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Only in the later part of the twentieth century has the role of forests in the global
environment become appreciated fully. Forests are crucial to the conservation of soil,
and to the provision of clean water. They are the richest reservoir of terrestrial
biodiversity. They link the land and the atmosphere, and so affect global climate. They
are also an important economic resource, providing food, forage, firewood, medicines,
recreational activities, water catchment protection, and consumables such as paper and
building timber. This chapter covers the forest resource base: different types of forest;
their extent and management; important tree species; the goods and services that trees
and forests provide; and tree and forest improvement and regeneration. Contributions
have come from many countries of the world, tropical and temperate, developing and
industrialized.
1. The Forest Resource Base

According to the UN Global Forest Resource Assessment (FRA 2000) the world has
about 3,500 million ha of forest, or 0.6 ha per head of population. About half of the
world’s forest area is located in the tropical and sub-tropical regions, predominantly in
developing countries. The other half is in the temperate and boreal regions, mostly in
industrialized countries. Africa, Asia, and North and Central America each have about
500 million ha. Europe (including the Russian Federation) and South America have
considerably more, and Oceania has less. The four countries with the largest forest area
are the Russian Federation, Brazil, Canada, and the USA. Together, they account for
half the world’s forests.
Forests cover 27 percent of the world’s total land area, but their distribution among
countries and regions is highly variable. Europe and South America have almost half
their areas under forest, whereas Africa, Asia, and Oceania have less than one-fifth.
Seventy-eight countries and other reporting areas, mainly in Asia and Africa, have less
than 10 percent of their land area forested. Seven countries (Brazil, Finland, Gabon,
Indonesia, Japan, Papua New Guinea, and Sweden) have forest on more than 60 percent
of their land area. French Guyana, Guyana, and Surinam reported more than 90 percent
of their land under forest.
According to FRA 2000, the world’s tropical forests were lost at a rate of about 8.6
million ha annually in the 1990s, compared to a rate of around 9.2 million ha per year
during the previous decade. During the same period, the annual rate of loss of closed
forests decreased from 8 million ha in the 1980s to 7.1 million ha in the 1990s. The rate
of change in forest area in most industrialized temperate and boreal countries is low. In
Europe, the area of forest expanded, while that of “other wooded land” decreased, for a

©Encyclopedia of Life Support Systems (EOLSS)

FORESTS AND FOREST PLANTS – Vol. I - Forests and Forest Plants - John N. Owens, H. Gyde Lund

net expansion of forest and other wooded land of 0.3 million ha per year. In the USA,
the forest area also expanded while other wooded land decreased, for a net increase of
0.4 million ha per year. Much of this was due to the natural transition, and
reclassification, of other wooded land to forest. Most countries of the former USSR
reported increases for both forest and other wooded land, giving a net increase of 1.2
million ha per year for the region.
Concerns for the environment, set against the need for continuing economic
development, led to the United Nations Conference on Environment and Development,
in 1992. This, in turn, led to the various international conventions and agreements
calling for global information on the world’s forest resources. National inventories and
global resource assessments provide basic data for the developing sustainable
management plans.
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Global forest data are derived from forest resource assessments conducted by the United
Nations, and assessments of forest cover generally produced by national and
international space agencies. These two assessments compliment each other. The former
is best suited for providing data on forest landuse and production; the latter provide data
on the extent and changes of forest cover.
2. Important Tree Species

There are almost unlimited numbers of definitions of a tree, and little general agreement
about them. Generally speaking, they are plants with a woody stem several meters in
height, with a crown of branches and leaves at the top. They are our largest and oldest
living things, and may be classified by various means. In this theme we emphasize
commercially important forest trees, but do not exclude those of less commercial
importance. They may have an equal importance in the ecology of the forest, through
habitat formation, climate moderation, maintenance of our atmosphere, and for their
aesthetic value. Common classifications may separate evergreen and deciduous species,
but in this essay we use a slightly more botanical classification. This recognizes the
hardwoods, separated into temperate and tropical, conifers, and the bamboos and rattans.
The latter two are not always considered as trees because they are small and shrub-like,
or grow as vines. However, they are very important in tropical regions.
Hardwoods are generally broadleaved, evergreen, or deciduous flowering (angiosperm)
trees, although the flowers are often small and inconspicuous. The softwoods include
the conifers, only a few of which are broadleaved. Most have needle-like or scale-like
leaves, and are evergreen. They lack true flowers, but instead bear cones (strobili) on
which the seeds are more exposed, thus the name gymnosperm (naked-seeded).
Hardwoods bear fruits, many of which are edible; in some cases, attractive flowers also
lead to selection by humans. The terms hardwood and softwood can lead to confusion
because certain conifers have much harder (denser) wood than some flowering trees.
The terms arose more due to differences in the anatomical makeup of the wood (xylem)
than in its true hardness. Conifer wood is made up primarily of long water-conducting
and supporting cells (tracheids), whereas the hardwoods have a greater variety of these,
including tracheids and vessels. Common conifers are pine, spruce, firs, and larches, all
species characteristic of north temperate forests. Common hardwood species differ
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greatly from temperate (for example, birch, alder, maple) to tropical regions (for
example, eucalyptus, rosewood, coconut). Some genera (like oak and pine) extend from
temperate to tropical regions, but this is rare.
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All tree species have played, and continue to play, important roles in our lives. The
diversity of the hardwoods is tremendous; that of the conifers, by comparison, is very
limited. A walk in a tropical and a temperate forest will clearly demonstrate this. In the
temperate coniferous forest a one-hectare area may contain only five conifer species,
each represented 100 times: in a similar area in the tropical hardwood forest you may
encounter 100 species, each represented five times. The economic value of hardwoods
in the tropics is very high, because of their great diversity and the high quality lumber
they produce, whereas conifers are most important in temperate and boreal regions
because of their vast distribution. Commercial use of trees has greatly influenced
exploration and colonization in many regions of the world.
2.1. Coniferous Species

There are only 630 extant species of conifers. They are divided into sixty-eight genera,
thirty of which have but a single species and thirty-nine are considered endemic.
Conifers arose about 300 million years ago and flourished during the Mesozoic; these
trees are the remnants of a once-diverse group of plants that dominated the forests for
millions of years. Today their economic and ecological importance is far greater than
their limited diversity indicates. They dominate temperate and boreal regions, but are
very limited in distribution in the tropics. Commercial exploitation, forest degradation,
and destruction of habitat have caused about 25 percent of conifer species diversity to
become threatened with extinction. There is cause for concern about preserving the
limited conifer biodiversity that remains, and measures must be taken to protect habitats
in which threatened conifers grow.
2.2. Temperate and Tropical Hardwoods

The term hardwood refers to the flowering, or angiosperm, trees. Their wood is usually
denser, harder, and heavier than that of conifers. Temperate hardwoods of North
America, north-eastern Asia, and Europe grow in environments with well-defined
seasons, and distinct winters. In more tropical countries, temperate regions’ location is
dictated by altitude, rather than latitude. Important temperate hardwoods include the
maples (Acer), alders (Alnus), birches (Betula), hickories (Carya), chestnuts (Castanea),
beeches (Fagus), ashes (Fraxinus), oaks (Quercus), and poplars (Populus), to mention
only a few of the commercially important genera. Many have been exploited for
centuries on account of their valuable wood products. Many have also been used as
ornamental species, and others domesticated and developed for fruits and nuts. Many
are now used in plantation forestry and grown far from their original source. Some have
been over-exploited, or are threatened by disease and urban development.
Tropical hardwoods are found around the equator, between the Tropic of Cancer and the
Tropic of Capricorn. They are found on the southeast coast of Brazil, the Guinea Coast,
the Zaire Basin, and eastern Madagascar. In Asia, they are found in southeastern India,
Malaysia, Indonesia, Thailand, and New Guinea. There is a narrow, discontinuous strip
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along the northeastern coast of Australia. The forests are very diverse, and vary from
lush green rainforests to dry savannas. Thousands of species of plants and animals,
often displaying unique diversity, are found there. For example, in Amazonian Ecuador,
473 trees per hectare were counted, and each tree was found to harbor hundreds of
species of insects and other invertebrates. Tropical forests also have a high degree of
endemism. Tropical hardwood forests have high economic value for wood and nontimber forest products (NTFPs); they also have a moderating effect on climate, and
prevent floods and soil erosion. Tropical hardwood types include multipurpose, moist
deciduous, littoral and swamp dry deciduous, wet evergreen, and arid and semi-arid
hardwoods. They have many uses, including as fuel and food, as fodder, for ornamental
purposes, and as sources of industrial raw material.
2.3. Use of Tree Species in Reclamation
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Over the past fifty years, about 2,000 million ha of land worldwide have become
degraded through wind and water erosion, and physical and chemical deterioration of
the soil. Most of this degradation is human-induced, through intensification of
agriculture and mining practices, and destruction of forest ecosystems. Added to this is
the fact that many soils are naturally infertile or difficult to cultivate.
There are two main types of soil degradation: acid and saline. Degraded soils occur over
several billion hectares of land worldwide. When suitable tree species and appropriate
land management practices are used, however, many of these soils can support
sustainable tree growth. Some types of soil degradation, such as that caused by excess
salt, require careful choices of species and provenances, proper planting methods, and
maintenance of root-zone salinity at desired levels. Excessively high water tables can be
lowered by strategically placed trees, planted with careful regard to the soil texture,
depth and salinity of the groundwater, and density of tree planting. Selection of tree
species is mainly dictated by the extent and rate of root growth. If fast-growing
plantation species are to be grown on acid soils then not only is selection of appropriate
tree species important, but also selection of suitable root symbionts, mycorrhiza, and
rhizobia. Fertilizer, lime, and organic matter must be applied to manage levels of soil
phosphorus, aluminum, and nitrogen. Existing evidence suggests that growing trees in
acid soils will increase, rather than decrease soil acidity, but the elemental composition
of leaves may ameliorate acidity. Reclamation of degraded land is often attempted with
fast-growing exotic trees, but more emphasis should be given to indigenous species.
2.4. Tree Species in Arid Zones

Arid zones account for about 19 percent of the land area of the world on all continents:
of this area, Africa has about 46 percent, and Asia 36 percent. Water is the scarcest
commodity in these areas, and most rainfall is lost to evaporation. Vegetation is sparse,
and there are few perennial woody tree species. In these zones the major cause of land
degradation is soil erosion. Sixty percent of this is caused by wind, and the remainder
by water, over-grazing, agriculture, overexploitation of vegetation for domestic use, and
inappropriate land use. A prime example is the hot arid zone of the western Indian
desert, better known as Thar, which accounts for about 90 percent of the arid land area
of India. Climatically and edaphically Thar is inhospitable, yet it is the most densely
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populated arid zone in the world. It has a population density of 101 persons per square
kilometer, whereas other arid zones of the world support only six to eight. It is also the
most vegetated arid zone in the world, and farmers grow arable crops in association
with trees. The drought-resistant trees provide fuel, fodder, fruits, and many other
products, and are an important component of the life support system of the region.
Because Thar has been inhabited for a very long time, it is one of the most studied and
best-understood arid zones in the world.
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Thar is classified as a tropical thorn forest, where the hostile environment does not
support much natural regeneration and growth of native plants. Of the 682 plant species,
only 9.4 percent are endemic. There are relatively few tree species (forty-nine), mostly
introduced from other arid zones in the world. Most are multipurpose species, providing
numerous products. They are often grown in association with other crop plants, as part
of vegetation complexes in the form of agroforests. Tree species are selected for several
reasons. They can utilize incoming solar radiation throughout the year; enrich microsites by depositing litter in topsoil, which can then be utilized by shallow-rooted
agricultural crops; modify microclimate; and generally bring about favorable effects on
the soil and associated plant species.
3. Forest Products

Traditionally, the foremost economic function of forests is considered to be their use as
a regenerative source of timber, and of other products such as resin, cork, mushrooms,
and berries. This is known as the raw-material function of forests. A wide variety of
non-timber forest products (NTFPs) are collected or cultivated by local populations,
underlining their economic and life support importance, especially for indigenous
people.
This topic is divided into articles dealing with production and processing of timber for
construction, cellulose, and pulp, along with other uses as food, forage, medicinal and
resin products, ecotourism and wildlife, along with products from unique forest plants—
the bamboos and rattans.

Global demand for forest products has increased with population. Over the last fifty
years, world population has increased from 2.7 billion to 6 billion and there is no sign of
this slowing. At the same time, wood production to meet human needs has more than
doubled, and per capita consumption has increased from 0.54 to 0.58 m2 per year. The
variety of wood products has greatly increased: production figures are discussed for
industrial roundwood, sawlogs and veneer logs, pulpwood and particles, paper and
paperboard, sawnwood, and wood-based panels. Recently, plantations have played an
important role in increasing the area and productivity of forests. Trade in forest products
was estimated to have reached $135,000 million in 1997, and has increased further since
that time.
In this post-industrialized era we must consider all possible forest products, and their
social and environmental, as well as their economic, needs. Rising economic levels and
expectations only increase demand for the broad range of forest products. We face the
dilemma of increasing harvesting to meet social and economic needs, or withholding
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harvesting to sustain the resource and protect the environment. Developed and
developing countries differ in their production and consumption of forest products.
Industrialized countries produce and consume 70 percent of all industrialized wood
products, whereas developing countries produce and consume 90 percent of their wood
as fuelwood and charcoal.
NTFPs, reflecting one of the oldest uses of forests by indigenous peoples, are receiving
increased attention. Forest-based communities depend upon the whole range of products
the forests can yield. Although their market value is more difficult to measure, the value
of NTFPs is impressive, especially in regions such as Asia. They include a wide variety
of food, forage, and medicinal uses, especially by indigenous peoples, and the products
of resin processing. Ecotourism and exploitable wildlife resources may also be
economically significant NFTPs.
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3.1. Wood Products

Wood has been important for shelter, tools, and goods for daily living, from the earliest
civilizations to present times. The structure of wood and its fibrous nature are key
attributes, and its mechanical properties are important in its various structural
applications. As wood is converted to a variety of products, it enters a manufacturing
stream in many different forms, ranging from individual fibers to logs. Traditionally,
round timbers (in the form of piles, poles, and ties) and sawn lumber (in the form of
boards) have been used widely for structural applications. Composites are made from
wood in many forms (lumber, veneer, chips, flakes, strands, sawdust, fibers) to take
advantage of the properties of each material, and to meet specific needs. Glued,
laminated structural members can be designed to meet exacting engineering
specifications for specific architectural needs. Consumer needs can be met using
modern technology, and the variety of wood products now available. Wood has been
essential to human life throughout history, but its use has evolved from a simple, readily
available natural commodity, to a modern industrial and engineering material.
3.2. Cellulose and Pulp

Cellulose is found abundantly in wood. It has largely been derived from wood since an
extraction process using caustic soda was developed in England in 1851. Cellulose is a
long-chain polymer, consisting of 3,000 to 15,000 anhydroglucose units held together
with hydrogen bonds, and containing both crystalline and amorphous structures.
Cellulose in most wood has about 10,000 units. Due to the high degree of
polymerization, and its partially crystalline structure, cellulose can only be dissolved in
certain chemicals. Cellulose esters and ethers are two of the most important derivatives,
with a wide range of applications. Products produced at least in part from derivatives
are discussed here. Those from esters include materials such as plastics, lacquers,
adhesives, films, fibers, and explosives; those from ethers that are soluble in water, and
have adhesive qualities, are used in cosmetics, pharmaceuticals, foods, plastics, glues,
paper, textiles, cement, and concrete. There has been rapid development of new
cellulosic products in recent years, and cellulose has been chemically synthesized. It is
hard to imagine a more versatile and useful natural forest product.
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Pulp is a heterogeneous product of cellulosic and non-cellulosic impurities, including
hemicelluloses, lignin, resin, and many inorganic compounds. The manufacture of pulp,
using chemical, semi-chemical, and physical processes, is described, as well as its fiber
makeup, optical, and strength properties. The two primary end products are paper and
board, but it can also be converted to cellulose. Hundreds of other products are
produced, including many kinds of papers, textiles, plastics, and lacquers. Newsprint is
the largest category of paper converted from pulp. The global production of paper pulp
and certain other products is presented graphically; annual world consumption of pulp is
predicted to rise at 2.8 percent annually. At present 75 percent of this is produced in
industrialized countries, but Asian and South American countries are beginning to gain
a bigger share.
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