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Summary

Resins are sticky, liquid, organic substances that usually harden upon exposure to air
into brittle, amorphous solids. They are secreted by a number of plants, especially pines
and other conifers and are a major non-wood product of forests.

Historically the major use of resins from conifers, especially pines, was to waterproof
wooden ships, hence the name “naval stores” is still used as a designation for pine
resins.

Pines are the primary source of resin although other conifers and some broadleaf trees
are also commercial resin sources.

Most resins are harvested by a process known as tapping, a fairly labor intensive process
that involves wounding live trees and collecting the resin. If done properly, there is little
or no injury to the tapped trees.

Overtapping will weaken and kill trees, however, and there are instances, worldwide,
where excessive tapping has threatened the sustainability of locally important resin
sources.

Present day use of resins includes the manufacture of chemicals, pharmaceuticals,
paints, varnishes, lacquers, inks, floor coverings, soaps and essential oils. A particularly
interesting resin product is amber or fossil resin, which is made into jewelry and other
specialty products.

Some amber contains almost perfectly preserved specimens of insects and other ancient
plants and animals.

While synthetic products have replaced some natural resins, the market remains strong
for pine and certain other natural resins.

Present day annual world production of pine rosin is estimated to be 1.2 million tonnes

per year and world production of pine turpentine is estimated to be about 330 000
tonnes.
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1. Introduction

Resins are a group of sticky, liquid, organic substances that usually harden upon
exposure to air into brittle, amorphous solids. Natural resins are secreted by a number of
plants, especially pines and other conifers.

In one instance, an insect is the source of a resin. Resins sometimes appear on the
external surfaces of plants. They form protective coatings over plant wounds and can
prevent entry of fungi and other disease causing microorganisms.

If trees are vigorous, a flow of resin caused by attacking insects, such as bark beetles,
will repel the attack (Figure 1).

Figure 1. A pitch tube of crystallized resin, in a bark crevasse of a pine,
is a natural defense by the tree against tree killing insects.

Resins are among the most important non-wood products harvested from trees. They are
also one of the oldest tree products used by humans. Written accounts of the use of resin
dates at least to biblical times. According to the King James Version of the Bible, God
instructed Noah to “Make thee an ark of gopher wood; rooms shalt thou make in the ark
and shall pitch it within and without with pitch.”

Today resins are used in the manufacture of a wide range of products including paints
and lacquers, rubber, soaps, linoleum, essential oils, furniture polishes and pesticides.
Most resins are harvested from trees by a process known as tapping (Figure 2). This
involves the labor intensive process of wounding the trunks of living trees to induce a
resin flow, installation of a resin collecting system and, in some cases, possible
application of a chemical stimulant to maintain resin flow.
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Figure 2. A worker in Anhui Province, China, makes fresh wounds on a Masson pine,
Pinus massoniana, to stimulate resin flow.

Resins are classified according to their hardness and chemical composition into
oleoresins and hard resins. Oleoresins are sticky, amorphous liquids that contain
essential oils. Hard resins are hard, brittle, odorless and tasteless and exhibit a glasslike
character. They are obtained either as fossils or as distillation products of oleoresins.

Conifers, especially pines, are the best-known and most widely used sources of resin.
Resins are also harvested from certain broadleaf trees in both tropical and temperate
forests. The following sections provide brief descriptions of trees that are important
resin sources, the products made from these resins and their ultimate uses.
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2. Resins from conifers
2.1. Pines
2.1.2. Sources

Resin products from pines are commonly called “naval stores,” a term that dates back to
the days when the British Royal Navy used large quantities of pine resin to waterproof
wooden sailing vessels. Today, three classes of naval stores are recognized based on
their source:

1. Gum Naval Stores — Obtained by a tapping living pine trees.

2. Sulphate Naval Stores — Obtained during the conversion of pine wood
chips to pulp via the sulphate or Kraft pulping process. Sulphate
turpentine is condensed from the cooking vapors. A product known as
tall oil is obtained from alkaline liquors and fractionated into products
such as tall oil resin and tall oil fatty acids.

3. Wood Naval Stores — Obtained from resin saturated pine stumps after a
tree has been felled.

2.1.2. Products

Distillation of pine resin yields two products: turpentine and rosin. Turpentine is a clear
liquid with a pungent odor and bitter taste and is composed of a number of organic
compounds, primarily a series of volatile fractions known as terpenes. The chemical
composition of turpentine can vary significantly depending on the species of pine from
which it is harvested. In many pines, the terpene composition is simple and consists of
two common terpenes: alpha and beta pinenes. Other pine species contain different
volatile oils, which may significantly affect the composition and use of the turpentine.
The resin of the North American lodgepole pine, Pinus contorta, contains phellandrine,
a turpentine also contained in plants of the parsley family which has a grassy fragrance.
The resin of the Mediterranean species, P. pinea, and some North American species
contain limonene. Ponderosa pine, P. ponderosa, resin contains a sweet smelling
terpene, known as carene. Two pines endemic to Pacific coastal regions of North
America: Digger pine, P. sabiniana and Jeffrey pine, P. jeffreyi, have no terpene
components in their resin. Instead they contain aldehydes, which are much diluted with
a gasoline-like material, known as heptane that has no fragrance but is explosive.
Aldehydes mixed with heptane provide the characteristic vanilla-like odor associated
with Jeffrey pine forests.

Rosin is the involatile residue that remains after the distillation of turpentine. Rosin is a
brittle, transparent, glassy solid insoluble in water but soluble in a number of organic
solvents.

2.1.3. Historical Aspects
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Pine resin has been an important commodity at least since biblical times as attested to
by the story of Noah. The Roman statesman and poet Ausonius wrote about the tapping
of pines for resin in Aquitania in southeastern France. The pine he referred to, P.
pinaster, is now known as the maritime pine (Pin maritime).

The importance of pine resin to the British shipbuilding industry has already been
mentioned. During the 15" and 16™ centuries, when America was a series of British
Colonies, the capacity of two indigenous pines: slash pine, P. elliottii and longleaf pine,
P. palustris, to produce resins of excellent quality and quantity was recognized and
naval stores became an important export commodity from the South Carolina and
Georgia colonies. The tapping of resin from these pines was a major industry in the
southeastern USA until recently, when high labor costs reduced its profitability. Today,
resin is produced in this region either via the sulphate pulping process or by extraction
of resin from saturated pine stumps.

In North America, indigenous people used resin from pines and other conifers to caulk
birch bark canoes. Pine resin was used in California long before the territory became
part of the USA. The origin of the name “California” may be linked to pine trees and the
resin they produced. Padre Arroyo, one of the early priests who converted the
indigenous tribes of California to Christianity and ultimately wrote a vocabulary of the
California Indian languages, told an officer of Captain Beechey’s expedition in 1826
that the word “California” was a corruption of the Spanish word colofon meaning
“resin” and that it was suggested by the numerous pines, P. radiata, which produced
resin around the old Spanish capital of Monterrey.

In India, commercial tapping of resin from pines began in 1896 following a series of
preliminary experiments from 1890 to 1895. The development of resin tapping in India
has been entirely the work of the State Forest Departments, but the idea for tapping the
indigenous pine forests of the Himalayas originally arose after observing the extraction
of crude resin by local people.

2.1.5. Resin producing pines

Virtually all pines will yield resin if tapped. Key factors that determine the feasibility
for tapping are the quality (terpene content) and quantity of resin obtained. Botanists
divide the pines into two large groups; the soft, or hapoxylon, pines and the hard, or
dipoxylon, pines. The soft pines have deciduous needle sheaths and most species have
needles in clusters of five.

The hard pines have persistent needle sheaths and most species have needles in groups
of two and three. Today, only the diploxylon (hard) pines are commercially tapped.
Both plantations and natural stands are tapped for resin and in some tropical or southern
hemisphere countries where pines are not native, extensive pine plantations have proven
to be excellent resin sources. Important resin producing species are summarized in
Table 1.

Species Common name Natural range Countries
where
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important
. brutia Calabrian pine Crete, Cyprus, Turkey
Turkey, Black Sea
Region
. caribaea Caribbean pine Caribbean Islands Kenya, South
and Central America | Africa,
Venezuela
. elliotti Slash pine Southeastern United | Argentine,
States Brazil, Kenya,
South Africa
. halapensis Aleppo pine Mediterranean Greece
Europe and North
Africa
. kesiya Southeast Asia China
. massoniana Masson pine China China
. merkusii Merkus pine Southeast Asia China,
Indonesia,
Vietnam
. oocarpa Mexico, Central Honduras,
America Mexico
. pinaster Maritime pine Southern France, Portugal
Portugal, Spain
. radiata Radiata or California, USA Kenya
Monterrey pine
P. roxburghii Chir pine Himalayas India, Pakistan
P. sylvestris Scotch pine Eurasia Lithuania,
Poland, Russia

Table 1. Important commercial sources of pine resin.
2.1.5. Effects Of Resin Tapping On Pines

If done properly, using methods that involve removal of only the bark (see Structure,
Growth, Development and Reproduction of Forest Trees), tapping trees causes no
damage to pines and they may be tapped for up to 20 years or more. Even the more
traditional methods of tapping, which involve some removal of woody tissue, such as
the cup and gutter system, may not affect tree survival and trees can be seen in the wild
with old tapping scars that seem otherwise quite vigorous (Figure 3). The risk of tree
damage is heightened if excessive wood tissue is removed.

In the southeastern United States, two native species of insects are attracted to
turpentine scars. The black turpentine beetle, Dendroctonus terebrans, a bark beetle, is
attracted by terpenes released by stumps and injured trees. Trees weakened by fire,
logging or adverse climatic conditions or which have exposed resin due to naval stores
operations are highly prone to attack. The turpentine borer, Buprestis apricans, a wood
boring beetle, deposits eggs on exposed wood, especially at the edges of turpentine
faces or fire scars. The larvae tunnel in the sapwood and heartwood. This insect was
very destructive when turpentine orchards were common in the southeastern USA.
Borer-riddled trees were so weakened that they became subject to wind breakage. The
lumber value of these trees was virtually destroyed and resin production was reduced.
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Sulfuric acid treatment to increase resin flow in naval stores operations eliminated dry
faces, which were attractive to these insects, thus preventing attacks.
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Figure 3. Old turpentine scars on Scotch pines, Pinus sylvestris, near Marcinkonys,
Lithuania
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