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FOREWORD

As an important part of national economy, forestry belongs not only to basic industry,
but also to public welfare, bearing duplicate task of environmental amelioration and develop-
ment acceleration. In other words, forest, as the main body of land ecosystem. is one of the
indispensable natural resources in human development. It plays an important role in ecologi-
cal environment improvement, in maintenance of ecological balance and in realization of sus-
tainable development.

Forest resource is deficient in China and not well-distributed with poor quality. The per
capita average forested land, forest stock volume and amount of wood consumption in China
account for only 17. 2%, 12% and 17. 6% of that of the world respectively. Nowadays. the
existent natural resource of timber forest is on verge of exhaustion. With the development of
national economy, with the increasing population and the improvement of people’s living
standard, the demand for wood is every increasing, and reaches 0. 25 billion cubic meters an-
nually with an supply deficit of 50 million cubic meters, which makes up 20 percent of annual
demand and severely hinders the economic construction. On the other hand, timber products
of China undergo less proficient and deepened processing, and the utilization rate of wood in
China is only 40 percent, which is lower than that of 80 percent in developed country. Seri-
ous waste of wood resources further accelerates the contradiction between demand and sup-
ply. The environmental problems facing China of soil erosion, desertification, shortage of
wafer resources and decrease of biological species, and the frequent disaster of flood,
drought and wind calamity have a close relationship with the above problems.

Planting trees to make the country green, to enlarge the resources of forest and to ame-
liorate the ecological environment is a basic policy of China. Sustainable forest development
has been listed a strategic goal of long term development in the CHINA 21 CENTURY A-
GENDA FORESTRY ACTION PLAN by the government after the UNEDC in 1992. A
series of significant actions have been adopted to promote lots of projects such as forest eco-
logical engineering, forest breeding. protection and utilization, combating against desertifi-
-ation s biodiversity protection, mountainous area development and local people’s breaking
away from poverty, as well as forest industrial exploitation, and remarkable achievements
have been made. China forest resources such as forest coverage and forest stock volume are
increasing steadily, especially in recent years. The preserved area of man-made fast growing
forest land has reached 34.25 million hectare, with an unprecedented favorable situation.

Both its scale and speed are in the first place in the world. However striking problems be-
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tween quality and quantity, supply and demand, management and benefit still exists. View-
ing the situation from the whole, China is still confronted with the long term hard task of
strategic targets to establish a quite perfect forest ecosystem and a quite developed industrial
system. A lot of work need to be done to construct the 2 forest system. It should be indicat-
ed that the research into relationship between forest cultivation and wood properties has been
neglected in setting up of fast growing forest since 1960’s. The man-made forest has not
been directionally cultivated according to timber final usage. Therefore, the built fast grow-
ing forests can not fit the demands of market. Moreover, the output of these forests have not
been scientifically and reasonably utilized according to their properties, without a considera-
tion of the relationship between utilization and timber properties, which leads to the condi-
tion that the output of the forest is difficult to play their proper roles.

Wood science is the evidence of the improvement of technology of forest management
and tree breeding, as well as presupposition of improvement of wood utilization technology.
Meanwhile, it is the foundation of fast growing forest management and utilization. Domestic
and overseas practice of forest management and tree breeding, as well as wood utilization
shows that only if the wood science is taken as a foundation, it is possible to realize oriented
cultivation and efficient utilization of wocd. With the structural change of forest resources,
the utilization of natural forest will be gradually replaced by fast growing forest. This is a
new challenge to the wood science, which means a demand for wood science to provide effec-
tive and scientific guide to manage and utilize the fast growing forest. It is a mission of wood
sclence In a new era.

The book WOOD PROPERTIES OF MAIN TREE SPECIES FROM PLANTATION
IN CHINA was written under the requirement of this new era’s mission. It is complied by 50
wood scientists from 7 research institutes and universities with 5 years (1991 to 1995) hard-
working. It is a wide covered and in-depth book that systematically deals with the properties
of fast growing forest of many species from many provinces in China. It is also a symposium
on fast growing wood properties that deals with the relationship between wood Properties
and oriented cultivation, and between wood Properties and effecient utilization. Not only can
it provide a scientific evidence for fine tree species breeding, intensive management and ori-
ented cultivation of fast growing forest, but also a scientific guidance for scientific process-
ing, optimization of technology and efficient utilization of man-made forest wood. The pub-
lishing of the book indicates that wood science research in China has entered a new stage and
gained a position in the field of world wood science. It will play an active role in the con-

struction of fast growing forest and sustainable forest development in China.

Wang Tao
Academician of Chinese Engineering Academy

Professor of Forest Science, Chinese Academy of Foresty

January 1997
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PREFACE

Wood, being the only re-productive one of 4 major sorts of row material (steel, cement,
plastic and wood) in the world, is an indispensable kind of necessities in national economy
and people’s living. In a country with a small coverage of forest and a lackage of wood, the
contradiction between ever-increasing wood demand and deficient supply becomes more and
more serious with development of economical production and improvement of people’s living.
As a result, it greatly influences the national economic development and people’s living.

Wood science takes the recognition of wood nature phenomenon and exploration of the
wood nature regularity as its contents, deals with the subjects of wood anatomy, wood biolo-
gy» wood chemistry, wood physics and wood mechanics, and the relationship between these
subjects and forest genetics and tree breeding, forest environment, silvicultural measures
and wood processing and utilization by means of applying the principles and techniques of
modern biology, physics, chemistry and mechanics. It provides theoretical guide and scien-
tific evidence for tree breeding and cultivation, reasonable wood utilization, relates to both
forest management and forest industry and permeates in the whole course from tree breed-
ing, wood processing to wood utilization.

Wood science is the foundation of development of forestry and the presupposition of im-
provement of the rechnology of wood processing and utilization. Studying the relationship
between wood properties, forest management and tree breeding through the wood science,
tree breeding and cultivation will help people to know the inherent relation between them.
and to determine the most efficient methods of tree breeding and cultivation so as to complete
the tasks of oriented cultivation and intensive cultivation and to have a high forest outputs
with good properties. As a result, not only the man-made plantation with good-shaped-
trunk and anti-diseases can be cultivated in order to meet the ever-increasing demands of so-
cial development and peoples living, but also the wood with good properties and even with
the specific properties can be cultivated in order to meet demands for high quality wood {from
various departments in the economical construction. Studying the relationship between wood
properties and utilization through the wood science, wood processing and utilization will help
people to know the effects of specific wood properties on the wood processing and utilization,
50 as to determine the best wood processing techniques, the most efficient utilization meth-
ods and to improve the manufacture benefits and the quality of the products, to elongate the

lives of the products, and to enhance the types of the products. That means reasonable. op-

timal utilization of the limited forest resources.
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PREFACE

The developed countries always place emphasis on the basic science, and considered it
the important and basic knowledge, the guide and the source of new techniques and inven-
tions to utilize the nature. A great progress has been made on wood sciences. one of the ba-
sic selence, in the past 20 years all over the world. The place of natural forests are gradually
being taken by the man-made plantation for the industrial consumption. Therefore, research
on the properties of wood from the man-made plantation has become a new research area be-
ing paid appreciable attention and finances by most countries. The research on the relation-
ships between wood properties, forest management, wood processing and utilization is be-
coming a hot topic and a new forward position in the field of wood science in the world. Be-
fore 1990’s, wood science researches in China had been placed emphasis on the wood proper-
ties of natural forest and had made abundant achievements. From 1960’s, large area of man-
made plantation had been cultivated and that was supposed to supply urgently-needed wood
in the nation’s economic construction and to balance the demands and supplies. However,
the man-made plantation now can not fit the demands of market because no research work on
the relationship between wood properties and forest management had been conducted before
cultivation and the man-made plantation had not been cultivated according to the demands of
the wood consuming department. The outputs of the man-made plantation have not been
studied on the relationship of wood properties and its utilization. Consequently, there is a
shortage of scientific evidence for their utilization and many difficulties and problems ap-
peared, this greatly influences the reasonable utilization of wood. Because of this, attention
of the research on the properties of fast growing wood is gradually paying, and the STUD-
IES ON THE PROPERTIES OF WOOD FROM PLANTATION was listed in the Eighth
five-year plan (1991-1995) of national key technologies R&D program, now the proposed
achievements have been made.

The project was managed by Chinese Academy of Forestry and was completed according
to the plan by means of cooperation of wood science experts from 7 research institues and u-
niversities, including Nanjing Forestry Univ. ., Beijing Forestry Univ. , the Northeastern
Forestry Univ. , the Middle Southern Forestry College, Anhui Agriculture Univ. and the
Middle China Agriculture Univ. . During the five years (from 1991 to 1995), the anatomy fea-
tures, Chemical properties, physical and mechanical properties of 10 species of man-made
plantation such as Common China-Fir (Cunninghamia lanceolata) . Masson Pine (Pinus mas-
soniana) » Yunnan Pine (Pinus Yunnanensis), Slash Pine (Pinus elliottii) , Loblolly Pine(Pi-
nus taeda) ,Japanese Larch (Larix kaempferi), Korean Larch (Lariz olgensis), Poplar San-
bei No. 1 (Populus nigra X P. simonii cv. ‘Zhonglin Sanbei-1’), Lemon Eucalyptus (Fuca-
Lyptus citriodora) , Paulownia Lankao (Paulownia elongatia) from 18 provinces , including
Liaoning, Jilin, Heilongjiang. the Inner Mongolia, Yunnan, Guizhou, Sichuan, Guang
dong, Guangxi, Hunan, Hubei, Jiangxi, Fujian, Jiangsu, Zhejiang, Anhui, Shanxi and
Shandong, were studied. The property variations of totally 118 varieties including Common

China-Fir of 76 provenances , Loblolly Pine of 31 provenances, Cotton Wood (Populus del-
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toides) of 6 clones and Asian Birch (Betula platyphylla) of 5 population were studied. The
effects of silvicultrural practices such as different thinning, fertilization, planting density,
soil type and site condition on the properties of fast growing wood were studied through 11
species including Commom China-Fir, Masson Pine ,Slash Pine, Loblolly Pine , Japanese
Larch, Timor Mountain Gum (Eucalyptus urophylla), Poplar Pikinica (Populus X beijin-
gensis ), Chinese White Poplar (Populus tomentosa), Poplar 1-69 (Populus deltoides cv.
‘Lux’ (1-69/55)), Poplar Zaolin No. 6 (Populus X zxiaozhuanica cv. ‘Zhaolin-6’), Poplar
Chifeng 36 (Populus X xiaozhuanica cv. ‘Chifeng-36’). Meanwhile, the wood properties
forecast of 5 fast growing trees such as Commom China-Fir, Masson Pine, Slash Pine,
Loblolly Pine and Korean Larch were studied. Wood anatomy features include tracheid
(fiber) length and diameter, cell wall thickness, cell wall ratio, diameter of lumen, number
of cells in the same ring, tissue proportion, micro fibrillar angle and ultra structure; Wood
Chemical features include holocellulose, a-cellulose, pentosan, lignin, 1%NaOH extract,
benzene-alcohol extract, cold water extract, hot water extract, pH value, acidic buffer con-
tent, base buffer content, mineral, relative crystallinity, ratio of sugar units, differential
thermal analysis, thermo-gravimetric analysis; Physical and mechanical properties include
percentage of latewood, ring width, moisture contents of green wood, water-absorbing ca-
pacity, shrinkage, density, fluid permeability and diffusion, thermal properties, compres-
sive strength parallel-to-grain, bending strength, elastic modulus of bending strength, ten-
sile strength parallel-to-grain, shearing strength parallel-to-grain, toughness value and
cleavage resistance, etc.

Through these studies, wood properties characters of the main fast growing trees
species in China, the variation of juvenile and mature wood of the major species, and the dif-
ferences between natural forest and plantations of partial species were revealed from the as-
pects of wood anatomy, wood chemistry, wood physics and wood mechanics; The fast grow-
ing wood properties variations were revealed from the aspects of provenances, populations
and clones; The effects of different silvicultrural practices such as sorts of site condition,
planting density, soil type , thinning and fertilization on wood properties of the major species
of fast growing wood were also revealed; The wood properties forecasting method of main
fast growing trees were provided according to the principles of different properties in differ-
ent growing period within a tree. Mean while, from the point of physical and mechanical
properties, the adaptability to made pulp and plywood with the man-made plantation were
explored.

The monograph was compiled by the experts in wood science from 7 research institutes
and universities (details see the list of the authors) according to the research results men-
tioned above . It is divided into 8 chapters respectively. In which, the first chapter is about
anatomy features of man-made plantation, including the ultrastructure features. the second
is chemical properties, the third is physical properties, the fourth is mechanical properties,

the fifth is wood properties variation of different provenances, populations and clones, the



