser
manejados tal como un bosques espontaneo; esto es lo que
en ciertas partes de Chile esta ocurriendo con Pinus radia-
ta, que no solo esta libre de enemigos, sino que incluso una
nueva masa espontinea reemplaza a la anterior, por su
propia removacidn, la que entonces no es absolutamente
coetdnea como lo fué aquella otra. Esto mismo sucede
con algunas especies de Eucalyptus en la Argentina y en
el Brasil, y todavia estamos observando que se produce
el mismo fenémeno en las plantaciones con Araucaria
angustifolia.

En aquellos otros paises donde por ejemplo cultivan
los 4lamos y otros arboles forestales con baja densidad
por unidad de superficie, como si fueran plantas frutales,
mas bien cuidando al individuo y no a la masa, se acepta
que tales plantaciones pertenezcan mas al domino de la
arboricultura, pero en todos aquellos otros donde se
practica la forestacion antes relatada, realmente estan
haciendo Silvicultura del bosque cultivado.

Masood Ahmad Mirza, (Pakistan):

I agree with Mr. Achaya of India who has rightly
expressed that in some places there exists antagonism
against trial of exotic species. But it has been suggested
that when indigenous species have failed to meet the needs,
the exotics have come to the rescue. If a fair trial is given
to the right species, they prove to be an asset. In Pakistan,
fuel wood is quite a problem, and the fast-growing species
need serious consideration. Some time past, Prosopis
glandulosa, and P. julifiora were introduced, and now they
have spread and are flourishing in areas of low rainfall,
about 6” or so. They supplement the fuel-wood needs to
a considerable extent.
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Sessions F and G

Forest Ecology and Soils
Ecologie forestiére et sols
Ecologia Forestal y Suelos

Classification, Mapping, and Interpretation of Soils
for Forestry Purposes

WALTER H. L. WITTICH

Director, Institut fiir Waldbau-Grundlagen,
University of Gottingen,
Hannover-Munden, Germany

In countries with a highly developed forestry, modern
silviculture is characterized by the strong emphasis that
is put on the site conditions. In Germany, the forester
speaks of the “Iron Law of the Site.” It means that there
are, notwithstanding the fact that improper measures can
ruin the best forest soils, deriving from the very nature
of the site certain geared developments of the forest as
well as unescapable reactions of the soil to forestry treat-
ments. Those the forester must know for obtaining the
best results.

It is because of this law that on one site certain tree
species produce the most, on other sites, other species.
Another example is that on certain soils in Scotch pine
stands which were opened up for natural reproduction, a
carpet of mosses will grow, creating conditions suitable for
seedling establishment, while on other soils heavy growths
of grasses or blueberries may take place, preventing any
pine regeneration.

Forest soil mapping must be focused on helping to
base forest management on the characteristics of the site;
soil mapping must serve the purpose of making available
to the practicing forester the specialist’s ability to recog-
nize the properties of the site and to realize the manifold
connections with the management of a forest district.

The appraisal or interpretation of forest sites was very
difficult as long as this tremendously complex phenomenon
was considered to be a chance combination of countless
soil factors. This difficulty was overcome when we
learned to recognize that the soil factors do not combine
arbitrarily, but in specific ways according to the laws of
soil dynamics. Here is an example: The parent material
may be basic rock. Under the climatic conditions prev-
alent in Central Europe the soil dynamics follow the
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pattern towards the development of a eutrophic (rich in
bases) brown-forest-soil. The process of taking on the
brown color by means of enveloping the soil particles with
mixed gels goes along with the formation of clay minerals
of the montmorillonite and Illite group. The saturation
of the base exchange complex by basic compounds is
high. Soil micro-organisms are active and the soil burrow-
ing macro-fauna, earthworms, et cetera, are luxuriantly
developed. The soil organisms and the high content of
basic materials influence both the direction of the humus
formation and the soil structure. Water conduction as well
as aeration are dependent on the soil structure. Our
example could be developed much further. It was selected
to show the causal inter-relationship between soil factors
and properties brought about by soil dynamics.

Furthermore, geological processes work mostly in such
a way that locally only a limited number of parent sub-
strates are found. For all these reasons, the number of
possible combinations of soil factors—which theoretically
appears to be unlimited—is, for all practical purposes,
greatly reduced.

As soon as the forest sites were recognized as natural
formations whose characteristics are defined by the rules
of soil development, the difficulties of classification were
overcome and the way to their grouping into “Site-Units”
(Standorts-Einheiten or Standorts-Typen)  was found.
These site-units represent the genetically conditioned,
locally occurring constellations of site factors.

There is a different school of thought whose followers
do not consider the site to be such a natural entirety but
rather consider the single properties of the soil separately,
and try to arrive from there, by using a certain key, at
an expression of nature and value of the site. This is

Fifth World Forestry Congress Proceedings




bound to fail. The site belongs to those entities which
cannot be expressed by the mere sum of the parts, how-
ever carefully they may have been determined. The site
has to be appreciated as an indivisible unit. This may be
illustrated by an example:

In Europe, as well as in the U.S.A., there are coarse
sands and gravels near the terminal moraines which—
because the streams of water from the melting glaciers
had not transported them over large distances—contain
about 30 percent weatherable minerals and 70 percent
quartz. If somebody approached these soils by using
common standards of evaluation he would find them to
be very poor. They are absolutely low in minerals, have
an unfavorable distribution of the size of the sand particles
and a low water-holding capacity. However, on these
sites mixed stands of pine, oak, and beech of site class
1 grow, even if the precipitation amounts to only 22
inches. How is this possible?

Though there are only 30 percent of weatherable
minerals, physiologically speaking, these loose sediments
are rich in nutrients, for in these loose sediments the
hydrogen ion can attack the crystal lattice of the min-
erals down to a depth of several meters and continuously
split off nutrients. Because the roots can grow on these
sites to a depth of 8 meters and more, the total amount
of water available to the trees is relatively great, in spite
of the low water-holding capacity which is calculated on
a weight basis. We know, furthermore, to what degree
the productive capacity of these sandy soils decreases
with increasing quartz content. We are able to classify
these and other sandy soils very well with respect to their
properties and productive potentials. However, we did not
gain this knowledge—and that is the very point which
needs emphasis—by directly integrating the results of a
detailed analysis. We rather had to make a detour: we
investigated these and other important site types and
clarified their genetics as well as their present character-
istics. This, of course, requires analytical methods. How-
ever, in addition to that we found by observation how
different tree species grow on different types. Because the
genetics of these fundamental types is well known, the
types can easily be recognized from the soil profile, and
the productivity of the site fairly exactly determined. To
say it again: We are dealing with a judgment that is
based on experience rather than on a schematic integra-
tion of single, analytically found properties.

The sites, then, are natural formations whose prop-
erties can be found by applying the laws of soil dynamics
to the parent material and climate under discussion. Only
by understanding them in this way are we able to recog-
nize the constellations of site characteristics (of which
only a few occur in any one locality) and to understand
their properties. Without such a genetic foundation, the
establishment of site-units remains unnatural and thus
unsatisfactory.

However, we should just as well avoid the other ex-
treme. We should not try to solve our practical problems
by exclusively employing the strictly genetically oriented
classification systems. With these classification systems,
which presently are in a stage of development in several
countries, one tries to accomplish systems of order similar
to the genetically oriented classification schemes of botany
and zoology. However, because our knowledge of the
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dynamics of many soils and of their phylogenetic relation-
ships is still very incomplete, all these systems have
considerable deficiencies, thus needing continuous adjust-
ments.

The genetic “soil-types” in the meaning of the Russian
and German schools, are generally considered to be the
basic units of this system of order. These genetic soil-
types must not be mistaken for the American *“soil types”
which represent already very specific local soil formations,
thus falling into the category I of the system. The
European soil-types come closest to the categories VI
and V, that means to the “great soil groups” and the
“little soils groups.” The “soil-types” are broken down
into lower categories (in Germany: sub-types, varieties,
sub-varieties) and grouped together in higher categories
(orders, classes, sub-classes).

The classification of such a purely genetical system is
not sufficient for comprehending a soil as a forest site. A
brown-forest-soil derives from the aforementioned loose
sediments of coarse glacial outwash as well as from the
sediments rich in clay, or from basic igneous rock.
These brown-forest-soils which developed from different
parent materials have very different properties as forest
sites.

Similar to the American system, which, from the be-
ginning, had been focused much more strongly on the
practical goals of soil mapping, it has been tried recently
to give more consideration in the lower categories to the
lithogen characteristics. For these, the American system
uses the term “phases.” Taking into consideration the im-
mense number of possible constellations (immense as
long as we do not limit ourselves to the local conditions),
it seems to me that even this does not serve to provide a
complete picture of the nature of a forest site by just
integrating it into such a system. We must not forget that
the deeply root-penetrated forest soils, as opposed to
agricultural soils, are often composed of layers having
different dynamics. For example, a glacial till may show
brown-forest-soil dynamics in the upper sub-soil, while
the deeper sub-soil is gleyed by impeded drainage, and a
shallow cover of poor windblown material shows the
dynamics of podzol, even though it might be influenced
by the litter which is rich in lime. Depending on climate
and topography, impeded drainage (Stau-Nisse) affects
the productive capacity of a site very differently. It is
hard to see how such a multitude of possible variations
can be expressed by a general classification system. We
must, therefore, use specific site-units. According to the
local particularities of parent material, climate, and
topography, the specific local site-units occur in a man-
ageable number of constellations only.

However, the systems of genetic classification have
great value as supplements to the practical site-units be-
cause they deepen our understanding of the nature of the
soils. Furthermore, in order to enable us to make full
scientific use of the soil mapping, each profile should be
classified according to the genetic system of order. How-
ever, this should not be done forcibly, but only to the
extent that the system provides a proper place. This
is the very best way to reveal the gaps and shortcomings
of the system. The American “Soil Survey,” by mapping
according to its system, not only has served the objective
of economy but at the same time has contributed a lot to
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the clarification of the development, nature, and regional
distribution of the soils. It is conceivable that this system,
which had been aimed from the beginning at practical
soil mapping, can be further developed in such a way that
the lowest categories can take the place of our local site-
units of today.

Now to the practice of forest-site mapping. Nothing
can be accomplished if we confine ourselves to transfer-
ring the characteristics of a profile under study to a map
which is sometimes done with a very complicated system
of identification. Such a map cannot be read any more,
but requires elaborate translation. What is lacking is the
intellectual integration of lifeless details into the living
concept of the site. To leave this task of evaluating the
data to others who have not seen the profiles does not
make sense to me. Such data would not even enable the
soil specialist to get a clear idea of the site.

Therefore, whoever describes the site has to do the job
of interpreting and evaluating the data just as well. This
should not be confined to what the expert has to say about
the soil, but the relationships to forest management should
be considered also. Of course, this cannot be done by the
soil specialist alone. The results of soil mapping, evalu-
ated in the way discussed before, have to be depicted in
such a way that they provide an easily accessible basis
for forest management. This can be accomplished without
difficulty wherever the mapping is based on the locally
occurring, characteristic site-units as is the case now
throughout Germany.

In a unit, all those areas are combined which, because
of similar origin, exhibit approximately the same site
conditions and, accordingly, the same productivity and
response to managerial treatment. There are two pre-
suppositions for a suitable breakdown into such ecologi-
cally nearly equivalent units: namely, (a) that the
number of units is not too large to remain properly man-
ageable; and (b) that the individual characteristics of the
site are comprehended accurately. As we have seen be-
fore, these presuppositions can mostly be met by properly
delineating not too large areas. Of course, it would not be
reasonable to use each and every small difference, which
is of no real importance to the character of the site, for
separating special units. In Germany, we are strongly
promoting the breakdown of the country into properly
delineated “regional units” having similar site conditions—
so-called “‘growth-districts” (Wuchs-Bezirke). These, in
turn, are combined to higher units—the so-called “growth-
regions” (Wuchs-Gebiete). In the mountains, we
delineate the growth districts, wherever possible, in such
a way that they coincide with the natural regional forest
associations. :

The breakdown into site-units can either be organized
for an entire growth-district or for parts of it, for instance,
for forest districts, counties, et cetera. In the latter case, a
more individual comprehension of the site conditions is
possible. However, in this case, one should strive for a
sufficient coordination of the individual mappings within
the growth-district in order to insure that similar condi-
tions are handled similarly. Otherwise, it may happen
that the same site shows up with different names.

The most difficult part of soil mapping is to establish
the locally occurring site-units. This must not be done too
schematically. The methods have to be flexible according
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to the varying conditions. Sometimes one method has to
be emphasized, sometimes another one. This holds true
particularly for employing plant sociology. Today, it is
quite generally agreed that mapping should neither be
based one-sidedly on plant sociology nor on soil investiga-
tions, but rather on combinations of both. Depending on
their suitability for certain conditions, we may rely more
heavily on either method.

Commonly, we proceed as follows: Considering, first of
all, localities which, because of their parent material,
topography, and vegetation, appear to be most typical,
a wide-meshed net of pits is spread over the area under
study. From these pits we learn what kinds of local con-
stellations of site factors we may encounter. To define the
site-units immediately for each profile is not feasible.
Rather, the details observed at the different profiles must
be intellectually digested and related to the conditions of
the forest stands, including the ground vegetation. In
other words, the mapper must not limit his look to the
profiles but must try to comprehend the relationship be-
tween the local constellations of site factors and vegeta-
tion, employing for this task all his understanding of
forestry. The more he succeeds in these efforts, the more
will certain site-units present themselves. One must check
the provisional classification over and over again, always
ready to make changes in line with the gradually improv-
ing understanding of the conditions. The net of soil pits
which was wide-meshed at the beginning is made denser
and denser until the number and kind of site-units are
clearly recognized.

Wherever one deals with units whose soil properties
cannot be recognized sufficiently from the profile, addi-
tional analytical studies are needed. The relationship
between the site-units and the ground vegetation have to
be clarified, for the ground vegetation alone does not
suffice to reveal directly the different site-properties in-
volved. The same plant association may be the expression
of different combinations of individual factors, particularly
when large areas are considered. However, after we have
once achieved understanding of the local connection be-
tween soil and vegetation, we may quite safely use the
ground vegetation as an indicator of the site condition.
The same holds true for the forest stands. The forester
is in the fortunate position that—considering individual
stands—the annual growth is not harvested annually, as
is the case in agriculture, but is allowed to accumulate.
The growing stock thus accumulated over decades and the
closely correlated height of the trees facilitate exact site
classification. Any change in tree height may indicate
a site change.

As far as the next step of site mapping is concerned,
namely, the local delineation of the site-units, it is mostly
quite easily accomplished by using, in addition to the
indicators mentioned, the topography. Where additional
investigation of the soil itself is necessary, use of a soil
auger or even a simple spade will generally do. To cover
sufficiently the site conditions of a forest district 5,000
ha. in size, about 40 different site-units will suffice under
average conditions. In more uniform areas, particularly
in the flat country where elevation and aspect do not
come in as variables, fewer will do. On the other hand,
areas with sharp changes in site conditions will require
many more site-units. Under some conditions, for in-
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stance, in glaciated areas where the glacial till has been
altered time and again by similar geological influences, a
catena-like pattern of site-units may be indicated. The
establishment of sub-units is commendable wherever, on
a given basically homogeneous site, differences in soil
conditions and productive capacity are encountered which
are likely to disappear in the future. Sub-units may
furthermore be practical where differences in the site are
found, which do not seem to be effective ecologically,
but which might gain practical importance later on. It
need hardly be mentioned that the sites which are inte-
grated into a unit are not entirely homogeneous. In
nature, you will very seldom find such homogeneity. The
only essential is that the sites are approximately equal in
their main properties and ecological character. Beginners
have to learn to distinguish between what is and what is
not important.

As opposed to a certain judicious approximation needed
for integrating all profiles into site-units, the descriptions
of the profiles themselves have to be quite elaborate,
covering all individual particularities. Sometimes it hap-
pens that within one site-unit and on areas so small that
they cannot be depicted on the map, significant ecological
deviations from the character of the site-units are en-
countered. This has to be explained in the legend of the
site-unit. Should the deviations be correlated with dif-
ferences in ground vegetation, stand-condition, topog-
raphy, or others, this should be mentioned in order to
enable the forester to find them in the field.

In addition to numbering the site-units, one should
give them descriptive names, such as “Sandy loam derived
from lime till with a 50-150 cm. layer of windblown
material poor in minerals.” With this, the most important
components of the site are stated. Further details belong
in the general description, such as conditions of podzola-
tion in the upper layer, amount of bases in the till,
accumulation of dispersed clay in the sub-soil accom-
panied by impeded drainage, et cetera. Other site-units
may be named according to the conditions of water con-
duction, wherever these have special significance for their
nature and productive capacity. Still others receive a
name which depicts the parent material or the soil depths.

At certain places, for instance, in the mountains, the
sites may be very heterogeneous, changing over short
distances due to aspect, slope, moisture conditions, peri-
glacial solifluctions, et cetera. There, in delineating the
site-units, it may be advisable to follow closely the natural
forest associations wherever they can still be reconstructed
in managed forests, or otherwise to use for this purpose
the ground vegetation as the resultant of all site factors.
The shallower the soils are, the more the roots of the
trees and of the ground vegetation will occupy identical
areas, and the more useful will the “vegetation-type” be-
come as a substitute for the site-units. Even then, how-
ever, we should try to clarify to the best possible extent
the nature of the soils involved.

In order to meet special local conditions, other varia-
tions of the procedure which I have tried to sketch can
be employed. I cannot explain them all. I hope my dis-
cussion has made clear that for the most important part
of site-mapping, namely the establishment and delineation
of site-units, not only thorough knowledge of soils is
needed but, just as well, good knowledge of plant
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sociology and forestry. Otherwise, it is impossible to
realize the close interrelationships between these fields
and to succeed in making the necessary synthesis. The
ideal case in which the individual mapper has sufficient
competence in all relevant fields will be a rare exception.
Commonly, teams are the solution which combine special-
ists in soils, plant sociology, and forestry.

The site-units are commonly depicted on a 1:10,000
scale map. It should have contour lines to make the con-
nection between topography and site-units show up. If
necessary, maps with a larger scale can be used. Some-
times, special maps are available, showing such things
as soil-texture, genetic type, vegetation-type, site-quality,
et cetera. However, they are all of supplementary nature.
The fundamental map is the map of the site-units, which
should be depicted by using different colors. To the extent
that it does not interfere with the clear display of the
site-units, additional symbols may be used to indicate
the most important properties of the site. In any case,
the main purpose of the map is to show the exact loca-
tion of the site-units in the field. Important details about
these site-units are dealt with in the general description
(legend) telling, for example, of special properties and
weaknesses, productive capacity, expected reaction to
silvicultural treatments, and proposals for such treatments.

A legend aimed at the general information needed by
the practicing forester is one thing; a scientific report,
another one. If the latter is necessary, keep it strictly
separated from the former. A report for scientific pur-
poses, exclusively written for use by experts, can be
written in the proper academic language, whereas the
explanatory legend for the practitioner’s use should be
styled accordingly. Beginners are often inclined to display
erudite writing even where very simple words would fully
do.

The explanatory legend is generally broken down into a
General and a Special part.

For the General Part, the following outline is com-
monly used in Germany:

1. General comments. Discussed are the general con-
ditions under which the mapping was done and the
method employed.

2. Geologic conditions. Here one explains in a simple
way the geologic development and the properties of the
resulting geologic substrate which is the parent material
for the soil formation.

3. Climate. Has to be dealt with under two view-
points, namely, (a) its influence upon the soil-formation,
and (b) its importance as a growth factor.

4. Forest or stand history. Most important are those
events. which may have influenced the properties of the
soils.

5. Formation (genesis) of the soils from the parent
material. It is explained in simple terms how climate,
vegetation, and human treatments molded the soils which
were encountered in the forest area under study. This is
followed by listing the site-units which were established.
At this point, only as much information is given about the
individual site-units as is indispensable for characterizing
them and distinguishing them from each other. All other
properties are dealt with in the “Special Part,” where each
site-unit has to find its elaborate discussion.
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Special Part

This is the more important part. It is supposed to serve
as a vade mecum of the practitioner. Site-unit after site-
unit is thoroughly explained. Here is a rough sketch of
an outline for such a discussion of individual site-units:

1. Description of the site. Although given in easily
understandable terms, accuracy is indispensable. All im-
portant properties, not forgetting special weaknesses, must
be explained. Some typical analytical data and photo-
graphs of soil profiles are desirable supplements.

2. Natural forest association. To be mentioned if it is
known.

3. General growth characteristics and productive
capacity of tree species. Comments are made on species
presently occupying the site, as well as on those species
which deserve consideration for the future. Hence, a
clear distinction is needed between what can be said about
the site-class or the basis of actual local measurements on
the one hand, and estimates based on experience with
similar sites on the other. This is followed by comments
on special features of the site relevant to growth, root
development, wood quality, et cetera. Very important,
though at the time of the mapping generally not yet
available, are comments on the growth relationships, par-
ticularly height-growth relationships of the different
species involved. There are sites, for instance, where we
can successfully grow larch single-stem-wise in spruce
stands. On other sites, the use of such a pattern of mix-
ture would be very unwise, because larch would be out-
grown by the spruce and squeezed out of the stand by
oppression. A tremendous amount of money was wasted
by neglecting these connections. Provision is necessary so
that for each site-unit an understanding of the special
growth features of the most important species and species-
mixtures is acquired by means of long-term observation of
indicator stands. In the scheme employed for putting
down the results of the site-mapping, space has to be
provided for this and other information which may be
gained in the future.

4. Ground vegetation and condition of humus. Their
correlations with the most important stand conditions are
explained. The changes which will take place in the
course of stand development are to be stated. Of particu-
lar importance are information on how unincorporated
humus layers and vegetation react to opening up of the
stand or to complete clearing.

5. Mechanical soil preparation and measures of
amelioration. Only the important viewpoints ought to
be stated; for instance, whether and why a mixing of their
soil horizons is desirable or not desirable. In a similar
way, comments on possible measures of amelioration are
given. All proposals have to be logically based on the
previously explained properties of the soil. Details about
the technical aspects of cultural procedures do not belong
here.

6. Choice of tree species. All species and species
mixtures which seem to be useful are listed. A scale
evaluating them should be added which is based on their
volume and value production, biological significance for
the site, managerial safety or risk involved, et cetera. In
this way, one leaves needed room for the final operational
decisions which, with such larger holdings as State forests,
may be made in the framework of regional planning. For
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operational decisions, viewpoints often come in which
cannot be at hand when this chapter is written.

7. Size of site-units in hectares. This information is of
particular importance wherever the local planning is to
be integrated into a regional planning. Hereby, it is often
advisable to combine local site-units into groups embrac-
ing site-units of sufficient similarity.

So much about our way of writing the legend. As
you see, we are dealing with a method of mapping which
is explicitly focused on the needs of forest management
and which, therefore, has to go its own way. On the
other hand, data are recorded and information compre-
hended which are just as useful for other kinds of maps
on soils. Close cooperation between all people and
agencies concerned is, therefore, highly desirable. Only by
such cooperation can we secure the full possible use of
the information gained by the soil-mapping and make the
experiences of other experts available for our task of
site-mapping for forestry purposes.

In conclusion, T should like to stress again this: What
we want to accomplish is to make available to the foresters
on the ground the faculty of experts at comprehending
the properties of the sites in general, and their significance
for forest management in particular. It seems to me that
training for the forestry profession is already so broad
and diversified that not enough time can be allocated to
soils to make the foresters sufficiently expert in site
evaluation to handle this job completely on their own.
However, our procedure will help them to get acquainted
with the site conditions of their districts and, by this,
enable them to correlate their silvicultural observations
and experiences with the underlying causes.

Confronted, for instance, with failures in natural
reproduction, the foresters no longer will be inclined to
make unsound generalizations but will ask where exactly
did the failure occur; that means on what site-unit. In
case success was better on other site-units, he may be
able to find out the underlying causes by comparing the
site-units which have reacted so differently.

I may remind you of those times when certain silvicul-
tural methods which had been successful here or there
because of their fitting into the local conditions were
uncritically commended for completely different condi-
tions. Those times have passed forever.

RESUMES

Classement, cartographie et interprétation des sols a des
fins de sylviculture

Comprendre les propriétés d’une station donnée et leur incidence
sur le régime forestier a été une tiche ardue aussi longtemps
qu’on a pensé que ces stations constituaient uniguement une com-
binaison due au hasard des nombreux facteurs intervenus. Nous
avons surmonté cette difficulté lorsque nous avons appris a
reconnaitre que les facteurs pédologiques se combinaient d’une
maniére non pas arbitraire, mais précise, selon les lois de la
dynamique des sols.

Les processus géologiques se déroulent de telle maniére que
pour une zone donnée, particuliérement si celle-ci est tracée du
point de vue écologique, on ne trouve qu’un nombre limité de
couches inférieures meéres pour la formation du sol, et celles-ci
sont généralement disposées selon la topographie. Pour cette
raison, le nombre des combinaisons possibles de facteurs pédologi-
ques—Ilesquels apparaissent théoriquement sans limites—se trouve
réduit dans des proportions considérables. C’est pour avoir
reconnu ces divers rapports que 'on a commencé a établir des
“unités de station.”

Ces unités représentent des constellations de facteurs pédologi-
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ques de caractére local, soumises 4 des conditions génétiques.
Elles se sont révélé étre le type d’unité qui s’adaptait le mieux au
relevé cartographique du sol. Les systémes généraux de classe-
ment des sols fondés sur la génétique et actuellement en cours
d’élaboration ne suffisent pas a rendre compte des propriétés des
stations. I1 demeure toutefois hautement souhaitable que ces
unités soient intégrées dans un systdme, ce qui serait en particu-
lier un moyen supplémentaire de les délimiter. Il semble pour
le moment impossible .de réaliser ce que l'on avait tenté de
réaliser en utilisant certaines “clés,” 4 savoir d’exprimer la nature
et la capacité productive des stations en intégrant directement
les facteurs des différentes stations, quel que soit le soin avec
lequel ces derniéres ont été déterminées. Les stations doivent
étre considérées comme des entités naturelles indivisibles dont les
propriétés sont déterminées par les lois de la dynamique des sols.
Notre connaissance de leur productivité se fonde sur I’expérience.

Dans le cadre des méthodes de cartographie du sol actuelle-
ment appliquées en Allemagne, nous divisions les différentes
provinces en petites “unités régionales” présentant des conditions
de station analogues. Nous les appelons “districts de croissance”
(Wuchsbezirke). Dans les régions montagneuses, elles coincident
généralement avec les associations forestiéres régionales naturelles.
La division ultérieure en unités de station peut se faire pour
Iensemble d’un district de croissance ou pour certaines parties
de celui-ci, selon le régime de la propriété, les subdivisions
administratives, etc. Il faut s’efforcer a) de ne pas dépasser un
nombre limité et commode d’unités et b) de pouvoir encore
comprendre suffisamment les conditions de la station particuliére.
Cette derniére tiche se trouve facilitée par la division premiére
des districts de croissance en parties plus petites; la cartographie
devrait toutefois é&tre suffisamment coordonnée au sein des
districts.

Encore que l'on n’y arrive pas toujours parfaitement, il est
souhaitable que les stations qui forment une unité présentent a
peu prés la méme capacité de production et réagissent de fagon
comparable aux traitements sylvicoles. La partie la plus difficile
de cet inventaire cartographique est I’établissement des unités de
station, tandis que le tracé de leurs limites est relativement facile
lorsque les indications fournies par la topographie, les conditions
des peuplements, la végétation du sol, etc. sont utilisées conven-
ablement. Les procédés cartographiques devraient s’adapter d’une
maniére aussi souple que possible aux conditions du terrain. Les
cartes ne devraient pas se fonder uniquement sur la végétation,
ou sur lanalyse des sols, mais sur une combinaison des deux.
Dans certains cas, c’est la végétation qui fournit les meilleures
indications, dans d’autres l’analyse des sols.

Les unités sont ordinairement reportées sur une carte en courbes
de niveau au 1/10.000°, dont le but essenticl est de montrer
Pemplacement exact des unités sur le terrain. Une légende
rédigée séparément pour chaque unité fournit des renseignements
détaillés. Parmi ces renseignements, on compte ses propriétés, y
compris ses faiblesses particuliéres, la production de l’essence la
plus importante, les réactions aux traitements sylvicoles et les
propositions relatives a ces traitements.

Ainsi le forestier dispose-t-il des renseignements dont il a besoin
pour comprendre ses stations. Il peut ainsi mesurer ses expériences
sylvicoles en établissant un rapport entre eux et les conditions
de la station. A des fins de planification régionale on peut, pour
de plus grandes régions, combiner les unités locales en groupes
comprenant des unités analogues.

Clasificacion, Topografia e Interpretacion de Suelos para
Fines Forestales

La comprensién de las propiedades de un terreno y su signifi-
cado para el cultivo de bosques fue muy dificil mientras se con-
sider6 al terreno simplemente como una combinacién casual de
muy numerosos factores conjuntos. Esta dificultad se salvd
cuando se llegé a la conclusién de que los factores del suelo no
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se combinan arbitrariamente, sino de manera determinada segin
las leyes de la dindmica del suelo.

Los procesos geolégicos del suelo ocurren de tal modo que,
en pequefias zonas, particularmente si se delinean desde el punto
de vista ecolégico, sdlo se encuentra un pequefio ndmero de
subestratos originales para la formacién del suelo, a menudo
dispuestos de conformidad con la topografia. Debido a esto,
el nimero de combinaciones posibles de factores del suelo, que
tedricamente parecen ser ilimitados, se reduce considerablemente.
Asi, el reconocimiento de estas relaciones abrié el camino para la
creacién de ‘“unidades de terreno.”

Estas unidades de terreno representan las aglomeraciones
genéticamente acondicionadas y locales de factores del suelo y
han demostrado ser la clase de unidad mis apropiada para el
levantamiento de mapas. Los sistemas generales de clasificacion
de suelos que se basan en la genética y que al presente se per-
feccionan, no son suficientes para mostrar las propiedades de
los terrenos, pero siempre es muy conveniente integrar las uni-
dades de terreno a esos sistemas, especialmente como otro medio
para definirlas. Por el momento parece imposible lograr lo que
se ha tratado de conseguir con el empleo de ciertas “claves”
para expresar la naturaleza y capacidad productiva de los sitios
integrando directamente los factores particulares de cada uno, por
mas cuidadosamente que éstos se hayan determinado, pues los
sitios se deben apreciar como entidades naturales e indivisibles
cuyas propiedades las determinen las leyes de la dindmica de los
suelos. Nuestros conocimientos acerca de su productividad se
basan en la experiencia.

En los métodos de levantamiento de mapas de los suelos que
se siguen actualmente en Alemania, las provincias se dividen en
numerosas ‘“unidades regionales” pequefias, de condiciones simi-
lares de suelo, las cuales se denominan “distritos de crecimiento”
(Wuchs-Bezirke). En las montafias éstos se¢ delinean a menudo
de modo que coincidan con asociaciones regionales y mnaturales
de bosque. La subdivisibn en unidades de terreno se puede
hacer por distritos de crecimiento como totalidad o parte de
éstos, seglin la clase de propiedad que sean, subdivisién adminis-
trativa, etc. Ahora, es necesario tratar de (a) no excederse de
limitado ndmero de unidades ficiles de administrar y (b) abarcar
suficientemente las condiciones particulares de cada unidad. Esto
se facilita con la divisién inicial de distritos de crecimiento en
partes mis pequefias, pero el levantamiento del mapa se debe
coordinar suficientemente en el propio distrito de crecimiento.

Aunque no siempre es ficil de lograr, es conveniente que los
terrenos que se combinen en una unidad sean, aproximadamente,
de la misma capacidad productiva y que respondan por igual a
los tratamientos de silvicultura. La parte méas dificil en el levan-
tamiento del mapa es el establecimiento de las unidades de ter-
reno, en tanto que su delineacién es relativamente facil si se
aprovechan debidamente las indicaciones de la topografia, las
condiciones de los arbolados, otra vegetacién, etc. Es aconsejable,
por tanto, la muy flexible adapatacién de las fases del levanta-
miento del mapa a las condiciones que se encuentren en el terreno.
El mapa, pues, no se debe basar en parcialidad por la vegetacién
ni en el anilisis del suelo, sino en la combinaciéon de ambos ele-
mentos, ya que en ciertos casos es la vegetaciébn y en otros el
analisis del suelo, lo que proporciona la mejor informacién.

Generalmente, las unidades de terreno se delinean en un mapa
de perfiles de escala 1:10,000 cuyo objeto principal es el de mos-
trar la situacién exacta de las unidades en el campo. En una
relacién que se prepara para cada unidad se consignan todos los
informes respecto a ella, indicando sus propiedades, inclusive
deficiencias particulares, produccién de las especies mas impor-
tantes, efectos de los tratamientos de silvicultura y proposiciones
para éstos.

De este modo el administrador del bosque obtiene los informes
necesarios para conocer sus unidades, capacitandose, por lo tanto,
para relacionar su experiencia en el ramo con las condiciones de
cada sitio. Para fines de fomento regional, en casos de zonas
extensas, se pueden combinar las unidades locales en grupo que
abarquen mas unidades semejantes. )
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The Mapping, Classification, and Interpretation
of Ghana Forest Soils for Forestry Purposes

PETER AHN

Soil Survey Officer, Division of Agriculture,
Kumasi, Ghana

The Ghana forest soils discussed here are, to a con-
siderable degree, comparable with forest soils elsewhere
in West Africa, and, but to a lesser extent, with those of
some other parts of the tropics. Our knowledge of these
soils is, however, in its infancy, and some of the many
problems which remain to be investigated are indicated.

The Ghana Forest Zone

That part of southern Ghana where the natural vegeta-
tion is, or was, high forest covers some 30,000 square
miles, though over much of this area the vegetation has
been modified by man, principally by farmers clearing
the forest for food and cocoa farms. Probably only some
11,000 square miles of little-disturbed high forest remain,
mostly in the west (Ahn, 1959a), half of which is now
included in forest reserves. Elsewhere, the high forest
has been replaced by farms and by regrowth vegetation
of various ages.

The climate of the forest zone varies little as regards
temperature, either from place to place or from season
to season, being uniformly high. The rainfall, on the
other hand, decreases from a maximum of over 85 inches
in the southwest to under 50 inches in the northern
fringe where the forest merges into savanna. Differences
in totals are accompanied by differences, perhaps more
important, in the length and severity of the dry seasons,
of which there is a major one in November-February and
a minor one in August. Despite the fairly high totals
there are, therefore, several months in each year when
potential evapotranspiration exceeds rainfall, soil moisture
is depleted, and plants may suffer from water shortage.
Such periods are likely to be longer and more severe in
the northern forest areas, and both the soils and the
vegetation of the forest zone can be divided into a num-
ber of belts or zones correlating broadly with rainfall.
These, and their significance to forestry, are discussed
further below.

Unlike the soils of North America and Europe, de-
veloped in the relatively recent deposits of the last
glacial period, many Ghana forest soils have an extremely
long history and are often developed in a mantle of
residual products incorporating material derived from
early geological and geomorphological eras, e.g., the
broken-up remains of old lateritic or ironstone crusts and
of once extensive deposits which mantled former pene-
plains of the Tertiary age, of which only small remnants
now survive. Such material has often been subjected to
weathering forces for a very long period, so that little
except unweatherable residues (quartz, kaolinitic clay and
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sesquioxides) remain. Weathering processes under hot,
wet conditions are, in any case, far more rapid than in
temperate areas, and most forest soils are characterised
by the great depth of weathering (solid rock is often not
found for several hundred feet below the surface) and by
the intensive leaching and breaking down of decompos-
able minerals in the upper part of the profile. Such deep,
poor soils, from which most of the nutrients have long
since been removed, form the normal (or zonal) soils of
the Ghana forest zone and of similar areas in West
Africa. What fertility they possess is largely stored in
the topsoil and in the wood and the leaves of the trees, the
nutrients circulating in a closed cycle (from leaf to top-
soil to root to leaf), from which losses may be negligible.
Such fertility has accumulated over considerable periods,
and nutrients still circulating may have originated in rocks
and soils long since removed: in short, the present forest,
though appearing luxurious, is living on its own capital.

Tree crops are undoubtedly the form of land use
best able to exploit these soils on a sound long-term basis,
to protect them and to preserve some of the accumulated
fertility for succeeding generations, hence the interest and
importance of forestry.

Soil Survey Methods Employed in the Forest Zone

The soil survey methods evolved by the late C. F.
Charter for use in Ghana were designed to cover rela-
tively large areas, often of low population, in a prelim-
inary way, in order to assess Ghana’s soil resources as a
whole and to indicate what areas might merit more de-
tailed subsequent investigation for specific agricultural
projects. The aim of the survey was the practical one
of assisting agriculture by the provision of basic soil
maps (Charter, 1957a), and a special feature of the
system, among the first of its kind in the tropics, was the
use of considerable numbers of only partly trained African
staff who brought back soil samples to local field bases
for description and identification by a more experienced
soil surveyor in general charge of the survey.

For soil purposes the whole of Ghana was divided into
convenient river basins, often of 2-3,000 square miles in
extent, and of those in the forest zone, some two-thirds
have now been surveyed by detailed-preliminary methods
which aim at mapping the extent of major soil associa-
tions. This is done by means of a fairly broad network
of traverses, along roads, footpaths or cut lines, along
which samples are taken to a depth of 4 feet at every 10
chains, i.e., at eight points per mile of traverse. Such
traverses usually total 20-30 miles per 100 square miles
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surveyed and are supplemented by more detailed sur-
veys of a number of sample strips (at least one per
major soil association), each a quarter of a square mile
in extent, in which individual soils series, relief, vegeta-
tion and land use are mapped in detail (Hotson, 1956).
Such sample strips are sited so as to be typical of a soil
association, i.e., of a group of soil series, usually form-
ing a more or less regular catena, whose distribution is
related to the relief. The final soil map, on the Y4-inch
scale, maps these associations, not individual soils.
Samples from selected soil pits are analysed at a central
laboratory in Kumasi, and analytical results are incor-
porated in comprehensive memoirs issued by the Soil Sur-
vey Branch (such as Brammer, 1955; Ahn, in press), or
in smaller technical reports, of which several have been
concerned with forest reserves (Crosbie, 1955, 1956,
1957; Ahn, 1958a; Obeng, 1959). Other methods of
survey involving regular grids of cut lines are available
for more detailed mapping, and larger scale maps showing
specific features such as depth of induration (Ahn, 1957
and 1959¢) or salinity are also produced when required.

Problems of Soil Classification

It has been claimed that only a system based on soil
genesis can include all soils in a logical framework allow-
ing valid connections and deductions to be made, and
certainly, though present-day systems vary in detail, most
of themn stress factors held to indicate differences in
genesis. Even though the pedologist, remembering that
pedology is the child of agriculture, cannot rid himself
entirely of an agricultural bias, such systems  are not
necessarily concerned with characteristics of practical im-
portance to the farmer or forester, just as in botany,
the floristic classification of plants does not group them
with reference to their practical use to man. Thus, an
increasing need has been felt for an additional, often
simpler, parallel soil classification for agricultural pur-
poses, and several attempts at less profound but more
immediately practical local groupings of this nature for
specific purposes (such as cocoa growing or irrigation)
have recently appeared (e.g., Smyth and Montgomery,
1959; Cutting, 1959; Radwanski, 1959; Thomas and
Vincent, 1959). In the Belgian Congo, the pedological
map is often supplemented by another map entitled
“utilisation des sols,” indicating the agricultural potential
of the soils, as far as these are known, with regard to
present-day techniques and conditions: obviously, the
first is the more fundamental, the second is the more
ephemeral but immediately practical.

In tropical Africa, the French, Belgian, Portuguese
and British classifications all put considerable emphasis
on the age of the soil as shown by the degree to which
alterable minerals in the profile have been weathered.
Obviously, younger soils in which minerals are decompos-
ing to release plant nutrients can be expected to be more
fertile than soils subjected to prolonged leaching and
weathering, or to soils developed in exhausted or nearly
sterile parent material, such as the deep desert sands of
much of the central Congo. Ghana’s cocoa success is
due largely to the presence of soils which are not quite
as strongly weathered as many tropical soils.

The criteria involved in defining “age” differ, however,
between various workers. The Belgians have stressed
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the decreasing silt content of the older soils (Van Wam-
beke, 1959) and the presence of clay skins (Sys, 1959b).
The French and Portuguese stress the lower silica/
alumina ratio in the more highly weathered soils (Aubert,
1958; Aubert and Duchafour, 1956; Botclho da Costa,
1959). In each case the broad lines of classification follow
those of Guy Smith in the United States (D’Hoore, 1959).
Broad generalisations as to the agricultural value of orders
and groups are sometimes possible, though the same di~
vergence of interest between theoretical classifications and
practical utilitarian examinations is seen in the labora-
tory, usually better equipped for routine base analyses
than for investigating factors of possible importance to
genesis.

In Ghana, C. F. Charter’s system (Charter, 1957b;
Brammer, in press) tried to classify soils according to
all major soil forming factors (i.e., climate, vegetation,
relief and drainage, parent material and age), dividing
soils at the highest level, the orders, according to which
of these factors, or which pair of factors, were of most
importance. Thus, soils whose characteristics are due
mainly to relief and drainage (e.g., poorly drained gley
soils) are “topohydric earths,” those due mainly to
climate and vegetation (the normal upland latosols) are
“climatophytic earths.” This system suffers from the
usual difficulties, including those posed by polygenetic
soils and the absence of agreed quantitative measurements
which alone can make many divisions more than a matter
of opinion and possibly dispute. While much of his system
is theoretical and tentative, however, his division of the
widespread latosols of the forest zone into the highly
leached and acid oxysols (oxy = acid) and the less
leached, less infertile, often more brightly coloured ochro-
sols (ochro = reddish yellow) is one which has proved of
considerable practical significance in Ghana and is dis-
cussed more fully below.

Even soils of a single series “do not provide units
homogeneous in all properties important for land use”
(Cline, 1949). Thus, there may be very considerable
agricultural differences at the lowest level of all, the
phase, e.g., between an eroded phase and a normal one,
or between a cultivated phase and a high-forest phase,
differences which, to the forester, might make all the
difference between success and failure.

One may summarise by saying that a classification is
likely to be entirely satisfactory to the forester only if it
is made with his specific needs in mind and only in as far
as the importance of soil characteristics to forestry are
known, but that, nonetheless, other classifications will be
of value to him to the extent that the criteria used at dif-
ferent levels and their possible relevance to tree growth
are understood.

The Interpretation of Specific Soil Properties
for Forestry Purposes

General Considerations: Soil-Vegetation Relationships

If the results of physical and mechanical analyses are
to be anything more than meaningless figures, we have to
know their significance to the plant itself. Normally,
laboratory results have to be correlated with field trials
and observations, and this would apply even if chemical
analyses showed us exactly what was actually available
to the plant, which they do not. e
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Figure I. Great soil groups of South Ghana's closed forest zone.

In the case of soil interpretation for forestry, they can
be usefully supplemented with an examination of relation-
ships between the soil and the natural forest vegetation,
though here, too, relatively little is yet known. In an
earlier paper (Ahn, 1959b) the author outlined some
of the difficulties attending such investigations and the
finding of species indicating specific soil conditions. The
important concept is that of the minimum static area,
it being misleading to compare smaller atypical areas
(e.g., over-mature patches, or pole forest) with a specific
soil, but since soil patterns in the forest zone are com-
plicated, such a minimum static area may include several
different soil series (albeit topographically related ones).
With a forest containing (as distinct from temperate
forests) many hundreds of species, some markedly gregar-
ious, it is not easy to demonstrate, in a small area, that
the presence or absence of a specific tree is more than a
matter of chance. Apart from the obvious correlation
with drainage, therefore, which produces a well-marked
vegetation catena in the valleys, valid correlations are
likely to be broad ones involving considerable areas.

The natural vegetation of the Ghana forest zone is
becoming better known, both structurally and floristically,
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and a number of divisions are now accepted, at least in
outline, even though problems of definition remain
(Taylor, 1952; Lane, in press; Mooney, 1959). In the
high rainfall area (70-85 inches) of the southwest, the
evergreen rain forest area is characterised, more or less,
but not entirely satisfactorily, by the presence of three
main indicators, Cynometra ananta, Lophira alata, and
Tarrietia utilis. This very wet forest is less high than
the more extensive semi-deciduous forest of the remaining
forest areas and, while there are more pole-size trees,
there are considerably fewer large trees, so that the total
weight of vegetation (and hence the nutrients stored in
it) is less than in the less wet forest areas. Mooney
(1959) has shown that trees of 15-foot girth and over
in the rain forest occur at only 11-20% of the frequency
found in representative semi-deciduous forest, while the
same figures converted to Hoppus basal area are shown,
in graph form, in Fig. 3. The great interest of these
observations from the soil point of view lies in the fact
that the rain forest is more or less co-extensive with the
oxysol zone (Ahn, in press).

The oxysol/rain-forest area is one of highly leached
soils, almost all the upland soils being oxysols. A typical
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Figure 2. Vegetation of South Ghana's closed forest zone.

oxysol has a topsoil reaction more acid than pH 5.0,
usually about pH 4.4, although topsoils as acid as pH
3.6 have been recorded. Such soils are deeper and paler
than the normal ochrosols of the rest of the forest zone,
the subsoil colour being yellow to orange-brown, and
total exchangeable bases average as little as about 3
m.e., even in the upper topsoil of little disturbed soils
under high forest (Tables 1 & 2). In Ghana, such soils
are developed over a range of parent materials (phyllites,
granites, Tertiary sandy clays) but all the soils have
been reduced, by the extreme climate, to a common low
fertility level. Differences between them are therefore
more differences of site, texture, drainage, and coarse
material content than differences of nutrient status.

The rain forest merges into the more extensive semi-
deciduous forest (in which some species shed their leaves
at one season or another) and most of this forest is
characterised by two very frequent species, Celtis mild-
braedii and Triplochiton scleroxylon, both quite absent
from the rain forest. The Celtis-Triplochiton association
has been divided by Mooney (1959) into wet and dry
facies (Fig. 2) while a somewhat drier association (the
Antiaris-Chlorophora) occupies the northern fringe of
the forest.

Silviculture and Management

The soils of the ochrosol/semi-deciduous forest zone
are more varied than those of the oxysol/rain-forest area,
both because of a more complicated geomorphology and
because the less extreme climate allows greater soil varia-
tions due to differences in parent rock. A typical ochrosol
is developed under 45-64 inches of rain and has a top-
soil pH in the range of 5.5-7.0, often about 6.4-6.6. It is
brighter in colour (red subsoils being common on the
better drained sites) due possibly to the greater oxidation
of soil iron permitted by the more marked dry seasons.
The upper topsoil may be expected to have a total ex-
changeable base content of 15-30 m.e. of the fine earth
fraction, i.e., up to ten times the oxysol average (Tables
1 & 2). The ochrosol zone can itself be divided into a
less fertile southern or intergrade zone (corresponding
with the wet facies of the Celtis-Triplochiton associa-
tion), a central ochrosol zone of maximum agricultural
productivity (at least as regards cocoa and the major
food crops), which corresponds with the dry facies, and
a northern belt where the soils, though not infertile, are
limited by dry-season water shortages, and this belt, in
turn, correlates to some extent with the Antiaris-Chloro-
phora association (Figs. 1 & 2). Some of the individual

511




35 r

Rain forest
Celtis triplochiton association:

EET
&

&
\ Wet. facies ————
g \ \ Dry facies e -
s \
7 \
VLN
=]
[
S
=
g
a0
5l \_‘\ -
~
N ——
SIZE CLASS,i.e., girth at breast
o heig.lht or one foot above butresses
-2’ 35 5= 79 941 -z’ 13445 15+

Figure 3. Graph showing basal area {in Hoppus square feet) of all-

species size classes in the rain forest, and in the wet and dry facies

of the Celtis-Triplochiton association of the semi-deciduous forest.
(From Mooney, 1959).

soil factors which may contribute to these correlations are
discussed in the following paragraphs.

Pbhysical Soil Characteristics

Physical soil conditions, particularly structure, texture,
pore space and arrangement, govern the availability to the
plant root of the primary requirements of water and
oxygen, as well as influencing the availability of chemical
nutrients. Although much research remains to be done on
the varied factors affecting the growth and extent of root-
ing systems in tropical forests, it is possible that they may
be limited largely by competition for oxygen, soil aeration
thus influencing tree size and density. In regeneration,
the removal of competing rooting systems may be more
important than the opening of the canopy to admit light,
the factor formerly thought dominant (Wilkinson, 1939),
though it is not clear to what relative extent root competi-
tion is for oxygen or for mineral nutrients.

Lack of oxygen and excess CO, is common in valley-
bottom soils, especially in the wet southwest, where
typical swamp forest communities of the Raphia-Calamus-
Ancistrophyllum type are widespread, and downward root
penetration is limited by the water table. Pneumatophores
are a partial adaptation to such conditions. Soils of sites
waterlogged for considerable periods are grey and/or
highly mottled. These soils grade upslope into less poorly

512

drained, yellowish, slightly mottled soils subject to only
occasional flooding. There is a well-marked vegetation
catena corresponding to these soils, but it is poor in
species and varies little, in the Ghana forest zone, with
rainfall or soil reaction (Ahn, 1958b). No local species
has been found suitable for forestry on such sites. Bam-
boo could be grown, if a commercial use could be found
for it, and exotics (e.g., from the swamps of Florida)
are being tried.

Downward root penetration is also limited in soils
containing an ironpan or bauxite layer. Such soils often
cap the flattish summits of hills, particularly in the north-
ern forest areas where they represent remnants of
Tertiary peneplains. Where the pan is less than a foot
from the surface, the forest becomes lower and thinner;
while where it approaches to within 2-3 inches or less of
the surface, edaphic savanna patches, often with frequent
swamp-tolerant herbs, are found instead. On such sites
water relationships are extreme, the soils being water-
logged during rains but drying out rapidly during dry
spells, hence the specialised vegetation. Where the in-
duration is deeper, however, forestry may still be possible,
the total volume of soil required depending on the species
planted, the climate, and the water-retaining capacity of
the soil. At Bamoro, in the Ivory Coast, for example,
with a rainfall of 1,200 mm. (48 inches), teak plantations
on fairly fertile clay soils were found to add wood in pro-
portion to the depth of a limiting indurated horizon when
this horizon was at less than five feet; when deeper than
this, growth rates were not affected. The main factor is
the water storage possible in relation to the length of dry
season.

A more widespread factor limiting the effective soil
volume exploitable by tree roots is the presence of the
large quantities of gravel so characteristic of the subsoils
of most upland Ghana forest soils. This gravel consists
mostly of ironstone concretions and ferruginised rock
fragments, (partly derived from the break-up of former
ironstone crusts) together with various amounts of quartz
gravel and stones derived from veins in the parent rock.
It often reduces the fine earth fraction (i.e., material
passing a 2 mm. sieve) to as little as 20-50% by weight
of the total. Thus up to 5 feet of such a subsoil may be
necessary to store the nutrients and moisture held by a
single foot of an otherwise similar subsoil without gravel.
Certain contrasting non-gravelly upland soils also occur,
developed in a mantle of so-called drift material, but it
is not known to what extent root systems differ in the two
soil types as a result of this factor alone, though it has
been shown in the Amazon area of Peru that roots go far
deeper in podsolic sands than in normal clay soils
(Ellenberg, 1959).

In general, the shallowness of tropical forest rooting
systems is notorious, there being a dense root mat for
6-8 inches, but few roots below. A main tap root often
appears to be absent. Large buttresses, a characteristic
feature of Ghana forests, help to support such poorly
anchored trees, even if not causally related to the need for
support. The reasons for the concentration of roots in the
topsoil are partly chemical, since most plant food is lib-
erated there, but also partly physical, since forest topsoils
usually possess a good structure, being crumbly and well
aereated by soil fauna, whereas the subsoil is often struc-
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Table 1. Analytical data for a typical forest ochrosol (Bekwai series, above) and a forest oxysol
(Boi series, below), both developed over phyllite. -

Lower i Exchangeable bases, m.e. per TOTAL
horizon f;::; pH 100 gmg. fine earth,’ oven lt;ry C N C/N O.M. P
ﬂepth % % % % p.p.m.
(inches) Ca Mg Mn K Na TOTAL
2 100 6.4 23.74 7.87 0.36 0.30 0.66 32.93 6.1 0.454 13.46 10.51 556
11 94 51 1.63 1.24 0.05 0.10 0.15 3.17 1.28 0.137 9.34 2.20 424
21 42 5.0 0.50 0.30 0.05 0.07 0.19 1.08 0.71 0.085 8.35 1.22 436
33 31 5.1 0.46 0.24 0.02 0.07 0.22 1.01 0.40 0.061 6.56 0.69 453
46 79 4.9 0.32 0.33 0.03 0.03 0.14 0.85 0.31 0.069 4.49 0.53 395
64 100 5.5 0.22 0.37 0.01 0.03 0.23 0.86 0.28 0.057 4.91 0.48 402
3 95 4.7 1.17 0.79 0.03 0.22 0.25 2.46 2.47 0.189 13.07 4.25 174
7 96 4.8 0.30 0.44 0.01 0.07 0.27 1.09 0.82 0.081 10.12 1.41 123
16 52 5.0 0.31 0.35 0.01 0.02 0.27 0.96 0.67 0.070 9.57 1.15 140
27 93 4.9 0.26 0.31 0.01 0.04 0.16 0.78 0.52 0.059 8.81 0.89 140
42 98 4.9 0.25 0.30 0.005 0.04 0.13 0.72 0.42 0.051 8.24 0.72 112
66 98 5.2 0.22 0.25 0.005 0.02 0.15 0.64 0.28 0.032 8.00 0.48 107
Table 2. Table comparing analytical data for 42 latosols from the Lower Tano Basin, Southwest Ghana:
above, average of 12 ochrosols; centre, average of 8 ochrosol-oxysol intergrades; below, average of 22 oxysols.
Lower Fine Exchangeable bases, m.e. per
h:l):;)zt(l)ln pH estl;th 100 gm. fine earth, oven dry T6(17ZL ﬁag I\;I(g ‘(73; }2 C/N Olylav[
(inches) o Ca Mg Mn K TOTAL
2.7 6.1 73 14.42 3.81 0.32 0.55 19.10 2.9 3.78 6.93 4.35 0.383 11.36 7.23
7.9 5.8 63 2.87 1.26 0.08 0.17 9.38 1.9 2.78 7.41 1.24 0.130 9.54 2.09
20.8 5.2 63 0.73 0.60 0.02 0.09 1.44 6.2 1.22 6.67 0.83 0.080 10.38 1.38
44.4 5.2 58 0.45 0.49 0.01 0.09 1.04 8.7 0.92 5.44 0.51 0.060 8.5 0.98
2.0 5.1 74 3.50 1.64 0.18 0.38 5.70 6.7 2.13 4.32 2.90 0.246 11.38 5.196
7.6 5.0 65 1.05 0.73 0.03 0.11 1.92 5.7 1.44 6.64 1.14 0.112 10.18 2.02
19.0 5.03 62 0.52 0.35 0.02 0.08 0.97 8.2 1.49 4.38 0.74 0.082 9.02 1.33
35.9 5.14 66 0.69 0.52 0.03 0.08 1.26 6.3 1.52 6.50 0.53 0.063 8.41 0.90
2.2 4.4 85 2.26 1.02 0.14 0.32 3.74 8.5 2.22 3.19 3.49 0.275 12.69 5.98
6.5 4.5 69 0.65 0.42 0.05 0.14 1.26 11.1 1.55 3.00 1.44 0.129 11.16 2.48
17.2 4.8 50 0.41 0.30 0.02 0.09 0.82 11.0 1.37 3.33 0.85 0.087 9.77 1.45
33.2 4.9 55 0.34 0.29 0.01 0.07 0.71 9.9 1.17 4.14 0.58 0.071 8.17 0.01

tureless, or nearly so, and in gravelly subsoils poor
volume may be relatively low.

The all-important topsoil is, however, subject to drying
out, though in some cases the horizon immediately below
the topsoil (especially if gravelly) may dry out first. This
does not necessarily imply that topsoil feeding ceases,
for there is evidence that roots can obtain cations from
an air-dry soil, and the topsoil is, in any case, sometimes
moistened by early morning dew.

The available moisture stored in the soil, i.e., that
held between field capacity and wilting point, obviously
depends, as elsewhere, on soil texture. In the Ivory
Coast, for example, Porteres (1934) showed that, after
a given rainfall, plants wilted after 9-17 days on a clay
soil at Man, but after only 4—8 days on the sandy soils of
Bingerville. Though sandy soils store less, they may give
up their water more easily; moreover, a light fall of rain
may penetrate a sandy soil more deeply and therefore be
less quickly evaporated. Conversely, clays may puddle,
and then be able to absorb little further rain. The effec-
tive rainfall is always a function of both soil and climate,
and the distribution of forest types is therefore influenced
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by soil texture (Richards, 1959), while the same type of
forest is found under different climates if the soil is also
different, e.g., teak in Burma is found under 190 cm.
(75 inches) on sandy soils but under only 130-140 cm.
(55 inches) on loams (Stamp, 1925).

In Ghana, the usual rain forest indicators, Cynometra
and Tarrietia, disappear on the particularly well-drained
Tertiary sand soils, while trees (e.g., Antiaris africana)
found mainly in the drier forest areas of the north tend
to reappear (Ahn, 1959b). In the Ivory Coast, foliar
suction measurements showed a greater physiological
water shortage in trees on these soils than on those on
adjoining clay soils (Lemée, 1959). Such considerations
suggest that the distribution of species in the Ivory Coast
and Ghana, and probably in much of the tropics, reflects
differences in climate and soil moisture relationships
rather than, primarily, of nutrient status. This, if true,
is of obvious importance to forestry, since the physical
conditions of the soil are less easily modified than the
chemical.

As regards the different questions of total weight of
wood, rates of growth, and height and structure of the
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forest, it is tempting to correlate the better figures of the
semi-deciduous forest simply with the higher nutrient
status of its less-leached ochrosols, assuming that this
offsets the possibly longer growing season in the wetter
south. The higher rainfall, however, has other effects
besides reducing the base content, particularly perhaps
on the oxygen supply, and indeed this is suggested by the
reddish hue of the ochrosols as against the predominant
yellow colour of the oxysols. The relative importance
of these and other soil factors remain to be worked out.

Chemical Soil Conditions

The pendulum swung from the early exaggerated idea
of tropical soil fertility to one which emphasised, and
possibly exaggerated, their poverty and fragility. Greater
knowledge of the chemical and physical processes in-
volved is now defining this fragility more closely and
assisting in rational ways of overcoming it.

Despite the very great range in natural soil fertility
found, due to differences in parent rock and degree of
soil evolution, there seems to be little correlation be-
tween soil fertility and the floristic composition of tropical
forests, except in the case of the very poorest soils such
as the nearly sterile white sands of British Guiana, sup-
porting wallaba forest, and of Sarawak, supporting heath
forest (Davis and Richards, 1933—-1934; Richards, 1936).
Normally, however, the same forest floristically covers
soils of different fertility, the vegetation itself influencing
the ultimate development of relatively uniform zonal
soils.

Nutrient differences can nevertheless be expected to
be important to forestry. Younger soils with weatherable
minerals include relatively shallow soils on steep slopes
and others with weathering rock within the root zone.
The more deeply leached and weathered soils, or soils
developed in very old mantles of often re-worked material
are poor in contrast, and have low recuperative powers
if once the topsoil nutrients are lost: many over-deep
senile forest soils are “fragile” for this reason.

In soils under undisturbed long-established forest,
however, it is hardly likely that outstanding deficiencies
of any one single element will be detected, nor can we
reasonably hope to transform their potential by adding a
mere pinch of some minor element, as has been done
with some poor Australian soils. Moreover, since the
safest way to store nutrients is in the plant itself, and
the amounts present in the vegetation are in any case as
great as those in the soil, nutrients revolving in the cycle
will tend to be those needed by, or at least absorbed by,
the vegetation. It is not surprising, then, that crops grown
on newly cleared forest land, despite the nutrient losses
entailed in clearing, burning, and topsoil exposure to sun
and rain, usually fail to respond to fertilisers until de-
ficiencies have been revealed by several years of cropping
(Nye and Stephens, in press). Thus, the problem of
applying chemical fertilisers to forest trees, economically,
is not likely to be a simple one. '

Of the major individual nutrients, possibly phosphorous
is in the shortest supply, though past emphasis on the
locking up of phosphorus in compounds which dissolve
only very slowly may prove exaggerated in the case of
some soils. Available phosphorus is probably mainly
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organic. Nitrogen reserves, also contained in the organic
matter of the soil, appear high on all except degraded
soils, though the rate of conversion by bacteria to am-
monia and nitrates is slower in the more acid areas and
has also been shown to vary with the season (Greenland,
1958): it is slow in the dry season, but rises sharply
during the first rains, after which quantities present are
again reduced by leaching and plant absorbtion. The
significance of this cycle to forestry has received little
attention as yet, though the N content of coffee leaves
has been shown to vary parallel with that of the soil
(Loué, 1957).

The rate of organic matter decomposition is very high,
and raw humus cannot normally accumulate, though direct
comparisons with European mors and mulls are difficult.
Not enough is known of the difference between the humus
of a neutral or near neutral ochrosol topsoil and that of
an oxysol topsoil with a reaction of pH 4.0-5.0. The
C/N ratio of the ochrosols is usually 9-12, as in many
European forests, but rises to 14—17 in the rain forest
oxysols. This might suggest a lower rate of decomposi-
tion, but this can hardly be the case, since there is no
more organic matter here than in less acid soils, though
it is spread down the profile a little more.

The acid reaction of rain forest soils is due to the
washing out of bases by up to 85 inches of water yearly.
Calcium, followed by magnesium (Tables 1 & 2) is the
base most affected: potash varies relatively little between
soils of the wetter and drier areas and may form a greater
proportion of the total bases in the more acid soils. Nye
(1959) suggested 2% as the critical potash level for
crops, but in most forest soils this is exceeded. Even on
the acid soils, there is probably no direct shortage of
calcium and magnesium, the effects of acidity being in-
direct: all bases become less available and other effects
may prove important (e.g., aluminium toxicity and ac-
cumulation in roots so as to reduce their power to absorb
phosphorus).

It should not be forgotten that the soil, including its
chemical composition, is modified by the vegetation it-
self. In temperate areas the influence of different forests
on soil formation is becoming better known, Chandler
(1939), for example, showing calcium differences related
to different forest types: in Ghana, the well-known variety
of the forest and the presence of several hundred different
species in relatively small areas makes such studies diffi-
cult, but preliminary tests on topsoils below some of the
commoner tree species in the Bobiri forest reserve (Bram-
mer, in preparation) suggest considerable variations
due to the trees themselves. Chlorophora excelsa, for
example, may form large lime accretions in the trunk,
and when such a tree falls and rots the local soil balance
will be modified, while different species have different
nutrient requirements and different powers of extraction.
Moreover, bases are washed out of the leaves into the soil
directly in greater quantities than was formerly realised
(Nye and Greenland; in press) and this too, may vary
with the species. Although the close interaction between
soil and vegetation is often emphasised, the details of all
the mechanisms involved remain to be elucidated: what is
clear is that, in forestry, the establishment of particular
species will in some measure itself tend to give the soil
conditions suited to them.
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Soils and Forestry Methods

The practical consequences of the soil differences out-
lined above are reflected in the different forestry methods
so far found successful in Ghana and in similar areas
nearby. Forestry in Ghana is confined to the forestry
reserves, the permanent forest estate, timber exploitation
outside them being in the nature of a rapid salvage opera-
tion designed to market the commercial species before they
are felled, or made inaccessible, by the farmer. Within
the reserves there are three main methods of which one,
normal selection working, relies mainly on natural regen-
eration, and the other two involve different degrees of
assistance in order to intensify production (Mooney,
1958).

Within the oxysol/rain forest area of the wet south-
west, natural regeneration is slow and the stockings of
large commercial species in the primary forest itself are
very low. In this zone, enrichment planting of seedlings
is necessary. This involves the clearing of all or part of
the original forest, depending on methods: in Ghana,
line planting is practised, with little-disturbed forest be-
tween the lines (Lane, 1958) but in the Ivory Coast,
mixed stands of Tarrietia utilis (nyankom) and Khaya
ivorensis (“mahogany”) appear successful if thinned early
enough. These methods are necessary because of the
low-percentage success of methods involving natural
regeneration, due partly to poor soil conditions and the
high root competition for available oxygen and nutrients,
and partly to the low stockings of commercial species.

In the Celtis-Triplochiton association of the semi-
deciduous forest, on the other hand, selection working
is possible, though to reduce cutting to only the natural
increase would probably not be economic for extractors,
and the natural increase must therefore be supplemented
by more intensive methods. In the wetter, southern semi-
deciduous forest areas, clear felling and concentrated
planting, as in the rain forest, is possibly the only practical
proposition, but in the less wet “dry” facies of the associa-
tion, where the upland soils are mostly ochrosols, the
tropical shelterwood system has proved practicable. This
involves the encouragement of natural seedlings through
partial canopy clearing and the elimination of competi-
tors. In the Mpameso forest reserve, for example, this
method applied to Entandrophragma uiile resulted in a
55% success at 10 years, i.e., 55% of a calculated opti-
mum density of 160 to the acre. Obviously, the factors
involved are partly soil, partly botanical, it being difficult
to separate the two or assess them apart. Any system of
this type must depend on an adequate number of parent
trees and on a large enough supply of seedlings. The
first does not always imply the second. In the Mamiri
forest reserve, for example, there are high stockings of
Khaya, but no regeneration; although the soils are leached
and poor (Ahn, 1958b), we are not yet able to say to
what extent soils are responsible, or in what way.

There are many local areas where the natural forest
is unaccountably poor and others where stockings are
surprisingly high, and a greater knowledge of both soils
and forest is necessary before these can be explained.
As regards attempts to associate the soil with specific
defects such as black wood in wawa (Triplochiton
scleroxylon) or corky, coarse-grained growth in Entan-
drophragma, no correlation has been established; the sec-
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ond was found to be a tension growth associated with
sloping sites, though not with the soil itself.

In conclusion, a word is necessary on forestry on non-
forest soils. Present-day savanna is often the result of
man’s activities, particularly annual burning, and when
protected, these former forest soils may once again revert
to forest, provided that parent species are near enough.
The rainfall of certain areas, now savanna, is adequate
for local species, while many exotics (e.g., eucalypts and
teak) have possibilities in long dry-season areas where
the local species have not. Savanna soils in general are
characterised by lower organic matter levels than forest
soils and a lower volume of nutrients circulating in the
grass vegetation, so that the main forestry problem here
is one of raising these levels. Certain soils, however, are
potentially very productive. At Kpong, for example
(Brammer, 1955), neem (Azadirachta indica), cassia
and various eucalypts, now 2-4 years old, have grown
very rapidly on the black clays of the Accra Plains. In
the case of these particular soils, however, the very heavy
nature of the clay may restrict later root growth and
aereation, and it is possible that a short 3- to 4-year
rotation, for much needed firewood, will be the best way
of using them, thus illustrating once again the importance
of physical soil factors.
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RESUMES

Relevé, classification et interprétation des sols forestiers du
Ghana a des fins de sylviculture

Les régions forestiéres du Ghana couvrent quelque 30.000
milles carrés dont 11.000 peut-étre sont encore a I’état de futaie.
Les précipitations vont de plus de 85 pouces dans le sud-ouest 2
moins de 50 pouces dans la région ol la forét devient savane, et
les zones pédologiques et climatiques sont liées a ces précipitations.
En raison de la chaleur et de I’humidité, la plupart des sols sont
profondément altérés et fortement lessives, et tendent & &tre
pauvres. Toutefois, de longues périodes de végétation forestidre
ont permis a une couche de terre arable assez fertile de se con-
stituer, les produits nutritifs évoluant en circuit fermé entre la
couche arable et les arbres.

A des fins d’étude pédologique, les régions forestires ont été
divisées en un certain nombre de bassins fluviaux qui font 'objet
d’examens par des méthodes préliminaires relativement rapides
fondées sur des prélévements d’échantillons le long d’un réseau de
levés par traverses. On compte environ 20 a 30 milles de levés
par 100 milles carrés et on les compléte par un examen plus
approfondi de bandes témoins. Les cartes pédologiques définitives
font apparaitre non des séries individuelles, mais des associations;
une association est généralement un groupe de sols ayant un rap-
port topographique, ou chaine de sols. Les sols choisis sont
ensuite analysés et les renseignements sont incorporés 4 des rap-
ports pédologiques complets.

Les systtmes modernes de classement pédologique insistent
généralement sur les facteurs qui sont censés indiquer des
différences d’origine. Dans une certaine mesure, ces syst®mes
théoriques ont également une valeur pratique, comme dans les
cas ou ils soulignent limportance des sols, puisque les sols
jeunes qui contiennent encore des minéraux inaltérés devraient &tre
plus fertiles. Quoi qu’il en soit, il est également nécessaire de
disposer de systémes plus simples et plus pratiques qui corres-
pondent a des besoins précis. Les sols d’'une méme série, par ex-
emple, peuvent &tre différents quant A leur valeur forestiére, et
seule une nomenclature établie expressément pour les spécialistes
en sylviculture, et fondée sur une meilleure connaissance des
rapports existant entre les sols et les arbres, serait probablement
tout a fait satisfaisante.

Une comparaison entre les caractéristiques connues d’un sol
et la forét naturelle se trouve compliquée, en pays tropical, par
le trés grand nombre d’essences existantes. Toutefois les grandes
lignes d’une importante corrélation émergent. A la région
humide du sud-ouest du Ghana, la forét dense (rain forest)
relativement peu €levée et qui compte peu d’arbres de grande
taille, correspond assez nettement 24 une région de latosols acides,
fortement lessivés et connus au Ghana sous le nom d’oxysols.
Le reste de la zone forestiére porte (ou portait) des foréts de
feuillus mixtes qui a leur tour se rattachent aux sols moins stériles,
les ochrosols plus rouges. Ceux-ci se développent dans des
régions de moins grande pluviosité, ont une couche superficielle
moins acide ou presque neutre et une alimentation basique
infiniment plus élevée.

La pénétration des racines se trouve matériellement limitée
dans les terres basses par le plan d’eau et, dans un certain nombre
de terres plus élevées, par une cuvette de fer ou de bauxite. Dans
les premiers cas on trouve des forts marécageuses, et de telles
régions sont de peu d’utilité pour la sylviculture. Dans le cas de
sols qui présentent une cuvette, la sylviculture est possible dans
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les cas de couches profondes oll le volume du sol est suffisant
pour emmagasiner de l’eau pendant toute la durée de la saison
séche, encore que l'un des facteurs qui empéchent le plus souvent
les sols d’emmagasiner de ’eau soit la présence de gravier dans
les sous-sols forestiesr. La capacité du sol a emmagasiner I’eau
exerce une influence sur la répartition des essences, les arbres de
foréts plus séches réapparaissant dans des régions trés humides
ol les scols sont particulitrement bien drainés. Il est nécessaire
d’étudier plus a fond les systémes radiculaires dans les différents
sols: le peu de profondeur de la plupart des systéemes radiculaires
forestiers semble 1ié au fait que le sous-sol est relativement mal
aéré, sans structure et pauvre en éléments nutritifs.

Du point de vue chimique, on ne sait pas dans quelle mesure
la plus forte teneur basique des ochrosols est & elle seule respons-
able du plus grand poids du bois dans les régions de foréts de
feuillus mixtes qui leur correspondent, ni quels sont les effets
précis de la faible réaction des souches superficielles d’oxysol.
Dans les sols des foréts peu pertubées, on a peu de chances de
trouver des déficiences alimentaires marquées quelles qu’elles
soient, encore que le phosphore soit peutétre un €élément limitatif
dans certains sols et que la nitrification soit plus lente dans les
régions acides.

Les méthodes de sylviculture applicables dans la pratique
varient avec le sol. Dans les régions de foréts denses (rain
forest), la régénération naturelle est lente et il est recommandé de
procéder a des éclaircies et A des plantages d’enrichissement. Dans
les meilleurs régions d’ochrosol, cependant, les travaux de sélec-
tion sont possibles, a condition que la régénération naturelle soit
encouragée par un éclaircissage en vofite et par I’élimination des
arbres concurrents,

La sylviculture est également possible sur quelques sols de
savane, dont certains ont autrefois porté des foréts, particulidre-
ment si I'on plante des essences exotiques. Dans ce cas, le
probleme pédologique fondamental consiste souvent 2 élever le
faible niveau de matidre organique et nutritive dans la plupart
de ces sols.

Preparacion de Planos Topogrdficos, Clasificaciones e
Interpretacion de Suelos en Ghana, para Fines
Forestales

La zona forestal de Ghana cubre una superficie de aproxi-
madamente 30.000 millas cuadradas, de las cuales quizd 11.000
estin cubiertas de montes altos. La precipitacién pluvial dis-
minuye desde mas de 85 pulgadas en el extremo Sudoeste a menos
de 50 pulgadas en la regién en la que el bosque se transforma en
pradera, y tanto el suelo, como las fajas de vegetacién tienen
intima relacién con la precipitacién pluvial. A causa de las
temperaturas y de la humedad elevadas, la mayoria de los suelos
han sido profundamente desgastados por las condiciones atmos-
féricas y sumamente lixiviados, razén por la cual tienden a ser
pobres. No obstante, prolongados periodos de vegetacién forestal
han dado lugar a la formacién de tierra superficial fértil. Las
substancias nutritivas circulan en un ciclo cerrado entre la capa
superficial de tierra y el arbol.

Con el fin de llevar a cabo estudios de los suelos, la zona
forestal ha sido dividida convenientemente en diversas cuencas de
rios, que se estudian por medio de métodos preliminares relativa-
mente rapidos que comprenden el anilisis de muestras de suelos
a lo largo de una red de transversales. Hay aproximadamente de
20 a 30 millas de transversales por cada 100 millas cuadradas de
superficie, que se complementan con fajas mas detalladas para el
estudio de muestras. Los mapas definitivos de los suelos indican
asociaciones y no series individuales: una asociacién es por lo
general un grupo de suelos topogrificamente afines, como ser,
por ejemplo, una catena de suelos. Se hacen anilisis de suelos
seleccionados y los datos obtenidos se incorporan a informes
detallados y completos sobre los suelos.

Los sistemas modernos para la clasificacién de suelos por lo
general hacen hincapié en aquellos factores que son indicio de las
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diferencias de formacion. Hasta cierto punto, tales sistemas
tedricos son también de aplicacién practica cuando, por ejemplo,
se otorga especial importancia a la edad de los suelos, dado que
los suelos méas jévenes que ailin contienen minerales no desgatados,
suelen ser los mas fértiles. A pesar de ello, existe la necesidad
de aplicar sistemas mds simples y practicos, disefiados para satis-
facer necesidades especificas. Aun suelos de una sola serie, por
ejemplo, pueden diferir en su utilidad para la silvicultura y
Gnicamente una clasificacién hecha especialmente para silvicul-
tores, basada en conocimientos mds amplios sobre la relacién que
existe entre los suelos y los arboles, resultari ser enteramente
satisfactoria.

En los trépicos resulta dificil establecer una comparacién de
las propiedades conocidas de los suelos, con las del bosque
natural, debido a la gran variedad de especies existentes. A pesar
de ello, surgen importantes correlaciones generales. En el Sudoeste
hiimedo de Ghana, la selva hidrogrifica que se desarrolla a baja
altura y que no cuenta con muchos arboles grandes, puede com-
pararse bien con una zona de suelos lateriticos muy lixiviados,
que en Ghana se clasifican como oxysoles. El resto de la zona
forestal sostiene (o sostenia) bosques de drboles de hojas semi-
caedizas, que a su vez se desarrollan en suelos menos infértiles
como ser los ochrosoles mas rojizos. Tales bosques crecen con
menos precipitacién pluvial y en capas superiores del suelo cuyo
contenido 4cido es menor, 0 que son practicamente neutrales y
que tienen un mayor abastecimiento de base.

Fisicamente, en tierras bajas, la penetracién de las raices es
limitada por el nivel de las aguas del subsuelo, y, en algunas
tierras altas por los depésitos de hierro y de bauxita que forman
una capa en el subsuelo. En el primero de los casos se encuentran
bosques que se desarrollan en pantanos y tales terrenos son de
poca utilidad para la silvicultura. En el caso de los suelos con
capas el cultivo de arboles es posible en lugares donde el suelo es
mas profundo y el volumen del suelo es suficiente para almacenar
agua para la época de la sequia, aunque la frecuente presencia de
abundantes cantidades de piedras en los subsuelos forestales es
un factor comn que limita la capacidad de los suelos para
almacenar agua y materias nutritivas. Se ha comprobado que la
diversa capacidad de los suelos para almacenar agua influye en la
distribucién de las especies. Arboles de bosques que requieren
menor cantidad de agua estin reapareciendo en regiones muy
hiimedas pero cuyos suelos tienen muy buen avenamiento. Serdn
necesarios nuevos estudios de los sistemas de raices en diversos
suelos: la poca profundidad de la mayor parte de los sistemas de
raices de arboles forestales parece tener relacién con la circun-
stancia de que el subsuelo estd mal aireado, carece de estructura
y contiene pocos elementos nutritivos.

Quimicamente, se desconoce hasta que punto el contenido mas
elevado de base en los ochrosoles es responsable del mayor peso
de las maderas en bosques asociados de arboles de hojas semi-
caedizas, o cuales son los efectos exactos de la baja reaccién de
las capas superiores de los oxysoles. En suelos de bosques
expuestos a pocas alteraciones, es poco probable encontrar defi-
ciencias individuales importantes de materias nutritivas, aunque
en algunos suelos el fésforo puede ser un factor limitante y la
nitrificacién es mais lenta en las regiones de suelos 4cidos.

Los métodos de cultivo aplicables varian de acuerdo con las
condiciones del suelo. En las regiones himedas de selvas hidro-
graficas, la regeneracién natural es lenta y se recomienda la
apertura de claros y el plantio artificial. Sin embargo, en las
regiones mejores de ochrosoles, el trabajo de seleccion es posible,
siempre que se fomente la regeneracién natural mediante el
aclareo de copas y la eliminacién de competidores.

El cultivo de 4rboles también es posible en ciertos suelos de
praderas, en algunas de las cuales solian existir bosques, particu-
larmente de especies exéticas; en este caso, a menudo el problema
mas importante es el de elevar los niveles de las materias
orginicas y de los elementos nutritivos bajos en la mayoria de
estos suelos. :
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Relation of Forest Diseases to Soils and Soil Management

Otis L. CoPELAND, Jr.

Chief, Division of Watershed Management Research,
Intermountain Forest and Range Experiment Station,
Forest Service, U. §. Department of Agriculture,
Ogden, Utah, U.S.A.

Inclusion of this subject on the program of this session
denotes widespread recognition of the importance of soils
to forest diseases. Successful multiple-use forestry is
partially contingent upon understanding the numerous
ecological factors correlated with disease incidence. The
need for understanding environment relations becomes
further accentuated when one realizes that diseases rank
as the most destructive agent affecting forest resources in
the United States (24)*. Combined growth loss and
mortality attributed to forest diseases in the United States
in 1952 was 19.9 billion board feet, almost 2.5 times
that caused by insects, the second most destructive agent.
All too often, enormous amounts of disease damage escape
observation because they occur slowly and are not spec-
tacular.

Adverse environmental conditions were ascribed as sole
precursors of plant diseases as early as the time of
Theophrastus (300 B. C.). As knowledge accumulated,
the concept of host-pathogen relations developed. Many
workers held tenaciously to the idea that although path-
ogens were the ultimate cause, their influence was con-
trolled largely by environmental factors that predisposed
plants to disease attack. Adherents to this tenet became
known as “predispositionists.”

Within the past four decades, a growing awareness of
the relation of diseases to ecological factors has developed.
During the past 20 years, increased attention has been
devoted to properties of the soil mass, the medium for
tree growth. Consideration of soil properties in disease
research is now commonplace; thus, the horizons of
causal conditions are widened. This facet will be treated
in the discussion that follows. Clear-cut soil relations are
now known for several forest diseases; other diseases
whose characteristics suggest similar relations are now
being investigated. Among soil properties most correla-
tive with disease prevalence are moisture (either de-
ficiencies or excesses), aeration, reaction, fertility, and
temperature.

Certain selected diseases will be discussed to illustrate
the influence of the various soil properties involved.

Littleleaf Disease of Southern Pines

The littleleaf disease of shortleaf and loblolly pines
(Pinus echinata Mill. and Pinus taeda L.) is abundant on
5 million acres and occurs sporadically on another 10 mil-
lion in seven southeastern states. Crown symptoms of
littleleaf are those of a nitrogen deficiency—reduced twig

* Numbers in parentheses denote the references listed at the
end of this paper.
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growth and development of sparse, shortened, tufted
chlorotic needles. A marked reduction or often complete
cessation of radial growth occurs.

The littleleaf problem is a classic example of frustra-
tion that plagued investigators for several years. Its
solution illustrates the value of a coordinated team attack.
Because the solution to this problem was aided by soil
investigations, a discussion of the many facets of this
problem is appropriate.

Characteristic littleleaf symptoms could stem from a
number of causes: climatic aberrations, insects, fungi,
nematodes, nutrient deficiencies, a virus, and possibly
others. Investigation of these possible causes extended
over a period of about 15 years and demanded versatility
in the many approaches. After years of intensive study,
littleleaf was shown clearly to be the manifestation of a
root rot caused by Phytophthora cinnamomi Rands, a
fungus known commonly as a water mold.

In 1949, the author (6) demonstrated a marked rela-
tion between the incidence of littleleaf and the internal
drainage characteristics of soils supporting shortleaf pine
stands in South Carolina. Subsequent surveys in other
states strengthened this finding. After painstaking efforts,
Campbell (3) successfully isolated the parasitic fungus
from root pieces. But the isolation technique employed
was not highly rewarding because this fungus confines its
infection to non-resinous tissue which, after being invaded
and killed, is overrun by a host of saprophytic organisms
that often obscure Phytophthora cinnamomi.

This fungus attacks uniquely only the young non-
resinous root tips of pine. If pines could regenerate new
roots faster than rootlet mortality occurs, they would grow
normally without showing signs of disease. When adverse
soil conditions prevail, this situation seldom occurs, and
as the moribund condition of the root system advances,
decline symptoms become evident.

Extensive field surveys revealed that shortleaf pine is
about three times more susceptible to attack by this fungus
than loblolly. Laboratory trials demonstrated a major
difference in root tissue susceptibility between the two
species. An intensive field study (7) showed shortleaf
pine prone to greater rootlet mortality; for example, total
root mortality on old healthy loblolly was only 6 percent,
for old healthy shortleaf, 18 percent, and for old little-
leaf-diseased shortleaf, 34 percent. Thus it was hypoth-
esized that a critical threshold of perhaps about 25
percent rootlet mortality existed, beyond which trees were
incapable of sustaining normal growth.
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Zak? demonstrated under rigidly controlled greenhouse
conditions that soil moisture levels influence directly the
amount of infection of pine roots by Phytophthora cin-
namomi. He showed also that aeration has but negligible
effect on root infection. Campbell (2) used a modified
isolation technique to determine the widespread distribu-
tion of the fungus in soils throughout the southeastern
United States. But because abundant moisture is pre-
requisite to the production of infectious swarm spores,
root damage is limited primarily to those soils that are
poorly or imperfectly drained. Root infection is likely to
be severe in silts and clays, less severe in loams, and
least severe in sands or sandy loams. It is obvious that
the development of the littleleaf disease is conditioned
almost wholly by soil factors (4).

Sweetgum Blight

A disease lacking a host-pathogen causal relation is
prevalent on sweetgum (Liguidambar styraciflua 1..) over
most of its range (22). Overall blight symptoms resemble
those of drought-affected trees—a gradual dying from the
top downward and high mortality of fine feeder roots.
This discase has been studied intensively in Mississippi.
No pathogen has been discovered as a causal agent, but
certain soil properties that militate against adequate soil
moisture supply are correlated with blight incidence. They
include soil potassium and sodium contents, imbibitional
water values, and soil bulk density. Disecase severity be-
came greater with increases in values of these soil proper-
ties. Significant blight development since 1950 coincided
with severe and prolonged drought periods. Thus, soil
properties or climatic aberrations that operate to produce
moisture stresses affect adversely the growth of sweetgum
and result in a blighted condition.

Birch Dieback

Throughout the three Maritime Provinces of Canada
and in some areas of the northeastern United States, yel-
low birch (Betula alleghaniensis Britton) has experienced
severe mortality from a decline unlinked to any infectious
pathogen. Symptoms of the disorder were observed in
1932, and since then losses have aggregated approximately
2,400 million cubic feet (17).

Birch dieback is characterized by gradual thinning of
foliage from the crown periphery inward. If foliage re-
mains, it is usually in the lower crown. Within 3 to 5
years following symptom development, mortality may
occur.

Considerable attention was devoted to determining the
relation of the bronze birch borer (Agrilus anxius Gory)
attacks to this disease, but the role of this insect has been
relegated to secondary importance. No other organism
has been associated with birch dieback.

From about 1920 until 1950, air temperatures over the
Maritime Provinces are reported to have increased from
1° to 3° C. Redmond (16) considered this increase
enough to raise soil temperatures sufficiently to induce
abnormal root mortality, a forerunner to dieback. Con-
trolled studies of soil temperature revealed the sensitivity

? Bratislav Zak. Aeration and other soil factors affecting south-

ern pines as related to littleleaf disease. U. S. Dept. Agr. Tech.
Bul. (In preparation).
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of birch rootlets to rises in soil temperature. Raising tem-
peratures of the soil mass 1° and 2° C. with embedded
electric heating cables increased rootlet mortality to 19
and 60 percent, respectively, compared with a normal
rootlet mortality of 6 percent, as determined in a healthy
55-year-old birch stand. All rootlets were killed by raising
soil temperatures 6° or 7° C.

Yellow birch is a shallow-rooted species. From 75 to
90 percent of the rootlets are found in the upper 5 cm.
of the soil mantle, including litter (18). The shallow-
rooting habit, coupled with the demonstrated sensitivity
of rootlets to temperature increases, requires that measures
be followed to insure against soil disturbance and undue
exposure. To this end, Canadian researchers recom-
mend that clear cutting should be practiced in mer-
chantable-sized stands, and, in young stands, cutting
should keep to a minimum the exposure of residual trees
and soil to disturbance, desiccation, and higher tempera-
tures.

Loblolly Spot Die-Out

An unusual and sometimes sudden decline of portions
of loblolly pine plantations 12 to 20 years old, and oc-
casionally young naturally regenerated stands, was first
observed about 1945 in the southeastern United States.
Symptoms of the disease are: excessive root mortality,
stunted growth, tufted, and occasionally slightly chlorotic
needles near the branch tips; death soon follows.
Mortality is confined to small areas generally circular
in shape. No entire plantation has yet failed.

No fungus or insect has been associated with the
disease. In 1953 and 1954, numerous diseased arecas were
examined and described. Without exception, soil features
reflected site deterioration conducive to unthrifty growth.

Results of studies of soil characteristics disclosed major
differences between site conditions in healthy and diseased
areas. Diseased areas occur most frequently on severely
eroded sites underlain by heavy clay soils at shallow
depths. Soil permeability on these areas was only about
half that in healthy areas. Periodically, oxidation-reduc-
tion potentials were measured to ascertain levels of and
changes in the degree of oxidation within the soil mantle—
high potentials indicate oxidized and aerated soils. During
periods of soil saturation, oxidation-reduction potentials
in diseased areas reach extremely low levels.

In the absence of a biological causal agent, loblolly spot
die-out is attributed to adverse soil and root conditions
that operate simultancously: excessive soil moisture, re-
ducing conditions resulting from deficient aeration, keen
root competition, and slow soil permeability. This com-
bination of suboptimal edaphic factors leads to excessive
root mortality, loss of vigor, and eventual tree mortality.

Red Pine Malady

Stone, Morrow, and Welch (21) reported a sertous
dying of small portions of red pine (Pinus resinosa Ait.)
plantations in New York. Affected plantations range in
age from 5 to 40 years, but most are 20 years old or
more. Mortality may be rapid or gradual. A soil char-
acteristic common to all disordered stands is that of
imperfect to very poor internal drainage. No insect or
pathogenic fungus has been ascribed as the cause. This
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problem bears a striking similarity to loblolly spot die-
out. Inability of trees to withstand fluctuations in moisture
saturation and extremely poor aeration invariably leads to
reduction in vigor and frequent mortality.

Movrtality of Monterey Pine

Widespread - rapid mortality among shelterbelts com-
posed of Monterey pine (Pinus radiata D. Don) occurred
in New Zealand following exceptionally wet seasons in
1953-54 and 1956-57. Isolations of soil pathogens re-
vealed a marked abundance of Phytophthora species
whose activity was related directly to the abnormally wet
periods. Symptom expression and subsequent mortality
are attributed to destruction of fine roots exceeding the
rootlet regenerative capacity of the affected tree.

Newhook (14) states, “The main difference between
the disease of pines in New Zealand shelterbelts and
littleleaf disease of Pinus echinata (involving Phytoph-
thora cinnamomi) in forests of the southeastern U.S.A.
is one of rapidity of symptom development. This could
be explained by different transpiration demands of full-
and reduced-crowned trees. The two diseases are con-
sidered to be basically the same.”

Pole Blight of Western W hite Pine

Pole blight has been recognized for at least 30 years.
It is presumed to be a new disease. About 95,000 of
the 750,000 acres of pole-size stands of western white
pine (Pinus monticola Dougl.) in northern Idaho, north-
eastern Washington, and western Montana are moderately
to severely damaged by this disease (9). It also extends
into western Canada.

Dwarfed needle growth, tufting of chlorotic needles,
reduction of height and radial growth, vertical lesion
development along the bole, and excessive rootlet mortal-
ity characterize this disorder. Root deterioration is pro-
nounced both in diseased stands and in healthy portions
of diseased stands. Moribundity of the root system
parallels the intensification of pole blight. Because normal
growth depends upon normal functioning of the root
system, a logical sequential disease development pattern
is: root system deterioration, radial growth reduction,
appearance and intensification of crown symptoms, and
eventual death.

The cause of pole blight remains undetermined despite
several years of intensive research. No organism has yet
been determined to be the primary causal agent. Several
fungi are highly correlated with the incidence of pole blight
but thus far appear consigned to secondary roles. Evi-
dence indicates that deterioration of the fine root system
likely precedes manifestation of advanced crown symp-
toms. .

Leaphart and Copeland (10) found that rootlet mortal-
ity is more pronounced in stands occupying soils of
limited effective depth and low available water storage
capacity within the upper 3 feet of soil mantle. Healthy
stands do occur under these adverse edaphic conditions,
but blighted stands have not, as yet, been found on deep
permeable soils having available water storage capacities
of 6 inches or more in the top 3 feet of the soil mantle.
Soils limited in effective depth by excessive rock content
or impervious hardpans possess limited water storage
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capacities, inhibit root development and penetration, and
thereby contribute to rootlet deterioration. During periods
of prolonged moisture deficiency, recurrent moisture
stresses are believed to result in loss of vigor through
failure to provide both moisture and mineral requirements.
From research findings to date, tentative conclusions are
that adverse site conditions increase unthriftiness in white
pine stands, and any organism capable of inducing rootlet
deterioration accentuates the decline termed pole blight.

Drought Injury

Major periods of below-normal precipitation often
accompanied by above-normal temperatures, result in
serious damage and oftentimes high mortality in both
plantations and naturally regenerated forest stands. Char-
acteristically, trees affected by drought die from the top
down and from the outside in.

Numerous instances of major damage to growing stock
by droughts are recorded. Meinecke (12) reported
severe drought mortality of yellow pine (Pinus ponderosa
Laws.), sugar pine (P. lambertiana Dougl.), white fir
(Abies concolor (Gord & Glend.) Lindl.), and black oak
(Quercus californica (Torr.) Copper) in Sierra Nevada
forests in 1924. Drought mortality losses to loblolly pine
(Pinus taeda L.) forests in southeastern United States
in 1954 were reported by Brender (1). Scarlet oaks
(Quercus coccinea Muenchh.) succumbed to drought in
1953 and again in 1955 in West Virginia (23). Leaphart
(11) described severe drought damage to western white
pine (Pinus monticola Dougl.), western larch (Larix
occidentalis Nutt.), grand fir (Abies grandis (Dougl.)
Lindl.), and lodgepole pine (Pinus contorta Dougl.) fol-
lowing a prolonged period of precipitation deficiency.

Nearly all reports emphasize the shallow depth or low
water-holding capacities of soils that support the stands
suffering greatest damage. :

Future Soil Management Practices

Demands for wood products within the forthcoming
decades will inevitably increase despite possible higher
production costs. Yet productive acreage, subject to
minor fluctuations, is not likely to change appreciably.
This situation makes the tasks of the pathologists and
timber management specialists unmistakably clear.
Disease losses must be reduced and productivity increased.

What part can soil management play in this assign-
ment? What specific practices can be applied? To per-
sons accustomed to thinking of the present relatively low
and infrequent returns from forest lands and the high
costs of soil improvement (as now known in agriculture),
it teeters on the brink of fantasy to envision direct soil
management in forestry. Only a few years ago, we were
in the atomic age; today the space age is upon us, and the
term “astronaut” is on the tongues of even preschool
youngsters. In keeping pace, practices seemingly far-
fetched today may likely become realities tomorrow. In
time, soil management as a disease preventive or allevia-
tory measure will be practiced with determination and
zeal.

Several soil management practices show real promise as
disease alleviatory measures. They include the use of soil
survey information to aid in species selection, site rating
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Figure 1. A soil rating scale for estimating the littleleaf hazard of a site, in which a high index indicates a low littleleaf hazard. Using four soil

factors, the 158 plots in the South Carolina littleleaf disease survey are classified as to condition in the scatter diagram.

and selection, and fertilization. Soil fumigation is a
reality in nurseries; inoculations of plantable seedlings with
mycorrhizal species hold promise; controlled burning can
be used. Modifications in logging methods can reduce
stem and root damage. Drainage can improve wet sites.
These practices, and possibly others, can effect a more
intensive forest management whose objective is greater
disease-free production of timber.

Soil survey information will become a necessity for
intensive forest management. A major use of soil survey
information will guide the purposeful selection of species
that are best adapted to given soils as a means of cir-
cumventing conditions conducive to diseases. Interpretive
grouping of soils by taxonomic units will likewise provide
information about the manner and degree of responsive-
ness that like soils exhibit to fertilization, trampling dis-
turbance, fire effects, drainage, and other circumstances.
As stronger relations between soil properties and disease
incidence become established, disease hazard ratings can
be developed. These would logically be included in soil-
survey interpretive information which would facilitate
site selection for regeneration treatments.

Recognition of hazardous sites is exemplified by a soils
rating system developed during the course of littleleaf
research (5). This site rating system is based on observ-
able soil characteristics to which numerical values are
assigned. A site expected to remain disease-free is as-
signed a total of 100 points; 40 points are alloted to the
erosion factor and 60 points to the internal drainage
factor. Internal drainage can be estimated by considering
subsoil consistence, depth to zone of greatly reduced
permeability, and the presence or absence of soil mottling.
To test its usefulness, the rating scale was applied to 158
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plots of the soils-littleleaf survey conducted in South
Carolina. Results compare favorably with the actual field
classification of the disease condition of the plots. Those
healthy plots shown in the light-to-moderate littleleaf
category in the scatter diagram (figure 1) average 8
years younger than the healthy group and probably
represent stands approaching the threshold of disease ex-
pression.

Fertilization is a proven management tool in combating
numerous diseases. Judicious application of inorganic
nitrogen, broadcast on the forest floor, prevented effec-
tively the onset of littleleaf disease in apparently healthy
trees in diseased areas and promoted recovery of diseased
trees that subsequently produced remarkable growth (19).
Fertilizing with phosphorus improved strikingly the
growth of forest stands in Australia and New Zealand
where that element was definitely deficient (20). Potas-
sium applied to soils deficient in that element in New
York State induced marked recovery and growth in re-
forested pine and spruce stands (8).

Although these practices have proved highly effective
in overcoming symptoms of a disorder, they are simply
alleviatory. They have not corrected the cause in all
instances. For example, nitrogen deficiency associated
with littleleaf can be corrected by fertilization; yet this
practice fails to eliminate the causal fungus which destroys
the fine root system.

Discreet selection and improvement of planting sites
offer other means of disease control. Enough is now
known about soil-disease relations that to disregard cur-
rent information would constitute folly. When less de-
sirable sites must be used, they can be improved. Where
erosion has reduced fertility and exposed denser soil
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horizons, mulching, fertilizing, subsoiling, and planting
leguminous “catch-crops” may promote rapid site im-
provement.

Where soil-borne pathogens are known to be present
and active, they may be eliminated by soil fumigation.
Successful control of certain root rots in nursery soils has
been achieved by fumigating with methyl bromide. Ad-
vances in mechanization have rendered the application of
anhydrous ammonia an everyday farming practice.
Ingenuity and economic feasibility could extend this
principle to forest soil fumigation in preplanting site
preparation.

Extensions of plantations onto sites long devoid of
forests could result in partial or total failures if symbiontic
mycorrhizal relations are lacking. Little would be gained
by provoking a discussion of the beneficent influence of
mycorrhizae; it is generally accepted that they contribute
materially to assimilation of nutrients by some tree species.
To assure the presence of desirable mycorrhizal species,
nursery bed soils and perhaps even the roots of seedlings
will likely be inoculated with mycorrhizal fungi before
planting. Many agricultural seeds are commonly treated
with nitrogen-fixing bacteria with excellent success. Why
should forestry not draw on proven techniques?

Controlled burning may become an integral part of
soil management. Where excessively deep litter is a
detriment to natural regeneration, it could be reduced by
burning. The use of fire in site preparation and the con-
trol of Ribes prior to planting western white pine is now
an accepted practice. In time, other valuable applications
may be developed.

Logging methods and equipment are experiencing
modifications. Damage to residual stems and their root
systems sometimes reaches intolerable proportions (15).
Excessive soil disturbance, particularly of precariously
balanced soils on steep slopes, leads to an unraveling of
the site. Erosion follows, and fertility is reduced. Even
the microclimate can be altered, and as in the case of
birch dieback, deleterious consequences ensue. Thus, the
days of “wantonly tearing up the woods to create a seed-
bed” may soon become only a memory. Instead, system-
atic site preparation will be followed. Excellent results
have been achieved in the ponderosa pine type com-
mensurate with site preparation requirements. In all in-
stances where seedbed preparation is needed, it is a matter
of how to do it properly, rather than how to avoid it.

Biological control of soil-inhabiting pathogens may be
achieved through induced antagonism. It is entirely
reasonable and compatible with future trends, to expect
forest pathology to advance somewhat comparably to
human pathology. “Miracle” antibiotics are proving
phenomenally successful antagonists to many of the once
stubborn, dreaded human diseases. Moss (13) reported
remarkable success in controlling blister rust fungus
(Cronartium ribicola J. C. Fisch.) on the trunks of
young western white pine by spraying with a chemothera-
peutic solution of Actidione. Forest disease research, in
time, will likely develop techniques for controlling many
pathogens by antagonistic fungal populations as a counter-
measure.

Drainage of wet sites that militate against healthy
vigorous forest growth is a distinct soil management
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practice now coming into its own. Economical engineer-
ing and equipment advances now make such an operation
feasible.

Indirectly, sites may be improved by altering stand com-
position. Mixed stands of hardwood and coniferous
species occupy different levels of the soil mantle with their
root systems. Many hardwood species, for example
Cornus and Cercis, are calcium accumulators and there-
fore tend to enrich the upper soil layer with more basic
litter than do conifers. In turn, decomposition of litter
is enhanced, and over a sufficiently long period a degree of
soil management has been obtained. Even mixtures of
conifers may exert the same influence to a degree.

The future is bright. Forest management, forest
pathology, and soil science are inextricably linked. The
interplay of these disciplines and coordinated integrated
application of their principles by bold, indefatigable
researchers and administrators will surely result in re-
markable achievements in disease control.
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RESUMES

Les maladies forestiéres—Ileur rapport avec les sols et
Paménagement des sols

Les maladies des essences forestiéres sont la principale cause
de destruction des ressources forestitres aux Etats-Unis, mais les
énormes dommages qu’elles occasionnent échappent souvent 2
Pattention parce que leur action est trés lente et trés insidieuse.
Pour agir avec le maximum de chances de succeés dans tous les
différents aspects de son travail, il est indispensable que le sylvi-
culteur ait une connaissance plus approfondie du rapport existant
entre les maladies et le milieu, un des éléments principaux de ce
dernier étant le sol. Il a maintenant été établi evec certitude qu’un
rapport étant sol-maladie existe dans le cas de plusieurs maladies
parmi les plus importantes. Les facteurs le plus souvent associés
avec la fréquénce de maladies sont les suivants: insuffisance ou
exces d’humidité, aération, réaction, fertilité et température.
L’auteur étudie le rapport qui existe entre ces facteurs et certaines
maladies.

La maladie dite “de la petite feuille” des pins méridionaux est
le fait d’une pourriture des racines occasionnée par le Phytophtora
cinnamomi Rands qui cause le maximum de ravages lorsque la
teneur du sol en humidité est élevée. Son action sur le réseau
de radicelles détruit une grande partie de ces derniéres, ce qui
entraine pour l'arbre une déficience en azote suivie de dépérisse-
ment et de mort.

Il n’a été possible d’attribuer la rouille du gommier & aucun
microbe pathogéne, mais on a découvert que certains facteurs
relatifs au sol, tels que teneur élevée en potassium et en sodium,
capacité d’imbibition élevée et forte compacité, qui empéchent le
sol de bénéficier d’'une humidité suffisante, sont présents lorsque
cette maladie se manifeste.

Le dépérissement du bouleau est une maladie déconcertante
que Pon croite associée a I'él2vemente des températures du sol
résultant de variations climatiques a long terme. On a réussi a
provoquer une mortalité trés élevée des radicelles et un dépérisse-
ment de P’arbre analogues aux symptémes naturels de la maladie
en €levant artificiellement les températures du sol.

Le dépérissement du pin Loblolly (Pinus taeda) est une
maladie qui attaque les jeunes arbres croissant dans des terrains
ne leur convenant pas et qui présentent les caractéristiques sui-
vantes: humidité excessive du sol, certaines conditions du sol
superficiel résultant d’une aération défectueuse, lutte serrée des
racines pour lespace vital et lente perméabilité du sol.

Un taux élevé de mortalité a été enregistré dans les plantations
de pin rouge de I'état de New York, notamment dans les terrains
mal aérés par suite du drainage insuffisant ou défectueux du sol.

En Nouvelle-Zélande, le pin de Monterey a été I’'objet d’attaques
en masse du Phytophthora cinnamomi pendant des périodes
anormalement humides.

La maladie dite “rouille des perchis” du pin blanc occidental
est associ€ée avec des sols ayant une capacité de rétention limitée
et ol, pour certaines raisons, les racines des jeunes arbres ne
peuvent s’enfoncer a une profondeur suffisante.

C’est dans les méthodes d’aménagement des sols que réside la
promesse d’une lutte efficace contre certaines maladies. Les
enseignements tirés des études pédologiques peuvent étre utilisés
pour -aider a la sélection des essences, a I’évaluation des terrains
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et au choix des emplacements favorables, ainsi qu’a la fertilisa-
tion. La fumigation du sol, actuellement pratiquée par les
pépiniéristes, peut étre étendue au besoin aux terrains susceptibles
d’étre plantés. La fertilisation du sol, en vue de remédier a
Pinsuffisance de certains principes nutritifs, a donné dans de
nombreux cas des résultats encourageants. Son application plus
large dépend du rendement économique et de la réaction que 'on
attend de certaines essences. L’amélioration des emplacements
susceptibles d’étre plantés peut étre réalisée a l'aide de plusieurs
types de traitement des sols ayant pour objet d’améliorer la
fertilité, de corriger certaines carences déterminées ou de modifier
les caractéristiques physiques du sol. Ces traitements peuvent
comprendre le drainage des terrains humides, la fertilisation, la
culture préalable de plantes ou lutilisation de produits ayant
pour effet d’améliorer le sol.

Il est possible que l'inoculation des racines des brins de
semence avec des mycorhizes permette d’assurer la présence de
variétés désirables dans des régions ayant été longtemps dépour-
vues de foréts. Pour la préparation des semis, on peut réduire les
accumulations de couverture végétale ou autres débris en les
briilant. Les changements apportés dans la composition d’'un peu-
plement modifieront le terrain et, lorsque effectués a bon escient,
en assureront I'amélioration.

Appliquées judicieusement, ces méthodes—pour n’en citer que
quelques unes—ne manqueront pas de réduire les pertes dues
aux maladies et d’améliorer la productivité forestiére.

Relacion de las Enfermedades Forestales con los Suelos
y la Administracion de Suelos

Las enfermedades forestales son el principal agente destructor
de los recursos forestales de los Estados Unidos, pero como
actdan despaciosa e insidiosamente, el enorme dafio causado por
ellas a menudo suele pasar desapercibido. El uso eficaz y
miltiple de los recursos forestales depende, en parte, de una
mejor comprension de la relaciéon de las enfermedades con el
medio ambiente, en el cual el suelo representa un elemento de
importancia. Se ha establecido ya una clara relacién del suelo
con varias enfermedades forestales mayores. Las propiedades del
suelo més correlacionadas con la preponderancia de enfermedades
son la falta o exceso de humedad, la aeracién, reaccién, fertilidad
y temperatura. Este trabajo sefiala la relacion de estas propiedades
con algunas enfermedades.

La enfermedad conocida vulgarmente por €l nombre de “little-
leaf”, que ataca al pino del Sur de los Estados Unidos es la
manifestaciéon de la pudredumbre de las raices ocasionada por el
Phytophthora cinnamomi Rands, que suele causar los mayores
dafios cuando la humedad es abundante. Al atacar la parte mis
fina de las raices, ocasiona una mortalidad anormal de las
raicillas y causa una deficiencia de nitrégeno en los arboles, los
cuales comienzan a marchitarse lentamente hasta que se secan.

No se ha identificado todavia ninglin microbio patégeno cau-
sante del afiublo del liquidambar, pero un alto contenido de
potasio y de sodio en el suelo, un alto grado de absorcién del
agua y una alta densidad de volumen, impiden el suministro ade-
cuado de la humedad y se correlacionan con las ocurrencias de
esta enfermedad.

La enfermedad llamada “dieback”, del abedul, es un tanto
extrafla y se supone que esté relacionada con el aumento de la
temperatura del suelo, como resultado de prolongadas aberra-
ciones climaticas. En los experimentos hechos, los aumentos
artificiales de la temperatura del suelo han producido la misma
mortalidad entre las raicillas y los mismos danos a los arboles
que los observados en la naturaleza.

La “die-out”, es una enfermedad que ataca a los cultivos jévenes
del Pinus taeda cuando se plantan en lugares inadecuados. FEl
execeso de humedad, las condiciones reductivas del manto causa-
das por la falta de aeracién, la superabundancia de raices y la
lenta ,permeabilidad del suelo son caracteristicas de los lugares
en que existe esta enfermedad.

Las plantaciones de pino rojo del estado de Nueva York han
registrado una gran mortalidad en lugares que tienen poca aera-
cion debido a la falta de avenamiento adecuado del subsuelo.

En Nueva Zelandia, el pino de Monterrey sufrié grandes dafios
ocasionados por el Phytophthora cinnamomi durante periodos
anormalmente lluviosos.

La enfermedad “pole blight”, del pino blanco del QOeste de los
Estados Unidos suele achacarse a suelos con limitada capacidad
para retener la humedad y con poca profundidad para las raices.
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Las pricticas de administracion de suelos prometen algo como
medidas aliviadoras para ciertas enfermedades. Los informes
sobre los reconocimientos de suelos pueden utilizarse como medio
para la seleccién de especies y de lugares de cultivo y para deter-
minar las condiciones locales y de fertilidad. La fumigacién de
suelos, practicada actualmente en los viveros y semilleros, puede
emplearse también en las tierras plantables, si la necesidad lo
exige. El abono destinado a restificar deficiencias nutritivas, ha
tenido mucho éxito en numerosos casos, pero su empleo en
grandes proporciones depende de las utilidades y del rendimiento
que se espere de las espec1e en cuestion. El meoramiento de los
plantlos puede conseguirse mediante la adopcién de ciertas
practicas destinadas a aumentar la fertilidad, rectificar ciertas
deficiencias nutritivas especificas o modificar las caracteristicas
fisicas del suelo. Entre las citadas practicas se incluyen el aven-

amiento de lugares demasiado htmedos, los fertilizantes, el cul-
tivo de plantas mejoradoras del suelo antes de plantar los arboles,
y €l empleo de rectificantes del suelo.

Con la inoculacién del hongo mycorrhizal en las raices de los
arboles plantados, se consigue asegurar la presencia de hongos
beneficiosos en las 4reas en que no han existido bosques por
mucho tiempo. Para evitar la acumulacién de herbajes y malezas
debe quemarse el terreno antes de plantar los semilleros. Los
cultivos pueden mejorarse también cambiando la composicién del
arbolado, practica que, expertamente dirigida, puede mejorar el
sitio.

Todas #éstas y otras practicas, aplicadas conocedora y atinada-
mente, puede esperarse que reduzcan las pérdidas ocasionadas
por las enfermedades y mejoren la productividad forestal.

The Use of Factor Gradients in Evaluating Site

JoHN LAIRD FARRAR

Professor of Forest Biology, University of Toronto,
Toronto, Ontario, Canada

Canada is a land of many forests but few foresters.
Most of them have found it impossible to be familiar
with every one of the thousands of acres of forests for
which they were responsible. A logical outcome of this
situation was the desire to classify the forest into types
with which the forester could become familiar. In classi-
fying the forest, an increasing number of foresters have
become convinced that a classification based on ecological
principles would be most suitable for forest management
purposes. In other words, a forest classification should be
a site classification.

In speaking of the work done in Canada on site, I do
not claim that there is a unanimous Canadian viewpoint.
Much less do I claim to be a spokesman for Canadian
foresters. Indeed, I must admit, or should T say boast,
that violent arguments about site have been raging across
Canada for several decades and show no signs of abating.
The use of factor gradients in the study of site is only one
of several methods which have been used in Canada.

There are a few points on which most Canadian site
specialists do agree. For example, they feel that it is
pointless to study a forest apart from its environment and
the other organisms occupying the ecosystem. They are
keenly aware of the complex interrelationships within an
ecosystem (Rowe 1953). The evaluation of site has
usually been preceded by the classification of site in con-
trast to direct evaluation as exemplified by the work of
Coile (1948). Consequently, it is impossible to speak of
site evaluation in Canada without emphasizing site classi-
fication.

Beyond these few points, there has been a great variety
of philosophies and procedures. In recognizing the
ecosystems, some rely mainly on the vegetation, following
the site indicator concepts of Cajander (for example:
Sisam, 1938; Heimburger, 1941; Spilsbury and Smith,
1947), or the plant community concepts of the Ziirich-
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Montpellier school (for example: Krajina, 1959; Linteau,
1955, 1959; and Lafond, 1958, 1959). On the other
hand, Hills (1959b) and Brown (1953) feel that
physiographic features constitute the logical frame of
reference within which ecosystems should be recognized.

Others are of the opinion that these differences are per-
haps not as distinct as might first appear. For example,
Rowe (1959b) pointed out that investigations of site
begun with either vegetation or physiography inevitably
lead to a consideration of the other concept. The writer
has observed that on field trips plant sociologists do not
hesitate to use physiography where the vegetation has been
disturbed, and those who favour physical factors are quite
willing to use the vegetation to determine the extent of the
conditions they have observed in a soil pit. It is interesting
to note that back in 1913, Connell (1913) set up a num-
ber of sites in central Ontario based on physiography, soil,
and ground vegetation.

Most phytosociologists feel that the various ecosystems
constitute natural entities which could be described and
recorded in somewhat the same way as plant species.
Others feel that the forest is a continuum and all sub-
divisions and their boundaries are arbitrary. Often these
basic premises are left unstated.

The writer’s basic premises with regard to the classi-
fication of forest ecosystems may be stated as follows:

1. Land is a multiple continuum. All land classifica-
tions and all subdivisions of land are arbitrary. Every
parcel of land is unique and differs in some way from all
other land.

2. Regardless of size, any area of land can be treated
as an ecosystem if included with it are all organisms, the
soil below, and the atmosphere above.

3. Regardless of size, any area of land can be sub-
divided arbitrarily into any number of ecosystems which
may then be grouped into any number of classes.
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4. A site classification is a classification of land for
forestry purposes—particularly the study of yield. To be
useful, it must be based on ecological principles, thus
taking cognizance of the ecosystem concept. However, the
reasons for needing a classification are matters of con-
venience and economics.

5. The site classification designed for a particular area
is unique. It is not necessarily related to any other site
classification (apart from the fact that both are based on
general principles of ecology).

6. Advances in the scientific aspects of forestry do not
depend on site classification. A site classification is an
aid to management in its early stages. When the forest
manager becomes familiar with every piece of his land,
then his site classification will be unnecessary.

These premises could be applied to any system of site
classification regardless of whether it is based on vegeta-
t.on or physical factors.

A system of site classification based on the concept of
factor gradients has been developed by Hills and reported
in a series of papers (Hills, 1945, 1950, 1952, 1953,
1959a). Although in his recent papers Hills has empha-
sized the use of land type in site classification, I feel that
the concept of factor gradients is well worthy of detailed
consideration. Tamm (1931), in a study of forest sites
in North Sweden, arranged them in a gradient from dry to
wet. Whittaker (1956) has used the concept of a gradient
in the moisture factor in discussing the relation of vegeta-
tion to site in the Great Smoky Mountains. Fraser (1954)
has used Hills’ concept of a moisture gradient to classify
an area in Ontario where he has conducted an intensive
series of observations on ecological conditions related
to birch die-back.

Due to the complexity of the relationships within an
ecosystem, any scheme of site classification is necessarily
based on a number of simplifying assumptions. Hills’
simplification is that the effective levels of a factor can be
arranged in a continuous series from the lowest value to
the highest value. The continuum can then be divided
into any desired number of arbitrary classes. For example,
the effective temperature of a number of sites is arranged
in increasing order from the coolest to the warmest. Of
course, such a simple continuum does not exist. The
effective temperature of a site is a complex function com-
prising minima and maxima as well as average tempera-
tures and greatly dependent on the time factor. It cannot
be evaluated by any one parameter. Also, the effect of a
given temperature is modified by the condition of the other
factors, soil moisture, for example. Besides, the responses
of different species to temperature are by no means
equivalent.

However, such objections do not in themselves indicate
that the simplifying assumption should be abandoned.
The test of such an assumption is how well it works in the
situation where it is being used. In this case the test is,
will it aid in the classification of site.

A second simplifying assumption is that differences
between sites with regard to productivity can be expressed
in terms of a small number of factors. These factors are
soil moisture, soil fertility, temperature, and exposure to
drying. Other factors of importance in the productivity
of a site are either essentially uniform from site to site
(for example, concentration of carbon dioxide in the air)
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or they are highly correlated with one of the other factors
(for example, soil aeration is negatively correlated with
soil moisture).

Hills has developed in detail the concept of a gradient
in the moisture factor. He thinks in terms of “moisture
regime,” which represents the moisture condition of the
site averaged over a period comparable to the life of a
tree. The series of moisture regimes runs from the dry
end, where moisture is inadequate, to the wet end, where
there is so much water that aeration is inadequate. In be-
tween, there is a theoretical optimum where moisture is
available at all times, yet aeration is adequate. However,
this may not occur because of low soil moisture storage
in relation to the precipitation pattern and its amount.
Hills (1950) has suggested the concept of the “normal”
moisture regime to replace the optimum. Normal moisture
regimes are those which occur on deep, loamy parent
material on the slopes of rolling topography where there
is no water table within reach of the roots. They are
usually the best sites in the area.

For a detailed classification, Hills used 11 subdivisions
of the gradient in moisture regime. These were recognized
on the basis of topographic position, physical nature of
parent material, its depth, position of water table, and
soil profile features. To this I would add precipitation,; it
may vary from site to site within a forested area, for
example, on the west coast of America.

Within a given type and depth of parent material and
with a given amount of precipitation, moisture regime
is determined by topographic position. Lower slopes are
moister than upper slopes because they receive seepage
water from above. Steep slopes are drier than gentle
slopes because more precipitation runs off on the surface.
The moisture regime can often be deduced from topog-
raphy alone. It can be recognized more definitely by
examining the soil profile. In some parts of Ontario,
dry moisture regimes show very weak profile develop-
ment; normal moisture regimes show a strong balanced
profile development (Hills, 1945); wet moisture regimes
have gley horizons which indicate the effect of the water
table. The accumulation of organic matter also indicates
the wetness of the moisture regime. Hills (1945, 1952,
1959a) has presented a number of diagrams which show
the profile characters of the moisture regime gradient for
several regions of Ontario. Similar diagrams could be
prepared for other locations.

Where there is variation in the nature of the parent
material, the situation is more complicated, and it is
necessary to classify the parent material with regard to
its facilities for storing water for later use by vegetation
and for permitting the percolation of excess water. This
property is referred to as “pore pattern” (Hills, 1953,
1958, 1959a). In earlier publications this property was
referred to as “‘permeability.” Pore patterns have been
organized into a single gradient (Hills, 1950). At one end
of the scale are the “open” pore patterns which store little
water but provide for rapid percolation, e.g., a coarse
sand. At the other end are the “restricted” pore patterns
which store much water but which seriously restrict per-
colation, e.g., massive clays. In between are the “reten-
tive” pore patterns which retain considerable quantities of
water without unduly restricting percolation, €.g., loams.
Pore pattern is affected not only by texture but also by
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other soil features. Structure is important; a crumb struc-
ture can improve the pore pattern of a clay from restricted
to retentive; a hard pan in a sandy soil will impede
percolation and increase the supply of stored water. The
fabric of the material as determined by geologic origin
will also affect pore pattern. Where pore pattern varies
from one horizon to another, an average value for the site
is estimated.

Now to get back to moisture regime. It will be evident
that a given position on the scale of moisture regime will
result from several combinations of topographic position,
depth of soil material, and its pore pattern. A shallow
layer of retentive material at the top of a steep slope will
be just as dry as a deep layer of open sand on a flat. A
sand flat with a water table at three feet (1 meter) will
provide a favourable supply of water similar to a sandy
loam at the lower end of a slope underlain by bedrock.
Where a bed of massive clay is underlain by the coarse
materials of an esker, the moisture regime will be no
wetter than a sandy loam with a water table maintained
by the configuration of the bedrock. Hills (1950) has
presented a chart showing the moisture regime resulting
from several dozen combinations of slope, pore pattern,
nature of underlying strata, and position of water table.
These relationships will alter under different climatic
conditions.

The moisture regime gradient is not adequate to cope
with those sites which are too wet immediately after a rain
and too dry at other times. Fotunnately, such sites are
comparatively rare—at least in Ontario. The moisture
regime concept is also complicated by the variation in
precipitation from year to year (Fraser, 1957). With
evenly spaced rains equal to the evapotranspiration, all
well-drained sites provide adequate water. After a period
of drought even good loams will have no available water.

The arrangement of soil fertility classes into one series
is a simplification which works more often than might be
expected, considering there are about a dozen essential
elements derived from the soil. These elements are re-
quired in adequate amounts and in the right proportion—
an excess or deficiency of any one will lower the produc-
tivity of a site. However, within one type of geologic
material, fertility is fairly well correlated with pore pat-
tern. Open pore patterns are less fertile than the retentive
ones. Fertility is also likely to be low in the wetter mois-
ture regimes regardless of pore pattern because lack of
aeration renders the elements unavailable to plants. More-
over, when water is moving laterally through the soil,
fertility is higher than when water is stagnant.

Where soils are derived from two kinds of geologic
material, and various degrees of mixing have occurred,
¢.g., in a glacial till, a gradient of proportions can be set
up. When more than two kinds of parent material are
involved, it may be possible to establish a gradient based
on two groups. Otherwise, the gradient concept should be
abandoned and unrelated classes established, each with its
own gradients of pore pattern and moisture regime. Lutz
(1958) gives a number of examples of the large effects
which geologic materials exert on vegetation. Deep ac-
cumulations of peat may be dealt with as separate parent
materials which are associated with the wet end of the
moisture regime scale.

Thus far we have considered soil features which affect
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site quality. Now we will consider two climatic features,
temperature and exposure to drying. Hills (1952) has
often grouped these climatic factors into a single series
called ecoclimate. However, under some circumstances
temperature and exposure are best kept separate, for
example, when the area to be classified has a great range
in either altitude or latitude. In evaluating local climatic
features, the extremes are not well marked, so the primary
reference point is the “normal” climate. This is the local
climate which occurs over gently rolling topography where
the soil materials have a retentive pore pattern and the
moisture regime is normal. Some problems in rating
effective temperature were mentioned earlier; they applied
to areas of any size. Effective temperatures of local areas
are hard to assess by a single parameter for the additional
reason that daytime temperatures are affected mainly by
solar radiation, while night temperatures are affected by
the drainage patterns of cool air. Thus, sheltered valleys
may be warmer than normal by day and cooler than
normal by night. In spite of these difficulties, it is usually
possible to put sites into three broad classes with respect
to temperature: warmer, normal, and cooler. In northern
regions the warmest climate is usually the most favourable.
Effective temperatures which are warmer than normal
occur in sheltered valleys with good air drainage at night,
near larger bodies of water, and on steep south and south-
west slopes. Effective temperatures cooler than normal
occur on steep north slopes and in wet lowlying areas
where cool air is dammed up at night. Other things being
equal, a moister site is cooler due to the heat lost in
vaporization of ‘water. Hills (1952) found that vegeta-
tion was useful in indicating that differences in local
climate existed. For example, the presence of vegetation
characteristic of a more southerly region than was usual
for the particular moisture regime and pore pattern in-
dicated a warm ecoclimate.

Exposure to drying is a factor associated with the
atmosphere. As with effective temperature, the most
favourable condition occurs at one end of the scale where
exposure is weak. Increasing exposure is correlated with
reduced productivity. Only three classes of exposure are
recognized, weak, normal, and severe exposure.

Severe exposure occurs on ridge tops and hillsides
which are exposed to the prevailing wind because of the
configuration of topography. Crossley (1952) described
a knoll in a mountain valley that was devoid of trees on
one aspect due to severe exposure. Reduced tree growth
due to exposure is a matter of common observation on
small islands and promontories. The preceding phenom-
ena occur during the day. In mountainous regions severe
exposure may occur at night on the slopes due to air cur-
rents associated with the drainage of cool air (Cameron,
1952; Crossley, 1952).

Weak exposures occur in valleys so oriented that the
prevailing wind does not sweep through. Valleys and
lakeshores which are wetted by ground fogs in the ecarly
morning also come into this exposure class. In the moun-
tains, fog may be effective on certain aspects and eleva-
tions.

Hills (1959a) has shown diagrammatically some rela-
tionships between ecoclimate and topography.

It might be worth while at this point to summarize the
features of the site which have been used in identifying
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factor gradient classes. Topographic position is an out-
standing feature. It affects moisture regime, effective tem-
perature, and exposure to drying. The depth and nature
of the parent material affects fertility, pore pattern, and
moisture regime. Soil profile features can be interpreted
to indicate moisture regime and fertility. Depth to water
table is a key feature in identifying moisture regimes. Fogs
reduce the drying to which a site is subjected. Proximity
to bodies of water may influence moisture regime, effective
temperature, and exposure. Vegetation cannot be omitted.
Plants are useful mainly in indicating changes in site con-
ditions. Rainfall and altitude may be significant, and
latitude is important if the area is large. However, it is
emphasized that the exact relationship between site feature
and factor gradient class must be worked out for each area
being classified.

This completes the description of the factor gradients.
It is evident that a classification based on:

11 classes of moisture regimes,

11 classes of pore patterns,

3 classes of effective temperature,

3 classes of exposure, and

2 or more types of parent material
gives an enormous number of combinations and is suitable
only for classifying individual stations. A site classifica-
tion which is useful for forest management should have
less than a dozen classes (Kabzems, 1951). The neces-
sary reduction in the number of classes is achieved by
omitting certain factors, reducing the number of steps in
a gradient, and/or grouping those combinations which
remain. For example, type of parent material may be
omitted where it is uniform. Moisture regime and effective
temperature may be combined if the dry sites are warm
and the wet sites are cool. For some purposes, three
classes of moisture regime and three of ecoclimate are
sufficient (Hills, 1959a).

The extent of the area occupied by the various sites
influences their grouping. For example, if all dry moisture
regimes occupied less than one per cent of the area being
classified, they would be grouped into a single site type,
regardless of how much they differed in parent material or
any other feature.

To facilitate mapping, it may be convenient to group
those sites which occur together on the ground, especially
where the group constitutes a land type (Hills, 1958).
For example, in parts of Ontario, a common land type
is a shallow mantle of glacial till over a low relief of
granitic bedrock. The moisture regimes change every few
yards, so that no separation is possible on a map. Instead,
the land type is mapped, and an accompanying description
indicates which moisture regimes are present. Since so
many site factors are related to land types and since land
types can be identified on aerial photographs, land types
are often convenient and useful features of a forest map
(Hills and Pierpoint, 1960).

It is evident that the classification and evaluation of site
by the use of factor gradients requires a thorough knowl-
edge of ecological principles plus an extensive knowledge
of the area to be classified. The classification must be
preceded by a reconnaissance which indicates the range
of each factor and the relation of the variation in each
factor to variation in the occurrence and vigour of the
various tree species. Factor gradient classes must be
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described so they may be recognized in the forest. Then a
system of grouping must be worked out to reduce the num-
ber of site types to a workable number and fulfil the
objectives laid down by the forest manager.

One should not expect a workable classification to be
100 per cent efficient. Inevitably there will be areas which
do not fall into any category. However, they should not
form a substantial part of the total, or the classification is
not acceptable.

One of the most frequent criticisms of the factor
gradient method is concerned with the absence of meas-
urements of the factors concerned. In meeting this
criticism, the following arguments are submitted. In ar-
ranging sites in a single series, with regard to moisture
regime for example, some quite dissimilar soils must be
assigned to a moisture regime class. No conceivable set
of measurements could result in a single numerical pa-
rameter which would provide an accurate comparison be-
tween a medium water-laid sand with a water table at
six feet and a sandy loam four feet deep over bedrock in
a mid-position on a slope. Yet, experienced ecologists
working together in a given area would have little difficulty
in deciding whether to put them in the same or a different
class of the moisture regime scale.

The time factor is also important. One must choose
between taking quantitative data at a few stations as Fraser
(1957) has done or making qualitative observations at
many places. Both methods are useful, but for different
types of research. The factor gradient method depends on
a comparison between the largest possible number of
stations, hence must be based on qualitative observations.

Since factor gradients cannot be measured, how does
one compare a Class 2 moisture regime in Ontario with a
Class 2 in Washington? The answer is simple. Such a
comparison should not be made. Each site classification
is designed for a particular area. Extrapolation of results
beyond that area is not justified. A site classification is for
the purpose of recognizing similarities and difference with-
in the area being classified. It should not be used to try
to identify sites on a second area—particularly since it is
certain that no site on Area No. 2 is the same as a site on
Area No. 1. Of course, it is always possible to compare
any two sites with regard to the qualitative and quantita-
tive aspects of the hydrologic cycle or any other basic
function of an ecosystem. However, there is no need for
the scale of moisture regime used in an area in Ontario to
be comparable with the scale used elsewhere. Each scale
should be specially adapted for the prevailing conditions.
Hills (1952) has presented a contrary opinion and an
argument in favour of a universal scale of moisture regime.

Some advantages of the factor gradient method of site
classification are shared by all ecological methods. These
have been set out in detail by Sisam (1935) and Spilsbury
and Smith (1947). The growth curves of height and
volume are shown as they are, instead of being moulded
into a fixed relation to a general average. The site classes
are applicable to all species and to all-aged stands. The
site classes are useful for silvicultural purposes as well as
for the prediction of growth. They can be identified on the
ground after a relatively simple examination.

The factor gradient method has a number of special
advantages. Since the classification is related to topog-
raphy and geology, site types can usually be recognized
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and mapped on aerial photographs. This is a tremendous
advantage; while the use of aerial photographs does not
eliminate the need for field work, it enormously extends
the area one worker can cover (Burger, 1957; Losee,
1942; Lueder, 1959).

The factor gradient method is extremely adaptable. It
can be applied to areas of any size at any level of manage-
ment. Site types can readily be combined or subdivided,
or sites can be regrouped as necessary. The method can
be used on areas which have been deforested or affected
by insects or disease or poor land-use practice. They are
relatively permanent; topography does not change greatly
during a rotation. Of course sites do change; the nutrient
capital may become tied up in undecayed organic matter;
fire may be followed by erosion and reduced infiltration;
vegetation changes the climatic and soil conditions on the
forest floor. The factor gradient method facilitates an
understanding of these phenomena.

The factor gradient method deals with basic factors in-
fluencing the growth of plants. Hence it leads to a better
understanding of the ecological characteristics of the
species. While the writer concedes that the complexities
of the ecosystem must never be forgotten, he agrees with
Mason and Langenheim (1957) that “the greatest value
to ecological interpretation is obtained by discussing en-
vironmental phenomena in their separate and related
impingements upon an organism.”

The use of site types established by the factor gradient
method is illustrated by the work of Bedell and MacLean
(1955), who carried out a yield study in the Superior
Section (B-9) of the Boreal Forest (Halliday, 1937,
Rowe, 1959a). Their site types were based on gradients
of moisture regime and pore pattern as established by Hills
(1950). They found that the usual forestry growth data
concerning height and wood volume separated well ac-
cording to site type. Later, the same investigators
{MacLean and Bedell, 1955) carried out a similar study
in the Northern Clay Belt Section (B—4) of the Boreal
Forest. They used the same gradient groupings and found
the sort of differences that might be expected in two
adjacent regions. For example, consider site type A; it
comprised a group of moisture regimes which were normal
and slightly wetter, and a range of pore patterns centering
around retentive. In the Superior Section, this site type
occurred mainly on gentle slopes of upland till. In the
Clay Belt, the site type given the same name occurred to
a considerable extent on lacustrine clay underlain by
sand or gravel of buried eskers. On site type A in the
Superior Section, the height of trembling aspen (Populus
tremuloides) at 100 years was 91 feet (28 meters),
whereas in the Clay Belt Section, it was 83 feet (25
meters). In Alberta, Smithers (1956) made a study of
lodgepole pine sites classified by the Hills system. Pre-
viously, difficulties had arisen with classifications based on
either height growth or ground vegetation because those
features were strongly affected by the number of trees per
acre. The classification based on moisture regime and
pore pattern resolved difficulties and indicated the
potential productivity of the sites.

Hills and Pierpoint (1960) have approached site evalu-
ation in a more comprehensive way. They point out that
potential productivity is only a part of site evaluation.
It is also necessary to consider the species composition of
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the crop which it is desired to grow, and the effort which
is required to grow the crop. Since such evaluation on
a quantitative basis is a tremendous job, Hills and Pier-
point have given an immediate qualitative evaluation based
on observation of the growth and quality of individual
trees of various species on the various sites.

Apparently no one in Canada has attempted to measure
site productivity on the fundamental basis espoused by
Odum (1959), that is, as the rate synthesis of organic
material in terms of dry weight per unit area. Wassink
(1959) gives an average for wooded areas in the tem-
perate zone of 1 kg/m?/year (about 4.5 tons per acre).
Ovington (1958) has made measurements of the pro-
ductivity of Scots pine forests on a dry weight basis in
Great Britain. He measured separately bole wood, branch
wood, leaves, and lesser vegetation. He found that bole
wood constituted less than half of the organic matter
produced. This fundamental approach to productivity
will eventually lead to a more meaningful evaluation of
site.
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RESUMES

Evaluation qualitative d’'une station au moyen de gradients
écologiques

Avant de pouvoir évaluer une station, il faut en effectuer la
classification. Les classes sont considérées comme des subdivisions
arbitraires d’un continuum. Dans le systtme de classification de
Hills les niveaux effectifs d’un facteur sont disposés en un gradient
de la valeur la plus faible & la plus élevée. Les différences entre
statlons, en ce qui concerne la productivité, peuvent découler du
reglme d’humidité du sol, de sa fertilité, de la température eﬁec—
tive et de sa faculté dassechement Chacun de ces facteurs, qui
constitue un gradient, est subdivisé en une série de trois a onze
échelons ou classes. (Les différences dues a l'origine géologique
peuvent nécessiter un certain nombre de catégories sans rapport
entre elles au lieu d’un gradient.)

La position d’une station a lintérieur de chaque gradient est
déterminée aprés examen de la situation topograpthue, de la
profondeur et de la structure du sol, de la position du plan d’eau,
des caractéristiques relatives au proﬁl du sol, de la pluviosité, de
I'altitude et de la végégation.

On obtient la classification définitive de la station en groupant
les nombreuses combinaisons de classes de régime hygrométrique,
de fertilité, etc., en un petit nombre de types de stations. La
base utilisée pour ce groupement est unique pour chaque région
faisant 1’objet d’une classification. Par la suite, on mesurera la
productivité en termes de poids de matiére organique synthétisée
par surface unitaire.

El Uso de Factores en Escala para la Evaluacion del
Sitio

Antes de proceder a la evaluacion del sitio es necesario deter-
minar su clasificacién. Las clases estin consideradas como sub-
divisiones arbitrarias de un continuo. En el sistema de Hills para
la clasificacién de sitios, los niveles efectivos de cada factor estan
ordenados por escala, desde el grado mais bajo hasta el mas alto.
Las diferencias de los sitios con respecto a su productividad,
pueden tener relacién con el régimen de humedad del suelo, la
fertilidad, temperatura efectiva y el grado en qu esté expuesto a
secarse. Cada uno de estos factores estd graduado a escala y
subdividido en una proporcién que varia entre tres y once clases.
(Hay casos en que las diferencias de origen geoldgico requieren
cierto niimero de categorias no relacionadas entre si, en vez de
una escala graduada)

La posicion de una estacion en cada escala se determina
después de tomar en consideracién la situacién topografica, la
profundldad y naturaleza del material que forma el suelo, la
situacién del nivel freatico, el contorno del suelo, el indice plu-
viométrico, la altitud y la vegetacidn.

La clasificacién final del sitio se obtiene agrupando las diversas
combinaciones de clases, humedad, fertilidad, etc., en un pequefio
nimero de tipos de sitios. Las bases para la agrupacién son
especiales en cada area clasificada. Finalmente, se determina la
productividad en términos del peso de materias organicas sinte-
tizado en cada unidad del 4rea.
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Evaluation of Forest Site Quality
From Ecological Factors

ALLESANDRO DE PHILIPPIS

Facolta Agraria e Forestale dell’ Universita,
Florence, Italy

There are various interpretations of the concept of
“site” and, consequently, many different definitions.

One of the simplest and clearest definitions is, without
doubt, that of Tansley (1923) who considers the “site”
of a plant or of a vegetal community ‘“the sum of the
effective conditions under which the plant or plant com-
munity lives.”

If we accept this definition, when the algebraic sum of
the effective environmental conditions can be considered
more or less constant, within the limits of a certain area,
this represents a “site,” that is, an elementary ecological
unit, an ecotope.

But the site can also be understood in a wider sense, as
the complex of the environment in which a given vegetal
community lives and grows and of the plant community
itself: in this way, one arrives at the concept of a
biocecological unit, that is, of an integrated system of
causes, effects and reactions, which is customarily called
an ecosystem.

It is a complex or holistic concept which is gradually
calling attention to itself in modern biogeography (cf.
Danserau), based on the description and the interpreta-
tion of natural and chorological units, which correspond
to the different results of the action of physical factors on
biotic factors and the reactions of the latter to the former.

In silviculture the principle of site as an integrated sys-
tem of environment plus biocenosis is generally accepted
for the purpose of the description of the site (cf. Rules
of the International Union of Forest Research Organiza-
tions, 1936; Etter, 1953), while for the practical purpose
of the evaluation of forest site quality, it is taken into
consideration only by some tendencies of forest typology,
e.g., the Russian tendency of Sukachev and the Canadian
tendency of Hills, based on the concept of ecosystems,
known respectively as “biogeocenosis” and “land type.”

At the present time it is not possible to express an
opinion on the results attainable by the application of
these ideas, for their application seems rather complicated,
given the multiplicity of the surveys required.

It is to be hoped that well-founded grounds of judg-
ment will be able to be drawn from the results of com-
parative research arranged and carried out by a
work-group of the International Union of Forest Re-
search Organizations, following the proposal put forward
by Sukachev at the 4th World Forestry Congress at Dehra
Dun.

Forest Site Quality
If we consider the site, following Tansley’s definition,
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as an environmental unit, the conditions it offers for the
life and growth of a tree community, present or possible,
express its quality.

We can arrive at an evaluation of the site quality in
two ways:

1. by measuring the concrete effect of the environ-
mental factors of the site on the vegetation found
there;

2. by examining the single factors of the local environ-
ment, and determining, by more or less analytic
methods, the result of their combined general
action.

The former is the simpler way in the case of already
existing forest stands, where we can make use of incre-
mental or typological methods.

Incremental methods ascertain -the quality classes, on
the grounds of timber production (volume or increment)
or of indices of the same (mean height of the stand or of
the dominant trees, etc.); typological methods, on the
grounds of specified features (the floristic composition,
structure, etc.) of the natural vegetation, both of the tree
lIayer and of the ground vegetation.

In denuded areas or in areas where the vegetation has
been profoundly modified by the action of man, as we
cannot use incremental methods, valid information can
be obtained only from the study of the existing vegetation,
where this is not too badly deteriorated.

The information can be particularly significant in re-
lation to certain characteristics of the soil (pH, permeabil-
ity, organic matter content).

The first approach cannot be an end in itself, especially
if incremental methods alone are used, because it does
not allow us to establish what the concrete factors of the
site quality are, or to compare sites which are widely
distant or, at least, occupied by different vegetal species.

The second approach, instead, allows us to verify the
relations of cause and effect between environment and
vegetation, and also makes a comparison of widely distant
sites possible, even though the sites may belong to dif-
ferent floristic regions.

The first way allows us to ascertain only the present site
quality in relation to a species present; the second also
makes the evaluation of potential site quality possible, in
relation to any species.

The multiplicity of the acting factors and the frequent
scarcity of data available would make the second approach
too long and often of too uncertain a result, if we were
to examine all the factors and weigh all their possible
local combinations.

Fifth World Forestry Congress Proceedings




But the knowledge of some fundamental laws of ecology
(laws of the physiological limits, of the minimum or of the
most important factor, of the compensation and interaction
of the factors) allows us to limit the examination to a
restricted combination of factors or even to single factors,
whenever the combination of factors or the single factors
may be considered as having a determining ecological in-
fluence and therefore indicative of the site conditions.

Presented in this way, the problem can be faced within
the limits of restricted geographical areas (as, for instance,
the Wuchsgebiete of German authors), comprising a part
or the whole of the distribution area of a species, or, on a
wider scale, for the general purposes of comparative
ecology.

In both cases, first inductive and then deductive
methods are used, then integrating the results of both.

One begins by studying, in a certain number of suitably
chosen areas, the correlation between the productive
capacity of a species or of a forest type, and the ecological
factors considered most important in each individual case.
Once specific correlations have been ascertained, scales
of the values of the factors considered must be established,
and these serve as a basis for the comparative evaluation
of analogous sites or even for pronouncing laws of a
general nature.

Evaluation of Site Quality Within a Particular Region
or Distribution Area

Numerous research workers have tried to establish,
usually for single tree species, correlations between the
productive capacity of a site and the principal determin-
ing ecological factors.

Even an examination limited to the most notable works
of this kind would be too long and tedious.

Examples are particularly plentiful in the literature of
the United States of America (beginning with the early
works of Munger, 1913, and Woodward, 1913, and those
of Pearson, 1920 and 1931, which are already much bet-
ter supported by evidence, and going up to the most recent
works by Hocker, 1956, Doolittle, 1957, Zahner, 1958,
Zinke, 1958, and Bethune, 1960), but examples also exist
in the forest literature of almost every country. We might
recall, simply to mention some of them, the works of
Dagnelie, in Belgium, of Hirama and Kiriyama in Japan,
of Beaucorps-Marion-Sauvage in Morocco, and of the
Verein f. Forstl. Standortskunde, in Germany.

But rather than making a list of the examples which can
be found in such literature, it is advisable to pause for a
moment for some considerations of a general nature.

Important correlations of the productive capacity have
been proved to exist with the climatic and edaphic features
or the topography of the site; that is, with factors which
are directly measureable (for example, thermic conditions,
rainfall, soil moisture, soil nutrients, pH), or with features
which may be useful as indices of indirect evaluation of
factors for which there are no data or for which data are
difficult either to obtain or to check. In this way, the depth
of the water table can indicate the soil moisture; the
aspect and the slope of the ground can be indices of
microclimatic variations; the slope and the depth of the
soil, indices of its moisture, etc.

The characterisation of sites on the basis of the physical
properties of the environment can be useful as a basis for
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a “physical typology,” of immediate application, if based
on features which are easily and directly perceivable, as
topographic and some edaphic features generally are.

The validity of the “physical types” established in a
given region is more or less liable to be extended to other
regions according to the wider or more limited significance
of the action to the factors considered.

For example, the availability of water in the soil is
of general action (the most important factor, following
Baker’s concept of the limiting effect of water deficiency)
and the meaning of the types based on its evaluation
(through the depth of the water table, as, for instance,
the Ukrainian school by Pogrebniac is doing).

The characterisation of the types of forest humus, which
F. H. Hartmann considers as the fundamental criterion
of his ecological typology, is also important.

Evaluation of Site Quality on a Geographic Scale

However wide the meaning of evaluation of the
physical types may be, it cannot usually go beyond the
limits which separate the principal categories of climates
and climatic soils.

Consequently, when one wants to proceed to compari-
sons at a distance, one cannot leave out of consideration
the evaluation of the site variations within the framework
of a wider comparative ecology based on general classi-
fications of the environment.

This need was particularly felt when, at the beginning
of this century, plantations of exotic species began to be
extended, and since the environmental factors of most
general actions are the climatic factors, it has become the
basis of the study of particular climatic classifications,
known as phytoclimatic classifications, which aim above
all at an investigation into the analogies and the ecological
differences between sites occupied by different species (or
between different factors of the distribution area of a
species) and the regions, more or less distant, where these
species can be introduced.

We owe the first phytoclimatic classification, based on
the forest vegetation of the northern hemisphere, to Mayr
(1906), who distinguished six different forest zones whose
boundaries where determined on the basis of the average
temperature during the period from May to September
(considered as the period of growth), the mean annual
temperature, the average minimum temperature, the rain-
fall during the period of growth, the relative humidity
during the same period and the date of the first and last
frosts.

After some years, another attempt at phytoclimatic
classification was made by Pavari (1916), who pointed out
the deficiencies of Mayr’s system and suggested a more
complex one, which was much better characterised
climatically (by means of mean annual temperature, mean
temperature of the coldest and hottest months, mean an-
nual minimum and maximum temperatures, seasonal
rainfall distribution, and the precipitation for the year
and for the warm season) and which reproduced more
faithfully the real distribution of forest formations.

Other phytoclimatic classifications have since been pro-
posed for the same purpose, as well as schemes based on
indices which consider the value of single climatic factors
or of groups of climatic factors combined in various ways:
thermic, pluviometric, radiation, evapotranspiration, etc.,
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indices (cf. de Philippis, 1937 and 1951; Curé, 1943;
Kgng)sch and Schulze, 1954; Champion and Brasnett,
1958).

The combining and representing of data are obtained
by means of numeric values, diagrams, or even colours
(Gaussen).

The validity of a classification or of an index for the
characterisation of “climatic types” having a biological
meaning (bioclimates) can be ascertained only by con-
crete study of the correspondence between the area of
the types themselves and that of a specific biological
phenomenon, as, for example, the distribution of a vegeta-
tion type or of a plant species.

Research of this kind has been attempted by Livingston
and Schreves (1921) for the United States, Hesselmann
(1932) for Sweden, de Philippis (1937) and Giacobbe
(1949) for Italy, and by many others. They show that
a solution of a universal nature is not as yet available.
There are, however, classifications and indices of the
climate which allow us to arrive, with sufficient approxi-
mation, at a knowledge of the similar climatic areas
(homoclimes) of the same continent or of different con-
tinents.

The method of “climatic analogues” is based on re-
search about homoclimes. Forestry workers and agri-
cultural specialists (cf. American Institute of Crop
Ecology) use this method, in fact, both for the introduc-
tion of exotic species and for the comparison of cultural
practices.

And it is in the zone of influence of a given climatic
type and of its homoclimes that the evaluation of the site
quality can assume a comparative meaning capable of
fully establishing the dependence of the site quality itself
on climatic factors.

It is in a subordinate way and ‘“within the range of given
coordinates that the problem of the relationship between
soil and forest productivity must be studied and solved”
(Wilde). The same concept is valid for the relationship
with the biotic factors.

A recent attempt at evaluation of site quality on a
comparative scale, by means of an essentially climatic
index and of a “functional climatic system” was made by
Paterson (1956).

Paterson estimates that the productive potentiality of
a given region can be expressed on the basis of the values
of the index CVP. (C = climate; V = vegetation; P =
production). By multiplying the ratio of the temperature
of the warmest month to the annual range of temperature,
by the annual rainfall, by the length of the growing sea-
son (ascertained in various ways), and by the intensity
of the evapotranspiration (ascertained by means of values
of solar radiation), one obtains numeric values which,
according to Paterson, are in correlation with the potential
productive capacity of natural forests.

Paterson’s own application of this theory, on a world-
wide scale and, in more detail, for Sweden (1959), and
its application on a more limited scale by other people
(Pardé, 1959; Weck, 1957, Gambi, 1960), reveals a
sufficiently satisfactory correspondence with the incre-
mental values indicated by Paterson.

The study of the possibilities afforded by this index,
and by possible future modifications of it, to evaluate pro-
ductive capacity on a general scale deserves to be gone
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into more thoroughly (a special work-group of the Inter-
national Union of Forest Research Organizations is at
present going into the problem), especially for the practi-
cal purposes of evaluation of single sites and of their
present and potential quality.

The index is valid for expressing the productive capacity
of forests of species indigenous to the various regions,
while, in the case of artificial plantations of exotic trees,
the production indicated by the values of CVP—at least in
the range from 100 to 500—is increased two or more
times.

The phenomenon of a high growth of many exotic
species 1s well known, but it deserves to be better clarified
as regards its causes, because it may be that spontaneous
vegetation is not always capable of expressing the maxi-
mum site quality and that this can, instead, be revealed
by species of greater yield rate. It may also be that these
species, in the new sites, benefit from transitory favourable
factors whose action would be reduced or annulled in
successive crop cycles.

The problem needs to be carefully considered, because
it substantially affects the whole concept of site quality.

Another necessary consideration concerns the produc-
tion figures which are expressed in terms of wood volume;
in this form they are sufficient for practical purposes but
are not fully comparable in their ecological meaning, since
the real productive capacity of the site is expressed by the
quantity of dry matter, a quantity which, with equality of
volume, can vary considerably from one species to an-
other, as pointed out by Burger and Weck.

RESUMES

Evaluation de la fertilité de la station d’aprés les facteurs
écologiques

L’interprétation du concept de station est aussi variée que sont
nombreuses les définitions afférentes.

Si nous acceptons la définition de Tansley (1923), la station
représente une unité écologique élémentaire, un écotope.

Mais la station peut étre considérée en un sens plus large,
comme unité bioécologique, c’est-a-dire comme un systtme com-
plet de causes, d’effets et de réactions (écosystéme).

Si nous considérons la station comme une unité de milieu, les
conditions d’habitat qu’elle offre, en comparaison d’un peuplement
forestier, présent ou possible, expriment sa fertilité.

Le degré de fertilité peut étre évalué:

1. en mesurant l’effet concret des facteurs de milieu de la

station sur la végétation qui I’habite.

2. en examinant chaque facteur du milieu local et déterminant

la résultante de leur action.

Le premier procédé est le plus simple dans les cas de peuple-
ments déja constitués: on peut alors recourir a des méthodes
qui se basent sur I'étude de l’accroissement ou a des méthodes
typologiques. Ce premier procédé notamment, s’il utilise unique-
ment des méthodes se basant sur la mesure de 1’accroissement, ne
permet pas d’établir quels sont les facteurs concrets de la fertilité,
ni de comparer les stations lointaines ou, tout au moins, occupées
par des especes forestieres différentes; il permet de vérifier unique-
ment la fertilité actuelle par rapport a une espéce présente.

Le deuxiéme procédé, au contraire, permet d’établir les rap-
ports de cause & effet entre milieu et végétation et rend possible
la comparaison avec des stations lointaines, méme si elles appar-
tiennent a différentes régions floristiques, ainsi que 1’évaluation
de 1a fertilité potentielle, par rapport a une espéce quelconque.

Le probléme de 1’évaluation de la station peut étre affronté
dans les limites d’aires géographiques restreintes comprenant une
partie ou toute 'aire d’une espéce, ou bien sur une plus ample
échelle.

Dans le premier cas, une fois constatées les corrélations signi-
ficatives de la productivité avec des caractéres variés (climatiques,
édaphiques, topographiques) de la station, on peut établir des
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types phy51ques dont la validité est généralement circonscrite &
la région dans laquelle ils ont été étudiés.

Pour des comparalsons a distance, on ne peut se passer d’évaluer
les variations de station dans le cadre de classifications générales
du milieu, climatiques et pedologlques

Ce concept a trouvé une appllcatlon utile a travers 1emp101 de
particuliéres classifications climatiques (c1a551ﬁcat10ns phytoclima-
tiques) et de la méthode des “analogues” climatiques.

Un essai d’évaluation de la fertilité sur une échelle largement
comparative, au moyen d’un indice essentiellement climatique, a
été récemment effectué par Paterson avec des résultats, dans
I’ensemble, satisfaisants.

Evaluacion de la Calidad del Sitio Forestal Segiin los
Factores Ecoldgicos

Existen varias interpretaciones sobre el concepto de
consecuentemente, numerosas definiciones diferentes.

Si aceptamos la definicién de Tansley (1923) el “sitio” es una
unidad ecoléglca elemental, un ecotope.

Pero el sitio puede interpretarse también en forma mas amplia,
como unidad bloecologlca 0 sea, como un sistema integrado de
causas, efectos y reacciones, un ecosistema.

Si con51deramos el sitio como unidad ambiental, las condi-
ciones que ofrece para la vida y crecimiento de una comunidad
arbérea, presente o posible en el futuro, expresa su calidad.

La evaluacion de la calidad del sitio puede determinarse asi:

1. Midiendo el efecto concreto de los factores ambientales del

sitio en la vegetacién alli encontrada;

2. Examinando los factores aislados del ambiente local y

determmando el resultado de su accién.

La primera constituye el método méas simple cuando se trata de

“sitio” y

bosques ya existentes, en cuyo caso pueden aplicarse tanto los
métodos incrementales como tipoldgicos. Esta forma no nos
perm1te asegurar cuales son los factores concretos de la calidad
del sitio, espec1a1mente si se usan tan sélo métodos incrementaleso
para comparar sitios distantes o al menos, sitios ocupados por
diferentes especies. Ello simplemente permite asegurar la calidad
del sitio actual en relacién con una especie presente.

El segundo método nos permite asegurar las relaciones de
causa y efecto entre ambiente y vegetacién y permite ademads
comparar los sitios muy separados, aun si éstos pertenecen a
diferentes regiones florales y también la evaluacién de la calidad
potencial del sitio, en relacién con cualquier especie.

El problema de la evaluacién del sitio puede enfocarse tanto
desde dentro de los limites de A4reas geogrificas restrictas que
comprenden parte del total del area de distribucién de una especie,
o en escala mds amplia.

En el primer caso, una vez establecidas las correlaciones
significativas de la productividad con varios elementos (clima’ltioo,
edéfico y topogréfico) del sitio, pueden establecerse ‘tipos fisicos,’
cuya validez se limita generalmente a la regién en la cual han
sido estudiados.

Para comparaciones a cierta distancia, no se puede dejar de
considerar la evaluacién de las variaciones del sitio dentro del
cuadro de las clasificaciones generales climdticas y pedoldgicas del
ambiente.

Este concepto ha encontrado aplicaciones dtiles mediante el
empleo de clasificaciones climéaticas particulares (clasificaciones
fitoclimaticas) y el método de las analogias climaticas.

Recientemente Paterson ha intentado evaluar la calidad del
sitio sobre una escala mayormente comparativa, mediante un
indice esencialmente climdtico, cuyos resultados por lo general
son satisfactorios.

The Nutrient Cycle and Its Modification
Through Silvicultural Practice

JoHN DERRICK OVINGTON

Head, Forestry Section, The Nature Conservancy,
London, England

Introduction

Forest management continues to become more intensive
as a growing demand for timber necessitates both an in-
crease in forest production per unit area of land and the
afforestation of areas which at one time were regarded as
unsuitable for commercial forestry. Increased yields are
being obtained by better utilisation, reducing damage
caused by pests, disease and fire, establishing the fastest
growing tree species, controlling the stocking density of
wooded areas and improving site conditions. Clearly,
forestry is becoming more agricultural in approach and,
just as occurred much earlier in agriculture, with more
mtensive management there is a greater awareness of the
need for precise information on the mineral requirements
of forest crops and the possibilities of improving growth
and preventing soil impoverishment by applying mineral
fertilisers. Although trees are basically similar to other
plants in their nutritional requirements, greater considera-
tion must be given to the natural nutrient cycle of wood-
lands than for agricultural land because of certain
distinctive features of forest communities. For example,
trees take many years to mature, they attain large dimen-
sions with their roots usually penetratmg deep into the
subsoil, and the harvest of wood represents only a small
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and highly selected part of the total biological production
of the community.

Many chemical elements are contained in woodland
plants and have well defined biogeochemical cycles, some,
such as carbon, circulate in huge quantities whilst others,
for example, nickel and cobalt, are present only in small
amounts (Warren and Delavault, 1954 and 1957). Not
all of the elements absorbed by plants can be regarded as
being essential nutrients, but potassium, phosphorus, cal-
cium, magnesium and nitrogen are required in relatively
large amounts, whilst other nutrients such as iron, man-
ganese and copper are needed in much smaller quantities.

The Natural Nutrient Cycle

Some aspects of the nutrient cycle in woodlands are
illustrated in Figure 1. The rate and magnitude of move-
ment along individual pathways differs for different chemi-
cal elements, and the general pattern of flow within the
system depends upon many factors, particularly the
nutrient status of the soil and the type and age of the
woodland. The system is not a closed circuit, since
nutrients are continually being added to or removed from
the nutrient capital by various natural and artificial
processes.
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The most striking feature of a woodland community
from the point of view of nutrient circulation is the regular
annual return of nutrients to the soil in the litter falling
from the vegetation cover. Smirnova and Gorodentseva
(1958) report that in birch woods of about seventy years
of age, annual defoliation returns 80 to 90 per cent of
the nutrient uptake to the soil. Litter is shed over the
forest floor throughout the year, and in reasonably stocked
woodlands the major part of this litter is derived from the
trees; leaves are usually the largest component, but bark,
branches, dead stems, inflorescences and seeds are also
included. In open woodlands with a well-developed shrub
and herb layer, the contribution of the understorey to
litter fall may exceed that from the trees (Scott, 1955).
Nutrients are also returned indirectly to the soil as animal
excreta or in the bodies of dead animals, and when
woodland plants are heavily defoliated by pests this be-
comes the main route of nutrient return to the soil. The
litter falling to the ground in woodlands, is very heteroge-
neous, being composed of organic material differing greatly
in structure and chemical composition, and the mechanism
and efficiency of litter breakdown varies greatly even in
the same wood. Litter fall and decomposition, with the
consequent release of nutrients to the soil has been the
subject of much research and need not be elaborated
here (Wittich, 1939; Alway and Zon, 1930; Mork, 1944;
Tarrant, Isaac and Chandler, 1951; Owen, 1954).
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Considerable weight of nutrients may be returned to
the soil by annual root mortality and decay, but few
accurate data of this process are available. Orlov (1955)
reported that the annual death of tree roots in planta-
tions of Norway spruce is equivalent to about 70 per cent
of the annual needle fall.

Important natural additions to the nutrient capital of
forest ecosystems occur and affect the general pattern of
circulation between plants and soil. Detailed investigations
of the chemical composition of rain and snow in Scan-
dinavia have shown that appreciable amounts of plant
nutrients are present in the precipitation (Emanuelsson,
Eriksson and Egner, 1954; Viro, 1953). In Western
Europe, the weight of nutrients supplied by the precipita-
tion is broadly equivalent to the quantity in the tree
stems harvested by foresters (Neuwirth, 1957).

Some of the nutrients in rain water intercepted by the
tree crowns may be absorbed directly through the leaves
(Wittwer and Teubner, 1959), but foliar absorption of
chemical elements is probably not very important, since
washing out or “leaching” of elements by rain water oc-
curs. Tamm (1953) found that the rain water collected
under a forest canopy is richer in calcium, sodium, potas-
sium, phosphorus, iron, manganese and silica than rain
water collected in the open during the same period of
time. Less rain water reaches ground level in woodlands
than in corresponding open areas because part of the
precipitation intercepted by the tree crowns is evaporated
directly back into the atmosphere (Ovington, 1954a).
Nevertheless, the enrichment of the woodland precipita-
tion as a result of interception more than compensates for
the reduction in volume, and the rain water collected at
ground level in a woodland may contain ten times as
much potassium as the rain water collected in the open
over the same period of time (Will, 1959; Madgwick and
Ovington, 1959).

Using radio-active isotopes, Tukey and Tukey (1959)
have demonstrated differential leaching of nutrients from
plant leaves, and Fraser and Mawson (1953) showed that
nutrients may be translocated up a tree stem and into the
canopy at a rate of up to one foot per minute. The part
of the nutrient cycle involving leaching of the leaves by
rain water, nutrient absorption by surface roots and sub-
sequent translocation into the canopy could take only a
few days to complete and is probably a very important
factor in forest dynamics. Tamm (1953) has suggested
that under certain forest conditions the growth of Hylo-
comium splendens and other similar mosses depends
largely upon this type of nutrient cycle.

The increase in the nutrient content of precipitation as
a result of interception cannot be attributed completely
to leaching out of chemical elements, since extraneous
material such as dust and pollen caught on the tree crowns
is washed off later by rain water. Tamm and Troedsson
(1955) have drawn attention to the large amount of dust
that may be distributed over forest areas after being blown
from road verges and arable fields. Forest canopies
probably act as huge filters, trapping airborne material
carried in the wind, and so effectively increase the amount
of nutrients in the ecosystem.

The atmosphere contains about 80 per cent nitrogen
by volume, and additional supplies of this element are
made available by the fixation of atmospheric nitrogen
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by free living or symbiotic micro-organisms. Bond,
Fletcher and Ferguson (1954) have shown that active
fixation of gaseous nitrogen occurs in the root nodules
of non-legumes and is sufficient to sustain healthy growth
in a rooting medium devoid of combined nitrogen.

Physical and chemical weathering of the mineral soil
and subsoil increases the availability of nutrients in forest
ecosystems, but little is known of the rate at which
nutrients are released by these processes under natural
forest conditions. The release of nutrients by weathering
will depend greatly upon the soil type and underlying
rock but is also influenced by the nature of the woodland
cover (Keller and Frederickson, 1952). Actively grow-
ing woodlands, with deep, spreading root systems and a
high level of biotic activity resulting in a rapid turnover
of organic matter, would be expected to have the greatest
rate of mineral weathering. Lutz (1940) has suggested
that wind-throw of trees is also an important factor in
increasing the availability of nutrients since, as the tree
roots become dislodged, rocks are shattered and brought
to the surface where they are exposed to weathering. In
addition, any hardpan or incipient hardpan horizon would
be broken so that the roots of the succeeding trees are
able to penetrate deeper and draw upon a larger soil
volume.

The gain of nutrients to forest ecosystems as a result
of precipitation, the addition of extraneous material and
mineral weathering is offset to some extent by minerals
being carried away in water draining from forest areas.
Since there is evidence that the outflow of water from
catchment areas is reduced when a forest cover is estab-
lished, the total loss of nutrients through drainage may be
less under woodlands than under other types of plant
cover. Fortunately, soil leaching will tend to be at a min-
imum in areas with infertile soils where the supply of
nutrients is not greatly in excess of the requirements of
the woodland plants. Viro (1953) has calculated the
gross loss of nutrients by drainage for Finland by deter-
mining the chemical composition and flow of river water
in the five main river basins of the country and concludes
that the amount of nutrients removed by drainage gen-
erally exceeds the amount added by precipitation. Some
of the nutrients carried away in river water may not be
leached out of the soil but may be of geological origin,
so that the reduction in the nutrient capital of the forest
ecosystem would not be so great as is implied by these
observations.

Woodlands are essentially dynamic communities, the
amount and distribution of nutrients depending upon the
balance between the different processes concerned in the
nutrient cycle. When areas are successfully afforested or
active natural regeneration takes place, the weight of
nutrients in the tree stock and humus layers frequently
increases whilst the understorey vegetation is suppressed.
The build-up of organic matter after 55 years of afforesta-
tion with Pinus sylvestris on open heaths in Britain results
in an accumulation of 52 kilograms of sodium per hectare,
305 of potassium, 643 of calcium, 142 of magnesium, 86
of phosphorus and 1,062 of nitrogen (Ovington, 1959a).
In old, natural forests mortality may equal new growth
so that the nutrient status of the community is relatively
stable, but this situation is uncommon and may be changed
slowly by natural succession or more dramatically by fire
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or windblow. Tree growth may also influence soil develop-
ment and affect the content and distribution of nutrients
in the soil (Coile, 1940; Duchaufour, 1954; Zrazhevskii
and Krot, 1955). Investigations of nutrient dynamics
must take into account the changes that are taking place in
the nutrient capital and in its distribution within the com-
munity as a result of nutrient circulation.

The Influence of Forest Practices

The circulation of nutrients in woodland communities
is affected by various forest operations, and for con-
venience these can be grouped under three main headings:
(1) establishment practices; (2) management practices,;
and (3) harvesting practices.

Establishment Practices

Natural or planted tree seedlings often benefit from
preliminary site preparation which may involve changing
the vegetation cover or improving soil conditions.

Tree seedlings compete with other plants for light, water
and nutrients, and clearing of the vegetation to reduce
competition was one of the earliest techniques of site
preparation. When the vegetation is removed by screefing
or turfing from a small area around individual tree seed-
lings, the effect on the nutrient cycle is only local and
temporary. At the other extreme, when derelict woodlands
are being reforested the complete clearance of the old
trees and shrubs and the resultant soil disturbance has a
long lasting effect. The removal of the protective vegeta-
tion cover exposes the soil to precipitation and leaching
and the woodland flora may be replaced by plants char-
acteristic of open areas.

In upland Britain, drainage and deep ploughing are used
on a large scale to improve soil conditions prior to plant-
ing. Drains and plough furrows persist for many years
and excess water is drained away so rapidly that a poten-
tial source of nutrients is lost, but at the same time the
lowering of the water table increases the volume of soil
and hence the amounts of nutrients available to the trees.
Other important consequences of ploughing are the ex-
posure of the mineral soil in the plough furrows and on
the ridges, the loosening up of compacted soil horizons,
the inversion of the soil profile and the mixing of surface
and deep soils. All of these modify the processes con-
cerned in nutrient circulation to varying degrees.

Young trees may be seriously damaged by browsing
animals such as deer which have to be killed off or ex-
cluded by fencing. The growth of the ground flora is also
improved when the number of animals is reduced so that
the nutrient reserve in the ground flora and its contribu-
tion to the nutrient cycle are enhanced during the early
stages of tree growth.

Tree seedlings used for planting are normally raised in
nurseries where soil fertility is maintained at a high level
and luxury consumption of nutrients frequently occurs. A
crop of Douglas-fir, for instance, has been found to con-
tain 209 kilograms of nitrogen per hectare, 38 of phos-
phorus, 105 of potassium and 48 of calcium (Youngberg,
1958). Nutrients are transferred from the nursery soil
to the forest area either in the seedlings or in the soil
adhering to their roots. On infertile soils a further ap-
plication of mineral fertiliser may be needed at the time
of planting to ensure adequate survival and growth of the
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transplanted seedlings, and when poor heath or wet peat
soils are being afforested in Britain, 2 ounces of ground
rock phosphate are applied per plant as a regular pro-
cedure (Zehetmayr, 1954). The high nutrient content of
nursery-grown seedlings and the application of mineral
fertilisers make the seedlings less dependent upon the soil
for nutrient supply and enables them to form a complete
forest cover quickly. Other plants are suppressed
beneath the forest canopy so that the nutrients they con-
tain become available to the trees.

Management Practices

Once a forest stand reaches the thicket stage, pruning
and thinning may be used to improve the growth of the
crop trees. As a result of these two operations, dead
organic matter is added to the soil since unmerchantable
tree boles and crowns are left on the forest floor and the
roots of the felled trees remain in the soil. In most wood-
land types decomposition is stimulated by thinning
(Moller, 1954) and the annual release of nutrients by lit-
ter mineralisation is increased. At the same time, wood-
land plants require greater amounts of nutrients because
the ground flora becomes more luxuriant following thin-
ning and the crowns of the surviving trees expand to close
up any gaps created in the woodland canopy. The main
effects of thinning and pruning on the nutrient cycle are a
temporary speed-up of nutrient exchange between wood-
land plants and the soil and a transfer of nutrients from
the suppressed trees to the more vigorous crop trees and
the understorey vegetation.

Toxic chemicals are now being applied to woodlands
to control pests, particularly insects, and the use of toxic
chemicals is likely to become more widespread as aircraft
are used more intensively in forest management. The in-
discriminate use of toxic chemicals may upset the natural
balance of forest communities, but, at present, our knowl-
edge of the effects of this treatment on the soil fauna,
litter decomposition and nutrient circulation is limited
(Balch, Webb and Fettes, 1955).

Many natural forests show evidence of repeated burn-
ings, and certain tree species regenerate best after burn-
ing so that the use of fire as a tool of forest management
is not surprising. Prescribed burning has been used ex-
tensively in the southeastern states of the U.S.A. to
reduce the danger of accidental wildfire and to improve
natural regeneration and the feeding value of the under-
storey vegetation for cattle and game (Biswell, 1958).
Prescribed burning obviously effects the nutrient cycle
(Burns, 1952) but the results are not so serious as those
following uncontrolled wildfires. The high temperatures
reached in wildfires completely destroy the fauna and flora,
and all organic matter is burnt off to expose the mineral
soil to erosion. The nitrogen contained in the organic
material is lost completely and the mineral elements left
in the ash may be washed or leached away.

Harvesting Practices

Traditionally forests are examples of multiple land use
and the harvest may be in the form of wildlife, domestic
animals, water, tree litter, Christmas trees or wood.

In some forests wildlife and domestic animals such as
cattle and hogs are an important crop, but if management
is directed too much towards the animal harvest the
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whole community may be threatened due to damage to
tree seedlings and the soil. When a woodland is over-
stocked with grazing animals or the recreation interest
is excessive, the soil becomes compacted by trampling
and the capacity of the soil to absorb water is reduced so
that surface runoff and soil erosion with the resultant loss
of nutrients are increased. Normally, the amount of nu-
trients removed from the forest ecosystem in the animal
crop does not represent a serious drain on the nutrient
capital, for the ash content of the animals is only about
3 per cent of the fresh weight.

Forest litter is occasionally harvested for animal bed-
ding or for manuring agricultural land. Large amounts
of nutrients are contained in forest litter (Ovington,
1954b), and repeated removal of the litter layers seriously
depletes the nutrient reserves of woodland communities,
reduces chemical weathering and, by exposing the mineral
soil to precipitation, increases soil compaction. In West
German forests where litter has been removed contin-
uously, forest productivity has declined, and Mayer
(1956) states that the annual growth of woodlands does
not reach its normal level until 40 years after litter re-
moval is stopped.

Trees take up large quantities of nutrients, and although
much of the nutrient uptake is returned to the soil in the
litter fall, appreciable amounts are removed in the timber
harvest (Ovington, 1959b). This drain of nutrients from
the nutrient capital of forest communities is likely to
increase as more forest land is used for Christmas tree
production or for growing softwoods on short rotations
to supply pulp or chipboard mills. Rennie (1955) has
suggested that some soils now being used for commercial
timber production are incapable of replenishing the
nutrients, notably calcium, removed in the timber so that
intensive forestry is liable to reduce the nutrient reserves
of the soil and eventually lower site productivity. Mono-
culture, particularly with rapidly growing coniferous
species that form acid mor humus, has been condemned
but some authors have questioned the supposition that
monoculture is the cause of soil deterioration (Harper,
Frank and McQuilkin, 1957). Nevertheless, there is
abundant evidence that changes occur in the nutrient
status of the soil as a result of forest growth (Ovington,
1958). It is doubtful on scientific and economic grounds
that “soil improving” tree species can be used extensively
to increase the nutrient reserves in the soil, and mineral
fertilisation of forest stands has been advocated as a more
satisfactory method of preventing soil degradation and of
increasing forest productivity. Numerous experiments
have shown a clear increase of annual production of
timber as a result of applying mineral fertilizers to forest
stands (Tamm, 1958; Heiberg, Leyton and Loewenstein,
1959), but the improvement in growth tends to decrease
as the inherent fertility of the soil increases. The use
of mineral fertilisers in forest stands will both increase the
nutrient capital of the community and affect the pattern of
nutrient circulation by increasing the nutrient content of
the tree leaves and litter. More research is needed into
the long-term effects of repeated applications of mineral
fertilisers over several crop rotations.

The use of heavy machinery in forest management,
utilisation and road building may also have far-reaching
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effects on the nutrient cycle, since there may be con-
siderable soil disturbance, and badly located roads can
encourage erosion and run off.

Conclusions

Woodlands are essentially dynamic communities within
which nutrients circulate in relatively large amounts. The
nutrient status of a woodland reflects the balance between
the various processes concerned in the internal circulation
and the inflow and outflow of nutrients. Most silvicul-
tural practices modify nutrient circulation and, in particu-
lar, greater utilisation of forest products is increasing the
drain on the nutrient reserve. Our knowledge of the long-
term effects of more intensive management practices on
nutrient circulation and capital is limited, and detailed
studies of the dynamics of nutrient circulation in relation
to the maintenance of site productivity are urgently
needed.

In the past, research into nutrient circulation in wood-
lands has been too fragmentary, and little effort has been
made to bring together diverse scientific disciplines in
order to obtain a comprehensive and balanced picture of
the nutrient cycle and its modification by silvicultural
practices. At present, silviculture is at the turning point
where the forest crop is no longer being regarded as a
wild crop and, with increasing domestication, silviculture
must be placed on a more scientific basis. Scientific silvi-
culture would benefit greatly if research into nutrient
dynamics was concentrated on a few well-defined wood-
land types for which complete nutrient balance sheets
could be prepared to show both the annual circulation
of nutrients and the long-term changes that are taking
place in the distribution and amount of nutrient capital
in the ecosystems.

References

Alway, F. J. and Zon, R., 1930. Quantity and nutrient content
of pine leaf litter. J. For. 28, 715-27.

Balch, R. E., Webb, F. E. and Fettes, J. J., 1955. The use of
aircraft in forest insect control. Forestry Abstracts 16, 1-31.

Biswell, H. H., 1958. Prescribed burning in Georgia and Cali-
fornia compared. J. Range Mangt. 11, 293-297.

Bond, G., Fletcher, W. W. and Ferguson, T. P., 1954. The
development and function of root nodules of Alnus, Myrica
and Hippophae. Plant & Soil 5, 309-23.

Burns, P. Y., 1952. Effect of fire on forest soils in the pine bar-
ren region of New Jersey. Yale Univ. Sch. For. Bull. 57.

Coile, T. S., 1940. Soil changes associated with loblolly pine
succession on abandoned agricultural land of the Piedmont
Plateau. Duke Univ. Sch. For. Bull. 5.

Duchaufour, P., 1954. Modifications of the soil by afforestation
with species non-indigenous to the site. Rev. for. franc. 6, 73—
84.

Emanuelsson, A., Eriksson, E. and Egner, H., 1954. Composi-
tion of atmospheric precipitation in Sweden. Tellus, 6, 261-67.

Fraser, D. A. and Mawson, C. A., 1953. Movement of radio-
active isotopes in yellow birch and white pine as detected with
a portable scintillation counter. Canad. J. Bot., 31, 324-33.

Harper, V. L., Frank, B. and McQuilkin, W. E., 1957. Forest
practices and productivity. Yearbook of Agriculture, 732-741.

Heiberg, S. O., Leyton, L. and Loewenstein, H., 1959. Influence
of potassium fertiliser level on red pine planted at various
spacings on a potassium-deficient soil. For. Sci. 5, 142-153.

Keller, W. D. and Frederickson, A. F., 1952. Role of plants and
colloidal acids in the mechanism of weathering. Amer. J.
Sci., 250, 594-608.

Silviculture and Management

Lutz, H. J., 1940. Disturbance of forest soil resulting from the
uprooting of trees. Yale Sch. For. Bull,, 45.

Madgwick, H. A. I. and Ovington, J. D., 1959. The chemical
composition of precipitation in adjacent forest and open plots.
Forestry, 32, 14-22.

Mayer, K. H., 1956. The use of commercial fertilisers—particu-
larly nitrogen—in forestry. Publication of Nitrogen Division,
Allied Chemical and Dye Corporation.

Méller, C. M., 1954. The influence of thinning on volume incre-
ment. II. Ecological and physiological considerations. Technical
Publications 76, College of Forestry at Syracuse, 33-44.

Mork, E., 1944. Om strofallet i vére skoger. (The litter-fall in
Norwegian woods.) Medd. Norske Skogforsoksv., 29, 297-365.

Neuwirth, R., 1957. Ergebnisse neurer luft und niederschlagschen-
ischer Untersuchungen und ihre Bedeutung fiir die Forstwirt-
schaft. Allg. Forst u. Jngdztg., 128, 147-150.

Orlov, A. J., 1955. The role of the absorbing roots of woody
plants in enriching the soil with organic matter. Pedology,
Leningr., 6, 14-20.

Ovington, J. D., 1954a. A comparison of rainfall in different
woodlands. Forestry, 27, 41-53.

, 1954b. Studies of the development of woodland
conditions under different trees. II. The forest floor. J. Ecol.
42, 71-80.

., 1958. Studies of the development of woodland con-
ditions under different trees. VII. Soil calcium and magnesium.
J. Ecol., 46, 391-405.

. 1959a. The circulation of minerals in plantations
of Pinus sylvestris, L. Ann. Bot. London, 23, 229-39.

, 1959b. The calcium and magnesium contents of
tree species grown in close stands. New Phytol. 58, 164-75.

Owen, T. H., 1954. Observations on the monthly litter-fall and
nutrient content of sitka spruce litter. Forestry, 27, 7-15.

Rennie, P. J., 1955. The uptake of nutrients by mature forest
growth. Plant and Soil, 7, 49-95.

Scott, D. R. M., 1955. Amount and chemical composition of
the organic matter contributed by overstorey and understorey
vegetation to forest soil. Yale Sch. For. Bull., 62.

Smirnova, K. M. and Gorodentseva, G. A., 1958. The con-
sumption and rotation of nutritive elements in birch woods.
Bull. Soc. Nat. Moscou. (biol.) 62, 135-47.

Tamm, C. O., 1953. Growth, yield and nutrition in carpets of a
forest moss (Hylocomium splendens). Medd. Skogsfors Inst.,
43, 1-140.

. and Troedsson, T., 1955. An example of the
amounts of plant nutrients supplied to the ground in road
dust. Oikos, 6, 61-70.

. 1958. Forest fertilization in Europe. Handbook of
American Potash Institute, 2—11.

Tarrant, R. F., Isaac, L. A. and Chandler, R. F., 1951. Observa-
tions on litter fall and foliage nutrient content of some Pacific
Northwest tree species. J. For. 49, 914-15.

Tukey, H. B. and Tukey, H. B., Jr., 1959. Nutrient loss from
above-ground plant parts by leaching. Atompraxis. Monats-
zeitschrift fiir angewandte. Atomenergie in Technik, Industrie
Naturwissenshaften, Medizin, Landwirtshcaft und Grenzbe-
dieten, 6, 213-18.

Viro, P. J., 1953. Loss of nutrients and natural nutrient balance
of the soil in Finland. Commun. Inst. for. Finl. 42, 1-51.

Warren, H. V. and Delavault, R. E., 1954. Variations in - the
nickel content of some Canadian trees. Trans. Roy. Soc. Can,,
48, 71-4.

and ., 1957. Biogeochemical prospecting
for cobalt. Trans. Roy. Soc. Can., 51, 33-7.

Will, G. M., 1959. Nutrient return in litter and rainfall under
some exotic-conifer stands in New Zealand. N.Z. J. Agric.
Res., 2, 719-34.

Wittich, W., 1939. Research on the process of litter decomposition
on a soil with mull conditions. Forstarchiv., 15, 96-111.

Wittwer, S. H. and Teubner, T. G., 1959. Foliar absorption of
mineral nutrients. Ann. Rev. Pl. Physiol., 10, 13-32.

537




Youngberg, C. T., 1958. The uptake of nutrients by western
conifers in forest nurseries. J. For., 56, 337-340.

Zehetmayr, J. W. L., 1954. Experiments in tree planting on peat.
For. Com. Bull., 22,

Zrazhevskii, A. I. and Krot, E. 1., 1955. The role of pine plan-
tations in the accumulation of nitrogen, phosphorus and
potassium in soil. Trud. Inst. Lesa., 24, 196203,

RESUMES

Le cycle de nutrition et sa modification par des méthodes
de sylviculture

Une des caractéristiques des peuplements forestiers est le
degré élevé de circulation annuelle d’éléments nutritifs qui
s’effectue entre les plantes et le sol. Ces éléments nutritifs sont
transférés par toute une variété d’opérations, et le processus
général du flux nutricier, & Ulintérieur de chaque écosystéme
forestier, est fonction d’un certain nombre de facteurs, notamment
de la fertilité inhérente du sol et du type et de I'’Age du peuplement
forestier. Dans les foréts bien peuplées, la contribution du sous-
bois au cycle de nutrition est faible, mais dans les foréts claires,
la contribution du sous-bois peut dépasser celle des arbres.

Le cycle de nutrition n’est pas un systéme ferme, étant donné
que des quantités supplémentaires d’éléments nutritifs sont fournis
naturellement par les précipitations, les matieres étrangéres prises
dans la volte de feuillage et aussi et par la désagrégation du sol et
des roches; mais y a en revanche déperdition par leffet du
ruissellement.

La circulation naturelle des €éléments nutritifs est modifiée par
les diverses méthodes de sylviculture qui sont examinées sous les
trois rubriques suivantes: (1) opérations d’implantation (défriche-
ment, drainage, labour, protection contre le gibier, plantation de
jeunes sujets issus  de pépinieres et application d’engrais minéraux
aux jeunes plants); (2) opérations d’aménagement (éclaircies,
élagage, emploi de produits chimiques toxiques et du feu); (3)
opérations de récolte (gibier, litiere du sol, bois d’oeuvre, paturage
des animaux domestiques, construction de routes et utilisation de
machines lourdes).

Le présent rapport examine le danger que présentent, pour la
fertilité du sol et la productivité de l'’emplacement choisi, de
mauvaises méthodes de sylviculture et une récolte intensive, ainsi
que la possibilité d’appliquer des engrais minéraux aux peuple-
ments forestiers €tablis, afin d’améliorer les conditions du sol et la
croissance des arbres.

Le rapport souligne enfin I'importance qu’il y a 4 ce que I'on
entreprenne des recherches détaillées sur les différents processus
contrlant le cycle de la nutrition, et indique qu’il conviendrait
de limiter ces recherches & quelques types forestiers bien définis,
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de fagon a permettre la préparation de diagrammes indiquant,
d’'une part, la circulation annuelle des éléments nutritifs et,
d’autre part, les changements qui se produisent dans la distribu-
tion et le volume du capital nutricier.

El Ciclo de Nutricion y su Modificacion Mediante
Prdcticas Silvicolas

Una caracteristica de los bosques es la gran circulacién anual
de materias nutritivas entre las plantas y el suelo. Estas materias
pasan de un medio a otro a través de variados procesos y la
circulacién general de ellas, dentro del ecosistema forestal,
depende de diversos factores, particularmente de la fertilidad
inherente del suelo y del tipo y edad del bosque. En los bosques
densamente poblados, la vegetacién del subestrato que cubre el
suelo contribuye muy poco a la circulaciéon nutrimental, no asi
en los abiertos, en que la contribucién de la flora del suelo suele
exceder a veces a la de los arboles.

El ciclo de nutricién no es un sistema preciso, ya que siempre
hay cierta cantidad de materias nutritivas que suministra la
naturaleza en la lluvia, en las substancias externas que se quedan
en las copas de los arboles asi como en el desgaste del suelo y
de las rocas. Pero, a su vez, extrae también otras en los desagiies
de las areas forestales.

La circulacién natural de las materias nutritivas puede modifi-
carse como resultado de diversos tratamientos forestales que se
examinan en este trabajo bajo tres titulos: (1) métodos para el
establecimiento, tales como limpia de maleza, avenamiento,
labranza, regulacién de la fauna, plantacién de 4arboles de semil-
lero y empleo de abonos minerales en éstos; (2) métodos admini-
strativos, esto es, cortes de entresaca, podas, empleo de materias
téxicas quimicas y quema; y (3) préacticas de aprovechamiento,
o sea, disminucién de la fauna, limpieza de despojos y troncos
caidos, apacentamiento de animales domésticos, construccién de
caminos y el uso de maquinaria pesada.

Se menciona el peligro de desminuir la fertilidad del suelo y la
productividad del sitio con practicas silvicolas desacertadas y de
explotaciones intensivas y se trata la posibilidad de emplear
abonos minerales en sitios forestales establecidos para mejorar las
condiciones del suelo y el crecimiento de los arboles.

Finalmente, se pide la realizacién de estudios de investigacién
sobre los diferentes fendmenos naturales que regulan la circula-
ciobn de las materias nutritivas y se sugieren las ventajas que
reportaria concentrar estas investigaciones en unos cuantos tipos
de bosques bien definidos de manera que pueda llegar a hacerse
una especie de balance en el cual aparezca la circulacién anual de
materias nutrimentales y los cambios que se efectuan en la dis-
tribucién y cantidad de nutricidn.
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The Influence of Nitrogen, Phosphorus,
Potassium and Magnesium Deficiencies on
the Growth and Development of Jack Pine
(Pinus banksiana Lamb.) Seedlings Grown
in a Controlled Environment

Introduction

The scientific use of fertilizers appears to be one of the
most promising ways of increasing productivity economi-
cally m forestry. Recent experience has shown that the
rate of growth of forest stands, plantations and nursery
stock, like that of any other crop, is directly dependent
upon an adequate supply of all the thirteen clements®
which are known to be essential for plant growth. There
is reason to believe that growth in many nurseries, planta-
tions and natural stands is being seriously retarded by
soil mineral deficiencies. Evidence of the benefits obtain-
able by the correction of mineral deficiencies is now wide-
spread (5)32, but little factual data are available regarding
responses in Canadian forestry.

In order to use fertilizers scientifically and economically,
one must be able to diagnose soil deficiencies correctly,
so that appropriate corrective measures may be taken. It
is now generally recognized that two of the best diagnostic
tools for use in the determination of mineral deficiencies
are. visual symptoms and foliar analyses. This paper
describes the laboratory methods being used and some of
the results obtained in a study of the influence of nitrogen,
phosphorus, potassium and magnesium deficiencies on the
growth and development of white spruce (Picea glauca
(Moench) Voss), black spruce (Picea mariana (Mill.)
B. S. P.), jack pine (Pinus banksiana Lamb.) and western
hemlock (Tsuga heterophylla (Raf.) Sarg.) seedlings
grown in a controlled environment.

As space does not permit presentation of all the results
obtained, the main emphasis in this paper will be placed
on the jack pine data.

Experimental

The controlled environment required for the induction
of deficiency symptoms in the tree seedlings was provided
by means of an automatically heated and ventilated green-
house and an automatic sub-irrigation sand culture ap-

* Nitrogen, phosphorus, potassium, magnesium, calcium, sulphur,
copper, zinc¢, boron, manganese, iron, molybdenum and chlorine.

?Numbers in parentheses denote the references listed at the
end of this paper.
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paratus, which was devised and tested during a
preliminary experiment carried out, indoors, in 1958. Full
details of the apparatus, the nutrient solutions used and the
treatments applied are given in reference (4).

The basic principle of the sand culture technique is,
of course, that the crop is grown in a substrate of pure
silica sand, from which it receives no nutrients, and is
fed by means of nutrient solutions of known chemical
composition.

The control (“complete solution”) pots received a
nutrient solution containing all the thirteen - elements
known to be essential for plant growth; the other pots
in each series received all the essential elements, in quasi-
optimal concentrations, except the particular element be-
ing studied, which was supplied (i) not at all, or (ii) at
approximately 1/100 or (iii) at approximately 1/10 of
the concentration of that element in the control (“com-
plete”’) solution. »

In order to protect the seedlings from excessive insola-
tion, and to moderate temperatures within the greenhouse,
slatted wooden shades (painted with aluminuin paint)
were fitted on the outside of the glass. These shades
were kept in position throughout the normal growing
season, and the light intensity at the top of the pots was
found to be approximately 20 to 25% that of full sun-
light. . : fn

The pots were sceded on May 28, 1959, with jack pine
seced (approximately 150 seeds per pot, obtained from
the Petawawa Forest Experiment Station, Canada Forestry
Branch). ..

By June 3, germination was well advanced. On June
16, the distilled water in the carboys was replaced by-the
appropriate nutrient solutions. These 'solutions’' were
changed once a week, and at each solution change the
pH’s of the old and the new solutions were determined.
The pH’s of the new solutions were in the 4.8 to 4.95
range for all solutions except those of the phosphorus
sertes which were in the 5.3 to 5.6 range. The pH. of the
distilled water used ranged from 5.80 to 6.05. During
the week, pH’s went down in the potassium, magnesium
and phosphorus series but up in the nitrogen series. The
pH of the “Distilled H.O Only” pots (included to-test
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Figure |. Dry weights of jack pine seedlings versus concentrations of

N, P, K, and Mg in nutrient solutions. Percentage figures show the

concentration of the element, percent dry weight basis, in the above-
sand portions of the seedlings.

the purity of both the sand and the distilled water supply)
usually went up to around 6.70 during the course of the
week. This may be explained by the fact that the sand
used contained a very small amount (0.006% ) of cal-
cium as CaO.

On September 2, the western hemlock pots were rotated
180° to counteract the pronounced phototropism which
had developed with this species. On September 10 and
11 all the pots were photographed in colour, both singly
and in specific and treatment groups, using a Leica M.3
camera, Kodacolour film and daylight or electronic flash
lighting.  On September 14, the above-sand portions of
twenty seedlings were harvested from each pot for dry
weight determinations and chemical analyses.

Methods of Analysis

Dry weights were determined by drying for 16 hours at
105°C. and weighing in aluminum cans.

Nitrogen contents were determined by conventional
micro-Kjeldahl procedures. Phosphorus and magnesium
contents were determined colorimetrically, using a Cole-
man Universal spectrophotometer (Model 14). Potassium
and sodium contents were determined by flame, using a
Coleman flame photometer (Model 21).

Discussion
General

Results obtained to date support the contention that
specific mineral deficiencies produce recognizable, and
more or less clearly defined, visual symptoms. It is not
suggested, however, that visual symptoms can invariably
be used to diagnose mineral deficiencies correctly. Such
diagnoses are not always easy, even when the trees have
been grown in a controlled environment which lacks but
a single essential element, and in the field more com-
plicated situations, in which more than one element is
deficient, are frequently encountered. It is nevertheless
suggested that, if some experience has been gained in this
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field, one can frequently arrive at a reasonably accurate
preliminary diagnosis using visual symptoms. It is also
suggested that, at least until studies of symptomology are
much further advanced, diagnoses based on visual symp-
toms should, whenever possible, be checked by analytical
methods. It is, after all, the concentrations of the es-
sential elements within the plant that are all-important
and these can be accurately and rapidly determined by
modern analytical methods.

The present study is proceeding on the hypothesis that
both diagnostic tools (visual symptoms and chemical
analyses) will be required and should be developed simul-
taneously. It would, perhaps, not be inappropriate to
point out that there is still a great deal to be learned about
the normal or optimum concentrations of essential ele-
ments in the foliage of Canadian pulpwood species; until
these norms have been established for each species, with
some degree of confidence, we shall be severely handi-
capped in interpreting analytical data.

Optimum Phosphorus Concentration in Nutrient Solu-
tions

Growth was depressed by the highest level of phos-
phorus (62 ppm), and it is interesting to note that the
concentrations of phosphorus in the seedlings were highest
in these pots. This could, therefore, seem to be a case of
excess consumption which had reached the point of mild
toxicity. Fowells and Krauss (2), working with loblolly
pine and Virginia pine, obtained greatest height with only
1 ppm of phosphorus in the nutrient solution—their other
levels being 0, 0.1, 0.5 and 5.0 ppm. They point out,
however, that their data are not in agreement with results
obtained by Mitchell (3) which indicated that for white
pine, phosphorus was deficient at levels less than 50 ppm.
On the other hand, Arnon (1) has shown that some
agricultural crops, such as corn, barley and tomatoes grow
very well with phosphorus levels below 1 ppm, provided
the level is constantly maintained. More work is required
to determine the optimum nutrient solution phosphorus
concentration for the pulpwood species being studied
in the present experiments, but it would appear to lie
between 0.62 and 62 ppm and may be close to 6.2 ppm.

Growth Potential of Jack Pine

One of the most striking results of the present experi-
ments is the way in which the jack pine seedlings have
out-grown the seedlings of the other three species. With
all treatments, the jack pine seedlings are the tallest and,
on a dry weight basis, differences in growth are even more
pronounced. Considering the complete solution pots only,
the jack pine seedlings were approximately 6 times as
heavy as the western hemlock, 42 times as heavy as the
black spruce, and 3% times as heavy as the white spruce.
These figures demonstrate the high growth potential of
jack pine seedlings.

It was also noticeable that, in the present experiments,
the jack pine seedlings were invariably the first to show
deficiency symptoms in the various incomplete cultures;
this may perhaps be partly explained by their higher rate
of growth which, presumably, depleted their endospermic
supplies of mineral nutrients more rapidly.
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Presence in Seedlings of Elements Absent From the
Nutrient Solutions

The analytical data show that the seedlings invariably
contained a small amount of the element omitted from the
nutrient solution in question. Most of this came, pre-
sumably, from the endosperm of the seed but, in the case
of magnesium, some of it could have come from the sand
—which is known to contain 0.031%, by weight, of
magnesium as MgO. The small quantities of endospermic
nutrients involved were clearly insufficient to maintain
adequate growth and may, therefore, for all practical
purposes, be left out of account.

“Hidden Hunger”

The term “hidden hunger” is used to describe the situa-
tion in which growth is depressed by a mineral deficiency
which is not so severe as to induce a distinct visual symp-
tom. In this situation, one has to rely on data obtained
from foliar or soil analyses for the detection of the
deficiency. Some good examples of “hidden hunger” de-
veloped during the course of the present experiment; e.g.,
the low-nitrogen jack pines were considerably less heavy
than the controls but showed no sign of the typical
nitrogen deficiency symptom.

It may be anticipated that “hidden hunger” will be
encountered in the field and, since there will be no visual
symptoms to observe, diagnosis will have to be based on
the results of foliar or soil analyses or both.

Conclusions

1. Laboratory (greenhouse) studies have an essential
part to play in the scientific study of the mineral nutri-
tion of pulpwood species; many problems, such as inter-
element ‘interactions, can be solved with confidence and
within a reasonable period of time (especially when work-
ing with long-lived tree species) only by the use of a
suitable, controlled environment.

2. The automatic sub-irrigation sand culture apparatus,
developed for use in this project, is a satisfactory piece
of equipment for the induction of visual deficiency symp-
toms and for the laboratory study of the mineral nutrition
of tree species in the seedling to sapling stages of growth.

3. The concentrations of the various elements in the
nutrient solutions were reflected in the data obtained by
analyzing the above-sand portions of the seedlings. Data
obtained in this way will be of value in determining the
nutrient concentrations within the seedling which should
be regarded as deficient, optimum and excessive.

4. Results obtained to date support the contention that
specific mineral deficiencies produce recognizable, and
more or less clearly defined, visual symptoms.

5. The development of accurate and reliable methods of
diagnosing mineral deficiencies is a prerequisite to the
scientific and economic use of fertilizers in forestry; visual
symptoms and foliar analyses can both be used with
advantage in solving the diagnostic problem. The further
development of symptomology and the necessary analyti-
cal techniques and foliar data should be given high
priority.
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RESUMES

La nutrition minérale des essences canadiennes utilisées
pour la fabrication de pdte a papier

Influence des déficiences en azote, phosphore, potasse
et magnésium sur la croissance et le développement de
jeunes plants de pin de Banks (Pinus banksiana Lamb.)
cultivés en milieu controlé.

Les jeunes plants de pins de Banks ont été cultivés en sol
sableux et avec un systétme de sous-irrigation automatique.
Lmﬂuence des déficiences en azote, phosphore, potasse et mag-
nésium sur leur croissance et sur leur développement a été étudiée.
On a provoqué des symptdmes visuels distincts et plus ou moins
clairement définis; ces symptomes ont été photographiés en
couleur. A la mi-septembre 1959 (15 semaines aprés ’ensemence-
ment), on a prélevé sur chaque pot vingt plants qui ont été pesés
et analysés.

Les résultats obtenus réveélent que les concentrations nutritives
trouvées chez ces jeunes plants (dans la partie émergeant du
sable seule) et leur poids a sec dépendent I'un et I’autre dans une
large mesure de la concentration des matiéres nutritives dans les
solutions alimentaires. Les résultats obtenus font clairement
apparaitre le role essentiel d’une administration adéquate d’azote,
de phosphore, de potasse et de magnésium si l'on veut réaliser
une croissance optimum de cette essence importante pour la
fabrication de pate a papier; ils contribuent en méme temps a
définir la concentration de ces €léments trouvée dans les jeunes
plants et qui révéle si ’apport de matiére nutritive est insuffisant,
optimum ou excessif.

La Nutricion Mineral de las Especies Canadienses Pro-
ducioras de Pulpa de Madera

La Influencia de la Deficiencia de Nitrégeno, Fésforo,
Potasio y Magnesio en el Crecimiento y Desarrollo de
Semillones de Pino de Banks (Pinus banksiana Lamb.)
en un Ambiente Regulado.

Se sembraron y cultivaron semillones de Pinus banksiana Lamb.
en un suelo arenoso, empleando un aparato automitico de sub-
rlego, con el objeto de estudiar la influencia de la deficiencia de
nitrégeno, fésforo, potasio y magnesio en su crec1m1ento y desar-
rollo. A simple vista se observaron diversos sintomas mas o menos
claramente definidos. A mediados de septiembre de 1959, quince
semanas después de sembrados, se tomaron veinte semillones de
cada tiesto y se cortaron, pesaron y analizaron.

Los datos obtenidos demuestran que las concentraciones nutri-
tivas que se encontraron en dichos semillones (en la parte fuera
del suelo arenoso solamente) y su peso en seco dependian del
grado de concentracién nutritiva contenida en la solucién regada.
Los datos también cornprobaron la necesidad esencial de una can-
tidad adecuada de nitrégeno, fosforo, potasio y magnesio para el
crecimiento 4ptimo de esta importante especie productora de
pulpa de madera. A la vez, los estudios centribuyeron a deter-
minar las concentraciones de estos elementos dentro del semillén
que son indicacién de un suministro deficiente, 6ptimo y exceswo
de materias nutritivas.
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The Soil-Vegetation Survey
As a Means of Classifying Land for Multiple-Use Forestry

PauL J. ZINKE
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Berkeley, California, U.S.A.

A soil-vegetation survey is an inventory of the soil and
the vegetation of an areca. The survey as conducted in
California takes the form of a map characterizing land
units as to their soil and vegetation. This characteriza-
tion is accomplished by applying a classification of the
soil and the vegetation to homogeneous units of the land-
scape. The soil classification is based upon characteristics
of the soil profiles. The vegetation classification is based
upon canopy density, form of plant cover (shrub, tree,
grass, etc.), and species composition. The soil-vegetation
survey is an application of a classification of the soil and
vegetation to the landscape by establishing map bound-
aries delineating land units or types which are homogene-
ous in regard to soil and vegetation within the limits of
the classification units.

Development of Soil-Vegetation Survey Techniques

The California Soil-Vegetation Survey evolved from the
combination of separate soil and vegetation surveys which
were made prior to 1946 in the wildland areas of Cali-
fornia. These wildland areas, including the forests, wood-
lands, chaparral and grasslands, were mapped with a
vegetation classification that included a listing of dominant
plant species in order of abundance. The separate soil
classification and maps were made at a soil series level.
The soil series is a classification unit based upon soil
profiles similar in the properties of pH, organic matter,
color, structure, drainage, parent rock, degree of profile
development, and topographic position. The wildlands of
Santa Cruz County in the southern portion of the red-
wood region were mapped independently by separate
organizations for soil and for vegetation types. It was
noted upon combining the maps that the majority of the
soil type and vegetation type boundaries coincided on the
maps when they were superimposed. This gave rise to the
suggestion that the soil and vegetation would best be
mapped together. The present California Soil-Vegetation
Survey® was begun in 1946, and since then, 7.5 million
acres have been mapped with the combined soil and
vegetation classification. The work is conducted by the
U.S. Forest Service, Pacific Southwest Forest and Range
Experiment Station, cooperating with the University of
California. The work is financed by the California State
Division of Forestry.

The first step in the method of soil-vegetation mapping
is to delineate, on aerial photographs, the boundaries of

* California, State Division of Natural

2 ) Resources.  Soil-
vegetation surveys in California. 1958. .
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vegetation types which are homogeneous with regard to
density; vegetation elements of conifer, shrub, hardwood,
grass, rock, etc.; and broad age classes of the coniferous
vegetation. These criteria have been chosen on the basis
of how easily they can be interpreted and delineated
on aerial photographs. These elements, when delincated
on the aerial photographs, result in a map as in Figure
1. This delineation is a first approximation to the like-
ly soil boundaries and vegetation species type boundaries
which are to be mapped in the field.

The second step in the method is field mapping carried
out on the delineated photographs. For each of the
delineated areas, species are listed in order of abundance,
site quality is determined, and the soil occuring in the
type is classified as to series based upon profile characteris-
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aerial photograph delineation for an area on the Middle Fork of the
Ten Mile river near Fort Bragg, California. The symbols in the numera-
tor refer to mature commercial O; young conifers, commercial conifer
Y; and density symbols in the order sawtimber-size trees, total
commercial timber, and total woody vegetation. The density classes
are 0-5 percent, 5; 5-20 percent, 4; 20-50 percent, 3; 50-80 percent,
2; and 80-100 percent, 7. The symbols in the denominator refer to
vegetation elements present in order of abundance. They are: bare
ground, B; conifers, C; ferns and herbs, F; mature hardwoods, Ho;
immature hardwoods, Hy; and shrubs, S. Each square is one square
mile or approximatély 257 hectares.
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tics. In addition, soil depth, stoniness, and slope classes
are determined. Boundaries additional to those already
delinecated on the aerial photographs are located and
added in the course of the field mapping. Changes in the
topography, geology, and other soil-forming factors aid
in the location of these additional boundaries.

The maps resulting from this procedure now have in-
formation for each homogencous landscape area which
includes: vegetation elements (conifer, shrub, hardwood,
grass, etc.); density of woody vegetation; list of dominant
species present; timber site quality classification; and soil
classification, including soil series, soil depth, slope, and
stoniness. The site quality classification is made by fre-
quent site tree measurements using height-age relation-
ships. Figure 2 is an example of the soil-vegetation map.

Laboratory analyses and fertility studies are run on the
soils to further characterize their properties. Soil samples
representative of the various soil profiles classified in the
field are collected and analyses are made of their physical
and chemical properties. Field tests are made on the
grassland soils of the effect of various fertilizer applica-
tions on forage productivity and species composition.
Small-scale pot tests are made in which soil fertility is de-
termined by growing plants with various rates of applica-
tion of nitrogen, phosphorus, and potassium in a
standardized test.

Thus the soil-vegetation survey provides the forester
and wildland manager much of the information he needs
to plan the various aspects of multiple-use management
of these lands for forestry, range management, watershed
management, and recreation and park management. Ex-
amples of the application of these maps to some aspects of
multiple-use management will be shown.
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Figure 2. The soil-vegetation map for the area shown in Figure I.

Vegetation is listed by species abbreviation as cited in text. The

soils are designated by the fractional symbols: 812, Hugo soil series;

815, Josephine soil series; demominators indicating depths, all being

5, or over 48 inches deep. Site quality based on Douglas-fir site trees

designated by Ill, SI at 100 years, 140; iI, SI at 100 years, 170" {Cvv
is Ceanothus velutinus).
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Figure 3. Height-age relationships for Pseudofsuga menziesii as arith-
mitic mean heights for age class intervals for several soil types: 200,
recent alluvial soils (31 trees); and 872, Hugo soils of various depths,
812/5, greater than 48 inches (379 trees); 812/4, 76-98 inches (316
trees); and 812/3 (69 trees). Rainfall, 50.1-65 inches per year.

Application to Multiple-Use Wildland Management
FORESTRY
Forest Site Classification

Soil-vegetation maps categorize the main landscape
elements related to site quality. Indications of site quality
are inherent in the species composition of the vegetation
and the soil data presented. By relating site tree measure-
ments to the soil and vegetation units mapped it is pos-
sible to make predictions of site quality on similar land
units having no site trees. For example, in the course
of the soil-vegetation survey in northwestern California,
over 3,000 site tree measurements have been made. Many
of these occured on one soil series, the Hugo soil series, a
gray-brown podzolic soil derived from a graywacke sand-
stone. Figure 3 shows the height-age relationships of these
site tree data for three depth classes of the Hugo soil
series (812) in the rainfall range of 50.1”-65.0”. It is
seen that the height growth curves are distinctly separate
for each of the soil depth categories listed. The height-
age relationship for the soil mapping category of recent
alluvial soils (200) is much better than that for the Hugo
soil series. The recent alluvial soils include the soil series
Corralitos, Soquel, and Ferndale, all soils usually silt loam
in texture, 5 to 10 feet deep, and having very little soil pro-
file development. The conclusion is that knowing the soil
series, soil depth and stoniness, and climate, one can
adequately define the site classification for an area. These
data are included on each mapping unit, and with a
knowledge of these relationships it is possible to assess
the productivity of the site.

Succession Following Silvicultural Treatments

The soil-vegetation maps provide a framework of ref-
erence against which an assessment can be made of the
effect of silvicultural practices on species composition and
the succession in species composition that will occur. The
following sequence is observable on the mapping units on
the Middle Fork of the Ten Mile River near Fort Bragg,
California. The soils are the same on each type, a Hugo
soil series which is a gray-brown podzolic soil five feet in
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depth. The vegetation sequence which followed a harvest
of old-growth timber was as follows:

Harvest
(commercial
selection ) 4-8 yrs.
RDTM——>HbTMRD—TMBaRD
15 yrs. 60 yrs.

—>TMRD—RDTM.

Symbols listed are: R, Sequoia sempervirens; D, Pseu-
dotsuga mengziesii; T, Lithocarpus densiflora; M, Arbutus
mengiesii; Hb, miscellaneous herbaceous species, i.e.,
Erechtites arguta and Whipplea modesta; and Ba, bare
ground. T, M, and R return by coppice growth, and D
reseeds itself. R and D finally regain their dominance,
and the stand returns to its original condition if the above
sequence is not disturbed. However, if fire enters into
the sequence, another sequence in the mapping of the
vegetation types has been observed as follows:

Harvest Fire

RDTM——>HbTMR D—
25 yrs.
CtCTMRD—TMRD

The symbols refer to the species mentioned earlier, and Ct
is Ceanothus thyrsiflorus, this sequence again occurring
on Hugo soils. Similar sequences occur on similar soils
in the same climate. Sequences will vary with widely
different soils and with different vegetation types. The
soil-vegetation survey maps have indicated that there are
consistent sequences of vegetation types following similar
treatments on similar soil types in the same climatic con-
ditions. The landscape types as mapped allow a prediction
to be made of the effect of a given treatment on the
vegetation sequence.

Miscellaneous Applications to Forestry

There are many other applications of the maps which
can be made to forestry. The land units, when classified
as to both soil and vegetation, offer logical stratification
of the major variables influencing growth and productivity
of the forest. Plots evaluating growth rates can be related
to these types, and a reasonable basis is provided for their
extension to other areas of similar soil and vegetation
characteristics. Mechanical properties of the soils as
mapped can be related to the problems of forest road
construction. Successful establishment of plantations is
aided by avoidance of poor soil conditions indicated by
the maps.

FOREST INFLUENCES AND WATERSHED MANAGEMENT

The information contained on soil-vegetation maps of a
watershed can be used in an evaluation of the hydrologic
cycle (the water balance), or in the evaluation of the
sedimentation processes occuring on the watershed.

Derivation of a Water Balance

The water balance is the calculation of the disposition
of precipitation on a watershed. In its basic form, the
water yield from a watershed is computed as the difference
between the supply (precipitation) and the losses (inter-
ception and evapo-transpiration). The soil-vegetation sur-
vey furnishes information which aids in the evaluation of
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the losses. For example, the interception loss is a function
of the species present and the canopy density, information
which is contained on the maps. The evapo-transpiration
loss is dependent upon the supply of water available to
satisfy the loss potential induced by the effects of solar
energy and the atmospheric saturation deficit. This supply
comes from stored soil moisture and is replenished by
rainfall and by seepage from riparian areas or from
ground water. The soil series, depth, and stoniness
characteristics, as mapped in the soil-vegetation survey,
allow the determination of soil moisture storage capacity
of the various soil mapping units when use is made of the
laboratory analyses of field capacity, permanent wilting
point, bulk density, and stone content of the soils. The
map can be converted into a soil moisture storage map
of the watershed, and a weighted areal soil moisture
storage determined for the watershed. The extent to which
this stored soil moisture is utilized depends upon the
species present as indicated also by the map and the extent
to which their normal depths of rooting tap the stored
soil moisture. Thus, as is usually observed, the woody
vegetation uses the entire depth of soil moisture storage,
and herbaceous vegetation uses only a fractional part of
the stored soil moisture depending upon its depths of
rooting. The water balance for a given period of time
can be determined by combining the climatic data for the
area with the information contained in the soil-vegetation
survey of the watershed. Table 1 presents such a water
balance for the Castle Creek Watershed in the California
Sierra Nevada.

Table 1. Water balance, 1946-1947, Castle Creek

Inches of water

Precipitation (gross) 47.8
Interception loss 3.5
Precipitation (net) 443
Evapo-transpiration loss 10.7
Yield (calculated) 33.6

The interception loss was calculated as a percentage
loss from investigation into losses associated with the
type of vegetation indicated on the maps. This loss amount
was then adjusted proportional to the woody vegetation
density for the watershed determined from a weighted
area average (36.7%). The evapo-transpiration losses
were determined by computing a potential loss based upon
temperature, and meeting this loss from either current
precipitation or areal soil moisture storage (2.7”), com-
puted for the entire watershed. The areal soil moisture
storage is determined as the sum of the weighted area soil
moisture storage amounts in the soils associated with each
of the major forins of vegetation. Thus, water losses
would be much greater from a watershed in which the area
is covered with a 90% density of coniferous vegetation on
deep soils, than from a watershed that is bare rock, or
from another having herbaceous vegetation on deep soils.

Sedimentation

The soil-vegetation survey information aids the identifi-
cation of sediment source areas on the watershed. If a
stream begins to be loaded with sediment after a disturb-
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ance, the location of this disturbance can be identified by
properties of the sediment related to the properties of the
soils on the watershed. Thus, taking an extreme case, a
watershed mapped on the soil vegetation survey has soils
classified as the Hugo soil series and the Cornutt soil
series. The first of these is a grey brown podsol and the
second a lateritic soil bright red in color. If a red sediment
is found in the stream it is apparent that the sediment
source is in a Cornutt soil area. Type of rock in the sedi-
ment bed load of the stream, color of the sediment, clay
composition of the suspended sediments, all may be
related to similar properties of soils mapped on the water-
shed. Predictions may also be made concerning sedimenta-
tion to be expected from soil-vegetation types following
vegetation removal, as in timber harvest for forestry pur-
poses, by observing past effects of such operations on
similar soil-vegetation types.

RECREATION AREA MANAGEMENT

The objective of park and recreation area management
is often to maintain vegetation in ‘“natural” condition on
an area. The soil-vegetation maps present an inventory of
the natural soil and vegetation relationships that occur in
undisturbed areas and allow the prediction to be made of
the effect of management on the natural vegetation. This
may be a climax forest in some areas, or in others it may
be a sub-climax forest or a temporary vegetation type. In
the redwood region there are parks set aside to preserve
the large Sequoia sempervirens forests in a natural state
because of their uniqueness and their beauty. Problems
in maintaining these groves in their natural state with
little deterioration arise partly due to their relationships
to the soils on which they form. The pure old-growth
stands of redwood are mapped as occurring on the recent
alluvial soils along the river. The local hill slopes with the
Hugo soil series have vegetation types containing a mixture
of redwood, tanoak, Douglas-fir, and madrone. The park
management problems in the pure redwood type on the
alluvial soils revolve around maintaining soil conditions
undisturbed to the extent that the soil is not compacted
by visitor use or altered by excessive sedimentation,
either of which will result in damage to the shallow-rooted
redwood. The mixed redwood forest on the Hugo soils
can withstand a heavier degree of use, as the soil is stony
and is less subject to compaction from visitor use or to
damaging sedimentation due to floods.

RANGE MANAGEMENT

The multiple-use management of wildland and forest
areas frequently involves a decision based upon the com-
parison of the relative yields between different types of
management. For example, the alternative of management
for timber production or for forage production for grazing
animals may be available for a given tract of land. The
soil-vegetation types provide a basis for the assessment
of range carrying capacities.

The carrying capacities of some of the wildland soils
in California as shown in Table 2, range from 4-5 acres
per cow per year to more than 160 acres. It has been of
interest to observe that these carrying capacities can be
related to the total nitrogen content of the soil on the
site as determined in the analyses made of the soils
mapped in the survey. Thus, as is seen in Table 2, these
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Table 2. The range carrying capacities of wildland soils used for
range management, and their nitrogen contents

Soil series Est. carrying capacity Nitrogen content*
(Acres/cow/year)
Lbs./acre Grams/m’
Grassland soils 2ft. depth 60cm. depth
Mattole 5 16,950 1,908
Zanone 5 15,680 1,763
Kneeland 10 9,860 1,110
Yorkville 25 8,820 992
Nacimiento 25 8,900 1,001
Newville 30 4,050 455
Henneke 70 3,670 413
Lodo 70 2,970 334
Forest soils
Musick 30 5,290 595
Josephine 25 3,970 447

* Total nitrogen content determined by Kjehldahl method on
fine earth fraction of soil, and adjusted for bulk density and stone
content to an area basis.

contents (lbs. per acre to a two-foot depth) range from
nearly 17,000 pounds per acre to 2,970 pounds per acre.
The conversion of forested areas to range is a frequent
question in multiple-use management. The decision should
be partly based on the carrying capacity of the soil for
livestock. As is seen in Table 2, two forest soils listed
have carrying capacities estimated at intermediate to low
and have corresponding nitrogen contents. The forest soil
usually tends to have its nitrogen content concentrated
near the surface, due to leaf litter return. When conversion
is accomplished and the leaf litter return interrupted a loss
in nitrogen usually occurs, and there is a corresponding
drop in range carrying capacity within a few years. These
factors should be considered in decisions regarding alterna-
tives of growing timber or forage on a soil. The soil-
vegetation survey offers information basic to these
decisions. A rough evaluation of fertility value of the
upland soil is possible, since nitrogen in fertilizers costs
approximately ten cents per pound. The comparison of
value of a given soil-vegetation type for either range or
timber production allows the wildland or forest manager
to make decisions as to the type of management which will
yield the greatest return in the multiple use of an area.

Summary

The California Soil-Vegetation Survey provides a
method of classifying and mapping the soil and vegetation
characteristics on the same map. This combination of
information is particularly adaptable to multiple-use man-
agement of forest and wildland areas in that it describes
the major land resources that are subject to management;
the soil and the vegetation. The general principles of the
method and some applications are presented in this paper.

RESUMES

L’étude du sol et de la végétation considérée comme
moyen de classement de la terre pour la sylviculture

a usages multiples ,
Les Services d’Etudes du Sol et de la Végétation de Californie
ont terminé le levé de 3 millions d’hectares de terres en foréts,

pacages et bassins hydrographiques. L’enquéte se propose de
mettre au point une nomenclature des sols et de la végétation,
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et de l'appliquer & des unités homogenes de paysage tracées selon
une superficie minima de 4 hectares. Les unités de paysage sont
portées sur des photographies aériennes en utilisant I'Age, la
densité et les éléments structurels de la végétation visibles sur les
photographies. On procéde 2 un classement des sols et de la
végétation sur le terrain en observant ces limites. On décrit les
sols par séries, profondeur, nature pierreuse, et degré de pente.
On classe la végétation d’aprés les espéces dominantes par ordre
d’abondance, et I'on indique les qualités d’un site pour la produc-
tion d’espéces forestitres commerciales. Les sols sont en outre
définis par des analyses de laboratoire portant sur leurs propriétés
physiques et chimiques, et par des essais de fertilité sur le ter-
rain. L’auteur explique comment, 1’étude terminée, on I’utilise
comme source d’information pour I'application d’un régime 2
usages multiples dans les foréts et autres terres non cultivées, et
il donne des exemples. Le document fournit le rapport hauteur/-
ge du Pseudotsuga menziesii en fonction des phases de profon-
deur des séries de sol Hugo dans un sol podzolique brun gris.
L’évolution de la végétation en fonction des diverses méthodes
d’exploitation forestiére se confirme dans le cas de nombreuses
combinaisons sol/végétation. L’auteur en fournit des exemples.
Il explique la maniére de parvenir 2 un équilibre des eaux en
décrivant les formes de précipitation dans un bassin hydrographi-
que en tant qu'interception et évaporation/transpiration en utilisant
des renseignements sur le sol et la végétation. Il décrit I’applica-
tion de ces données aux problémes de gestion des parcs et installa-
tions touristiques qui soulévent la question du maintien des con-
ditions naturelles de la végétation. Les séries de sols des régions
étudiées, si on les examine du point de vue de Iexploitation des
paturages, peuvent &tre classées d’aprés leurs possibilités de pacage,
et des séries de sols allant de 2 a 28 hectares par téte de bétail
et par an révélent une teneur totale en azote correspondant & une
série allant de 1.908 gr./m* 3 334 gr./m® pour les premiers 60 cms
de -profondeur du sol selon les renseignements fournis par I’étude.

El‘ Estudio de Suelos y Vegetacion como Medio de Clasifi-
cacion de Tierras Destinadas a Usos Forestales
Multiples

. La oficina de Estudios de Suelos y Vegetacién de California
tiene investigadas actualmente 3 millones de hectireas de regiones

silvestres, integradas por bosques, pastizales y cuencas hidrogra-
ficas. El estudio se estd llevando a cabo con el objeto de formular
un sistema de clasificacién de suelos y vegetacién aplicable a uni-
dades homogéneas de tierra, con mapas que incluyan un minimo
de 4 hectareas. Las unidades de tierra se delinean en fotografias
aéreas, usando como guia la edad, densidad y elementos estruc-
turales de la vegetacion observables en las fotografias. Se hace
una clasificacion de los suelos y la vegetacién dentro de estas
delineaciones de tipo en el campo. Los suelos se describen en
series, profundidad, contenido de piedras y pendiente. La vegeta-
ci6n se describe de acuerdo con las especies dominantes y el
orden de abundancia de éstas y, en el caso de las especies fore-
stales comerciales, se indica la calidad del sitio. Los suelos més
tarde se caracterizan también por las propiedades quimicas y
fisicas observadas en los anélisis de laboratorio y por pruebas de
fertilidad hechas en el mismo campo. A continuacién se explica
y se dan ejemplos del estudio como fuente de datos para aplicar
la administracién de uso mltiple a los bosques y a otras zonas
silvestres. Se dan también los términos de relacién de la altura y
edad de Pseudotsuga menziesii con las fases de profundidad de
un suelo pardo-gris podz6lico, delineadas en las series sobre suelos
de Hugo. Las sucesiones de vegetacién establecidas de acuerdo
con diversas pricticas de administracién forestal son convenientes
para muchas combinaciones de suelo y vegetacién. Se dan ejemplos
especificos. Se aportan datos sobre la derivacién o cémputo del
ciclo hidrolégico, el cual se obtiene calculando la diferencia entre
el suministro (la lluvia caida en la cuenca hidrogrifica) y las
pérdidas (por intercepcién y evapo-transpiracién), valiéndose de
los informes sobre suelos y vegetacién para el calculo de estas
Gltimas. Se describe también la aplicacién de los citados informes
a los problemas de actividades recreativas y de administracién de
parques inherentes al mantenimiento de las condiciones naturales
de vegetacién. Las series de suelos en las superficies que ya
tienen mapa, cuando se avaldan como posibles terrenos de pasto,
pueden considerarse en términos de su capacidad para sostener
reses. Las series de suelos varian de 2 a 28 hectireas por res al
afio y muestran entre si una variacién en contenido total de
nitrégeno, en los 60 centimetros de la capa superior del suelo, de
1908 gramos por m® a 334 gramos por m’ segin los datos
recogidos en este estudio.

Natural and Conventional Height-Age Curves for Douglas-Fir
and Some Limits to Their Refinement

J. HarrY G. SMmiTH, J. W. KER, AND L. HEGER

University of British Columbia,
Vancouver, British Columbia, Canada

Introduction

For several decades in North America little effort has
been devoted to the improvement of height-age curves.
Although H. A. Meyer (1953), Davis (1954) and many
others have concluded that height-age curves are the most
useful indicators of productivity, considerable research
has been centered on alternative approaches to the study
of site.

Factors that have diverted study from conventional
“site index” curves include: (1) difficulty in determining
the true curve form; (2) the need to classify productivity
of deforested arecas; (3) the desire to provide a means of
stratification that is independent of height-age; (4) insis-
tence upon supposed “total,” “absolute,” or “independent”
approaches; and (5) the advent of physiographic site
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classification, based upon aerial photographs, which is use-
ful for engineering as well as biological purposes.
Recently, however, Spurr (1952) suggested the con-
struction of polymorphic or natural height-age curves by
means of stem analysis, and Turnbull (1958) reviewed
thoroughly the literature on stem analysis techniques.

Both stem analyses and successive measurements of
height on permanent sample plots can be used to improve
conventional height-age relationships. These techniques
have been applied in the present study to determine
advantages and disadvantages and to assess the limitations
of conventional height-age curves. Site-index curves with
reference ages of 50 and 100 years respectively are
developed and compared with others available for
Douglas-fir. . ; ~
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Collection of Data

The data were collected on the U.B.C. Research Forest
at Haney in 1958 and 1959. The 1958 data were taken
from Douglas-fir 60-85 years old felled on plots 1, 4, 5, 7,
and 8 of those studied by Griffith (1960). Their respec-
tive site indices (S.I.) are 180, 85, 160, 150, and 140 feet
at 100 years. Plot size was 0.1 acres. The 1959 data were
taken from 150-year-old Douglas-firs felled on a plot com-
parable to Griffith’s 1 and 5. Stump ages were corrected
to total ages by adding the appropriate number of years
from McArdle, Meyer, and Bruce (1949). Cumulated
total height was plotted over age at each section (average
length was 16 feet) to estimate height by decades for
ecach tree. The wide range in age means that cyclical
variations in climate are averaged. Height-age curves for
cach of the trees studied in 1958 were projected to the
reference age of 100 years. Actual height was used for
the 50-year reference age. All data are summarized in
Table 1. The error of estimate from stem analysis prob-
ably is about half that of accurate determinations of
height and age of standing trees.

Table 1. Average height, standard deviation, and coefficient of
variation of 132 Douglas-firs at Haney

Total age (years) 10 20 30 40 50 60 70 100p 100t
Av. Height (ft) 12 32 56 78 93 105 116 145 147
St. Dev. Ht. (ft.) 5 12 17 22 25 27 28 29 34
Coeff. of Var. (%) 44 36 30 28 27 26 24 20 23

The difference in Table 1 between plot (p) and tree (t)
values at age 100 represents the discrepancy resulting
from use of plot averages instead of projected or actual
height (H) of each tree.

Table 2 contains top heights and standard deviations
at age 100 for five plots. The overlap between plots 5
and 8 up to age 40 suggests the presence of a factor
limiting growth on plot 8 after age 40.

Table 2. Average height and standard deviation of 10 tallest
trees on each plot

Height (feet) at total age (years)—

Plot No. 10 20 30 40 50 60 70 80
4 Av. Ht. 7 21 34 45 54 64 — —
St. Dev. 2 3 5 4 5 5 — —

1 Av. Ht. 17 47 80 107 128 145 155 167
St. Dev. 3 5 4 4 3 4 4 6

5 Av. Ht. 13 33 63 87 110 127 142 152
St. Dev. 2 6 7 8 5 6 5 8

7 Av. Ht. 16 45 72 96 113 128 136 144
St. Dev. 4 4 5 6 6 4 4 4

8 Av. Ht. 12 36 66 88 104 119 127 134
St. Dev. 1 4 3 6 5 5 8 8

Methods of Constructing Height-Age Curves

The data of Tables 1 and 2 show an increase of stand-
ard deviation with age (A) and a decrease of coefficient
of variation with age. Therefore in construction of height-
age (H/A) curves by conventional methods it would be
necessary at least to modify the dispersion about the aver-
age or guiding curve by reference to a curve of coefficients
of variation over total age, thereby accounting for the
change of coefficient of variation with age.

In constructing the first sets of height-age curves based
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on these data, Heger (1959) used the technique of Ker
(1957). Ker constructed natural height-age curves for
several species by determining equations in the form
H = a + b (S.I.) for each 20-year age class and harmon-
izing both intercept and slope.

Later, difficulties of harmonization, and the desire for
simple comparisons of many H/A curves suggested the
need to transform them into straight lines. The following
transformations were tried: H/A, H/A?, H/1, H/logA,

A
logH/A, logH/1, log H/log A, S.I. /A, and S.I./1. None

A H H A
would convert the data to acceptable straight lines, largely
because the 10-year class was included. But the ratio of
S.I. to H for each age class proved exceptionally valuable
for construction and comparison of H/A curves.

Use of S.I./H automatically harmonizes the data for
intercept or “a” values, and “b” coefficients can be effec-
tively harmonized by graphing S.I./H for each age class.
Averages of S.I./H define any group of H/A curves and
are as simple to use as similar equations developed by
Bishop, Johnson, and Staebler (1958) for alder.

Forcing the H/A curve to originate at O, as it does in
nature, causes a small increase in standard error of esti-
mate, (SEg) in comparison with determination of equa-
tions of the form H = a + b (S.1.) for each age class. In
separate analyses of H/A data on dominant and codomi-
nant crown classes using a reference age of 100 years, all
“3” values were minus and reached a maximum of —30
feet at 40 years. Standard errors of estimate were largest
at this age, 8 feet in comparison with the average of 4
feet. Agreement between ratio and regression approaches
was much better for top heights, using 50 years as the
reference age. Up to the reference age, the maximum “a”
was 3.0 feet. Standard errors of estimate were almost
identical, reaching a maximum of 5 feet.at 20 years and
averaging 3 feet. The conclusion was reached that either
method may be used to develop a satisfactory sheaf of
polymorphic height-age curves.

Factors Influencing Height-Age Curves
S.I./H for each tree and age class will be used to show
the influence of several variables on height-age .curves.
Portion of Stand Sampled '

Although the height curve for intermediate (I) trees is
erratic, the ratios of Table 3 demonstrate a significant
change in form of H/A curve, especially for very young
(10) and older (70) classes of total age. Fifty years was

Table 3. Influence of portion of stand sampled on S.I./H on
five 0.1-acre plots

Total age in years Age 50
0 20 30 40 60 70 Ht. St.Dev.
----- SL/H) « « « « = (feet)
Tallest 10 per acre (5)* 620 2.50 1.67 1.19 0.89 0.82 113 0
Tallest 20 per acre (10) 6.50 2.51 1.55 1.19 0.88 0.81 111 3
Tallest 40 per acre (20) 690 2.55 157 1.19 0.88 0.81 109 4
Tallest 100 per acre (40) 7.65 275 1.60 120 0.87 081 102 5
All dominants (56) 8.68 3.06 1.69 122 0.87 080 106 6
All codominants (46) 9.16 3.08 1.71 123 0.87 079 90 7
All intermediates (16) 945 299 1.51 1.18 0.87 0.78 68 7
1 Number of trees measured.
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used as the reference age in order that H,, be without
error. Analyses of variance showed no significant dif-
ferences among ratios of S.I/H for dominant (D),
codominant (CD), or 100 tallest trees per acre (top
height, TH).

The ratios of S.I./H are 1.00 at age 50, the reference
age. Average heights and average plot standard deviations
are given in Table 3 for each portion of the stand sampled.

The influence of portion of stand sampled on the posi-
tion of H/A curves at various ages is shown in Table 4.

Table 4. Heights of various portions of the stand expressed as
percentages of average heights of the 100 tallest trees per acre

Total age in years 10 20 30 40 50 60 70

= = = = (Percentages of Top Height) - - - -
Tallest - 10 per acre 134 119 115 110 109 108 108
Tallest 20 per acre 127 117 111 109 108 107 107
Tallest 40 per acre 116 112 107 107 105 105 105
Tallest 100 per acre 100 10¢ 100 100 100 100 100
All dominants 89 91 94 97 98 98 101
Av. D and CD 85 88 91 94 96 96 98
All codominants 78 82 85 88 90 91 91

Some of the differences in average heights of trees in
various crown classes result from differences in age.
Dominants averaged 82.6, codominants 81.3, and inter-
mediates 74.1 years in total age. There was much varia-
tion about these averages and, in fact, codominants were
somewhat older than dominants on plots 1 and 5.

Conversion From H;, to H,y,

Heights of individual trees at 50 years may be converted
to plot heights at 100 years by the expression H,ppp, =
54.8 + 0966 H;,. This is modified by crown classes
with D as 1, CD as 2, and I as 3 to Hypp, = 14.5 +
1.16 Hso + 13.8 (1, 2 or 3).

Heights of ‘individual trees at 50 years may be con-
verted to individual tree heights at 100 years by the expres-
sion Hypor = 35.8 4 1.20 Hs,. This is slightly modified
by crown classes to H,poe = 35.7 + 1.20 H,, + 0.01
(1, 2, or 3).

Years to Reach Breast Height

Agreement is becoming more general that the numbers
of years suggested by McArdle, Meyer, and Bruce (1949)
to convert boring age to total age are conservative (Beck-
ing, 1954; Smith and Ker, 1956; Mueller-Dombois, 1959).
On the average, two years should be deducted from the
number of years to reach breast height suggested by
McArdle, Meyer, and Bruce (1949).

Age of Stand When Sampled

Regressions of total decadal heights on heights at refer-
ence ages 50 and 100 years were calculated, using each
of the 132 trees in all crown classes. All regressions were
statistically significant. To facilitate comparison, correla-
tion coeflicients are given in Table 5 for each decade and
reference age. Both plot and tree averages are given for
age 100. All show that the shorter the period of predic-
tion, and the closer it is to reference age, the higher will
be the probable degree of success.

Further evidence of the difficulties of estimating S.I. in
very young stands (Smith and Ker, 1956) was provided
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Table 5. Degree of association among reference height and
decadal height

Total age

in years 10 20 30 40 50 60 70 100p 100t
(Simple correlation coefficients, r)

Hso/Ha 71 .82 .93 98 1.0 .99 .98 .85 91

Hiooplot/Ha .60 70 .81 .84 .85 .87 .88 1.0 .88

Huootree/Ha .62 .69 .81 .87 91 94 96 .88 1.0

by analysis of the regressions of heights at 50 and 100
years on juvenile height growth. For 43 trees, data were
available on the length of each of the first five nodes
above breast height. Table 6 shows that although averages
of four or five nodes ensure statistical significance, their
potential for predicting future height is lower than that of
total heights at age 10.

Table 6. Relationships among juvenile height growth and
heights of 43 individual Douglas-firs at ages 50 and 100 years

Nodes above B.H. 1 2 3 4 5 1,2 1,2 1,2 1,23 Hse Hie
3 34 45

(Simple correlation coefficients, r)

Hso/node length 29 .03 .28 .42 .30 .14 .31 .32 .38 1.00 0.89
Hip/node length 31 .03 .25 .35 .25 .15 .30 .28 .34 0.89 1.00
Mean node length in inches Mean ht. in ft.

18 19 20 23 24 18 18 19 20 91 150

Standard deviation in inches S.D. in ft.
5 7 6 5 4 4 4 4 22 29

Table 7. Comparisons of U.B.C. curves with other height-age
curves for Douglas-fir

Stand age in years

Source 10 20 30 40 50 60 70 80 100
(Averages S.I./H; Hioo/Ha) (Av.Hio0)
U.B.C. TH 11.84 424 267 1.88 1.56 137 1.26 1.17 145
McArdle, Meyer and
Bruce (1949) 3.84 218 1.67 1.43 1.28 1.10 140
Rarnes (1947) 5.00 2.66 1.78 1.38 1.21 1.07 110
B.C.F.S. (1956) 473 2.65 1.84 143 124 1.07 110
Spurr (1952) 3.62 243 1.86 1.56 1.36 1.13 150
Hanzick (1914) 421 239 1.74 1.45 1.28 1.10 128
Spilsbury Smith
(1947) 3.00 1.88 147 1.28 1.08 124
Carmean (1956) 1.60 135 1.21 1.12 1.07 1.02 110
Carmean (1956) 3.77 262 197 161 138 1.13 160
Schumacher (1930) 2.42 1.82 154 1.34 1.12 139
(Average S.L/H; Hso/Ha) (Av.Hso)

UB.C. TH 7.65 275 1.60 1.20 1.00 0.87 0.81 0.75 93
For. Com. Gr. Br. 228 149 1.16 1.00 90
Grandjean (1953) TH 6.70 2.40 1.50 1.20 1.00 0.90 0.83 75
Grandjean Av. Ht. 7.20 2.50 1.50 1.20 1.00 0.89 0.82 70

Recent height growth on the study plots (Griffith,
1960, Tables 18 and 29) was closely associated with
estimated site index and is a much better indicator of S.I.
than is juvenile height growth. Estimates of S.I. without
age (Stoate and Crossin, 1959) are no better than the
best juvenile estimates of Table 6 and are much worse
than 10-year heights as shown in Table 5.

These data on stand age illustrate the difficulties
involved in predicting growth in height for long periods
and at very young ages.

Change in Crown Class

On the five plots studied, from 1 to 4 and an average
of 2 of the 10 tallest trees on a plot representing each 10-
year-age class were finally classed as codominant. These
trees were presumably in the dominant group at early
ages. Only one tree of the 132 studied grew out of what
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appeared to be an initially codominant height class.
Warrack (1952) showed that 15 per cent of the dominants
decreased in crown class between ages 19 and 39 in an
unthinned stand at Cowichan Lake.

Influence of Site Index on Curve Shape

Analyses of variance of S.I./H by plots and crown
classes for each plot and age showed no influence of
crown class, but plot differences provided a significant
amount of variation, especially in the younger age classes.
The variation could not be explained consistently by site
index, lesser vegetation, or by any of the soil or moisture
variables studied by Griffith (1960), and therefore must
be considered as essentially random in nature. Part of
the decrease in height growth after age 40 years on plot
8 can be explained by its lower soil moisture and fewer
dominant trees sampled in comparison with plot S.

Influence of Stocking on Curve Shape

It was not possible to detect any influence of stocking
on shape of the H/A curves. However, total stem analyses
of 30 Douglasfirs planted 22 years ago at a spacing of
6 feet by 6 feet in the U.B.C. Campus Forest showed
an apparent increase in site index from 160 to 180.

Comparison With Other Height-Age Curves

The S.1./H ratios for the U.B.C. Research Forest data
are compared in Table 7 with those published for Douglas-
fir grown in other regions (Heger, 1959).

With the exception of part of the data of Carmean
(1956), which represent implausible growth rates, the
ratios of Table 7 are in general agreement, although aver-
age heights differ. The ratios differ much less than those
of Table 3, which are based upon different portions of the
U.B.C. stands. The differences within Table 7 can be ex-
plained in terms of variations in correction of boring age
to total age, in portion of stand sampled, in calculation of
average height of trees sampled, and in method of curve
construction.

Comparison With Forest Association or Site-Type Data

Ecologists have collected many data on the influence of
soil, climatic, and physiographic factors on the growth of
Douglas-fir, but have failed to provide convincing evidence
on the existence of absolute sites. The best published
data on Douglas-fir forest site-types are those of Spilsbury
and Smith (1947). These are summarized in Table 8.
Since stands sampled were more than 30 years old, the
variation cannot be attributed to extreme youth of the
sample trees.

Table 8. Summary of data on Douglas-fir site-types collected by
Spilsbury and Smith (1947)

Site type P P-G G GPA GU
No. of plots 47 70 62 42 9
Min. S.I. (ft.) 124 122 84 70 67
Max. S.I. (ft.) 190 190 160 120 104
Av. S.I. (ft) 161 151 127 93 80
Curve S.I. (ft.) 169 151 124 94 70
S.D. S.I. (ft.) 14 15 18 12 15

In all but the G type, two-thirds of the plots are likely
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to fall within plus or minus 15 feet (one 30-foot S.L
Class) of the average site index for the type. Another 30
per cent of the plots will be one site-index class too high
or low, and about 3 per cent will be two site-index classes
too high or low.

Becking (1954) divided the above types into 15 with
a range in S.I. of from 70 to 212 feet. Within each type
the number of plots averaged 18, the standard deviation
17 feet, and the average range in S.I. was 53 feet at 100
years. Krajina and Spilsbury reduced the number of
types to four, estimating the S.I. of Salal-lichen to be 70
feet or less, of Salal 115, of Moss 150, and of Swordfern
180 feet. Schmidt (1954) estimated a S.I. of 97 feet for
Salal, 135 for Moss, and 174 feet for Swordfern. Mueller-
Dombois (1959) took an intermediate position, estimating
S.I. 80 or less for Salal-lichen, 110 for Salal, 140 for Moss,
and 170 or more for Swordfern.

Realizing that the plots used to define these site-types
were purposefully selected to represent very small and
specific plant communities, the range in site index and the
variety of estimates within each supposedly “absolute”
type are discouraging.

Concluding Discussion

Height-age curves may incorrectly assume a similar
shape for good and poor sites. They may be based upon
data that are not representative of the range in productiv-
ity. They may use incorrect data for converting age at
height or boring to total age (Smith and Ker, 1956).
Proportions of dominant and codominant crown classes
may have been inadequately defined, and heights of these
might have been averaged for diameter in one of several
ways (Ker, 1952). Current growth in height may not
have been used as a check on total height and age in
an attempt to discover the presence of any substantially
limiting factors (Ker and Smith, 1957). Most of these
faults can be overcome by adequate sampling, and cor-
rect curve shapes can be determined by stem analysis
and successive measurements of heights as reported herein.

Nothing can be done, however, to foretell accurately
the effect of changing methods of management or geneti-
cally different stock on the growth characteristics in a
particular locality. No method of classification, only time,
can provide answers to such problems. .

Since all approaches are applied by designation of
similar units or strata we should continue to use the trees
themselves as the best measures of productivity. Cer-
tainly, successful application in forestry of classification
systems independent of tree species depends upon the
degree to which such systems can be correlated with
growth in height and age.

Arguments against the use of height and age hinge on
the incompleteness with which growth in height expresses
productivity, on the desire for a measure that is inde-
pendent of height and age, or on the supposed difference
between “apparent” and “absolute” site.

We can dismiss the first by suggesting that no approach
can provide a total measure and that statistically signifi-
cant and important correlations must suffice.. Even the
best of site measures are relatively poor estimators of
present or past yield (Smith and Ker, 1959), yet we can
find no good substitute for site and age :.in' predicting
future growth.
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The second argument involving independence fails to
recognize the ease and accuracy with which growth of
one tree species may be correlated with another, and the
simplicity of providing independence by subjectively
designating site quality classes from “very good” to “very

poor.” The extreme variation in published values of
so-called absolute sites cannot be justified on the basis
that height and age together allegedly express tree growth
poorly.

The advantages of the height-age approach are its
simplicity, the possibility of recognizing any reasonable
number of quality classes, and the ease of conversion to
any units of measurement. Height-age curves can be
developed with a nominal amount of field work for a
single species or a group of species. These can be used
to provide an index of quality within any forest strata,
giving individual or average estimates for any size of
unit or desired degree of precision.

Limitations to the height-age approach are being over-
come by studies such as that by Ker (1957), who
determined site indices for all species in a mixed stand,
by Lynch (1958), who corrected for extremes in density,
and by Stage (1959), who developed a method of de-
termining site index in uneven-aged grand fir. Although
further studies are required to define and refine height-age
relationships, our analyses show that those presently
available provide adequate estimates of productivity.
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RESUMES

Courbes hauteur-dge naturelles et conventionnelles pour
le sapin de Douglas—Obstacles a leur amélioration

Nous examinons, dans le présent rapport, les défauts présentés
par les courbes hauteur -Age, et nous montrons comment il est
possible de remédier a la plupart de ces défauts a l'aide des
techniques dont on dispose a I’heure actuelle la plus importante
étant la mise au point de courbes hauteur -age basées sur I'analyse
des ffits. Nous donnons un résumé de l’analyse des flits de 132
sapins de Douglas pour illustrer lmﬂuence de certains facteurs
tels que portion du peuplement analysée, dges de référence de 50
et de 100 ans, nombre d’années pour atteindre la hauteur de
p01tr1ne moyenne de la parcelle et de chaque arbre, mensura-
tions a un jeune age de la croissance en hauteur sur les courbes
hauteur-Age et estimations de lindice du site. Des expressions
hauteur-age sont établies _pour 50 et 100 ans et des équations sont
données pour la conversion de l'une a l'autre. L’estimation perd
de son exactitude lorsque la période de prédiction s’accroit et
lorsque 1’dge auquel le peuplement est étudié diminue.

Les courbes hauteur-Age disponibles pour le sapin de Douglas
sont ramenées & une base commune par l'utilisation des rapports
de l'indice du site et de la hauteur par décades. Ces différences
entre les courbes hauteur-dge publiées proviennent en majeure
partie des variations dans la méthode appliquée - dans la con-
struction de ces courbes. Les données hauteur-ige relatives a
certaines associations forestiéres présentent une gamme trés large
d’indices de site au sein de phyto-sociétés déterminées. Nous
résumons les avantages des courbes hauteur-dge et concluons que
celles dont on dispose 4 I’heure actuelle fournissent des estima-
tions adéquates de productivité.

Curvas Estadisticas, Naturales y Convencionales, sobre
la Altura y Edad del Abeto Rojo y Algunas Observa-
ciones sobre sus Limites de Exactitud

Este trabajo trata sobre los defectos de las curvas de altura y
edad v demuestra que la mayoria de ellos pueden rectlﬁcarse

mediante el empleo de métodos actualmente en existencia, el mas
importante de los cuales es el que basa dichas curvas en un
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analisis del tronco. Asimismo, se hace un resumen del analisis
de troncos de 132 abetos rojos (Pseudotsuga menziesii) para
ilustrar la influencia de la porciébn de bosque examinada, con
edades referenciales de 50 a 100 afios, tiempo necesario para llegar
a la altura del pecho de un hombre, promedios de parcela y de
arboles, medidas de crecimiento juvenil en curvas de altura y
edad y célculos sobre el indice del medio estacional. La exactitud
del calculo disminuye cuando se aumenta el periodo de prediccién
y se disminuye la edad en la cual se estudia el grupo de arboles.

Las curvas de altura y edad planteadas para estos abetos rojos

fueron reducidas a bases comunes mediante el establecimiento de
la proporcién por décadas entre el indice del medio estacional y
la altura. La mayor parte de las diferencias entre las curvas de
altura y edad publicadas son resultado de variaciones en el
método de computacién. Los datos aportados por las asociaciones
forestales suelen tener un amplio limite en cuanto al indice del
medio estacional dentro de grupos de plantas especificas. Al final,
se resumen las ventajas que resultan de las curvas de altura y
edad y se llega a la conclusién de que las que existen actualmente
proveen cilculos adecuados sobre la productividad.

Soil Improvement by Cultivation and the Use of Fertilizers

GEorRGE DENNIS HoLMES AND G. G. STEWART

Forestry Commission of the United Kingdom,
London, England

Improvement of the soil by cultivation and manuring
is of great importance in preparation of bare land for
afforestation in the United Kingdom, and the present
paper gives a brief outline of the main considerations and
methods involved in present-day practices. Considerable
experience on the cultivation and fertiliser needs of poor
quality sites has been gained in recent years, particularly
in connection with the large extension of moorland
afforestation since the formation of the Forestry Commis-
sion in 1919. The need for the best soils being retained
for agriculture has resulted in a concentration of afforesta-
tion work on degraded grazing land, consisting mainly of
unimproved peat and heather moorland. The diversity
of these difficult land types is exemplified by the acid peat
bogs of north and west Scotland, the hill peats of the
Scottish Border and Pennine regions, the dry upland
heaths of northeast England and east Scotland, and the
lowland heaths of east and south England. To these may
be added badly drained clays, and shallow dry soils over
chalk in the Midlands and south of England.

When large-scale planting first started on these sites in
the early 1920’s, there was little practical experience on
which to draw, and questions of choice of species, cultiva-
tion, drainage, manuring, etc., had to be answered by trial
and error and by a large programme of field experimental
work. Despite the many different sites, it soon became
apparent that the main factors limiting tree survival and
growth were poor aeration and drainage on waterlogged
peats and compacted mineral soils, low levels of major
nutrients, and intense competition of the natural
heath or grass vegetation. After early attempts to establish
crops on “unimproved” moorland sites, it became obvious
that drastic preparatory treatments to improve the soil
conditions were essential if economic crops were to be
produced.

The total productivity or fertility of a site may be
related to the volume of soil suitable for unhindered root
development, as well as to the inherent fertility in terms
of the levels of available nutrients in the soil. The effects
of cultivation and manuring methods on these characteris-
tics of site are discussed below.
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Soil Improvement by Cultivation

Most of the poor quality sites available for afforesta-
tion have undisturbed soils characterised by inadequate
drainage and aeration. On such soils, the early practice
of planting trees directly into the undisturbed natural sur-
face was a failure, and it was found that growth could be
greatly improved on wet peat by planting on upturned
turfs cut from drains, or on dry heaths by planting on
mounds of mineral soil. The success of such “turfing”
and “mounding” techniques led directly to the develop-
ment of the ploughing methods in use today, which are
little more than the mechanisation of these operations.

The present methods of cultivation in preparation for
planting usually involve single-furrow ploughing at a
spacing and depth varying with soil conditions; planting is
then done on the inverted plough ridge (in wet areas)
or in the furrow bottom (in dry areas). There are many
effects influencing tree growth, and these may be grouped
broadly as follows:

Improved drainage and aeration. Cultivation of undis-
turbed soils improves drainage and aeration, thereby
increasing the amount of soil which can be exploited by
tree roots. Drainage impedence and anaerobic conditions
are encountered on water-logged peat, and ploughing
gives drainage to carry off excess water, and also provides
peat ridges on which trees may be planted free of water-
logging. On mineral soils, impedence and anaerobic con-
ditions are frequently associated with soil compaction or
the presence of a hard iron or humus pan as in many
podsolized heath soils. On these sites, shattering the
compaction by cultivation provides vertical drainage and
improved conditions for root growth.

Nutrient Mobilisation and Reduction of Vegetation
Competition

Soil disturbance and improved aeration facilitate
weathering of minerals and accelerate microbiological
activity for the breakdown of organic matter and the
mobilisation of nutrients. In addition, ploughing results
in effective local suppression of vegetation and reduction
of competition from weeds, particularly for nitrogen and
water, in the early years of the life of the plantation.
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The benefits of ploughing may be summarised as fol-
lows: First, the reduction of losses and the more uniform
early growth due to the ironing out of minor differences
between poorer and better planting spots. Second, and
most important, the more rapid early growth, which re-
duces the period the trees spend in the weeding—and
most frost-susceptible—phase and results in quicker
establishment. Third, increse in quality class of crop.
Fourth, the task of planting is made easier and quicker,
since smaller and therefore cheaper plants may be used,
and sometimes no weeding at all is required.

Against these advantages must be placed the future
extraction difficulties imposed by the plough ridges, a
possible increase in the susceptibility to windblow, owing
to the roots tending to run along the ridges or furrows
rather than in other directions, and the greater initial
expense. On balance, however, it is believed that on most
workable sites the benefits far outweigh the disadvantages.

There are three main types of land on which ploughing
is normally done—wet sites (mainly peat), dry heaths and
grassy sites. On the first of these, the wet sites, draining
is the most obvious requirement, but it is quite clear that
raising up the plant out of the vegetation is also essential.
These two needs are well met by turf ploughs such as the
Cuthbertson single mouldboard model, which cuts a
fairly deep drain and at the same time inverts a turf ridge
which may be planted as it lies; or else thick slices may be
cut from it and spread on the surface of the ground at the
required planting spacing, and the trees planted in these
turfs. Opinions differ as to which is the better of these
two practices, but as a rule the furrows are usually spaced
seventeen to twenty-two feet apart, to allow for two or
three rows of turfs to be spread between furrows. But on
the very poorest deep acid peat, the furrows are spaced
five to six feet apart and all planting is done on the turf
ridges.

Other types of ploughs are also used, but most provide
only turf ridges, and normally they need to be used in
conjunction with a draining plough. For example, a Cuth-
bertson double mouldboard plough, which provides two
slices of turf from one furrow, may be used at appropriate
spacings between drains made by a single mouldboard
model. The alignment of the drains made by a draining
plough needs the most careful forethought.

On the dry heaths, ploughing has two main objects:
first, to break up the shallow layer of surface peat, and
second, to reduce the compaction in the underlying mineral
soil, breaking up the pan where this exists. Such work
can be done with relatively simple but necessarily robust
ploughs. The commonest type in use is the “tine” plough
which can be used either with or without a mouldboard.
Ploughs on heathland are used to give furrows at intervals
of about five feet, and the furrows usually run round the
contour, rather than up and down the hill, as in this way
moisture is conserved and any tendency towards erosion
is lessened.

The third main type of ground might be defined as sites
where it is important to secure freedom from competing
vegetation. Examples are grasslands on mineral soil and
chalk downland. Various types of ploughs are used on
these sites, including strengthened agricultural ploughs;
ploughing is generally at 5-foot intervals, but occasionally
complete surface ploughing is needed.
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All ploughing as a preparation for planting requires a
powerful tractor, and normal practice is to use standard
commercial makes of about thirty to forty horsepower. On
very soft peatland, tractors with specially wide tracks are
required.

As explained above, single furrow, that is, partial
ploughing with furrows spaced at five feet or more is the
general rule, and there has been relatively little experience
of more intensive cultivation. The risks of windblow with
single-furrow ploughing, and the possibility of better
growth where a large proportion of the soil volume is
cultivated, have stimulated interest in complete cultivation
on certain sites. Trials of multiple-disc ploughs for com-
plete ploughing of heaths have proved disappointing,
owing to the limited depth of cultivation achieved,
especially in compacted soil or stony ground. Similarly,
the use of heavy rotovators has proved impractical in all
except the easiest conditions. The alternative of complete
ploughing with single mouldboard subsoiler ploughs is
slow and costly, but it may be that the results of such
drastic soil disturbance on crop stability and long-term
increment may justify the development of special equip-
ment. This question cannot be answered until existing
experiments have run their course.

Soil Improvement by the Use of Fertilisers

The effect of cultivation on the mobilisation and avail-
ability of nutrients has already been mentioned. Neverthe-
Iess, even after ploughing, certain heath and peat sites have
a nutrient status which is inadequate to support vigorous
tree growth. On these soils application of fertilisers at
the time of planting is an essential adjunct to proper
cultivation. Thus, on the poorest types of wet peat moor-
land and on dry upland heath, normal growth of conifers
is impossible without the addition of phosphate fertilisers.
Experiments over 30 years have shown that on the acid
peats typified by Scirpus vegetation, phosphate manuring
is highly beneficial and often essential to the survival of
the crop. On poor peat in general, phosphate is the main
requirement at planting, and in trials other nutrients,
including nitrogen, potassium, calcium and magnesium,
have had little effect.

On these poor soils, placed dressing of ground rock
phosphate or superphosphate at 1%2-2 ozs. per tree at
planting is now general practice. The fertiliser is usually
spread by hand around the base of each tree, but trials
are now under way to cheapen the operation by mechani-
cal drilling of the fertiliser beneath the plough ridge at
the time of ploughing. There is little doubt about the
economics of phosphate dressings at planting on poor
soils, as in most cases the plants without treatment fail
to grow at all, or at best, pass through a prolonged period
of slow growth before canopy closure.

Fertilisers have been found of value in connection with
the problem of improving “checked” or slow-growing
plantations which have failed to close canopy. The major-
ity of such crops are the result of inadequate preparatory
cultivation or failure to apply phosphate at the time of
planting. The result has been a slow-growing or totally
checked crop. Experiments have shown that in some cir-
cumstances fertiliser top-dressing of such crops can
produce a dramatic growth improvement in spruce or pine
on poor sites. Once again, phosphate is a key element.
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Large-scale top dressing of forest crops presents problems,
but recent experience indicates that the use of aircraft
for application at rates up to 3-4 cwt. per acre may be an
economic proposition.

Improvement of soil productivity by the use of fertilisers
in’ the crop phase has, so far, received relatively little
attention in Britain. However, a large number of the
earlier plantations have now reached the canopy stage,
and more attention is being paid to the possible value of
fertiliser top-dressings as a means of increasing crop incre-
ment. Manuring of crops after canopy closure is a new
field of research in Britain, but there is a considerable
background of experience in Furope and elsewhere,
indicating that nitrogen, calcium and potassium may be
limiting factors at this stage. There is clear evidence too,
that in some older plantations on deep acid peat potash,
deficiencies arise after the crops close canopy (Wright,
1956). To provide first-hand evidence, an extensive series
of factorial N, P, K, Ca, Mg fertiliser trials are now being
observed in “pole-stage” crops of pine, spruce and
Douglas-fir on a wide variety of sites in Britain. These
studies will be continued to provide data on the reaction
of established crops to these nutrients and the possibility
of diagnosis of deficiencies by soil and foliage analyses.
At present, no top-dressings on other than an experimental
scale have been applied to crops in the pole stage.

The foregoing account gives some impression of the
practical value of adequate cultivation and manuring in
preparing impoverished soils for afforestation. In Britain,
amelioration of sites by these means has resulted in suc-
cessful establishment of crops on large areas of land
which would otherwise be incapable of supporting tree
crops. Under more favourable conditions, proper site
preparation has resulted in a marked increase in produc-
t1V1ty as indicated by the quality class of crops. There still
remains considerable scope for improvement, and the
possible value of more intensive methods of cultivation
and manuring than practised hitherto warrants full
investigation.
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RESUMES

Amélioration du sol par le labourage et [lutilisation
d’engrais

Le labourage et I'utilisation d’engrais sont indispensables pour
établir de fagon satisfaisante des peuplements sylvestres dans la
plupart des reglons d’Angleterre aux sols les plus pauvres. Le
labourage consiste généralement a creuser 4 la charrue un sﬂlon
doublé d’un billon, I'espace entre chaque sillon étant d’au moins
5 pieds. Dans un terrain humide, les plants sont disposés dans le
billon surélevé, et dans les terrains secs, au fond du sillon. Nous
indiquons les avantages et les désavantages que présente le
labourage, rna1s les premiers lernportent de beaucoup sur les
derniers, du moins pendant les premiéres années. Nous examinons
égalernent la question de l'utilisation des engrais, d’abord au
moment de la plantatlon puis dans des plantatlons dont la crois-
sance s’est “arrétée” ou ne se développant que trés lenternent et
enfin dans des plantations ayant atteint un stade assez avancé de
developpernent L’élément indispensable au moment de la planta—
tion ainsi que pour I'amélioration des plantatlons ‘arrétées” est le
phosphore mais pour les peuplernents ages d’autres éléments
peuvent 8tre nécessaires dans certains terrains pauvres; c’est un
fait maintenant connu que certaines tourbes acides sont déficientes
en potasse.

Mejoramiento de Suelos por Medio del Cultivo y del
Uso de Abonos

El cultivo y el uso de abonos son técnicas necesarias para
establecer en las tierras menos fértiles de Gran Bretafia existencias
provechosas de arboles. El cultivo por lo general consiste del
arado de la tierra formando lomos y surcos en hileras separadas
no menos de 5 pies una de otra. En tierras hiimedas las plantas
se colocan en el lomo y en zonas secas las plantas se colocan en
los surcos. Se seftalan las ventajas y las desventajas del arado; por
lo menos durante los primeros afios, las ventajas son mayores
que las desventajas. Se analiza el uso de abonos al plantarse, en
cultivos “regulados” o de crecimiento muy lento y durante las
etapas del crecimiento. El fésforo es el elemento esencial al
plantarse y para los cultivos de crecimiento lento, pero durante
la fase del desarrollo pueden resultar necesarios otros elementos
en lugares menos fértiles; se ha podido establecer que el potasio
es deficiente en algunas turberas Acidas.
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Evaluation of Chemical Analyses of Soils and Plants
As Aids in Intensive Soil Management

ALBERT L. LEAF AND H. A. MADGWICK

State University College of Forestry,
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Syracuse, New York, U.S.A.

The intensification of silvicultural practice throughout
the world has brought to the notice of foresters many
areas in which forest growth, or the success of forestation,
is limited by a deficiency of one or more plant nutrients
(White and 1eaf, 1957). If the future of forestry includes
a wider use of fertilizers, and if the use of these amend-
ments is not to be just on a trial-and-error basis, then it
is imperative that adequate means be developed for
detecting areas of poor nutrient status.

In the past, soil and plant analyses have been used to
indicate nutrient deficiencies (White, 1958; Wilde, 1958),
but neither method is wholly satisfactory; thus, an objec-
tive assessment of the merits and difficulties of both
methods should be helpful to research workers and
practicing foresters.

Techniques of soil and plant analysis attempt to indicate
the level of availability of nutrients in soil to plants. Soil
analysis attempts a direct measure of the soil nutrient
supply and an indirect measure of plant nutrient uptake.
The converse is true for plant analysis.

Field Sampling

Due to the impossibility of measuring the nutrient
content of the entire soil or vegetation on a given area, it
is necessary to collect relatively small samples for analysis.
This imposes immediate problems, since both the soil and
vegetation are heterogeneous (Jackson, 1958; Leyton,
1948).

Sampling position. In soil, considerable variations in
nutrient contents occur with depth and location. Not
enough is known about the uptake of nutrients from
different parts of the soil to determine the best sampling
technique. Thus, some advocate the use of a surface
sample including, or as well as, the litter layers, while
others sample by horizons or fixed depth intervals.
Samples from a number of profiles may be composited or
kept separate for laboratory analysis.

Plant analysis is believed to overcome the difficulties of
heterogeneity of soils. However, there is an uneven dis-
tribution of nutrients in plants. Sampling of agricultural
plants is usually restricted to a single part which shows a
close relation to nutrient supply and less variation due to
other, unrelated, factors. In trees with uneven vertical
and lateral distribution of nutrients in crowns and boles
sampling has usually been restricted to the current year’s
near-terminal foliage.

Sampling time. Seasonal variations in nutrient content
are less important in soils than in litter and plants. For
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trees in temperate climates, it is usually recommended
that sampling be restricted to the dormant season for
evergreens and just prior to leaf discoloration for decidu-
ous species.

Yearly variations in nutrient content are of importance
in soils as well as in plants. For soils, this variation is due
to the modifying influence of vegetation on the soil. For
plants, the variation is due to growing season conditions,
including length of frost-free period, temperature, and total
amount and distribution of precipitation.

Plant analysis assumes the presence of the plant on the
site, but the use of bio-assays by advocates of soil analysis
suggests that one species may be used as an indicator for
others.

Laboratory Analyses

The samples of soils and plants may be analyzed with
precision in the laboratory, but the results are applicable
to the samples and may not truly reflect field conditions
unless the samples are representative. In the laboratory,
soils pose more problems than plant material.

Sample preparation. The handling of samples can make
considerable differences as to the results obtained from
analyses. Some suggest that foliage samples should be
washed to remove dust prior to analysis. This may be pos-
sible for large-leaved species, but becomes increasingly
difficult with small leaves or needles.

Soil and plant samples are usually dried prior to analysis
at temperatures ranging from 60° to 105° C. The lower
temperatures are necessary to reduce volitalization of
nitrogen. Drying soil samples may also affect the results
of analyses for other elements, especially potassium.
Drying plant samples is especially important soon after
collection in order to stop metabolic activities which alter
their weights.

Following drying, the soils are sieved, usually through
a 2 mm. mesh, to remove stones. Care is used to destroy
aggregates but not break up mineral particles. The plant
tissue is ground to pass a fine mesh sieve, but this may
cause differential loss of tissue as well as contamination.

Sample treatment. Chemical analyses involve aliquots
of homogenized samples. Plant samples are usually
analyzed for their total contents of various elements,
whereas for soils this is generally true only for nitrogen.
For the other soil nutrients, an attempt is made to measure
the so called ‘““available to plants” fraction by leaching
with various extractants. Thus, plant analysis has the
advantage that all the elements except nitrogen may be
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determined from a single aliquot. With soils, different
extractants are often used, depending on the eclement
investigated. Extractants range from distilled water to
boiling, concentrated acids. The use of these extractants
attempts to remove a quantity of the various nutrients
available for uptake by plants. In the past, most effort
has been devoted to the development of analytical techni-
ques for phosphorus and potassium, while the other
elements have received relatively little consideration. Some
extraction methods are more successful than others,
though most of the data refers to agricultural crops and
may not be applicable to forestry, where effects of
mycorrhizae may be of considerable importance. Although
it is known that extracting solutions have different efficien-
cies in leaching nutrients from mineral soil and organic
matter, it is not known to what extent trees obtain
nutrients from these two sources or how much the results

of analyses are affected by the relative amounts of these
two constituents in the soil.

Interpretation

Careful interpretation is absolutely essential to make
the best use of soil and plant analyses. The ability to
interpret results is dependent on the knowledge of the
factors which govern growth and nutrient uptake by plants
(Kozlowski, 1956; Leyton, 1957).

Soil analyses. Results from soil analyses are usually
reported on a concentration basis, e.g., percent, parts per
million, or milliequivalents per 100 grams. Except for
nitrogen, the analytical results are often reported as oxides.
This multiplicity adds to the difficulty of comparing data
and may lead to confusion.

To properly interpret analytical data it is necessary to
convert results from concentrations to contents on an area
basis. To make this conversion, weight per unit volume
and stoniness must be known. This is obvious if the
range of soils is from organic through alluvium to talus
origin, especially when it is remembered that samples are
sieved to remove stones prior to analysis.

In the past, foresters who have attempted to relate tree
growth to soil characteristics have most frequently meas-
ured tree growth in terms of height over age. The follow-
ing data have been compiled to show how, in agriculture,
the method of assessing the reliability of soil analyses
markedly affects the result:

Significance of correlations between plant characteristics and
soil analyses

Significant at Not

Plant characteristics 5% level significant Total
Total chemical content 76 3 79
Total yield 73 27 100
Response to fertilizers 5 9 14
Total 154 39 193

Thus, soil analyses are more frequently related to nutrient
uptake than to dry matter production, a conclusion which
1s not particularly surprising. The fact that soil analyses
are least successful in predicting response to fertilizers
only emphasises our lack of knowledge on the fate of
applied fertilizers and the relationship between growth

and the relative availability of all the elements necessary
to plant growth.
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Plant analyses. Results from plant analyses are usually
reported on a concentration basis and relate to a specific
portion of the plant. A serious problem is that it is not
known how the percentage nutrient content of different
parts of the tree is related to the total uptake by the tree.
However, relationships have been found between height
growth and concentration of nutrients in a near-terminal
foliage, but these relationships may be expected to break
down in cases of luxury consumption.

Establishment and use of standards. In the past, at-
tempts have been made to establish standards for adequate
or deficient nutrient levels in soils and plants. However,
these attempts raise many problems and may be of ques-
tionable value. Variations in analyses related to sampling
position, seasonal and long time changes, and sample
treatment increase the difficulty of establishing standards.
For example, extrapolation of greenhouse data to the
forest is unwise until more is known about the effects of
age and environmental factors, other than soil nutrients,
on the growth and mineral nutrition of trees. Additional
difficulties result from the interaction between nutrients,
since unbalance as well as deficiencies may affect growth,
e.g., ion antagonism.

To use standards, it is necessary to work under the
same conditions so that comparisons may be made.

Conclusions

It should be clear from this review of soil and plant
analysis that considerably more information on many
aspects of growth and mineral nutrition of trees and on
aspects of soils and fertilizers is necessary before an
adequate method is found for predicting response to
fertilizers. At the moment it can only be said that, below
certain levels of soil and plant nutrients, deficiencies may
be present.

Foresters have to rely on agriculture for much of their
knowledge, and even with much larger resources for re-
search, agriculturists are far from an adequate knowledge
of plant growth and nutrition. In forestry, several studies
were made of nutrient uptake by various species in the
19th century, and these have been summarized in an at-
tempt to obtain an idea of the nutrient requirements of
timber crops (Rennie, 1955). However, it is only in
recent years that a vigorous attempt has been made to
work out some of the details of growth and mineral
nutrition of different species (Ovington and Madgwick,
1959). Analyses of complete trees allow an estimation
of the total uptake and distribution of nutrients within
tree stands and overcome the problems of selecting samp-
ling positions and expressing plant analyses purely on a
concentration basis.

Unfortunately, interpretation of studies of complete
trees is subject to many of the difficulties associated with
plant analysis. There is no known way of differentiating
between luxury consumption and uptake necessary for tree
growth. Variability between trees is great, so that ade-
quate sampling of a stand requires analysis of several
trees. The effect of species, soil characteristics, sampling
season, translocation of nutrients and washing of leaves
by precipitation, on the nutrient cycle are practically
unknown.

The need for fundamental research on all aspects of
tree nutrition is obvious. Perhaps for several years to
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come the most effective way to determine nutrient de-
ficiencies will be through fertilizer trials, but a judicious
use of both soil and plant analyses prior to the establish-
ment of such trials might well save foresters a considerable
amount of time and effort.
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RESUMES

Evaluation des analyses chimiques des sols et des plantes
en tant que moyens d aménagement intensif des sols

L’analyse des sols et celle des plantes ont été utilisées pour
indiquer linsuffisances d’éléments nutritifs, mais ni l'une ni
lautre de ces méthodes ne s’est avérée entiérement satisfaisante.
Il serait donc indiqué d’arriver & une évaluation objective des
mérites et difficultés des deux méthodes.

Les méthodes utilisées dans 'analyse des sols et des plantes
visent & déterminer le niveau d’éléments nutritifs disponibles dans
le sol pour les plantes. La valeur des résultats analytiques ainsi
obtenus est modifiée par des problémes d’échantillonnage (y com-
pris celui de la position et du temps de collecte de I’échantillon),
des analyses de laboratoire, de préparation et de traitement de
Iéchantillon et de linterprétation des résultats. Et dans cette
derniere, il faut inclure le probléme de I’établissement et de
I'utilisation d’étalons.

Etant donné qu’il est impossible de mesurer le contenu nutritif
du sol ou de la couverture végétale d’'une zone entitre, il est
nécessaire de recueillir un nombre relativement restreint d’échan-
tillons. Ceci pose immédiatement des problémes puisque le sol
aussi bien que la végétation sont hétérogenes.

Ces échantillons de sols et de plantes peuvent &tre analysé avec
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précision dans les laboratoires, mais les résultats ne sont appli-
cables quaux échantillons eux-mémes et ne reflétent pas les con-
ditions actuelles & moins qu’il n’y ait certitude que les échantillons
soient vraiment représentatifs. En laboratoire, les sols posent un
probléme plus ardu que les végétaux parce que 'on s’efforce de
mesurer la fraction des éléments nutritifs du sol qui est vraiment
assimilable par les plantes.

Une interprétation minutieuse est absolument essentielle pour
l'utilisation optima des analyses de sols et de plantes. La capa-
cité d’interpréter les résultats des analyses dépend de la con-
naissance des facteurs qui régissent la croissance des plantes et
leur capacité d’absorption nutritive.

L’analyse d’arbres entiers ne résout que partiellement quelques-
unes des difficultés d’analyses de parties spécifiques d’un arbre.

La nécessité d’étendre les recherches de base a tous les aspects
de la nutrition des arbres est évidente. Il se peut que pendant
soit celle qui plusieurs années encore la méthode la plus efficace
de déterminer des insuffisances nutritives comporte des essais
d’engrais; mais une utilisation judicieuse d’analyses du sol aussi
bien que de plantes avant le début de tels essais pourrait fort bien
épargner au forestier une perte de temps et d’efforts considérable.

Evaluacion de los Andlisis Quimicos de Suelos y Plantas
como Ayuda para la Administracion Intensiva de
Suelos

Los anélisis de suelos y plantas han solido usarse para deter-
minar las deficiencias de nutricién, pero ninguno de los dos
métodos es totalmente satisfactorio; por ello merecen examinarse
los méritos e inconvenientes de ambos.

Los métodos de anilisis de suelos y plantas tratan de determinar
el grado de nutritivos que el suelo tiene a la disposicién de las
plantas. El valor de los datos analiticos sufre con los problemas
del muestreo en el terreno, que incluyen los de tiempo y posicién
de las muestras, los de los anailisis de laboratorio que incluyen los
del tratamiento y preparacién de muestras y, finalmente, los de
interpretacién para la determinacién y uso y tipos.

Como es imposible evaluar el contenido nutritivo de todo el
suelo o la vegetacién de un espacio dado, los que se coleccionan
para el anélisis son muestras relativamente pequefias. Esto
acarrea ensequida problemas porque tanto el suelo como la vege-
tacién son heterogéneos.

Las muestras de suelos y plantas pueden ser analizadas con
precisién en el laboratorio, pero los resultados son aplicables
s6lo a las muestras y quizds no reflejan exactamente las con-
diciones del campo, a no ser que dichas muestras sean verda-
deramente representativas. En el laboratorio, los suelos presentan
mais problemas que las materias vegetales debido a que lo que se
trata de determinar con el anilisis es la fraccién de sustancias
nutritivas del suelo “ a la disposicion de las plantas.”

Para hacer mejor uso de los anilisis de suelos y plantas es
absolutamente necesario darles cuidadosa interpretacién. La
habilidad de interpretar los resultados depende de los conoci-
mientos que se tengan de los factores que gobiernan el crecimiento
y la absorcién de nutritivo en las plantas.

Los andlisis de Aarboles completos vencen solamente algunas
de las dificultades de los anélisis de partes especificas del arbol.

Es evidente, pues, la necesidad de estudiar basicamente todos
los aspectos de la nutricién de los arboles. Quizéas, por muchos
afios mas, el medio mas eficaz de determinar las deficiencias
nutritivas sea por medio del ensayo de abonos, pero un estudio
prudente de los analisis de suelos y plantas antes de dichos
ensayos quizas ahorre considerable tiempo y esfuerzo a los sil-
vicultores.
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Use of Mycorrhizae for Afforestation

A. SABOTKA

Director, Forestry and Game Management Institute,
Prague, Czechoslovakia

This paper reports the results of research started in
1953 by the Microbiological Laboratory of the Forestry
and Game Management Research Institute. Apart from
detailed ecological studies on different outstanding forest
types, we are working on problems of mortality reduction
of plants in the first years after planting. Experiments
are carried out on beech, linden (Tilia parvifolia), Nor-
way spruce, Scots pine, larch, silver fir and others. The
work is in progress.

In 1957, experiments were laid down with mycor-
rhization of oak acorns stored in low heaps during winter
in a forest stand. Inoculation experiments used mycor-
rhizal soil from oak stands, and 1,242 oak plants were
eventually included in the tests. These experiments sug-
gest that mycorrhizated oak acorns may yield about 34
per cent more plants than oak acorns without the
mycorrhizae.

In 1953, ameliorating experiments were made by adding
diabase into patches under the acorns on degraded soil
with ortstein. The results of six years show that diabase
addition into patches with raw humus gave about 300
per cent more oak plants than did soils without diabase.
The growth of mycorrhizae was stimulated, and there is
a clear relationship between the physical-chemical
amelioration of soil and the mycorrhizae on the one hand
and plant growth on the other. These ameliorating ex-
periments include 533 oak plants. Other experiments with
inoculation of oak acorns include 6,400 oak plants.
Inoculation was made at the time of sowing into patches
on a fertile agricultural soil. The following effects were
shown: addition of pure mycelia gave an increase in
increment of about 8 per cent, addition of mycorrhizal
soil, 5 per cent—when compared with oak acorns with-
out mycorrhizac—after five years’ observation. Other
experiments on 390 oak plants can be summarized in the
results of 1955. The addition of mycorrhizal soil in-
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creased the height of inoculated seedlings by about 52
per cent.

It is interesting to note that experiments with inocula-
tion of oak acorns in furrows gave no positive results.
Further detailed examination of 485 oak plants revealed
that plants with mycorrhizae grew better than plants
without mycorrhizae.

To sum up, in twenty experiments with mycorrhizae,
I found the following principal results: physical-
chemical properties of soil are the main factors for plant
growing; and variability and frequence of the mycor-
rhizae are symptoms of soil conditions. For this reason,
further work of the Microbiological Laboratory is the
initiation of experiments with the main object of finding
such symbiotic fungi of tree species as can also produce
effective mycorrhizae in unsuitable site conditions.

-

RESUMES
Emploi de la mycorhize dans le reboisement

Ce document résume les travaux de recherche poursuivis par le
laboratoire mlcroblologlque de I'Institut de Recherche de Zbraslav
Strnady en matiére de sylviculture et d’aménagement du glbler
Les essais réalisés démontrent clalrement la stimulation de cr01s-
sance produite chez différentes espéces d’arbres. Les essais
d’amélioration devraient étre orientés vers la recherche de
champignons symbiotiques susceptibles de produire des mycor-
hizes efficaces dans des milieux défavorables. Les travaux de
recherche sur les mycorhizes entrepris en 1953 se poursuivent.

Empleo de Mycorrhizae para el Embosquecimiento

Este trabajo resume las actividades de investigacién del De-
partamento Microbiolégico del Instituto de Investigaciones de
Administracién de Bosques y Fauna, en Zbraslav Strnady. Los
experimentos realizados dieron prueba de la eficacia del método
para estimular el crecimiento de diversas especies de arboles.
Los experimentos de mejoramiento deben concentrarse en la bis-
queda de hongos simbilticos, capaces de producir mycorrhlzae
eficaces en suelos desfavorables. Los trabajos de 1nvest1gac1on
con las mycorrhizae se iniciaron en 1953 y continGlan en la
actualidad.

557




Recent Results of Fertilizer Experiments in Swedish Forests

CARL OrLaF TAMM, CHARLES CARBONNIER,
AND N. HAGBERG

Forest Research Institute of Sweden,
Stockholm, Sweden

Although experiments with addition of plant nutrients
to forest soils have been carried out for more than 50
years in Europe and some 25 years in the United States,
our knowledge is still very incomplete regarding the pos-
sibilities for a lasting improvement of the nutrient cycle
of the forest: It has been shown that a deficiency in
mineral nutrients, e.g., K or P, on peaty or sandy soils
can be cured for a long time by a single application of
fertilizer. Several cases have been reported from middle
Europe, where addition of mineral nutrients and/or lime
has improved the forest yield over a long period, although
the main deficiency was in nitrogen. Often the effect may
be explained by intensified biotic nitrogen fixation, but
sometimes it is ascribed to accelerated decomposition of
the organic matter in the soil, followed by an mcrease in
nitrogen mobilization. This increase in turnover is ex-
pected to produce but temporary growth improvement,
however. A more lasting effect may be obtained in cases
where the treatment leads to a change of the humus
layer from mor to mull. While it seems doubtful whether
the nutrition of a stand growing on mull is always superior
to that of a stand growing on a similar site with mor, cer-
tain advantages of the mull site do exist—superior mois-
ture conditions and deeper root penetration.

According to the evidence of field experiments, foliar
analyses, and soil analyses, a deficiency in nitrogen ap-
pears to be widespread in the northern coniferous forests.
In fact, the normal state of a coniferous forest with mor
cover and podzol profile is characterized by a keen com-
petition for nitrogen (cf. Romell, 1935). Only clear-
fellings and burnt sites may have an ample supply of
soluble nitrogen for a limited period.

Several questions remain to be answered in this con-
text:

1. How long is a single application of nitrogeneous
fertilizer effective?

2. Do stands from different sites and of different tree
species respond in the same way to the same treatment?

3. Is it possible in Sweden to improve the nitrogen
status indirectly, and hence the growth, by application
of minerals and lime, as in some southern countries?

It would also be of great interest to know:

4. What is the effect of fertilizer application on the
wood quality?

5. What is the fate of the plant nutrients supplied; viz,
the amount used by the stand?

Several series of experiments have been laid out in
Sweden with the primary intention of answering the
questions 1-3. Since most of the experiments started in
the fifties, only a few results are available. However, we
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have additional data from an experiment started by
Romell in 1935 and 1936, where the measurements cover
a considerably longer period than that in most other
experiments (Fig. 1 from Romell, MS). In this case the
experimental plots were located in a slow-growing 250-
year-old spruce stand at relatively high altitude (450 m.
or 1,470 feet above sea level) in middle Sweden. Save for
the nitrogen application, which consisted in sprinkling a
weak aqueous solution of ammonium nitrate every other
week during the summers of 1936, 1937 and 1938, the
treatments were given in 1935 and 1936. The total
amount of N added was equivalent to 420 kgs. per
hectare. Also, the applications of other fertilizers were
rather heavy. Per hectare, plot IV (“Minerals”) thus

Figure 1
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Table 1. Data on the experimental plots

Status of the growing stock
on the control plots
at the start of the experiment

Mean annual growth
during the experimental period

Control plots Fertilized plots

Basal Basal Range of volume
Expt. Age Height* area Volume area Volume growth variation
No. Lat. N. Long. E. Species (yrs.) (m.) (m’/ha) (m’/ha) (m.t/ha) (m.*/ha) (m.?/ha.)
870 59°50’ 15°50 0,57 Pine 50 17,4 25,8 169 0,75 6,7 8,4-11,6
0,43 Spruce 60 17,0
871 59°30 13°4¢ 0,08 Pine 59 21,2 21,5 187 0,58 7,9 8,1-12,2
0,92 Spruce
877 56°40 16°10 1,00 Pine 42 11,9 15,7 76 0,61 4,2 4,8~ 5,5
883 56°50 12°50' 1,00 Spruce 49 21,4 26,3 232 1,02 13,5 13,1-15,3
884 56°50 12°50 1,00 Beech 40 11,8 16,1 91 1,35 12,2 12,0-16,4

* Upper height, i.e., mean height of largest trees.
* Mean height of all trees.

received 3,200 kgs. of rock phosphate and 4,000 kgs. of
mica (phlogopite), and plot VI (“Lime”), 6,400 kgs. of
ground limestone.

As shown in Figure 1, a clear growth response was
obtained only in the case of ammonium nitrate applica-
tion. Raising the annual basal area increment from about
1 per cent to between 1.5 and 2 per cent, the effect
lasted for about ten years. Corresponding increase in
volume growth was between 1 and 2 m®. per hectare and
year. Thus, the strong relative growth response was not
equal to a very great increase in absolute increment; of
course, the high age and poor state of the stand at the
start of the experiment was the reason.

Recent experiments have been laid out in younger
stands. Table 1 presents data from five experiments
revised in 1958 and 1959. Experiment No. 870 is
situated in middle Sweden on a rather normal moraine
soil with mor cover and podzol profile-conditions char-
acteristic of a large part of the forest soils in Sweden.
Experiment No. 871 has superior soil (silty and clayey)
and more favourable moisture conditions. Experiment No.
877 represents a pine stand on dry sandy soil in the part
of the country which has the lowest humidity. Experi-
ments Nos. 883 and 884, on the other hand, are situated
in humid southwestern Sweden on a moraine soil with low
stone content. Experiments Nos. 871 and 884 are located
on gentle slopes; all the others on level sites. Experiment
No. 883 consists of a spruce stand planted on old farm
land; all the other stands grow on forest land.

The species Scots pine, Norway spruce, and European
beech are listed with their volume proportions in Table 1.

Essentially similar in all five experiments (and in
several other experiments not yet revised), the experi-
mental plan comprises: one control plot, one plot with
two separate additions of 100 kgs. of nitrogen per hectare
(as nitrochalk), one plot with minerals (usually about 100
kgs. of potassium as sulphate and 50 kgs. of phosphorus
as basic slag, with or without some lime), and one plot
with both nitrogen and minerals. A plot with 10,000 kgs.
per hectare of ground limestone, too, has been included,
where possible, and in experiments Nos. 871 and 883,
also a plot with both lime and nitrogen. (The so-called
lime plot in experiment No. 871, however, also received
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one nitrogen application in 1957.) All fertilizers were
spread by hand.

Small differences in stand structure between the plots
occur in each experiment. These differences presumably
are responsible for some of the irregularities obtained
when the growth response is measured as increase in
volume growth per unit area. The group occurrence of
trees affected by root rot within experiments Nos. 871 and
883 may also contribute.

The most consistent results are those representing the
relative growth within the various plots in each series.
Increment cores were extracted from a considerable num-
ber of sample trees in all experiments except No. 884
(with beech). The length of the terminal leader during
periods before and after the treatment was also measured.
This, however, could be made on felled trees only. The
averages of the height growth and the radial growth for
a particular plot in a particular year were then expressed
in per cent of the corresponding figure for the year before
the treatment. The values calculated in this way were then
divided by the value for the same year in the corresponding
control plot to give the relative growth values plotted in
Figures 2 and 3 (growth of control plot = 100).

It can be concluded from Figures 2 and 3 that applica-
tion of ammonium nitrate increased the radial growth at
least in three of the experiments (Nos. 870, 871, and
877). The height growth response is not so clear, perhaps
because of the small number of trees measured, but there
is a tendency to improved growth in fertilized plots. It
seems doubtful whether there is any effect of minerals
only.

Experiment No. 877 is of particular interest regarding
the duration of the nitrogen response, because here the
effect has evidently disappeared already after six years.
At present, it iS not clear whether this rapid culmination
of the fertilizer effect is caused by the dry site or the
species (cf. Tamm, 1956). It is also possible that the
occurrence of two extremely dry summers since the start
of the experiment (1955 and 1959) would contribute.

The absence of strong response in experiment No. 883
is another remarkable feature in the diagrams. Yet, the
volume increment recorded in all three of the nitrogen
fertilized plots is higher than that in any of the other
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plots, but the difference is small. It seems natural to
infer that the growth of this excellent spruce stand would
be less favoured by artificial supply of plant nutrient than
the growth of poor stands. The beech stand in the neigh-
bourhood, experiment No. 884, may grow on a site
superior to that of the spruce stand, middle of a long slope
versus plateau No. 883. The growth measurements seem
to indicate that beech has reacted better than spruce. The
site of these two experiments, although not very rich from
the geological point of view, must be classified as most
favourable to the spruce but only moderate to the beech,
which is here growing not far from the northern limit of
its geographical range. The results can be compared with
those of Mitscherlich and Wittich (1958), who found
good growth responses on most of their plots in the Black
Forest, also when the site was good.

It is not possible to discuss here in detail the results of
the soil and foliar analyses carried out in most plots. It
can only be mentioned that so far there is no indication
of a positive effect of the lime application on the nitrogen
content of the needles during the first five years. The
phosphate applications, however, have generally resulted
in an increase in foliar phosphate, while the increase in
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foliar potassium is less. A relationship between foliar
phosphate and the amount of easily soluble soil phosphate,
too, seems to exist.

In two of the experiments, Nos. 871 and 883, an
attempt has been made to estimate the total nutrient
uptake of the trees. Only a relatively small part of the
added plant nutrients can be accounted for in the stand-
ing trees (less than 15 per cent of the nitrogen added in
experiment No. 871, still less in other cases).

On the basis of increment cores, the wood formed
after fertilization has been compared with that formed
in the control plots and with that formed in the same
plot before treatment, also with respect to late-wood con-
tent and density (Ericson, 1959, 1960). The potential
changes in wood quality after fertilization have received
very little attention in most earlier investigations (cf.,
however, Erickson and Lambert, 1958).

Rather definite answers to the questions listed above
can now be given:

1. Not even the effect of a heavy application of ammon-
ium nitrate can be expected to last longer than 10-12
years; under unfavourable conditions, only half that time.
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It would be interesting, however, to make new long-term
experiments with gaseous ammonia or other fertilizers
producing similar effects.

2. A strong growth response can be expected on most
sites after the addition of soluble nitrogen, the effect
probably being smaller if the site index is very high.

3. The present results do not support the assumption
that liming or mineral fertilization should increase the
turnover in the soil, increase the nitrogen supply and
improve the forest growth on Swedish moraine sites.
However, it is not excluded that the effect exists, though
it is very slow. The fact that the limed plot showed the
highest basal area increment in Romell’s experiment 18
years after treatment is suggestive.

4. In the slow-growing pine stand in experiment No.
877, wood density and late-wood content were not affected
by the increase of annual ring width caused by artificial
nutrient supply.

In other cases the growth increase was followed by a
moderate decrease in wood density. Thus, the growth
effect measured in kgs. of wood produced per unit area
is slightly lower than its expression in volume per unit
area.

5. Although the foliar analyses show definite changes
in needle composition after fertilization, relatively little of
the added plant nutrients are utilized by the stands. Much
of added nitrates is presumably leached out, and this
probably holds true also for a part of the other soluble
salts. Phosphates and lime are better retained.
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RESUMES

Résultats de récentes expériences faites avec des engrais
dans les foréts de la Suéde

Des exp€riences trés complétes ont été faites en Suede au cours
: P\ .
des six derni¢res années dans le but de réunir de plus amples ren-

Silviculture and Management

seignements sur I’action des engrais azotes et minéraux dans
dlfférentes localités. Certaines de ces experlences ont fait 1’objet
de révisions et les résultats sont examinés ici en méme temps que
les nouvelles données obtenues i la suite d’'une expérience déja
entreprise en 1935 et 1936 par Romell.

Ces expériences confirment ’opinion générale selon laquelle les
foréts de Suede souffrent d’une déficience en azote générale dans
les terrains riches en minéraux, et quon n’obtient que des
résultats négligeables ou nuls en appliquant des engrais minéraux
sans azote, du moins pendant une courte période. L’application
de nitrate d’ammonium (comme la nitrocraie dans les nouvelles
experlences) a intensifié la croissance dans tous les cas: l’effet a
été limité dans le cas d’un peuplement deplceas ayant un 1nd1ce
de station élevé, et extremement marqué dans le cas d’'un vieux
peuplement d’épicéas a4 croissance lente et dont la croissance
semble avoir été génée a l'origine par un manque d’azote assimi-
lable. L’augmentation de croissance a persisté pendant 5 a4 6 ans
dans un peuplement de pins en sol sableux sec et deux fois plus
longtemps dans la vieille forét d’épicéas. En ce qui concerne le
reste des expériences, la croissance était encore plus marquée sur
les parcelles “N” que sur les parcelles témoin au moment des
révisions.

L’application de nitrate d’ammonium a fait diminuer légérement
le poids du bois par unité de volume dans certaines des expéri-
ences, mais est resté sans effet dans d’autres. Une fraction rela-
tivement réduite des substances nutritives semble avoir été utilisée
par les peuplements et au bout de cinq ans, seuls le phosphore et
la chaux apparaissaient encore en quantltes mesurables dans la
couche végétale du sol.

Resultados Recientes de los Ensayos de Abonos en los
Bosques de Suecia

Durante los Ultimos seis afios se han realizado en Suecia
extensos ensayos con el fin de obtener mayor informacién sobre
los efectos de abonos nitrogénicos y minerales en diferentes sitios.
En este trabajo se estudian algunos de estos experimentos y se
discuten sus resultados, conjuntamente con los nuevos datos
aportados por los ensayos hechos en 1935 y 1936 por Romell.

Queda confirmada la opinién corriente de que en Suecia la
deficiencia de nitr6geno es muy comin en los bosques de suelos
minerales y de que poco o nada se obtiene con aplicar fertilizan-
tes minerales sin nitrégeno, al menos durante un periodo relativa-
mente corto. El empleo de nitrato de amonio (como nitrocar-
bonato de cal en los nuevos ensayos) aumentd el crecimiento en
todos los casos: el efecto fue ligero en el de un abetal con un
elevado indice de medio estacional y extremadamente eficaz en
el de un abetal de desarrollo lento, impedido en su creciemiento,
al parecer, por una deficiencia de nitr6geno. La duracién del
nuevo impulso de crecimiento fue de cinco a seis afios en una
pinar de terreno arenoso seco'y el doble de afios en el viejo
abetal. En el resto de los ensayos, el creciemiento fue alin mayor
en parcelas con nitrégeno (N) que en las parcelas utilizadas como
control.

El suministro de nitrato de amonio disminuyé ligeramente el
volumen depeso de la madera en algunos experimentos, pero no
tuvo efecto en otros. La cantidad del alimento nutritivo adicional
usada por los rodales fue relativamente pequeha y después de
cinco afios s6lo quedaban en la capa superior del suelo pequefias
cantidades de fésforo y cal.
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Forest Fertilization in Eastern North America
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The abandonment of vast acreages from agriculture
since the turn of the century and the increasing demands
upon the forests for lumber and pulp have inspired con-
cern for intensifying forest management in Eastern North
America. Since cellulose production is enhanced by
nutrient fertilization of such fibrous crops as cotton and
flax, it seems possible that forest trees, too, may benefit
from supplements of inorganic materials. Within the past
decade much effort has been expended to test this
hypothesis in the region.

Generally, where particular nutrient deficiencies are
unknown, high-analysis complete fertilizers, such as
12-12-12, are being tested. While, for the present, ex-
perimental applications are made by hand, in at least
two tests pelleted materials have been applied by fixed-
wing aircraft (White, 1956). It appears probable that,
if fertilizers are employed in practice, aerial applications
will be used. In a New York test in which 200 pounds
per acre* of KC1 was applied, total cost for the treatment
was $13.00 per acre.

The North

A discussion of forest fertilization in Eastern North
America should properly begin, it seems, with the monu-
mental work of Heiberg and White (1951) in the
Adirondack sand plains of northern New York. In those
soils of glacial outwash origin, red pine (Pinus resinosa
Ait.), white pine (P. strobus L.), white spruce (Picea
glauca (Moench) Voss), and Norway spruce (P. abies
(L.) Karst.) responded to 200 ppa of KC1 (60% K,O).
Annual height growth increased from 46% to 104% over
non-fertilized plots, and the effect of treatment lasted for
at least six years.

Symptoms accompany K deficiency of these soils which
were intensively farmed for about 100 years prior to the
agricultural depression of the 1920’s. The abnormal
characteristics are (1) needle chlorosis, (2) stunted seed-
lings and saplings, (3) short needles, and (4) persistance
of needles on branches for less than the usual number of
years. Lafond (1950) notes similar symptoms in Canada.

Soils derived under similar conditions of climate and
geology also become Mg deficient for the growth of red
pine, white pine, and jack pine (Pinus banksiana Lamb.)
(Stone, 1953). The most conspicuous symptom of this
malnutrition is bright yellow discoloration of tips of the
current year’s needles. Only under extreme Mg deficiency

* Hereinafter referred to as ppa.
1 pound per acre = 1.1 kilograms per hectare.
1 kilogram per hectare =0.89 pounds per acre.
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is growth seriously affected. Treatment with MgSO, (20-
50 ppa Mg) alleviated symptoms and resulted in increased
height growth for at least three years. A recent report by
Swan of Canada verifies the occurrence of this symptom
for jack pine. However the symptom was not apparent
for white spruce, black spruce, and western hemlock.
Swan worked with environment-controlled seedlings.

With the background of Heiberg and White (1951)
and Stone (1953), we endeavored to relate the amount
of K in foliage of naturally occurring vegetation to avail-
ability of K in the soil and to observe deficiency symptoms
in native trees, shrubs, and herbs. To do so would supply
diagnostic aid in selecting tree species for planting on
these adverse sites—so adverse that frequently a retrogres-
sion in quality of vegetation is apparent: abandoned hay
field to poverty grass to Polytrichum moss to less de-
manding mosses and lichens to no vegetation and erosion.
The most notable foliar-soil K relationship was for white
pine (Fig. 1). K in chokecherry (Prunus virginiana L.)
and trembling aspen (Populus tremuloides Michx.) foliage
also appeared to be related to exchangeable K in the soil
(Walker, 1955a).

1.0
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EXCHANGEABLE K-PPM
Figure I. Exchangeable K in the soil plow horizon and in foliage of

white pine. Note the decrease in needle K during the é-week interval.

Abnormal colorations indicative of K-deficient soils
were observed in foliage of black cherry (Prunus serotina
Ehrh.), gray birch (Betula populifolia Marsh.), red
maple (Acer rubrum L.), and blackberry bushes (Rubus
subgenus FEubatus). For black cherry, bright red pig-
mentation occurred at leaf margins (Fig. 2), and gray
birch had chlorotic margins sharply delineated from
normal tissue. Red maple leaves were evenly chlorotic,
and blackberry leaves displayed marginal browning. All
of these symptoms were removed by fertilizing with 200
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ppa of KC1 (Walker, 1956). On sites displaying these
abnormalities, K must be applied in, perhaps, the third
or fourth year, if suitable growth of demanding species is
to be obtained.

Growth of poplar trees in Quebec, Canada, has been
substantially increased by applications of 300-500 ppa
of 10-10-10. There, method of placement is deemed
important, as materials applied deep in the soil gave
better results than broadcast applications. Elsewhere in
Canada, in the province of Ontario, lime is being used
in tests to improve growth of hardwoods. Applications of
ten tons per acre of dolomitic limestone resulted in in-
creased exchangeable Ca in F and H layers, but no down-
ward movement in mineral soil was noted, nor was the Ca
content of maple (Acer sp.) seedlings improved (Armson,
1959).

Recently Heiberg, Leyton, and Loewenstein (1959)
related total yield to uptake of N, P, and K by tree
parts in K-deficient sites for red pine of deep outwash
sands. They noted the substantially greater height growth
and amount of K taken up by trees planted at 6x6 foot
spacing than by those at 4x4 foot spacing when from 50
to 150 ppa of K was applied. It was suggested that the
total K uptake in plots given 150 ppa of K was 70 pounds
higher than controls. Assuming the fertilizer provided all
of the extra K, the efficiency of utilization was about 50
percent. The influence of the fertilizer was evident almost
10 years after treatment.

North-Central Region

Boggess and Gilmore (1959) obtained a significant
increase in diameter growth of shortleaf pine (Pinus
echinata Mill.) using 100 ppa each of N and P in a
loess silt loam soil of Illinois. The stand contained 775
trees per acre and was 22 years old at time of treatment.
‘After two years, the average diameter growth for treated
trees was 4-6%, in contrast to 3-5% for check plots.
Nitrogen alone produced a slightly smaller response (Gil-
more and Boggess, 1960).

Treating red pine plantations in sites of low fertility
with complete fertilizers provided a response by the end
of the first growing season. Highly significant differences
were observed for needle length, needle weight, and needle
weight per unit of length. Two- and three-year-old needles
were also retained better on trees given N-P-K than on
those without added nutrients (White and Lowry, 1959).

The South

In the South, mineral deficiencies and results of fertiliza-
tion have been less dramatic than in the Northeast. Many
experiments have produced negative results, but those
with affirmative conclusions are promising leads to con-
ditions under which trees may respond to fertilization. An
exhaustive review of literature on forest fertilization in
the region, as of December 1959, is in Forest Fertilization
Research in the South by Walker and Tisdale (1959).
Throughout the Southern United States, it appears that
water is more critical to tree growth than nutrients, even
when the latter may be in short supply. The low nutri-
tional demand of southern pines is also evidenced in the
small amount of essential elements found in foliage—
considerably less than in common hardwood species
(Metz, 1952).
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Figure 2. Abnormal coloration {red) at margins of K-deficient black
cherry leaf (right), normal (left).

In the Florida peninsula of the Southeastern United
States, 12-year-old slash pine (Pinus elliottii Engelm.)
stands have responded to 500 ppa of N, along with P, K,
and minor elements (McGregor, 1957). This species also
responded to 200 ppa, equivalent to 1-5-4, in Alabama
(Boggess and Stahelin, 1948), to 50 ppa of NH.NO in
Georgia (Jackson and Cloud, 1958), and to 1 ton per
acre of colloidal phosphate in Florida (Barnes and
Ralston, 1953). Other slash pine studies by the author
indicate a significant response to fertilization one and two
years after treatment at age 10 with 200 ppa of N.
Diameter growth the first year was significant at the 10%
level and for the second year at the 1% level. Accum-
ulated growth for the two-year period was significant at
the 5% level. However, differences in growth between
treated and untreated plots was not great—.45 and .36
inches, respectively, for the two-year period. No dif-
ferences were noted in height growth. N in foliage of
treated trees was 1.04% one year after treatment in con-
trast to 0.96% for untreated trees (Table 1).

A sapling-size loblolly pine (Pinus taeda L.) plantation
showed a 40 percent increase in wood production in
North Carolina eight years after receiving 160 ppa of N
(Maki, 1958). In southern Arkansas, height growth was
not affected by fertilization of this species, but diameter
growth was stimulated for two growing seasons by 100 ppa
of N, and more so by 300 ppa of N. Foliar analyses
showed N, P, and K were absorbed from fertilizers
(Zahner, 1959). Young loblolly pine plantations in the
Georgia Piedmont region suffered from various fertilizer
treatments. This was probably from applying the nutrients
too soon after planting and, thereby, causing rapid growth
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Table 1. Growth of slash pine in south Georgia during two growing seasons following fertilization *

No. Average d.b.h.
trees = - - - inches - -~ - -

Increase in d.b.h.
= « =« = inches - - - - - -~ - - percent - - - -

1960 1958 1959 1960

60# NH.NO; 185 4.31 4.60 4.79
60# NH.NO:+
50# 20%

superphosphate 154 4.50 4.76 4.97
50# 20%

superphosphate 156 4.49 4.71 4.86
check 158 4.44 4.67 4.83

58-59 59-60 58-60 58-59 59-60 58-60
27 .19 45 6.3 4.1 10.4

.26 21 47 5.8 4.4 10.4

.18 15 . 4.0 3.2 7.5
.20 .16 .36 4.5 34 8.1

* All trees on 0.1 acre plots.

of competing weeds which consumed available soil mois-
ture to the detriment of the seedlings (Walker, 1958b).
In the Coastal Plain of the United States’ mid-south, the
favorable effects of high N treatments in loblolly pine
nurseries were carried over into out-plantings (Switzer and
Nelson, 1956). Those trees given highest dosage rates in
the nursery grew fastest following transplanting.
Longleaf pine (Pinus palustris Mill.) growth response
has been noted by Bateman and Roark (1957) in the
lower Mississippi Valley and by Paul and Marts (1931)
in deep sands of the lower Coastal Plain “sandhills” for
N-P-K applications. In the latter study, water was deemed

Figure 3. Fertilizers stimulate needle growth of loblolly (left}) and
shortleaf (right) pines.
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the most important factor in tree development, and dosage
rates were high: up to 270 pounds per tree of NaNO,
4245 pounds of superphosphate + 190 pounds of K,SO,,
applied over a three-year period to trees from 100 to 150
years old.

Flowering and cone production have been increased by
fertilization of slash pine (Hoekstra and Mergen, 1957),
loblolly pine (Wenger, 1953), and longleaf pine (Allen,
1953). N, P, and K are involved, but it cannot be said
to which element the stimulus is most attributable.

A virtually untapped forest resource in the southern
United States is the desirable hardwood species on sites
other than the typical “delta-like” hardwood bottomlands.
With these deciduous trees, response to fertilizer amend-
ments appear greater than for pines. Second-year observa-
tions for a yellow-poplar stand in the Georgia Piedmont
province showed increasing height growth with increasing
fertilizer rates—from O to 1,000 ppa of (20-52-0) (Mc-
Alpine, 1959). Black locust (Robinia pseudoacacia L.)
and Japanese chestnut (Castanea crenata Sieb. & Zucc.)
also respond to fertilization (N. Walker, 1955; Diller,
Whittaker, and Anderson, 1957).

From radioactive isotope studies, it is apparent that
uptake of at least one nutrient, phosphorus, by loblolly
pine occurs shortly after treatment with H;P*0O,.

Two days after treatment, more P was found in low-
positioned needles—both current whorl and older
needles—than at higher positions and later periods (Fig.
4) (Walker, 1958). Appreciable radioactive phosphorus
is also absorbed in the normally dormant winter season.

Considerable apprehension prevails as to the influence
of fertilization on insect and disease manifestations
among southern pines, namely Nantucket tip moth
(Rhyacionia frustrana Comst.) and fusiform rust (Cron-
artium fusiforme (Pk.) Hedgc. and Hunt.). Several
workers note this trend with the rust (Gilmore and
Livingston, 1958). It is hypothesized that supplemental
nutrients encourage early breaking of dormancy and,
thereby, provide succulent needle tissue through which
fungus spores enter at the time when spore dissemination
is most prolific.

On the other hand, N fertilization induces an improve-
ment among some shortleaf pine trees affected by little-
leaf malady (Roth, Toole, and Hepting, 1948). This
disease is associated with the fungus Phytophthora cin-
namomi on severely eroded sites which were once in
row-crop agriculture.
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Figure 4. Phosphorous 32 uptake of loblolly pine in the Georgia
Piedmont province of the Southeastern United States.

Vegetation Influences on Fertility

It is evident that certain species of vegetation ap-
preciably influence nutrient element availability in the soil
and, hence, the growth of trees. This, of course, is obvious
over long periods of time—hundreds of years. But it is
generally not reckoned as taking place over relatively
short spans—several years.

In the Adirondack Mountain “sand plains” of the
Northeast, previously described, white birch (Betula
papyrife