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Preface

I started my plantation studies in 1974, before it I mainly worked on field survey of natural
forest and experimental studies, including spruce and abies forests in southwestern alpine forest re-
gion and south slope of the Mountain Everest, and Yunnan pine forest in Yunnan forest region, as
well as technologies for their harvesting and regeneration. 1 also took part in the formulation of the
national regulation for harvesting and regeneration. Later due to the request for attention to second-
ary forest by the Ministry of Forestry 1 worked on tending and improvement of secondary forests in
Xiaolongshan Forest Farm in Gansu, Taoping Forest Farm in West Qinling Mountain and Huang
Mountain in Anhui for more than 10 years.

Before 1974, there were many barren mountains and lands throughout the country, China’s
forest resources were in severe shortage and timber supply was extremely inadequate, therefore
plantation received great attention. Afforestation in barren mountains and barren lands had been
carried out since the 1950s, according to the “National agriculture development outlines (1956—
1967) ", the barren mountains and barren lands will be afforested within 12 years if the natural
conditions allow and within an artificially manageable area, and all areas around houses and villa-
ges, along roadside and river banks should be planted with trees, as long as possible, within 12
years. Since then, the barren sites disappeared quickly due to afforestation.

During 1964 to 1965, the national plan for timber production bases were developed, estab-
lishment of a total of 240 such bases were proposed. In early 1970s, the Ministry of Agriculture
and Forestry requested to establish timber plantations mainly of Chinese Fir and timber production
bases in south China, and made a plan for establishing large land of timber production bases.

Since the mid 1960s, Establishment of fast-growing and high-yielding plantations has been
give particular importance nationwide. However, due to insufficient investment, technical capacity
for establishing large area of plantations and fast-growing and high-yielding plantations could not
match up with the speed of afforestation. There was somehow blindness in the development of
plantations, coupled with weak management strength and poor effectiveness of afforestation. The
quality of plantations was evaluated as “ Three-thirds system”, i. e. good, moderate and bad
each accounts one third.

At that time, very few species were available for afforestation. In south China, attention was
focused on Chinese Fir and on Poplars in the north. Due to singularity of tree species and lack of
control of site conditions, the productivity of plantations was generally not high, cannot meet the

specifications of the plan.
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In south China, many Chinese-fir plantations were planned to be grown in low hilly areas
where site conditions were regarded unsuitable for growing Chinese-fir. For example, the Zhuzhou-
Shiwan plantation base of Hunan Province is located in low hilly areas, where grown continuous
plantations with an area of over 10, 000 Mu, however, many of these plantations finally become
“Never-grow-up tree” .

Because there were many low-productivity forests among plantations, the Ministry of Forestry
requested to improve the “Never-grow-up tree”. Under such conditions, I was sent to Changling
Forest Farm ( Collectively owned forest farm) located in Huanglong Village, Zhuting District,
Zhuzhou of Hunan Province together with other 5 persons for residence practices, investigating the
“Never-grow-up tree” and developing techniques for improvement while working together with
farmers. However, only little impact was achieved due to poor site conditions such as soil acidity,
infertility and compactness even feasible measures were taken, indicating difficulty to obtain obvi-
ous improvement. Since then, I started my studies in plantation, focused on Chinese Fir planta-
tions.

From late 1970s to early 1980s and afterwards, scientific research received greater attention
throughout the country, in order to change the situation of low productivity, scientific research was
placed on a very important position. As a result, forestry science and technology also achieved
rapid development. Studies in issues in plantation development were funded by forestry science
and technology authorities. For example, the project “Studies on intensive plantation cultivation
technologies” was funded by the 7"5-year national key science program and the project “Studies
on cultivation technologies specifically directed to short rotation industrial timber forest” was fund-
ed by the 8"5-year national key science program, I was the technical leader for both projects,
each of which I undertook a sub-project respectively “Studies on intensive cultivation technologies
for Chinese Fir plantations” and “Studies on optimal cultivation models for Chinese Fir planta-
tions” .

Each of the 2 projects contained sub - projects on major plantation species. Under the overall
management by the project team, the research contents were generally consistent among different
species. Each year the subprojects were reviewed for academic exchange and progress report.
Through these 2 projects that carried out nationwide experimental studies, we learned from foreign
advanced technologies and also summarized domestic experiences, key scientific problems were
identified for joint studies.

By the 10 years of joint studies, some critical problems existing in China’s plantation cultiva-
tion were better solved, improving the situation of lag-behind plantation cultivation technologies,
such as site control, genetic control, stocking density control, soil fertility control, vegetation con-
trol, simulation of stand growth, determination of rotation age, and optimized cultivation model for
plantations, all these have revealed scientifically advanced and practically feasible research a-
chievements, and evidently upgraded the level of China’ s plantation cultivation science and tech-
nology.

In addition to the projects undertaken during the 7" and 8" 5-year periods, I conducted a



4

.......Preface - 003

project “Studies on maintenance of long term productivity of plantations of Chinese Fir and Euca-
lypt” during 1997 to 2001 funded by the National Natural Science Foundation. Before this pro-
ject, the biological instability, land degradation and productivity decline of plantations received
worldwide concern. The 19" ITUFRO world congress held in 1990 also raised the question of “long
term productivity of plantations”. Therefore, in the sub-project “Studies on intensive cultivation
technologies for Chinese Fir plantations” during the 7" 5-year period, I started to conduct experi-
mental studies on land degradation and its control for Chinese Fir plantations. In 1991, the Forest
Ecology Branch of the Chinese Forestry Society ( when I was the President) and the sub-project
“Studies on intensive cultivation technologies for Chinese Fir plantations” jointly organized a
“Workshop on land degradation and its control for plantations” , and published a book “Studies on
land degradation for plantations” of which I was the chief editor.

The National Natural Science Foundation funded project conducted during 1997 to 2001 was
reviewed in 2003 and commented as “High starting point, systematical, innovative and significant
progress”. The monograph “Long term productivity maintenance of Chinese Fir plantations” was
published in 2005. The book presented the following studies: Current status of plantation produc-
tivity decline due to succession cropping, impacts of Chinese Fir plantation and its inherent char-
acteristics on soil fertility, silvicultural interventions on Chinese Fir plantation on soil nutrition loss
and soil functions, Changes in the soil of Chinese Fir plantation, Nutrition characteristics of Chi-
nese Fir and its plantation productivity and carbon allocation, impacts of succession cropping on
Chinese Fir plantation productivity, carbon allocation and biological cycling of nutrients, Mecha-
nisms for productivity decline of Chinese Fir plantation and approaches to maintenance of long term
productivity , strategies for land productivity degradation control.

In addition to the above studies, I conducted study tours in China and other countries to in-
vestigate cultivation technologies and growth performance of different plantations. Meanwhile, I
read a lot of literature related to plantation. Based on my long term studies on plantation develop-
ment, | deeply feel that the main reason for low plantation productivity was no application of inten-
sive silvicultural measures. Furthermore, the approach of integrated ecosystem management was
not used, leading to blindness and singularity of tree species. Even though some intensive ecologi-
cal silvicultural techniques were available in China, but they were not applied in practical opera-
tions. I also deeply feel that there were already many studies on plantation throughout the country
and quite a few research results, but there were lack of overall review and analysis of the results,
and the application of new technologies was not well presented in some publications and technical
standards, leading to poor reflection of new research achievements. Therefore, I thought that there
is a need to publish a book ; in combination with the existing studies, to systematically review and
analyze the research achievements from tens of years of plantation studies, intending to contribute
to the improvement of plantation cultivation in China. I know my capacity is limited, but I hope
through my efforts to promote progresses in plantation science and technology in China. Following
is a brief introduction to this book.

This book consist of 4 parts, part 1 presents a general introduction of China’s plantation,
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mainly describes tree cultivation, history of plantation development, and distribution, resources,
growth and production bases of main plantation species. The history of plantation development
mainly focused on Chinese Fir, which is the earliest species used in plantation and has the largest
plantation area and most significant socioeconomic impacts. Afforestation using Chinese Fir is most
representative in China’s plantation development history, and has been continued up to now. Chi-
nese Fir plantation was widely established in large scale since late Ming Dynasty and early Qing
Dynasty about 400 years ago, forming diverse production regions and systems of cultivation, har-
vesting, transportation and marketing. Therefore, late Ming Dynasty and early Qing Dynasty was
the start point of plantation development in history.

In respect to plantation resources, China has rich tree species, with large plantation areas
and rapid development. Production bases of large scale fast-growing and high-yielding plantations
were established. However, the production potential was not fully elaborated due to inadequate
management intensity, this was mainly reflected by that the growth was not high. China has very
advantageous natural geographic conditions and rich resources of forest tree species, the production
potential is very high. This book presents tables of growth of main afforestation species and varie-
ties in China, which can provid a valuable baseline of growth for future plantations in China.

Part 2 presents an introduction to the ecological basis for plantation. It consists of 9 chapters,
including the relations of distribution andgrowth of plantations to climate, land form and soil, clas-
sification of forest sites, quality assessment of forest sites ( mainly for plantation) , growing regions
of plantations ( production regions) , energy use and its efficiency of plantation ecosystem, nutri-
tional cycling of plantation, types of plantation communities, plantation growth productivity, eco-
logical functions of plantation. Although there are quite a few studies of plantation in these 9 as-
pects, however, most of them were not focused and non-systematic, lacking insightful analysis,
and therefore these studies have not achieved significant theoretical progress. This book presents a
comprehensive review of literatures and elaborates in detail the principles for plantation production
regions and their demarcation and functions, the importance of species selection and distribution of
plantation bases, the significance of nutritional cycling to site productivity for plantations, the
differences in litter decomposition and rate of nutritional cycling as well as release of nutrients a-
mong fast-growing short rotation plantation, medium rotation plantation, conifer forest in south
China, conifer forest and broad-leaved forest in north China, and problems existing in maintenance
of site productivity for conifer forest and short rotation plantation. Regarding plantation nutritional
cycling, the book presents analyses of contents of nutrients in different tree species, re-capture of
nutrients from trees, geochemical cycling of plantation, and problems existing in plantation nutri-
tional cycling. The causes for degradation of site productivity of short rotation plantations and coni-
fer plantations were identified.

In the studies of plantation communities, types and structures of plantation communities of
Cunninghamia lanceolata, Pinus massoniana, Pinus tabulaeformis, and Larix plantations were
analyzed, three types of plantation communities and their management values were identified. The

three community types are; Plantations grown in barren mountains and barren land, usually con-
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sisting of arbor trees, shrubs and grasses; Plantations grown in natural forest regions, where exists
regeneration of various valuable indigenous broad-leaved trees, forming mixed forest and multi-lay-
ered community structure; Inter-cropping agro-forestry system, with a community structure fea-
tured as plantation and understory crops. The silvicultural characteristics of these three community
types should be fully understood in order to give a full play of their potentials and capacity of main-
taining site productivity.

To summarize the growth development of medium and long rotation plantations, according to
the sequence of changes from quantitative to qualitative, I divided the changing process into 5 pha-
ses: Young plantation, forest formation, strong tree to tree competition, growth-reduction stabili-
zing, and stand degradation, and the ecological conditions and growth status were analyzed for
each of the 5 phases. At the same time, 5 key processes formed during plantation development
were determined; The first process is the change of closure, which is a critical process; The sec-
ond process is the natural pruning and natural thinning, also an important process of qualitative
change ; The third process is the understory vegetation changes with the changes of stand closure ,
natural pruning and thinning; The forth process is the increase and decrease of leaf biomass ( Pho-
tosynthesis organ) or leaf quantity and leaf-area index due to changes of the above 2 processes;
The fifth process is the change of soil quality with stand development phases. These 5 processes
were the main theoretical basis for my proposal of 5 development phases of plantation. The 5
processes should be fully understood and used to guide practices when taking silvicultural meas-
ures, by controlling stand stocking density, the process of stand development and productivity ma-
intenance can therefore be regulated.

In the chapter of ecological function of plantation, the functions ofrainwater reallocation,
biodiversity conservation, maintenance of site productivity and carbon sinking were comprehensive-
ly elaborated in detail. For the maintenance of site productivity of medium and long rotation plan-
tation, the process of soil fertility changes in response to the 5 development phases was made
clearly. And the key factors that affect the maintenance of site productivity during different devel-
opment phases include stand growth rate, stand closure, understory vegetation development, quan-
tity of litters, changes in uptake and returning of nutrients by trees, and soil fertility changes.
Meanwhile, the principle that mixed forest favors maintenance of site productivity was also re-
vealed ; high biodiversity and biomass lead to complex and large quantity of litters, the diverse and
large number of organisms in the soil speed up the decomposition of litters and nutrition cycling,
therefore leading to changes in physical properties and water holding capacity of the soil and im-
provement of nutrition supply in the trees. The inter-relations among these factors were well illus-
trated.

Part 3 describes the maintenance of long term plantation productivity in a systematic way by 5
chapters, background and current research status of maintenance of long term plantation productiv-
ity, the impact of silvicultural intervention on soil nutrition loss and soil functions, the process of
plantation productivity degradation and successive cropping, diseases and pests of plantation and

natural disaster, and analysis of reasons for the difficulty in maintaining long term plantation pro-
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ductivity. This part provides a systematic introduction of the background, current status and pro-
gress in studies of maintenance of long-term plantation productivity in China and abroad, an in
depth analysis of reasons for the inability of maintaining plantation productivity for long time, lay-
ing a theoretical and practical basis for long-term maintenance of plantation productivity. In the
part 3, 7 reasons were identified; (D) The impacts of silvicultural interventions on soil nutrition loss
and soil functions ; @ Traditional silvicultural measures leads to site degradation for the first gener-
ation plantation, successive cropping accelerates the process of degradation; 3) Plantation is weak
in resisting diseases, pests and natural disasters; (4 Monoculture of plantation; 5 Conifer planta-
tion accounts for a larger proportion; (6 Imbalance of deployment of vegetation types in the scale
of region (or landscape) ; (D) Inappropriate silvicultural measures for plantation. Each of the 7
reasons was explained in detail with relevant examples. The analysis provides a strong evidence
and scientific basis for developing measures of maintaining long-term plantation productivity from
micro to macro point of views.

Part 4 is about silviculture system. It is based on the plantation ecology and the studies of
maintaining long-term plantation productivity described in previous parts. Part 2 and part 3 are the
theoretical and practical basis for part 4. This part is most critical. To maintain the stability and
the long-term productivity of plantation, the silvicultural system proposed in this book should be
implemented. The silvicultural system for plantation includes: () Genetic control; (2 Site control ;
@ Stocking density control; @) Vegetation control ; (5) Soil fertility control. The system was briefly
called “Five controls” silvicultural system. The five controls were continually improved in scientif-
ic studies, investigations and practices. The first three controls and the soil fertility maintenance
were proposed in the 1990s and widely used by research organizations. They were considered a
summarization of innovative and practically applicable silvicultural techniques in China, easily ac-
ceptable in operation. Since then many scientific experiments and studies found that plantation sta-
bility and soil fertility degradation were closely related to the vegetation structure of stands and veg-
etation deployment of plantation areas. Vegetation control is directly related to biodiversity of plan-
tation which is the basis for plantation stability and maintenance of soil fertility, therefore five con-
trols were proposed since the 1990s, making the silvicultural system further improved. In the veg-
etation control for plantation, following issues were emphasized: (1) Problems existing in vegetation
management in China’s plantation development; (2) Vegetation management measures for planta-
tions, in which 104 major broad-leaved and high-value tree species were identified as needed and
appropriate in China, together with their distribution and uses; 3) Appropriate deployment of tree
species and forest types in plantation region. I think that as long as the five controls are carefully
enforced, the plantation stability and long-term productivity can be enhanced and sustainable plan-
tation management can be achieved. In part 4, each control of the silvicultural system was clearly
described from theoretical to practical point of view, meanwhile , recommendations on implementa-
tion of the five controls of were provided.

In the part 4, chapter 22 is devoted to optimization model of plantation cultivation. This is to

ensure that appropriate technical measures andoptimal combinations of the measures are used,
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maximizing the output and economic benefit. Plantation is for commercial purposes, the ultimate
goal of the five controls are still to achieve more output and better economic benefit, this is also
the goal of maintaining long-term plantation productivity. In the past, optimal combination of sil-
vilcultural measures and economic benefit were not given sufficient attention, often leading to high
cost and low economic benefit. [ think that optimization of silvicultural measures and economic a-
nalysis of cultivation models are important considerations in plantation management, if the sustain-

able plantation management can be economically sustainable.

Sheng Weitong
November 2013
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