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Millán Gutiérrez teaching a group of students how to make a graft on a cypress tree.


			In 1957, Millán Gutiérrez was one of the first graduates of the Forestry School of the National University of Colombia, at the Medellin campus. He continued his post-graduate studies at Michigan State University with the help of the Point Four Program of USAID. He returned to Colombia in 1959 and was contracted by Celulosa y Papel de Colombia, S.A., where he began work harvesting wood in the humid tropical rainforest along the Pacific Coastal Plain. In 1968, he participated in the beginning of a reforestation project in the Andean Region with Cartón de Colombia, S.A. In 1973, seeing the importance of forest genetics, Cartón de Colombia, S.A. invited Dr. Bruce Zobel, geneticist and professor of North Carolina State University, to be an advisor in this field and to participate in what was to become a collaboration that lasted many years and helped to promote forest research, particularly tree improvement of forest plantations.


			Gutiérrez continued working in the field of genetics and forest research during the rest of his career. He was recognized among Colombian professionals as an authority in tree improvement. He gave numerous presentations on this subject to technicians, students and to the general public. He was a person liked by all who came to know him due to his cheerful personality, his ample knowledge and his desire to educate all who requested his help. For me, it was a pleasure to have had the opportunity to work with this gentleman, colleague and friend. I will always remember him with respect and admiration. 
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			Presentation

			Global demand for forest products is increasing daily. This implies an incremental pressure on tropical and subtropical forests to supply wood products. Natural forests continue to supply wood, although their capacity is decreasing steadily. We are depending more and more on forest plantations to satisfy industrial needs for solid wood as well as pulpwood. 

			Fortunately, the warm climates have an enormous potential to produce wood fiber when the production is based on applied science. By selecting the appropriate species for given sites and the use of the principles of silviculture and genetic improvement, tree plantations can often produce more than 50 m3/ha/year. Because of their capacity for rapid growth, the tropical and subtropical regions have a great advantage over the temperate regions.

			William Ladrach has dedicated more than 40 years to the research and management of forest plantations in various parts of the world, principally in Central and South America. This book, “Applied Forest Management for Tropical and Subtropical Plantations, provides a guide to future forest production. It is a guide to applied forestry and covers subjects from viewpoints of the biological, ecological, economic and industrial sciences.

			This work is of great value to foresters, students, industrial managers, researchers and others who work in equatorial countries. It will have a strong and positive impact on the establishment of tree plantations during the coming decades. 

			Only by practicing intensive management in forest plantations can we expect to satisfy the demand for forest products in a rational manner and without destroying natural ecosystems. We can supply wood and satisfy the human needs for forest raw materials by maintaining natural forests that are healthy and productive, along with well managed tree plantations.

			J. L. Whitmore

			President 
International Society of Tropical Foresters

		

	


	
		
			Preface

			There are many aspects to the theme of reforestation, from agroforestry in small plots to tree breeding and industrial planting for wood products, as well as non-wood forest products such as palm oil or latex, protection of the natural flora and fauna, as well as maintenance of watersheds for water resources and soil protection against erosion, among others. Due to the magnitude of this topic, the focus of the current work is limited to the specific theme of reforestation for wood production in commercial plantations. The purpose of the book is to present applied management principles to managers and administrators for forestry-based companies, to forestry students and to forest technicians working in the field. Multiple aspects of forest management are presented, from seed production to the delivery of wood in the woodyards of the buyers. The information contained in this work is, in large part, obtained from the personal experience of the author as employee, teacher, researcher and forestry consultant. The book presents simple alternatives that can be applied to facilitate the work inherent in plantation management. There are multiple diagrams of tools, instruments, equipment and machines that can be produced or made locally, with the help of local mechanics, instead of having to import them from other countries. Silviculture and management techniques are presented that have been developed through trial and experience, and which help to make for efficient management of plantations for wood production. 

			In 2005, there were 139 million hectares of forest plantations distributed in Asia (47%), Europe (20%), North and Central America (13%), Africa (9%), South America (8%), and Oceania (3%) (FAO, 2005). Between 2000 and 2005 there was an increase of 12.8 million hectares, equivalent to 9%. During this period, Asia had 72% of this increase, followed by Europe (8%), North and Central America (7%), South America (6%), Africa (4%) and Oceania (3%). 

			Within the data presented by the FAO for existing forest plantations are included plantations for non-wood products, such as latex, palm oil, coconuts, tannin, pharmaceutical products, cosmetics and others. During the past decade, there has been a marked increase in the establishment of palm oil plantations, especially in Southeast Asia. The neem tree (Azadirachta indica) is used for firewood and also for the production of tannins, soaps, pharmaceutical products, cosmetics and insect repellants (CATIE, 1984; Caldwell et al., 2005) and it is being planted widely in arid climates, especially in India and in the Sudan. 

			Of the plantations established for wood production, 40% are composed of broadleaf species (eucalypts, teak, acacias and poplars, among others) (FAO, 2001). Worldwide, 48% of plantations are classified as industrial, 26% as non-industrial and 26% unspecified (FAO, 2001). Industrial plantations are primarily for the production of pulp and paper, but there are also some established for sawn wood, plywood and composite board. These last are primarily with pine from the temperate regions. In Brazil, the steel industry has established plantations for producing charcoal for iron smelting to produce pig iron. Non-industrial plantations are primarily destined for producing firewood, charcoal, watershed protection or other environmental conservation purposes.

			Traditionally, solid wood products such as lumber, plywood, transmission poles, pilings, furniture, flooring, construction wood and doors have come from natural forests. Nonetheless, entering into the Twenty-first Century, the reality is that a major part of the commercial wood that has been sold in international trade has been cut over. For example, 20 years ago there were 150 wood processing industries located in the city of Samarinda, East Kalimantan (Borneo), but now there are just five active, primarily due to a lack of logs to supply the mills.[1] In South America, mahogany and Spanish cedar are extremely scarce and are being replaced by woods of other species of inferior quality or of limited availability in the wood supply depots. Even with the disappearance of tropical woods for lumber and veneer products, there have been limited investments in plantations for producing this type of product. Of the fine hardwoods, the one that is managed successfully on a large scale is teak (Tectona grandis). Nonetheless, there are just 3% of global plantations with this species. 

			In the temperate regions of the world, the main species planted are pines, spruces and other conifers due to their faster growth rates in that part of the world. Except for the poplars, there are relatively few plantations of broadleaf species in the temperate regions. However, in the tropics and subtropics, most species planted are broadleaf such as eucalypts, teak, acacias and Gmelina. The growth of these species is often greater than the growth of tropical pines. Nonetheless, the growth rate of tropical and subtropical pines is greater than the growth rates of temperate pines and spruces.

			There is a need to supply national and international wood markets with wood products from plantations, wood products that once were harvested from natural forests. The opportunities for wood production in the tropics and subtropics are well known. However, because of the risks associated with forestry projects, the most successful forestry programs have been in those countries where the governments have created fiscal incentives to promote reforestation and the manufacture of forest products from plantations. Even with such incentives, numerous forestry project have failed due to a lack of good initial planning, or due to a lack of available technical assistance, the lack of practical experience among professional foresters and technicians or because of a lack of understanding of the relationship of sustainable silviculture and forest management with the environments in which the species are planted.

			In many cases, investors willing to initiate forestry projects lack sufficient technical and practical information regarding correct management practices for tropical and subtropical plantations. On the other hand, there are many graduates from forestry schools who received an education with limited field experience in forest management and who have not had the opportunity to work in an operating forestry company where practical field experiences can be obtained.

			This book was written with the desire to provide useful and practical information to its readers as a source of reference material and support to those persons who are charged with the management of tropical and subtropical forest plantations.

			Note: The nomenclature used in this text follows that used in the United States and Mexico, with the separation of decimals using periods and the separation of thousands and millions with commas.

			William Ladrach

			
				
					[1] These are primarily species of meranti, keruing and kapur, of the Dipterocarpaceae family, woods that are found in the natural forests in parts of the Philippines, Malaysia and Indonesia.
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			The first forest plantations

			Since the beginning of civilization, the Earth has lost three billion hectares of natural forest, which is roughly half the forest area (Bryant et al., 1997; Perlin, 1999). It is estimated that natural forests covered 34% of the land 10,000 years ago, but that just 12% of the land surface is now covered with intact forest ecosystems (Durning, 1993). Since the beginning of recorded history, wood taken from natural forests has been an integral part of the progress of civilization. The Egyptians used wood from the Nile watershed to construct ship and buildings, including the wood used to construct the pyramids. Later, due to local shortages, the Egyptians obtained imported wood of the cedars of Lebanon (Cedrus libani) from the Phoenicians, the merchants of the Mediterranean (Ostler, 2005). The Greeks used much wood to construct their buildings, fortifications and ships. The maritime power of the Egyptians, the Minoans, the Greeks, the Phoenicians, the Carthegians, the Romans and the Spanish, each in their turn, depended directly on the availability of wood from the Mediterranean forests for the construction of their navies, their fortifications, their cities and their civilizations. The loss of the forests around the Mediterranean is directly related to those civilizations. The authors of ancient history, including Homer the Greek, and the Romans Virgil and Horace, were conscious of the negative effects of deforestation, causing inundations and landslides in and around their cities (Westoby, 1989).

			The concept of forest plantations is not new. There are records of tree nurseries and plantations in Egypt near the Nile River 2,300 years ago (Burdon & Libby, 2006). In China, there were plantations of Chinese fir (Cunninghamia lanceolata) in the TwelfthCentury and in Japan there are references from the Fifteenth Century to differences in growth and wood quality of Japanese cedar or sugi (Cryptomeria japonica) (Toda, 1970). In 1882, the Japanese established a forest experiment station at Nishigahara along with a school of dendrology (Fernow, 1911).

			Teak, a species originally from South Asia, has been planted in India for centuries due to the high quality of the wood. In 1856, the British brought Dr. Deitrich Brandis, a German forester, to India to organize a silvicultural management plan for the Burmese and Indian forests, in particular the teak. The plan also included a reforestation program. Brandis originated the taungya system of reforestation, where local Karen farmers in Burma planted crops among teak trees and cared for both. The management method for natural teak forests was named “The Brandis Selection System”, with partial cuts or thinnings every 30 years (Kahrl et al., 2004) and with replanting of treeless areas. In 1864, Brandis was named head of the Department of Forests of India and in 1878 he was instrumental in establishing the first forestry school at Dehra Dun. In 1881, Brandis was sent to Burma, where he developed a similar management plan for teak (Fernow, 1911). It is believed that teak was first introduced to the Indonesian island of Sulawesi about 300 years ago and teak is now considered to be a “naturalized species” in that country (Keiding et al., 1986). On the island of Java, more than one million ha of teak have been planted, and managed commercially since the middle of the Nineteenth Century (White, 1991). 

			Large extensions of natural forest were cut and cleared in the British Isles during the occupation of the Romans. The first wood crisis registered in Germany occurred in the Eleventh Century, but there were few efforts at reforestation (Heske, 1938). During the Twelfth and Thirteenth Centuries there were notable expansions of the human population of Europe and, as a consequence, the deforestation accelerated, especially in France and Germany, in order to open more lands for agricultural crops and to use the wood for construction, for heating and cooking as well as a source of heat for iron smelting (Westoby, 1989). Frequent wars in the Medieval Period created large demands for wood. Wars and social unrest also resulted in the cessation of normal economic activities in the villages, with the displacement of people who fled into the forests for refuge against the violence in the towns, as well as to search for food. This also accelerated the deforestation in Europe. 

			Because of the loss of forests, landowners and nobles charged with taking care of the forests tried to protect them and some established plantations of oaks and beeches with the expectation of future wood production to construct ships, forts and castles. In addition, these species produced acorns and nuts that were an important food source for deer which supplied venison to the armies and to the houses of royalty. The Norman invaders and conquerors of the British Isles were known for their interest in establishing tree plantations (Westoby, 1989). 

			In 1309, Henry VII, Count of Luxemburg and Emperor of the West, saw the importance of wood for construction and for economic power and ordered reforestation projects in what is now Germany (Fernow, 1911). After the great fire in Nuremburg in 1368, pine and spruce plantations were established to reforest the burned area (Fernow, 1911). During the Seventeenth Century, after seeing the destruction of the forests and the seriousness of a lack of wood to national security, Jean-Baptiste Colbert, Prime Minister of King Louis XIV, predicted that France would be lost due to a lack of wood (Fernow, 1911).

			Later on, through much of Western Europe, oaks, beeches and other species were widely planted, including the spruces, pines, larches and poplars. During the Medieval Era, the first foresters were mainly caretakers whose job it was to protect the forest against illegal hunting, indiscriminate cutting of trees by the peasants, and to carry out the breeding of wildlife for royal hunting. Because of this role, foresters were generally hated by the local peasants. In Central Europe and the Mediterranean, the loss of forests has been very extensive; there remain little if any of the original standing forests in those regions. The majority of the current forests in these regions are plantations or forests regenerated by coppice management. The original natural forests that still exist in Europe are primarily those located in the eastern regions, principally in the Carpathian Mountains of Poland, Belarus, Ukraine, Hungary and Rumania (Wikipedia, 2006); there are still some natural forests in Scandinavia and in Russia. In 1881, Rumania developed a national forest management system for use in the oak, walnut and beech forests that utilizes coppice methods of regeneration (Fernow, 1911).

			In 1879, an oak provenance trial was established in Germany. At the beginning of the Twentieth Century systematic tests were established to quantify the effect of seed source (provenance) on the development of European plantations in Denmark and Switzerland (Kleinschmit, 1986). In 1936, cooperative international trials were established with Norway spruce (Picea abies) (Dietrichson & Lines, 1997). The Dane, C. Syrach Larsen, described the principles of genetic tree improvement in his book The Genetics of Silviculture in 1943 and in an English translation in 1956 (Zobel & Talbert, 1984). His concepts continue to be the basis for tree improvement worldwide (Burdon & Libby, 2006). In Canada, research on seed source of forest tree species was initiated during the 1930’s (Ying & Morgenstern, 1987).

			In South Africa, most tree species planted were introduced, being mainly pines to be used for sawtimber production (Hiley, 1959). Afterwards, eucalypts were planted to produce wood for mine props and for fiber for the manufacture of pulp and paper. At the beginning of the Twentieth Century, research tests were initiated to maximize sawlog production, utilizing wide spacings, early thinnings and rotations of less than 35 years. During this same period in Europe, plantations were being managed on rotations of more than 100 years. The initial studies established by foresters in South Africa were criticized by their European counterparts, being considered too radical. Today, the silvicultural concepts developed in South Africa are recognized as correct for tropical and subtropical plantations.

			During the Nineteenth Century, there was much competition among botanists in European countries to name new species, particularly so in the tropics. As botanists from different countries were discovering new tropical species and giving them Latin names, it was inevitable that some species would be given different names by different botanists. Today, the names of many of those species are being reviewed and corrected in order to homogenize the Latin designations and use the earliest designation as the correct one. Along with the discovery of new species, there was much movement of interesting species from one country to another, to be placed in arboreta or to be planted in small trials.

			Although there is little documentation available for many of the early tree, plant, and seed collections, it is evident that many plantations established with introduced species represented quite small genetic bases. Many introduced species were sent as gifts from one noble landowner to another, either as a small plant in a pot or as a few seeds. When one landowner had an interesting species, other people collected seeds from it to plant on their own lands. In many cases, the imported seed from other countries for larger reforestation projects was obtained from very few trees. In this way, large areas were planted with a very restricted genetic base. There are numerous examples of this in the history of reforestation in tropical countries. 

			In the Nineteenth Century in Southern United States, large forest areas were cleared and converted to cotton production. Years later, when the soils were depleted and the sites abandoned for agricultural use, natural pine stands began to naturally reseed and cover the abandoned land. The tree seed came from the few fencerow trees that remained or from pines in adjacent areas (Zobel & Sprague, 1993). Because of this phenomenon, the genetic base of extensive native pine stands that reforested the abandoned fields in the South were actually of a limited genetic base that was much more restricted than that of the original pine forests.

			The wood industry in Southern United States began to expand at the end of the Nineteenth Century, exploiting the wood from the forests that had regenerated spontaneously in the old fields that had been abandoned by agriculture. Due to the low value of the land, it was common for sawmills to obtain the land along with the standing timber at very low cost. At the beginning of the Twentieth Century, sawmills and pulp mills accumulated large extensions of forest land. By the 1950’s, much of the timber in these secondary forests had been cut over several times and the forests were of relatively poor quality. Silvicultural trials were initiated to regenerate the land with healthier and more productive forests. Partial cuts were made leaving individual seed trees standing so that they would reseed the sites and produce new forests of better quality. Such methods were problematic since the best trees were left standing and many fell over after thinning due to their instability during high winds; the seed regeneration was also irregular in many cases. When returning to harvest these remaining seed trees, harvesting equipment caused damages to the natural regeneration that had been established underneath them.

			In the 1950’s, and into the 1960’s, tests were conducted with direct seeding of pines by helicopter, by tractor or manually by broadcast sowing of seed (Derr & Mann, 1959; Ladrach, 1967, 1968; Mann & Derr, 1961, 1964). Direct seeding was not very successful do to large differences in the quality of the regeneration which left some patches with too many seedlings and others with few seedlings. At about the same time, tree nurseries were being established and seedlings were being planted commercially. This method was found to be the best way to obtain a uniform stand density and to produce trees with uniform growth rates. 

			Pioneers of genetic tree improvement

			Initially, many foresters scoffed at the idea that the seed source or the breeding of trees could have any importance for wood production. Initially, forestry schools taught that the environment was the important element that could affect the quality of tree plantations. Early on, it was a common practice to collect seed from any tree, regardless of its form, to use for establishing plantations, and often, the shortest and branchiest trees were those that had the largest seed production that was easy to collect.[1] This practice was very prevalent in the case of imported seeds, when the main objective was to buy seeds at the lowest possible cost. The result was the establishment of plantations with poor form and poor growth in many parts of the world.

			In some initial plantations with introduced tree species, the genetic base was very restricted. The case of cypress plantations in East Africa is an example of this phenomenon. According to the available information, in the Nineteenth Century a few seeds were carried from Guatemala by monks and planted in Portugal. Later, the species was identified by English botanists as Cupressus lusitanica based on samples obtained from those plantations, thinking that the species was originally from Portugal (Lusitania). Later, at the beginning of the Twentieth Century, some seeds were collected from the cypress trees in Portugal to establish the first plantations in Southern Africa. In South Africa, the best individuals were then selected as seed producers for successive plantations. Later still, seeds from 12 of these seed trees were taken to East Africa and used to establish the first plantations in Kenya. In Muguga, Kenya, a seed stand was created by thinning one of these first plantations and leaving just 24 seed trees standing. The seed from that seed production area was then used to establish extensive cypress plantations in Kenya, Uganda and Tanzania.[2] Although the documentation concerning the initial movement of forest tree seeds in the tropics is limited, it appears that similar occurrences also happened in other countries and with other species. In other words, it is assumed that the genetic base of many initial plantations was quite restricted.

			In Southern United States, differences were found to occur among different seed sources (Wakeley, 1944). In the Southeast, seed production in natural stands of Pinus taeda was greater in Piedmont trees and could be collected at a lower cost, so that seed from Piedmont sources was also used for planting in the Atlantic Coastal Plain. In a short time, the problem that was created by this practice became evident, since the growth of those Piedmont seed source trees was much slower. In other cases, seed from coastal trees was planted in the Piedmont, and these had faster growth, but, at the same time, those trees were more susceptible to ice damage and low temperatures during the winter months. Generally, foresters blamed the plantation failures on droughts, on the nurseries or on other causes, rather than on the use of the incorrect seed source. 

			The initial classification of slash pine, an important southern pine species, was Pinus caribaea, the same name given to the pines in the Caribbean and in Central America. Later, slash pine was reclassified as Pinus elliottii (Little & Dorman, 1954). Still later, three varieties of Caribbean pine were classified, these being Pinus caribaea: hondurensis, bahamensis and caribaea (Barrett & Golfari, 1962). Literature from South Africa prior to 1950 mentions Pinus caribaea, but such references most often refer to slash pine, the species now known as Pinus elliottii. In some tropical countries serious errors were committed by acquiring slash pine seed from southern United States instead of Caribbean pine seed from Central America.

			Gradually, research foresters began to find differences in the development of trees according to the origin of the seed and to begin selecting the best phenotypes as seed producing trees. In Sweden during the Nineteenth Century, Őrtenblad demonstrated the existence of difference among trees of Scots pine (Pinus sylvestris) due to seed origin (Lindgren, 1986). In 1908, Sylvlén made self polinizations of pines and spruces in Sweden to demonstrate the disastrous effect of this phenomenon (Lindgren, 1986). In 1946, the Danish parliament established the Forest Genetics Department with Åke Gustafson as professor. The first tree seed orchard was established in 1947 by Värmland (Lindgren, 1986). The first forest genetics institute was established in 1925 in Placerville, California, USA (Lindgren, 1986). 

			The collaboration provided by Scandinavian researchers was instrumental in the initiation of forest tree improvement. During the decades of 1940 and 1950, the Swedish researchers, Bertil Lindquist and Åke Gustaffson, were very influential in the development of forest genetics. Dr. Gustaffson made a presentation on tree improvement at Texas A & M University, which was attended by the Governor of Texas as well as by the President of the university. The impact of Gustaffson’s conference had such an effect on these men that they initiated a tree improvement program at the university soon afterwards (Zobel & Sprague, 1993).

			In 1951, Dr. Bruce Zobel was named as the first director of the Cooperative Western Gulf Tree Improvement Program at Texas A & M University. In 1953, Dr. Ray Goddard initiated a tree improvement cooperative at the University of Florida (Perry & Wu, 1955). In 1956, Zobel moved to North Carolina and began a tree improvement cooperative at North Carolina State University in cooperation with several forest industries, to work with several native pine species and later with hardwood species. In Michigan, Dr. Johnathan Wright began genetic tests of several forest tree species and proposed methods for making genetic gains for commercially important tree species (Wright, 1961, 1962). In the beginning, many foresters working for industry, along with many scientists and professors, were skeptical of this new idea. Nonetheless, researchers persisted in their work and now tree improvement is accepted as an integral part of the silviculture of all tree species planted worldwide. The geographic source of seed became important when tree species were planted in new environments. In 1952, a south-wide geographic seed source test of southern pines was initiated in the United States (Zobel & Talbert, 1984). Tests established with Pinus taeda in Argentina (Barrett, 1973), Brazil (Barrichelo et al., 1977) and Colombia (Ladrach, 1983c) have shown that seeds from the North of Florida and from Southern Louisiana grow better in those countries than seeds obtained from other locations in the United States. 

			Meanwhile, tree improvement efforts were being initiated in other countries, including Australia, where Dr. Garth Nikles began studies of pine hybrids, including Pinus elliottii by Pinus caribaea var hondurensis (Nikles et al., 1977; Nikles, 1995). Wood quality and the effect of genetic selection on wood utilization became key factors in the process of tree improvement (Nikles, 1991). Researchers in South Africa tested other pine hybrids, crossing Pinus patula, Pinus elliottii and Pinus taeda (Barnes, 1977; Denison & Kietzka, 1992). Under the auspice of the tree improvement cooperatives, many graduate students were able to conduct research in conjunction with forest industries, and such studies demonstrated to the forest industry the importance of selection of desirable traits such as wood density, stem straightness, crowns with small branches and straight wood grains, without spiraling. Significant research efforts on tree improvement were also being carried out in other parts of the tropics with the technical support of the respective colonial powers, the Belgians, Dutch, English and French.

			In Argentina, Drs. Lamberto Golfari and Wilfredo Barrett began trials of pine species to evaluate differences among seed sources and the adaptability of these to different climatic conditions within the country (Golfari, 1959; Barrett, 1960, 1987). Later, Dr. Golfari developed guidelines for relationships between tree species and the environmental conditions of several South American countries including Brazil (Golfari et al., 1978) and Venezuela (Golfari, 1993). In 1986, Dr. Barrett was named the first technical director of the CIEF Forest Research Cooperative (Centro de Investigaciones y Experiencias Forestales), where he expanded the provenance research on many forest tree species. 

			In 1968, The Forest Research Institute (Instituto de Pesquisas e Estudos Florestais) was established at the University of São Paulo, Brazil, with Dr. Heladio Mello named the first director of the tree improvement cooperative. Other tree improvement cooperatives were established in other Brazilian universities in this same time period.

			.Cypress (Cupressus lusitanica) is a species originally from Central America and Mexico and has been widely planted in East Africa since 1905, as well as in the Andes Mountains of Colombia, Ecuador and Peru and in parts of Brazil. In 1966, the first cypress seed orchards were established in Kenya (Dyson, 1977; Owino, 1975) and, in 1973, a program of selection of cypress plus trees and clonal seed orchards was begun in Colombia to produce commercial seed (Gutiérrez & Ladrach, 1978). In 1952, forest research was organized in Kenya, Uganda and Tanzania as EAAFRO[3] with installations located at Muguga, Kenya, under the auspices of the East African Commonwealth (Pereira, 1959). 

			Pinus radiata, a species originally from California and Baja California in North America, was introduced into New Zealand, Australia, South Africa and Chile, where it has become an important industrial species in the Southern Hemisphere. Genetic selection has resulted in the production of trees with excellent form, growth and wood quality (Eldridge et al., 1977; Shelbourne & Thulin, 1977). 

			CSIRO, the Australian government research organization, has made countless seed collections of native eucalypts and acacias for distribution and research testing around the world. Research with these species has shown important differences in growth based on the provenance of the seed (Turnbull, 1977). Research in South Africa on the provenance of many forest tree species, including Acacia mearnsii, has also produced significant results (Nixon, 1977).

			In 1980, the CAMCORE international research cooperative was founded at North Carolina State University with the purpose of collecting, testing and conserving the most important coniferous resources of Central America and Mexico.[4] The Cooperative is totally financed by its members, which include forest industries and government institutions from around the world. Currently, CAMCORE is the major world institution that is making conservation plantings on a sustainable basis for tropical tree species.[5] The initial mission has been expanded to include broadleaf species in Central America and Southeast Asia, along with the coniferous species. This scientific effort has produced valuable results concerning the genetic variation of many tree species, as well as producing local sources of genetically improved seed that can then be put to commercial use.[6]

			Currently, the majority of the pines planted in Southeastern United States come from genetically improved seed and many are produced in advanced generation seed orchards. Some companies have established third and fourth generation seed orchards of Pinus taeda. Many eucalypt plantations in the tropics are based on seed collected from trees of the best provenance or from seed orchards. In Southern Europe and in Southern United States, as well as in Southern China, there are provenance tests of eucalypt species from the most southerly latitudes of Australia to determine their capacity to grow in cold climates with freezing temperatures during part of the year. Other eucalypts have been selected from the driest climates of Australia and Indonesia for their adaptation to arid sites in Brazil, Venezuela and other countries.

			In Scandinavia and Central Europe there are important tree improvement tests of Scots pine (Pinus sylvestris), Norway spruce (Picea abies) and larch hybrids (Larix eurolepis). In Canada there are studies with white and black spruce (Picea glauca and Picea mariana) as well as with jack pine (Pinus banksiana). In Japan, tree improvement has been focused primarily on Japanese larch (Larix leptolepis) and on Pinus densiflora and Pinus thunbergii (Toda, 1977). 

			In spite of its potential for tropical planting, there has been relatively little tree improvement research conducted on teak. Between 1970 and 1980, the Danish Forest Tree Seed Center, working under DANIDA and the FAO, has made collections of teak seed for distribution and provenance testing in many tropical countries (Keiding & Kemp, 1977). DANIDA, in cooperation with the Royal Department of Forestry of Thailand, proposed a teak tree improvement program in 1988 that was begun in Thailand (Wellendorf & Kaosa-Ard, 1988). Towards the end of the Twentieth Century, PERHUTANI, the government forestry organization of Indonesia, was placed in charge of forest plantation management in Java and made selections of plus trees and established seed orchards for its own use. Unfortunately, there has been minimal research on teak tree improvement in other parts of the world. 

			Silvicultural practices

			Initial plantations were established under variable conditions: Interspersed within the natural forest, under the forest canopy, or in small clearings within the forest (Wadsworth, 2000). After many trials with different methods, most forest industries adopted the planting of trees in open areas with full sunlight and without competition from other forms of vegetation. Most tree plantings around the world have been established on degraded soils, marginal agricultural lands or on sites that had once been used for grazing or cultivation, but that had developed superficial erosion, had nutrient losses and that had been invaded by noxious weeds and grasses (Zobel et al., 1987). 

			Initially, there was little thought given to site preparation prior to planting. The main objective of planting in temperate countries was to establish plantations with good survival, with little or no attention to growth and initial development of trees, since it would be many years before the trees reached maturity and were ready for harvesting. As such, there was little interest in adequate silvicultural practices. Over time, the concepts have changed, due primarily to experiences acquired with fast growing species. Control of weeds, grasses and woody vegetation is now a universally accepted practice that has been shown to be crucial to the survival and development of tree plantations. Generally, practices included the use of disking to eliminate vegetation and to increase soil porosity, subsoiling to break up compacted soil horizons and the use of bedding to improve surface drainage in low lying sites. 

			Previously, many foresters believed that grasses helped to protect trees from winds and inclement weather and improved their initial growth. However, it is now known that weeds, grasses and brush not only compete with planted trees for soil moisture and nutrients, but that the roots of many of them produce toxic substances[7] as a biological method of competition by slowing the growth of adjacent plants. It is now recognized that grasses and weeds can reduce the initial growth of trees and, in some cases, continue to reduce tree growth during many years (Osorio, 1988). It has been shown that the use of herbicides is a more effective method for grass and weed control than manual or mechanical methods (Ladrach, 1982, 1983b; Lambeth, 1986). Many companies have found that chemical weed control is more economical as well as more environmentally friendly than mechanical methods.

			It has been shown that the quality of the nursery stock and the time of planting have a large impact on the initial growth of a plantation, as well as a significant impact on the overall wood production at the end of the rotation. When trees are provided with adequate spacing in the nursery, they are robust, have better initial field survival and growth than when nursery densities are too high, resulting in seedlings that are tall and spindly. The increased cost of producing high quality nursery stock is minimal, when considered within the overall cost of a cubic meter of wood harvested at the end of the rotation and delivered to the mill. In Southern United States, it was once considered acceptable to have pine seedlings with just a few centimeters of growth during the first year in the field. Now, with improved nursery techniques that produce hardy seedlings with good diameters, it is now possible to establish plantations that attain 80 to 100 cm height growth during the first growing season. In the case of broadleaf species in the tropics, the initial differences in tree growth due to nursery management are even more pronounced. Many tropical companies now utilize initial field irrigation of recently planted trees in order to obtain a better coordination between the nursery and field planting, to make sure that the trees are planted precisely at the beginning of the rainy season, even though the rains are sometimes delayed (Haigh, 1993). 

			The old concept of many foresters was to establish plantations at high densities in order to have a “sea of green” as a means of controlling weed and grass competition. It used to be considered a good practice to “plant a few additional trees” to compensate for any mortality that might occur during the initial stages of the plantation. This philosophy resulted in stagnation and growth loss in plantations established at very high densities, with small, thin trees. Spacing trials in the tropics as well as in temperate regions have shown that the number of trees planted per hectare has little or no effect on total biomass production at harvest age[8] (Haigh, 1989; Osorio & Uribe, 1994; López & Aparicio, 1995; Coetzee, 1997). To the contrary, total wood production is a function of the soil quality, available sunlight, precipitation and other environmental factors. The current practice is to reduce the number of trees planted per hectare in order to obtain the same amount of wood but with fewer trees of greater diameter and of higher quality. This increases the value of the stumpage for sawtimber and for pulpwood by reducing the cost of plantation establishment as well as the cost of wood harvest.

			Forest fertilization has been a common practice for many years (Mello, 1968). Initial fertilization didn’t take into account soil quality and thus the results obtained were sporadic. Positive research results in greenhouses did not necessarily result in increased wood production in plantations. One of the problems was the use of agricultural guidelines for forest plantations. Many pine species can grow in soils that have been depleted of many essential nutrients by grazing or by cultivation. In general, the response thresholds for fertilizer applications to trees are much lower than those for agricultural crops. Therefore, it is important to define the response thresholds of plantation trees through research in order to know when to expect growth increases from fertilizer applications.

			Tropical and subtropical soils are generally deficient in phosphorus. Phosphorus is routinely applied to forest plantations at time of planting in the tropics and also in the Atlantic Coast of North America with outstanding results. In fact, without phosphorus applications many plantations would not be productive. In Argentina as well as in Uruguay, initial fertilization of eucalypts with diammonium phosphate is a general practice. Tropical soils often show deficiencies of boron, especially those formed from volcanic ash or in deep sands that have been highly leached over time. The tree response to boron on deficient sites has been dramatic (Hunter et al., 1990; Ladrach, 1980, 1990; Sayagués & Méndez, 2006). Economically speaking, nitrogen is most efficiently applied to established plantations to increase the total wood production (Kane et al., 1992). Nitrogen applications are generally made after a thinning, when there is sufficient space for the trees to respond to the fertilization and in order to direct the fertilizer to the best standing individuals. 

			In general, tree response to potassium fertilization has been minimal to nil, in spite of this being an important macro-nutrient that is routinely applied in agriculture. Broadleaf and conifer tests in the temperate and tropical regions have shown little to no response to potassium applications, even on soils that have deficiencies of this element (Gonzalez, 1993). There is no good explanation for this phenomenon, except that the trees may require less potassium for their development and that they have an efficient method for recycling the element internally. 

			Wood quality in fast-growing plantations

			Wood that forms in the center of the tree, near the pith, is different from the wood formed near the bark. That near the center is called juvenile wood and that towards the outside is called mature wood. In pines, the juvenile wood generally has a lower density and shorter fibers than does mature wood. The wood in the upper part of the pine tree and in the center of the basal portion is juvenile wood, whereas the outside wood in the basal portion is mature wood (Zobel & van Buijtenen, 1989). Thus, as a pine grows, it produces juvenile wood towards the top and mature wood towards the bottom during the same growing season. Mature wood formation in tropical pines begins normally between the 4th and the 8th years, and in temperate pines it begins to form at a later age. For example, in the case of the southern pines in the United States the production of mature wood begins in the 8th to 12th annual growth rings and for longer lived species, such as Pinus ponderosa, it can begin to form between the 20th and 30th annual rings. With increasingly intensive management of plantations resulting in faster tree growth, the harvest age is reduced and, as a result, there is more juvenile wood in the harvested logs.

			Contrary to popular beliefs among many foresters, wood density is relatively independent of tree growth rate (Zobel & van Buijtenen, 1989). For example, it is possible to make genetic selections for increased tree growth and still select for high density wood. However, when pines are harvested at earlier ages, there will be an increased proportion of lower density juvenile wood, resulting in lower yields of pulp, or sawn boards with lower structural resistance. One of the future challenges to the wood industry is to produce pulp and sawn wood of a useful quality using predominantly juvenile wood. 

			Broadleaf species also produce juvenile and mature wood, but the differences in the wood quality between the two is generally less pronounced than in the conifers. In the case of tropical eucalypts, it is desirable to harvest trees for pulpwood before they reach eight years of age since older trees tend to deposit polyfenolic compounds in the heartwood, which can cause problems in the pulping processes (Zobel & van Buijtenen, 1989).

			Today, it is possible to use genetic selection to increase the desirable characteristics of trees and wood for the final products. In fact, tree breeding to improve wood characteristics has become an integral part of many tree improvement programs by companies as well as industrial cooperatives. One leader in this field is Aracruz Celulose in Brazil, which has been able to increase the pulp yields per ton of dry wood and reduce the variation in wood density of the trees being harvested for pulpwood (Brandão, 1984). This has resulted in increased pulp production per ton of wood with improved pulp quality; this equates to increased profits for the company. 

			Forest management for short rotations

			It is possible to have shorter rotations by using the best land races of trees, good site preparation, fertilization, weed control and other intensive forest management practices. In essence, short rotation forestry is an extension of agriculture, the principal difference being that agronomists measure their rotations in months and foresters measure their rotations in years.

			Most plantations established around the world are for pulp and paper production. Plantations produce woods with uniform quality for pulp, whereas natural forests with mixed species do not. The eucalypts and also the acacias have been the preferred species for short fiber pulp production. There is interest in growing broadleaf species, primarily eucalypts, in Argentina, Brazil, Chile, Paraguay and Uruguay in Latin America, as well as in Australia, Spain, Portugal, South Africa and New Zealand. Poplars (cottonwoods) are grown in the temperate regions of Argentina, South Africa and several European countries. More recently, poplars are being cultivated in the Northwest of the United States (Koncel, 1998; Wierman, 1994). In China there are also large areas planted to poplars.

			In very general terms, and considering the world’s demand for solid wood products made from hardwood species, it can be said that most of the wood of commercial value in the accessible natural hardwood forests has been exploited. The huge standing inventories of tropical woods such as meranti and lauan in Southeast Asia are nearly gone. Indonesia and Malaysia have maintained their exports of meranti plywood by deviating logs once destined for sawmills for local commercial use to the plywood mills to produce products for export. Within very few years, there will be a scarcity of meranti wood for all uses. During the later part of the Twentieth Century, most decorative paneling in the world markets was made of meranti, over which were often printed or embossed the decorative grain patterns of other woods for their export to North America, Europe and Asia. Now, however, it is common to find that these decorative panels are often made using MDF panels.[9] 

			As a result of this trend, there is growing interest in managing industrial plantations for solid wood products. In New Zealand, Chile and Australia there are large areas of radiata pine plantations managed for solid wood products. Plantations are pruned and thinned in order to produce large diameter logs that are free of knots (Maclaren, 1993). Gmelina arborea is being planted on a pilot scale in many tropical countries, as a potential source of wood for veneer production. Sawn wood made from eucalypts is a reality in South Africa, Brazil and Argentina. In the Delta Region of the Parana River, poplars are managed to produce sawtimber. Poplars are also being grown in other provinces in the South, including Mendoza, Neuquén and Río Negro, where they are being irrigated with water coming from the Andes Mountains. In 1997, Aracruz Celulose announced a solid wood production line with a capacity to produce 75,000 m3/year of wood products for the Brazilian markets as well as for export, using eucalypt wood from its plantations (Aracruz News, 1997). Woods of Eucalyptus grandis are harvested from plantations on 21 year rotations and used for manufacturing molding, furniture parts, and framing as well as for general construction.

			Rubber trees are planted in Indonesia and Malaysia for latex production and such plantations are an important source of wood for furniture manufacture in Southeast Asia. There is a large availability of rubber wood which is a sub-product of the millions of hectares of rubber plantations established for latex production. 

			In the Twenty-first Century it is estimated that forest plantations will provide between 40% and 50% of the world’s demand for wood (Whitmore, 1998). Traditional concepts of forest management with long rotations for sawtimber production are being replaced with new concepts with sawlog production on rotations of less than 25 years, and, in some cases, less than 12 years in the tropics, by using high quality genetic stock, clonal plantations, fertilization and intensive management. The use of new technologies and high-speed industrial machinery allow for the manufacture of sawn lumber and plywood from smaller diameter logs. In the not-too-distant future, the forest industry will depend on short rotation plantations with mostly juvenile wood as the source of wood for manufacture.

			Clonal propagation and biotechnology

			Vegetative propagation of genetically improved trees has become a common method for the establishment of eucalypt plantations, as well as for other species in the tropics. It is also used to establish plantations of Pinus radiata in the Southern regions, as in Chile and New Zealand, as well as for some pine hybrids in Australia. There are promising research results with the rooting of Pinus taeda and Pinus elliottii, species once considered difficult to root (Goldfarb et al., 1997). In Argentina, operational plantings of Pinus taeda are being established using processes similar to those developed for Pinus radiata in New Zealand and Chile. Clonal propagation research is continuing with other broadleaf and coniferous species and in the not-too-distant future it is expected that vegetative propagation with rooted cuttings will become a common method for planting many forest tree species. 

			There has been considerable research carried out on the development of plantlets based on tissue culture. This allows for the production of many plants from the tissues of a single parent plant, generally by means of a process called somatic embryogenesis, where embryonic tissue of recently germinated seeds is used (Grossnickle et al., 1996). There exist methods for introducing desirable traits or genes into the chromosomes of plants by gene insertion techniques, such as the inclusion of resistance to herbicides or to insect attack (Shin et al., 1994). Such biotechnological practices are commercial for some agricultural and horticultural plants, but they are still in the research phase for forest trees (Ahuja et al., 1996). One logistical problem for the forest sciences is the genetic structure of trees, which is extremely complex in comparison to annual plants and crops. There now exist genetic structural analyses of several tree species, including species of eucalypts (Brondani & Grattapaglia, 1997; Marques et al., 1997). Research in genetic science has demonstrated that most commercially important tree traits are controlled by gene complexes and that these sometimes influence a visible or phenotypic trait only during a part of the life of the tree (Ahuja & Libby, 1993; Klopfenstein et al., 1997). This is problematic for the effective use of gene insertion for a given trait since its effect may only be active during a short period when that trait is controlled by that particular gene or gene complex. Another concern is the formation of genetic mutations during the chemical stresses created by clonal propagation techniques in the laboratory (Ahuja, 1996). A logistical problem with tree selection is the particular adaptability of a given selection to adapt to local conditions of climate and soils, which is the land race concept. Thus, if gene insertion techniques are to be applicable for commercial plantations, it will be necessary to develop low-cost methods for carrying out such work. 

			A short history of the eucalypts in Brazil

			During the Nineteenth Century, there was a significant movement of eucalypt species from Australia to many tropical and subtropical countries around the world. The first recorded references to eucalypts in Brazil included one in the Rio de Janeiro Botanical Garden in 1829, followed by another in Rio Grande do Sul in 1865 and later in São Paulo in 1868 (Sampaio, 1975). In 1904 and 1909 the São Paulo Railroad Company (Compañía Paulista de los Ferrocarriles) introduced species of eucalypts as a source of firewood to fuel the steam engines, due to a scarcity of coal in the country (Sampaio, 1975). 

			The first plantation trials by the railroads were established in the Rio Claro tract in São Paulo State, where many species of eucalypts and other trees were tested for their potential to produce firewood for the steam engines. Among the species tested in Rio Claro, one that showed good promise was Eucalyptus saligna, a species introduced from southeastern Australia. 

			In 1918, Professor Maiden, an Australian taxonomist, separated E. saligna into two species. One species kept the name E. saligna and Maiden named the other species E. grandis (CAB International, 2000). However, in Brazil it had already become the custom to call both of these E. saligna without differentiating between the two and this tradition continued for several more decades. The result was confusion in the nomenclature of the two species, particularly so in other tropical American countries that obtained seeds from Brazil imported under the name of E. saligna.[10] Years later, and after many species and provenance tests with seeds imported directly from Australia, various researches in tropical America found that E. grandis grew best in most tropical locations (i.e., those nearest to the equator and at low altitudes), whereas E. saligna showed more promise at greater latitudes and higher altitudes. 

			In low altitude tropical sites with pronounced dry seasons, another species of eucalypt from Indonesia turned out to be better than either E. grandis or E. saligna, and it was called Eucalyptus alba. The history of this species also has its complications. It is a species that occurs naturally in Indonesia, as well as in Papua New Guinea and Australia. Generally, E. alba in Indonesia is a species that grows from sea level to an altitude of approximately 700 meters. On seven of the islands where E. alba grows, Eucalyptus urophylla can also be found, but growing at higher altitudes, normally above 500 meters above sea level.[11]

			Part of the confusion regarding the identification of E. alba and E. urophylla is centered around a single tree planted in the Nineteenth Century on the island of Java, Indonesia, in what is now the Bogor Arboretum, adjacent to the Presidential Summer Palace. This individual tree grew very rapidly and was initially identified as E. alba. Because of its good growth, many seed collections were made and the seed planted in other locations. In Rio Claro, Brazil, E. alba grew well and, since it had a relatively high wood density, it was of much interest to the São Paulo Railroad Company.

			In 1972, Dr. Lindsay Pryor, an Australian forest taxonomist, visited the Bogor Arboretum and changed the identification of that tree to Eucalyptus urophylla. Since then, that famous tree of Bogor has been known as E. urophylla, rather than E. alba. On the Indonesian island where both species occur together (normally between 500 and 700 meters above sea level) many hybrids form spontaneously. Because of the difficulty of climbing the steep cliffs of those islands, the first seed collections identified as E. urophylla were often made in this zone of hybridization. Thus, it is common to find trees of E. urophylla in Brazil that exhibit traits of both species, in other words, they are natural hybrids from many generations past in the original locations in Indonesia. Even though E. alba is not a promising species for industrial reforestation, the natural hybrid with E. urophylla is widely used for reforestation on those sites where there is a highly defined dry season. The natural hybrid is easily distinguished due to the form of the leaves as well as the bark, which are quite different from pure E. urophylla. Those hybrids have been widely used with good results, especially at latitudes nearer to the equator, as in the states of Pará and Maranhão in northern Brazil. 

			In 1964, Dr. Bruce Zobel was invited to Brazil to dictate a series of conferences concerning the organization of the tree improvement cooperative at North Carolina State University a decade earlier, which involved forestry companies and state forestry organizations in Southeastern United States. Shortly after his visit, similar cooperatives were initiated by Brazilian universities at Piracicaba (São Paulo), Curitiba (Paraná) and Viçosa (Minas Gerais), which continue to the present and which have resulted in the establishment of genetically superior tree plantations throughout Brazil.

			In 1966, the Brazilian Government initiated a very optimistic program of fiscal incentives which lasted one decade and was designed to promote reforestation, cattle ranching and fishing. As a result, there was a renewed interest in reforestation starting in 1967. In order to meet the needs of the tree nurseries, several of the Rio Claro plantations were converted into seed production areas, particularly those of E. alba. 

			At that time, it was not known that many of the eucalypt species planted in adjacent lots in the Rio Claro trials hybridized readily and that seed from those trees called E. alba was often a hybrid mix of many species, including E. saligna, E. camaldulensis and others. That seed, called E. alba (remember that Dr. Pryor still had not identified the tree in Bogor as E. urophylla) was widely planted in Brazil and also exported to many other countries in tropical America. These hybrids are from the “f2”, generation, that is, a second generation hybrid, but without any control of the parentage by genetic research testing. Those plantations of “E. alba” began to show certain non-desirable traits, including large growth variations among trees, forking and poor form. The result was the establishment of plantations covering huge regions in Brazil with trees that had growth rates inferior to the growth of the original trees in the Rio Claro test plantings. After planting thousands of hectares with this material, Brazilian foresters realized that there existed a problem in the genetic composition of seeds produced from those seed production areas. The seed from the Rio Claro trees became known by the derogatory nickname of “Eucalyptus sal-alba”.

			One way to use hybrids without seed is by vegetative propagation, where the propagules are genetically identical to the parent or donor tree. By this method, the favorable characteristics of the hybrid plants or trees are passed on to the cloned plants. An important technique for clonal propagation of eucalypts was developed in the Congo by Dr. Henri Chaperon, a French researcher with AFOCEL (Chaperon & Quillet, 1977; Chaperon, 1984, 1987). Brazilian foresters visited the Congo and observed the clonal reproduction techniques developed by Dr. Chaperon using rooted cuttings. Then, those techniques were duplicated in Brazil to propagate the best individuals selected in the plantations established using seed of E. alba from Rio Claro. The process was a total success and the cloned plantations attained growth rates more than double those of the plantations established with material from seed. 

			It was recognized that there was a need to obtain seed of pure material that was correctly identified by location of origin if a tree improvement program was to be successful. In 1970, Dr. Lamberto Golfari clarified the importance of using seeds from origins with similar climatic conditions to those in Brazil where the trees were to be planted. He proposed that plantations along the coastal regions of the State of Espíritu Santo should use seeds from the northern part of Queensland, instead of seed from further south (Golfari, 1970). After several dry seasons, the seed that was obtained from the region of Coffs Harbor, Australia, began to show signs of eucalyptus canker. Because of the seriousness of this problem, in 1973, Aracruz Celulose decided to send Golfari and Edgard Campinhos to Australia to make seed collections from the locations with the best potential for plantations in Brazil. Later, during a second expedition, seeds were collected from individual parent trees that were selected due to their good form and growth. That seed was then used to establish progeny tests in Brazil. In 1984, four employees of Aracruz were given the prestigious Marcus Wallenberg Award in Sweden because of their efforts with the research and development of clonal reforestation on an industrial scale. The award was presented in Sweden by King Gustav Adolf. Gains made by this research work by Aracruz are summarized in Table 1-1. 

			In the mid-1970’s, there was a very serious attack of thousands of hectares of eucalypt plantations by a canker-causing fungus. Researchers identified the fungus as one that is associated with cloves which originate in the Moluccas Islands of Indonesia. As clove bushes were planted in many tropical countries, the fungus was also distributed unknowingly. Since the eucalypts are in the same family, Myrtaceae, the fungus also attacked the eucalypt plantations. Although the fungus is, at best, a chronic problem for cloves, its effect on some of the eucalypts was devastating, causing cankers and gummosis on the stems of trees and even causing some trees to die. The fungi caused so much damage that, at one point, the Brazilian forest industry considered abandoning the planting of eucalypts altogether. 

			Because of this problem, research studies were begun centered at the Federal University of Viçosa. Dr. Charles Hodges, forest pathologist on loan from the U. S. Forest Service, worked for several years with a group of scientists at Viçosa. Through that research, Hodges determined the origin of the fungus and its relationship with cloves. It was also found that there was a relationship between the susceptibility of the eucalypts and the latitude of origin in Australia (Golfari, 1975). The Viçosa scientists determined that the more northerly eucalypt species, which are closest to the Moluccas Islands, had the greatest resistance to the fungus, in particular, Eucalyptus urophylla and E. alba from Indonesia. The more southerly species, such as E. saligna and E. grandis from Australia, were the most susceptible to the fungal attack (Hodges et al., 1976). Meanwhile, the name of the fungus was changed from Diaporthe cubensis to Cryphonectria cubensis (Hodges, 1986) and later it was again changed to Chrysoporthe cubensis (Gryzenhout, 2004).[12] Through genetic selection and the cooperation among companies and the universities, it was possible to find resistant strains of trees among the various commercial eucalypt species and, currently, these are being used successfully for commercial reforestation by most of the forest companies. 

			Based on a series of genetic tests, Brazilian researchers have developed hybrids between E. urophylla and E. grandis. The hybrids, called “uro-grandis”, have proven to be better for plantations in many locations than the pure species. The uro-grandis hybrid is widely planted in the central and northern states of Brazil and E. urophylla is planted much less. In the South, E. grandis continues to be the preferred eucalypt. Almost all industrial plantations are clonal. Seeds are utilized for research tests in order to develop new strains that, afterwards, are used commercially as clonal material. Today, Brazil is the leader in forest research on eucalypts and on the use of clonal propagation with rooted cuttings for industrial reforestation. During the 30 years between 1975 and 2006, forestry companies in Brazil planted more than one million hectares with clonal eucalypts.

			Table 1-1

			Genetic gains with eucalypts by Aracruz Celulose, S. A
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			*/wood without bark

			Fuente: (Marcus Wallenberg Foundation, 1984).

			There are several important points that can be summarized from the history of the eucalypts in Brazil:

			
					The concept of the classification of a “species” can be modified over time and this has happened numerous times with commercial forest species. When reading past reports, botanical names may be different from those used at present. Currently, there is a movement among Australian taxonomists to divide the genus Eucalyptus into three separate ones, although the international scientific community still has not totally accepted this proposal.

					Susceptibility of trees to fungal attack can vary for different reasons, such as historical contact between the two in the original habitats. Through genetic selection, it is possible to develop resistance to some diseases.

					It is important to understand the reproductive cycle of trees when designing seed stands and seed orchards. In the case of the eucalypts, which are primarily pollinated by insects, it is important to maintain adequate isolation between species to minimize contamination with foreign pollen. 

					Seeds that result from species hybrids, known as f2 hybrids, may have highly variable traits, some good, others bad: the lack of uniformity is common in such cases. The use of such seeds, without first making progeny tests, can result in long-term economic failures. On the other hand, the use of vegetative propagation of such hybrid material will provide planting stock that is genetically identical to the parent or donor trees.

					When a government initiates fiscal incentives for reforestation, it is important to consider how planting material is to be obtained, either by seed or cuttings, as an integral part of the incentives package. 

					Reforestation with introduced or exotic species necessarily requires support by forest research to avoid disasters and to improve the productivity of commercial plantations. History demonstrates that well conceived forest research is an excellent investment and is a guarantee to keep commercial plantations pest-free, to increase growth of select trees and to improve the quality of the products that are manufactured from wood.

					Collaboration among public and private entities is critical to the success of forest plantations on a national level. Tree improvement cooperatives, such as those in Brazil and Chile, as well as in the United States, have shown the advantages and benefits of cooperation among all participants, allowing for appreciable gains through joint efforts that are greater than those that could be attained by individual companies or research personnel working in secret.

					International cooperation among forest research organizations is important in order to maintain up-to-date information on research developments and happenings. Those companies that allow their research personnel to write technical reports and present them at national and international meetings are those that obtain valuable information in exchange. Those that don’t do not have good contacts and good professional interchange with other organizations. 
					
						[1] This is known as dysgenic selection.

					

					
						[2] Personnel communication, Dr. Jeff Burley, Oxford University, England.

					

					
						[3] EAAFRO is the acronym for the East African Agriculture and Forestry Research Organization.

					

					
						[4] Camcore is the acronym for the International Tree Conservation and Domestication Program. The Cooperative has 32 members, classified as active, associate and honorary members in 18 countries in Central America, South America, Africa, Southeast Asia, the Pacific and the United States (Camcore, 2006).

					

					
						[5]This is called ex situ gene conservation. The Cooperative is working to conserve species and specific provenances that are at risk for loss or extinction (Dvorak, 1996).

					

					
						[6]Improved seed sources that have been adapted to local conditions are known as land races or geographic strains. 

					

					
						[7]These are defined as allelopathic substances. Allelopathy is the capacity of one plant to restrict the germination of seeds or reduce the growth of other competing plants. Commercial grasses, including many species in the genera Brachiaria, Imperata, Melinis, Panicum and Pennisetum, are known to be highly allelopathic.

					

					
						[8]Some studies report wood volumes overbark and, of course, the total volume with bark is greater when there are many small trees, compared with a few large trees. However, when net wood volume without bark (underbark) is calculated, research shows that total wood volume is independent of the number of trees/ha at the end of the rotation. 

					

					
						[9]MDF (medium density fiberboard) is a product made of mechanical wood pulp which is commonly manufactured into decorative interior panels and low-cost furniture. 

					

					
						[10]One difference between the two is that E. saligna forms lignotubers at the base of the seedlings, whereas E. grandis does not. The seed capsules of E. grandis also tend to be slightly squared, whereas those of E. saligna tend to be rounder.

					

					
						[11]E. urophylla occurs naturally on the Indonesian islands of Flores, Adonara, Lomblen, Pantar, Alor, Timor and Wetar (Camcore, 2004). On Wetar, E. urophylla is found at lower altitudes, growing down to 70 meters above sea level.

					

					
						[12]The species name, cubensis, resulted from the initial identification of the fungus in Cuba. Through DNA testing, taxonomists have modified the taxonomy of living organisms to provide the best possible information. Thus, there have been numerous changes in the scientific names of organisms, especially among the fungi and insects. It is probable that there will be further changes in the future. In the specific case of the eucalypt canker, the DNA analyses have shown variations among populations of the pathogen in different parts of the world and the original relationships developed by Hodges appear to be even more complex than once thought. 
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			Plantations to supply wood to the forest industry


			Site selection for plantation establishment


			Unification of forest properties into economically manageable units


			Definition of a plantation management lot


			How to calculate a forest land base for a wood processing facility


			Forest productivity concepts


			Selection of species and the development of land races


			Site selection for plantation establishment


			Before initiating an industrial forestry project, it is necessary to determine the net area in plantations that will be needed to supply wood to the proposed industry. Selection of the region for establishing plantations is the first step. It should include lands that are suitable for the species of trees that are to be planted and to be used as the wood supply for the desired industrial products. Existing small plantations or trees planted in fence rows or small groups can provide some idea of the potential growth of a species in the locality. It is also important to evaluate the environmental factors for the site and make comparisons with the environments where plantations of the same species already exist within the same country or in other parts of the world. The determining factors for the forestry potential of a given site include the following:


			

					Latitude and altitude above sea level,


					Climate (precipitation, number of dry months, temperature means and extremes),


					Soil quality (drainage, texture, depth, acidity, fertility, hydrology),


					Topography,


					Sizes of available properties that could be acquired for reforestation,


					The potential to acquire adjacent properties to create land nuclei that are of a size that is economically and administratively manageable,


					Availability of roads, availability of rock or other materials for road construction and maintenance, 


					Distances between the lands to be planted and the location(s), existing or anticipated, of the industries that will utilize the wood.


			


			The species to plant and their adaptation to a given environment can be affected by latitude and by altitude. As a general rule, the closer to the equator, the higher in altitude a plantation needs to be to occupy a similar growing environment. Eucalyptus urophylla generally grows between 500 m and 1200 m altitude on the islands of Flores, Timor and Wetar in Indonesia at latitude 10° S, but the same species does not prosper in plantations in East Kalimantan at 0° latitude and 50 m altitude. Eucalyptus globulus, a species originally from the South of Australia, grows well at 50 m altitude in the Pampa of Argentina, but does not do well at altitudes below 2000 m in Ecuador at 0° to 2° South latitude. Nonetheless, there are exceptions to this rule of thumb. For example, Pinus patula occurs naturally in the Eastern Sierra Madre range of Mexico between 1500 and 3100 m at latitudes between 17° and 24° N (Perry, 1991), but it grows well in plantations in Colombia at similar altitudes, between 1700 and 3200 m at latitudes between 2° and 4° North. 


			Normally, 1200 mm/year is considered to be a minimum annual precipitation necessary for industrial plantations, although this can vary according to altitude and latitude. On those sites nearest to the equator and at low altitudes, there is a greater rate of evapotranspiration. On sites with a monsoon climate, having a pronounced dry season, the duration of this season is a critical factor to consider, along with the annual precipitation. Where there are more than three months of dry season, this becomes a determining factor in the growth and health of trees as well as in forest productivity. A dry month is considered to be one where the precipitation is less than 40 mm (Evans & Turnbull, 2004). The species that best adapt to monsoon climates are those that drop their foliage during the dry season. Defoliation is a means for protecting the tree against loss of moisture during the dry season. 


			On the other extreme, it is not desirable to establish plantations on sites where the rainfall is excessive. When the precipitation is greater than 2500 mm/year, there can be problems with excessive soil moisture, greater risks of phytosanitary problems in plantations and serious logistical problems for operations, especially the harvesting of wood and road maintenance.


			Soil analysis is an important part of the evaluation of a given environment for plantations. Normally, the soils most suitable for agricultural crops are already in crop production and are not available for tree plantations, since such soils are generally too expensive and/or government regulations do not allow for their use for forestry purposes. The soil texture and acidity are the most important factors to evaluate initially, since they are not economically modifiable. Even though it is possible to modify soil pH for agriculture by adding lime, this practice is not economical and it seldom produces significant benefits for forest plantations. It is possible to modify soil fertility by adding nutrients in the form of fertilizers. Thus the initial fertility of the soil is less important for site selection than are the texture and pH. A soil scientist can sample the soil horizons in the field using a soil auger in order to determine the soil texture by tact.[1] 


			Soil acidity is important for the selection of the species to plant, or for the selection of sites for species already chosen. Soil pH can be checked in the field using portable equipment (Figures 2-1, 2-2 and 2-3).


			

				[image: fig 2-1.psd] 
Figure 2-1. Soil analysis is an important part of the initial evaluation of the forestry potential of a property.


			


			

				[image: fig 2-2.psd]
Figure 2-2. Soil acidity (pH) can be quickly checked in the field using a color test.


			


			

				[image: fig 2-3.psd]
Figure 2-3. In this example, it can be seen that the surface soil (left) is acid (pH 4.0) by the yellow color, whereas at greater depths (left to right) the soil becomes more alkaline (pH 8.0), as indicated by the purple. This sample variation was found in an alluvial soil on a river terrace in Venezuela.


			


			Soil texture is defined by the proportion of different size particles in a sample. The following sample sizes are recognized in soil science (Coile, 1964):


			

				

					

							

							Name


						

							

							diameter of the particles mm


						

					


				

				

					

							

							clay


						

							

							less than 0.002


						

					


					

							

							silt


						

							

							0.002 to 0.05


						

					


					

							

							very fine sand


						

							

							0.05 to 0.10


						

					


					

							

							fine sand


						

							

							0.10 to 0.25


						

					


					

							

							sand


						

							

							0.25 to 1.0


						

					


					

							

							coarse sand


						

							

							1.0 to 2.0


						

					


				

			


			Figure 2-4 shows the classification of soil texture graphically. Agricultural soils tend to be those with loam textures and with soil pH values near neutral (pH 7.0). Soils optimum for reforestation depend on the tree species to be planted. In general, pines and eucalypts do best on sandy loam to clay soils with pH values between 4.5 and 6.5.[2] Species such as teak and Gmelina grow best on silt loam to loam soils with pH values between 6.0 and 8.0. Some tropical acacias (Acacia mangium, Acacia crassicarpa) adapt well to very acid clay loam to clay soils with pH values between 5.5 and 3.5. 


			[image: fig 2-4.ai]


			Topography is important with regards to the logistics of wood harvesting. The use of harvesting machinery increases productivity when compared with manual harvesting methods. On very broken and hilly sites, the use of machinery is limited and the overall cost of all operations will be higher. In broken and mountainous lands, the cost of road construction and maintenance is greater than on level lands. It is common to use articulated tractors for harvesting operations and these sometimes work two or even three shifts per day when lights are mounted on top of the operator’s cabin to illuminate the work area, but this practice is only feasible where land is level or slightly rolling. 


			Mechanization of soil preparation is often needed to stimulate good initial tree growth. Subsoiling is a common practice for plantation establishment in the tropics. This can be done on level lands or working along the contour where the slopes are minimal, but is not operational on steep lands. 


			Soil Tactile Texture Classification


			The following descriptions are useful for making field determinations of soil texture. If the soil is dry, add just a few drops of water to the sample in the hand to make it moist, but not wet.


			Clay: Soil can be pressed into a ribbon between the thumb and forefinger and extended to more than 4 cm length. A thin soil rope (+ 5 mm diameter) can be formed more than 10 cm long between the palms of the hands and then formed into a circle or wheel rim without breaking or cracking.


			Clay loam: Soil can be pressed into a ribbon between the thumb and forefinger, but it will break before being extended to 4 cm length. A thin soil rope can be formed more than 10 cm long, but it will break when trying to make it into a circle or wheel rim.


			Loam: Cannot be pressed into a thin ribbon between the fingers. A long, thin rope cannot be formed without breaking. Some grit may be felt when rubbing the soil between the fingers. A ball of soil can be formed with the hands and bounced in the hand several times before breaking apart.


			Sandy clay: Similar tactile description as clay loam, except that grit can always be felt when rubbing the soil between the fingers.


			Sandy clay loam: Grit can be felt when rubbing the soil between the fingers. A thin rope can be formed between the hands, but this will break before elongating to 10 cm length. A ball can be formed between the hands and it will remain intact when bounced several times in the hand.


			Sandy loam. Grit can be felt when rubbing the soil between the fingers. Cannot form a thin rope of soil between the hands, but a ball of soil can be formed and bounced a couple of times before breaking.


			Loamy sand: Grit can be felt when rubbing the soil between the fingers. A ball of soil can be formed between the hands, but it will break after being bounced two or three times in the hand.


			Sand. Grit can be felt when rubbing the soil between the fingers. A ball of moist soil can barely be formed, but it will break apart if bounced once in the hand.


			Silt: Feels greasy between the fingers. Cannot form a thin rope between the hands; soil is sticky. No grit is felt when soil is rubbed between the fingers.


			Silt loam: Tactile similar to loam, except that soil feels greasy when rubbed between the fingers.


			Silty clay: Tactile similar to clay, except that soil feels greasy when rubbed between the fingers. A ribbon can be formed between the fingers, but this breaks before being extended to 4 cm length.


			Silty clay loam: Tactile similar to clay loam, except the soil feels greasy when rubbed between the fingers. 


			Unification of forest properties into economically manageable units


			The cost of maintenance and administration of forest properties depends in large part on the distance between tracts of land. Ideally, forest properties should be contiguous to minimize the cost of peripheral fence maintenance, the risk of fires entering from outside properties, the cost of internal road infrastructure, the cost of technical personal in the field and the movement of machinery. In Brazil, it is common to consider a minimum area for pulpwood or for industrial charcoal production for steel smelting to be approximately 3000 ha for purposes of efficient administration. For a sawmill or other industry of a smaller scale, it is common to have minimum forestry units of between 500 and 1000 ha for efficient management. 


			Harvesting and wood transport are invariably the largest plantation costs. Mechanization of harvesting can minimize the cost of placing wood at roadside. The closer the plantations are to the wood-using industry, the lower the cost of wood transport. In the case of Costa Rica, a transport radius is considered to be no more than 200 km for an economical wood haul cost. The types of roads are important, as well as the cost of their construction and maintenance. In unified land bases that are relatively level, internal road costs can be minimal. In mountainous land and with disperse forest properties, the cost of forest roads increases proportionally. In hilly and steep land it may be necessary to use smaller trucks for wood hauling, which increases the unit cost of wood delivered to the mill woodyard. 


			Another factor to consider is the availability of rock or aggregate for road surfacing. Hard rock can be scarce in many parts of the tropics (Sessions & Heinrich, 1993). Before acquiring land, it is important to determine the availability of rock or aggregate at a reasonable truck transport distance, so that it can be used to surface the roads that will be constructed. There have been cases where forestry projects have been rejected based on the lack of rock for road construction and maintenance.


			Initial planning of plantations is important prior to beginning the planting operations. Roads need to be constructed and located so as to minimize the movement of wood from the stump to roadside as well as to minimize truck hauling costs within the forest properties. Plantation design is based on harvesting plans, connecting the planted forests with a minimum of road construction and road maintenance. Ideally, a forestry lot has a road through its center with non-forestry areas such as streams, natural forest reserves, steep slopes or other non-plantable areas along the flanks. The size of a plantation lot is designed according to the harvesting plan, making units of a size that justifies the movement of harvesting equipment into the plantations. 


			Definition of a plantation management lot


			In agriculture, it is normal to maintain permanent separations between fields and pastures. In many places, it is a common practice to name lots so that farm workers can easily identify each lot. A pasture has a fence, access for cattle, and a water source (stream, lagoon, well or water trough) within the lot. The border of the pasture or field is a road that passes by one side, while a stream may be on the other edge of the lot, this being an ideal way to manage pasture animals.


			A forestry lot has a distinct orientation (Figure 2-5). It is easier to prepare the soil mechanically, plant the site and harvest the trees when the lot is on both sides with a road through the middle. This provides for the most efficient use of the road investment, rather than having the lot on one side of a road. It is not desirable to have a creek, wet area or other obstacle to machine movement within a lot. For these reasons, when an agricultural farm or ranch is acquired for planting trees, the original lot configuration is seldom useful for designing the tree planting plan.


			

				[image: fig 2-5.psd]
Figure 2-5. Forestry lots are defined according to the scheduling of wood harvesting operations. A lot is define d prior to planting in order to minimize the cost of wood extraction as well road maintenance.


			


			A forestry lot is a management unit that has an integral border, has been planted with one species, has received the same soil treatment, has trees of the same age and has uniform growth throughout the lot. 


			The objective of the design of a lot should be:


			

					To minimize the overall movement of wood from the stump to roadside, 


					To maximize the use of internal roads during harvesting in order to minimize wood harvesting costs. In this way, the cost of road maintenance can be minimized during the harvesting process.


			


			For mechanized or semi-mechanized harvesting, a minimum lot size is considered to be around 20 ha with an optimum lot size of 50 to 100 ha. Obviously, lot size must also take into account the topography and the harvesting plan.


			How to calculate a forest land base for a wood processing facility


			When a forestry project is initiated to supply wood to a pulp mill, the forest manager must guarantee a minimum wood supply to meet the raw material demands of the mill. This is not an average potential forest productivity; rather it is the amount of wood that can be supplied routinely and reliably given a worst case scenario for the forestry situation. Such a concept is based on the fact that the capital investment in a pulp mill is usually on the order to ten times the capital investment in commercial forest plantations. Therefore, it is more profitable to guarantee sufficient wood supply to the mill, discounting any calculated wood losses while operating within a framework of acceptable risks.


			Unanticipated risks can include: 


			

					Losses during dry years when growth is reduced and/or there is high mortality,


					Major losses due to large or extensive fires that may occur infrequently,


					Losses due to disease or insect damage to plantations,


					Losses due to social unrest or social problems.


			


			For such reasons, it is important to anticipate incidental losses when making calculations as to the required forest area to assure the continued wood supply to the wood processing facility. Table 2-1 provides an example of how to calculate the forestry base for a pulp mill. On the line “plantation losses”, a 20% loss may appear high, but in reality it is quite common to find such losses in forestry projects, particularly during the first rotations. In forestry companies with many years of experience and several rotations of management, losses of 15% during the life of the plantations are still common. 


			It is important to remember that the total biomass does not change by modifying the stand density nor by making thinnings. Biomass production depends on the soil/site capacity. However, planting too many trees or not enough trees can result in less commercial (useable) biomass than when having the optimum stand density for a given site. 


			In the case of a pulp mill, all commercial wood is used for pulp manufacture and rotations are relatively short; for example, six or seven years in the case of eucalypt or acacia plantations. On the other hand, a sawmill does not use all the wood for lumber production and requires an additional market for residues: Small trees removed in thinnings, tops of trees, trees with poor form that do not produce sawlogs, as well as slabs, sawdust and shavings in the sawmill. The rotations for sawtimber production are longer since the objective is to produce larger diameter logs for lumber. Table 2-2 provides calculations of the forest plantation base required for a sawmill. In the example, it can be seen that there will be a significant production of chips as well as sawn lumber. For a sawmill to be more profitable, it will be necessary to have markets for the chip wood as well as the sawn lumber.[3] 


			Table 2-1


			How to calculate a forestry base for a pulp mill 
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			Table 2-2


			How to calculate a forestry base for a sawmill
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			*/ mbf = thousand board feet


			sub = solid underbark Hay que hacer las notas de pie de cuadro a un tamaño similar a lo del cuadro


			Forest productivity concepts


			The site capacity is the maximum potential biomass production of a species on a given site, according to soil quality, precipitation and available sunlight. In agriculture there also exists a maximum crop production for a given site and the agronomist or farmer learns to know this capacity after planting several crops on the site. Similarly, there is a maximum wood volume or weight capacity for a species on a given site. The goal of plantation management is to approach this maximum value in the shortest possible time utilizing optimum silvicultural techniques (Figure 2-6).


			

				[image: fig 2-6.ai] 
 Figure 2-6. The soil site capacity is defined as the maximum productivity for a given site.


			


			The objective of the agronomist is to sow the optimum seed density to obtain the maximum harvest. It is not worth planting more seeds than necessary; that only increases the crop density and reduces crop yields due to plant stagnation. Similarly, if a cattle rancher puts too many head of cattle on a lot, it does not increase meat production, rather the animals eat all of the available forage and, afterwards, suffer hunger and produce less meat than if the optimum number of animal units are maintained. In forest plantations there also exist optimum stand densities, according to the species and the desired product(s) (Figure 2-7). When too many trees are planted, the trees have smaller diameters and a larger percent of bark per cubic meter of wood produced. There is also the risk of stagnation, which reduces the overall wood production and can also result in premature mortality. When tree densities are too high, trees suffer stress from competition among themselves and run the risk of greater potential for disease or insect attack of weakened individuals. If the stand density is too low, it will take more time to reach the optimum site productivity. In summary, the silviculturist, as with the agronomist, must learn to manage a tree crop to maximize wood production on the forest properties.[4]


			

				[image: fig 2-7.ai]
Figure 2-7. Optimum plantation spacing will result in maximum commercial wood production in the shortest possible rotation.


			


			It is possible to increase the soil/site capacity through genetic selection and breeding for greater growth as well as by silvicultural practices such as soil preparation, fertilization and good control of grass and weed competition (Figure 2-8). In each case, it is a question of the investment cost for tree breeding, fertilization and weed control, etc., versus the additional gain that can be obtained. The best way to determine the growth benefits that can be attained is through forest research.


			

				[image: fig 2-8.ai]
Figure 2-8. Certain silvicultural practices can increase the site capacity.


			


			Forest growth is defined as the total commercial volume at the anticipated harvest age in m3/ha. The Mean Annual Increment (MAI) is the total volume (or weight) divided by the number of years of growth and is expressed as m3/ha/year (or tons/ha/year) (Figure 2-9). The MAI is not an absolute value; it varies based on the rotation length. The Current Annual Increment (CAI) is the growth during a particular period, for example, between year 3 and year 4. The point where the CAI curve crosses the MAI curve is the point of maximum biological growth of the plantation. Nevertheless, this is not necessarily the best time to harvest the trees from an economic point of view. A plantation cost analysis needs to be made based on growth rates, harvest costs and transport costs in order to determine the optimum cost per cubic meter of wood delivered to the mill woodyard. The point where there is the greatest wood production at the least cost per cubic meter or ton is normally considered to be the optimum harvest age. 


			

				[image: Fig 2-9.ai]
Figure 2-9. Relationship between current annual increment and mean annual increment.


			


			Selection of species and the development of land races


			Table 2-3 provides a list of tree species commonly used in plantations in the tropics and subtropics as well as in the temperate region of the Southern Hemisphere. Wood density data are also provided along with species growth rates. This is generalized information to provide the reader with an overview of the species most commonly planted. The values may vary for specific sites, based on latitude, longitude, soils, precipitation and other environmental factors.


			Table 2-3


			Common species used for industrial plantations in the tropics, subtropics and in the Southern Cone of South America


			

				

					

							

							Botanical name


						

							

							Family


						

							

							Common name


						

							

							Origin


						

							

							density


						

							

							pulpwood


						

							

							sawlogs


						

					


				

				

					

							

							Species primarily used for fiber and pulp production


						

							

						

							

						

							

						

							

							years


						

							

							years


						

					


					

							

							Acacia crassicarpa


						

							

							Mimosaceae


						

							

							acacia


						

							

							Australia


						

							

							 0,45 


						

							

							6 to 8


						

							

						

					


					

							

							Acacia mangium


						

							

							Mimosaceae


						

							

							tropical acacia


						

							

							Australia & New Guinea


						

							

							 0,44 


						

							

							6 to 8


						

							

						

					


					

							

							Acacia mearnsii


						

							

							Mimosaceae


						

							

							black acacia


						

							

							Australia


						

							

							 0,55 


						

							

							6 to 8


						

							

						

					


					

							

							Eucalyptus dunnii


						

							

							Myrtaceae


						

							

							white gum


						

							

							Australia


						

							

							 0,50 


						

							

							7 to 12


						

							

						

					


					

							

							Eucalyptus globulus


						

							

							Myrtaceae


						

							

							blue gum


						

							

							Australia 


						

							

							 0,65 


						

							

							6 to 8


						

							

							10 to 15


						

					


					

							

							Eucalyptus grandis


						

							

							Myrtaceae


						

							

							red gum


						

							

							Australia


						

							

							 0,46 


						

							

							6 to 8


						

							

							10 to 15


						

					


					

							

							Eucalyptus nitens


						

							

							Myrtaceae


						

							

							shining gum


						

							

							Australia


						

							

							 0,55 


						

							

							10 to 15


						

							

						

					


					

							

							Eucalyptus uro-grandis


						

							

							Myrtaceae


						

							

							eucalypt


						

							

							hybrid


						

							

							 0,52 


						

							

							6 to 8


						

							

						

					


					

							

							Eucalyptus urophylla


						

							

							Myrtaceae


						

							

							Timor white gum


						

							

							Indonesia


						

							

							 0,54 


						

							

							6 to 8


						

							

						

					


					

							

							Pinus caribaea var hondurensis


						

							

							Pinaceae


						

							

							Caribbean pine


						

							

							Cental America


						

							

							 0,42 


						

							

							12 to 15


						

							

							15 to 20


						

					


					

							

							Pinus oocarpa


						

							

							Pinaceae


						

							

							ocote pine


						

							

							Mexico & Central America


						

							

							 0,46 


						

							

							12 to 15


						

							

							15 to 20


						

					


					

							

							Pinus patula


						

							

							Pinaceae


						

							

							weeping pine


						

							

							Mexico


						

							

							 0,44 


						

							

							12 to 15


						

							

							15 to 20


						

					


					

							

							Pinus radiata


						

							

							Pinaceae


						

							

							Monterrey pine


						

							

							California & Baja California


						

							

							 0,44 


						

							

							12 to 15


						

							

							15 to 20


						

					


					

							

							Pinus taeda


						

							

							Pinaceae


						

							

							loblolly pine


						

							

							Southern USA


						

							

							 0,45 


						

							

							12 to 15


						

							

							15 to 20


						

					


					

							

							Pinus tecunumanii


						

							

							Pinaceae


						

							

							pine


						

							

							Guatemala


						

							

							 0,45 


						

							

							12 to 15


						

							

							15 to 20


						

					


					

							

							Species primarily used for solid wood products


						

							

						

							

						

							

						

							

						

							

						

					


					

							

							Acacia melanoxylon


						

							

							Mimosaceae


						

							

							blackwood


						

							

							Australia


						

							

							 0,57 


						

							

						

							

							12 to 15


						

					


					

							

							Araucaria angustifolia


						

							

							Araucariaceae


						

							

							Parana pine


						

							

							Brazil


						

							

							 0,45 


						

							

						

							

							30 to 50


						

					


					

							

							Cupressus lusitanica


						

							

							Cupressaceae


						

							

							cypress


						

							

							Central America


						

							

							 0,42 


						

							

							12 to 15


						

							

							15 to 25


						

					


					

							

							Gmelina arborea


						

							

							Verbenaceae


						

							

							melina


						

							

							South Asia


						

							

							 0,41 


						

							

						

							

							10 to 15


						

					


					

							

							Pachira (Bombacopsis) quinata


						

							

							Bombacaceae


						

							

							red ceiba


						

							

							Central & South America


						

							

							 0,32 


						

							

						

							

							15 to 25


						

					


					

							

							Paraserianthes (Albizia) falcataria


						

							

							Mimosaceae


						

							

							albizzia


						

							

							Indonesia


						

							

							 0,26 


						

							

						

							

							8 to 12


						

					


					

							

							Populus sp (also hybrids)


						

							

							Salicaceae


						

							

							poplar, cottonwood


						

							

							North America, Europe


						

							

							 0,30 


						

							

						

							

							10 to 15


						

					


					

							

							Swietenia macrophylla


						

							

							Meliaceae


						

							

							bigleaf mahogany


						

							

							Central & South America


						

							

							 0,44 


						

							

						

							

							20 to 25


						

					


					

							

							Tectona grandis


						

							

							Verbenaceae


						

							

							teak


						

							

							South of Asia


						

							

							 0,55 


						

							

						

							

							15 to 25


						

					


					

							

							Toona ciliata


						

							

							Meliaceae


						

							

							toon


						

							

							South of Asia


						

							

							 0,42 


						

							

						

							

							20 to 25


						

					


					

							

							Hevea brasilensis


						

							

							Moraceae


						

							

							rubber


						

							

							Brazil


						

							

							 0,50 


						

							

						

							

							25 to 35


						

					


				

			


			Oven dry wood density = specific gravity, i.e., the oven dry weight divided by the green volume


			Hevea (rubber) is planted for latex; the wood is a subproduct when overage plantations are eliminated


			Pachira quinata has several common names: pochote (Costa Rica), saqui-saqui (Venezuela), cedro espino (Panama), ceiba tolua (Colombia)


			Species selection is a function of the desired wood products, taking into consideration the environmental conditions were the trees are to be planted. If there are other plantations in the region, they can be very useful as indicators of species adaptation to the sites of interest. If there is no local information regarding which species to plant, the first step would be the establishment of a species trial, in the form of a technical arboretum, planting various species on those sites that are most representative. In an arboretum, the species of interest are planted along with other potential species and some locally existing species which serve as observational checks. A design that is simple but effective is to plant plots with 7 x 7 trees, or 49 trees per species, with a wide spacing (for example, 3.5 m x 3.0 m) to allow for good development. It is also a good idea to leave alleys between rows of plots to allow for the passage of people and vehicles. 


			The species are placed randomly within the arboretum (for example, don’t plant all of the eucalypt species beside each other). Optimum management practices are used in order to assure good survival and optimum growth. Figure 2-10 provides an example of an arboretum design. Species are selected which are most suitable to the particular environmental conditions, those of greatest interest in the region or those that are available in local nurseries. What is important is to plant all of the species in the arboretum (or a section of it) at the same time (at least within the same month) and to treat all species similarly, with the same spacing, the same weedings, the same fertilization, etc. In this way it is possible to see how each performs under uniform growing conditions and this also allows for visitors to evaluate differences with their own eyes, without the need for interpretations or explanations. Thus, the arboretum is a good device for public relations as well as being of scientific use.


			

				[image: fig 2-10.psd] 
Figure 2-10. Example of a technical arboretum design.


			


			As has already been mentioned, besides its technical value, the arboretum is an excellent site for explaining reforestation concepts to visitors. A kiosk can be placed within the arboretum as a focal point where forestry personnel can explain details of the forestry program. 


			Signs are placed at the corners of plots with the botanical name of each species, the family, the common name, the origin and the planting date (Figure 2-11). The signs should be constructed of materials that will not deteriorate over the years. 


			

				[image: fig 2-11.psd] 
Figure 2-11. A sign in an arboretum.


			


			Species selection also depends on the planned use for the wood. This requires knowledge of the wood characteristics of the species proposed for planting.


			When a large scale planting program is begun without sufficient information about species behavior, there are many unknown risks, especially in the long term. Ideally, a pilot project is initiated first in order to gain experience on species behavior as well as allowing technical forestry personnel and labor to learn to work with the species correctly in forestry operations. This learning curve is fundamental to avoiding financial losses in new forestry projects. There exist numerous examples of companies and governments that began new reforestation programs without sufficient knowledge of species adaptation to the local environment and without trained technical personnel or labor; many of these ended in disaster. The popular belief that plantation species are more susceptible to disease and insects comes, in large part, from disasters resulting from projects begun without sufficient technical information and that were poorly implemented, rather than that the trees were more susceptible to pests (Zobel et al., 1987). 


			Once it has been decided which species to plant, it is important to check the provenances or seed sources to determine the optimum genetic material to plant. This is done using a series of provenance tests (Figure 2-12). Once the tests are established and growing, selections are then made of the best individuals to be used as mother trees or seed trees for local seed production or as a source of cuttings, according to the propagation scheme planned. Such local selections of well adapted provenances or sources to the local environment are termed land races. Forest research has proven that the development of land races can greatly improve the productivity of tree species with reduced risks of losses due to damages, such as disease and insects, drought, high winds or others. Even though it may appear to be a contradiction to forest managers who want to start operational large scale planting immediately, it has been shown many times that by waiting for a few years to develop good seed sources and land races the overall productivity of the initial plantations will increase and losses will be avoided that have often occurred when a full scale operational planting program is initiated without first developing the necessary field experience and management techniques.


			

				[image: fig 2-12.psd]
Figure 2-12. Marked differences in forking tendencies between two sources of Acacia ariculiformis (left and right) in a provenance test in Sabah, Malaysia.


			


			

				

					

							

							Example: In the 1990’s, a company in Southeast Asia initiated plantations of Acacia mangium using low-cost seed that was collected from local trees, but of a provenance originally from Australia. After planting more than 100,000 ha with the local seed, researchers discovered through provenance tests that the sources of Acacia mangium originally from Papua New Guinea had superior growth rates to the local seed. Unfortunately, the available land area had already been planted with the mediocre stock and it was not possible to use the information developed by the research personnel until the initial plantations were harvested at rotation age and land was again available to use the better material from Papua New Guinea.


						

					


				

			


			

				

					[1]After a field analysis, it is advisable to take samples to a soils laboratory for a complete analysis. 


				


				

					[2]/ The pH level is an indicator of soil acidity. A pH value of 7.0 is neutral. Soils with values higher than 7.0 are alkaline and those with values less than 7.0 are acid. 


				


				

					[3]A sawmill cannot just sell lumber and throw away the chips, the same as a dairy cattleman cannot sell the cream and throw away the milk. This has been a chronic problem for many small sawmills that have not found markets for the sale of chips or other types of subproducts from the waste wood.


				


				

					[4] Plantation density can affect wood quality, from the point of view of physical/mechanical properties, such as the proportion of sapwood to heartwood, the modulus of rupture (MOR) and the modulus of elasticity (MOE). With more trees/ha, longer rotations are required to produce trees of a desired diameter for sawlogs and, for this reason, there will be a greater proportion of heartwood and more growth rings in the logs.
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			Plant production and forest nurseries


			Seed production


			Clonal production


			Forest tree nurseries


			Systems for producing seedlings


			Substrates


			Application of mycorrhizal fungi in the nursery


			Application of Rhizobium spores to acacias in the nursery


			Plant production in the nursery


			Seed production


			When a new forestry project is initiated, it is usually necessary to buy seed. Later, seed can be produced locally. Forest research is important in this phase by making provenance tests and evaluating the development of trees from different seed sources when planted in the local environment. 


			A simple method for seed production is to select some of the best existing local plantations and convert these into seed production areas (SPA). The area is thinned heavily, leaving only the best trees standing and eliminating the rest, while reducing the stand density to 100 trees per hectare or less, depending on the age of the plantation (Figure 3-1). The site is fertilized to stimulate greater seed production. Seed from the seed stand is a local landrace, adapted to the local environment, but it really cannot be considered genetically improved. If the stand was originally planted with 1000 trees/ha and the thinning reduced the density to 100 trees/ha, the selection intensity is just 1 in 10, which is not an intensive selection, simply a local seed source.


			

				[image: fig 3-1.psd]
Figure 3-1. A seed production area of Pinus oocarpa in Colombia.


			


			When researchers establish open pollinated progeny tests, they can evaluate individual families of seed collected by individual mother tree or by provenance. Such tests can produce useful information as to the growth and development of the seed sources and such tests can later be converted to seed production areas. This can be done by leaving just a few trees standing of the best sources or provenance, thereby converting the research trial into a SPA. Seed from the SPA is considered to have more genetic selection than seed produced in a plantation converted to a seed stand. 


			

				[image: fig 3-2.psd]
Figure 3-2. A seed production area of 4-year-old Eucalyptus grandis in Colombia, created in a provenance test where only the best trees of the best provenances were left standing.


			


			Eventually, when many local trees have been selected in progeny tests, these can be placed together in a seed orchard, where they are allowed to cross among themselves, producing seed that is of a better genetic quality (Figure 3-3). After evaluating crosses made among these mother trees by controlled pollination, further tests can be established with seed where both parents or donors are known. Such control pollinated progeny tests can produce useful information that can be used to make thinnings or roguings of the seed orchards, leaving only those trees that have been proven superior through progeny testing. This is another step along the process of tree breeding and genetic improvement. 


			

				[image: fig 3-3.psd]
Figure 3-3. A grafted (clonal) teak seed orchard in Java, Indonesia.


			


			Tree improvement can continue during several generations of tree selection, controlled crossing and progeny testing. To carry out this work, it is necessary to have personnel trained in tree improvement as a part of the forest research team. When this is done correctly, research can be very profitable in the long run. Once local land races of improved seed have been developed, these are permanent improvements that can be used in all future plantations within the same geographic region.


			The collection of fruits and seeds varies according to the physiology of the reproductive process of each species. Many pine species require two years for the pine cones to mature. Some pines, such as Pinus taeda and P. kesiya release the seeds as soon as the cones mature and it is necessary to collect the cones just before they open on the trees. Other pines, such as Pinus patula and P. oocarpa, have serotinous cones which remain closed on the tree and allow for a longer window when the cones can be collected with the seeds inside. In each case, the cones are clipped from the tree branches manually (Figures 3-4, 3-5). Care must be used when removing the cones so that the branches are not damaged, since the immature conlets that will ripen a year later are also growing on the extremities of the same branches. When cones are collected in a seed orchard, they are kept separate by mother tree (Figure 3-6).
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