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Preface

During 1997~2001, we conducted a project on ‘“Maintenance of long-term productivity of
Chinese fir and Eucalypt plantations™ funded by the National Natural Science Foundation of
China. The project was completed after 5 years of systematic studies at 3 sites, all project
goals were achieved. The project was reviewed by an expert panel organized by the Life
Science Division of the National Natural Science Foundation on March 23™ , 2002 and was
rated ‘A’ class, This book is intended to publish the research results of studies on Chinese fir
obtained by the project, in order to reflect the studies of long-term productivity of plantations
in China and to disseminate research achievements. The monograph will facilitate academic
exchanges and promote studies on long-term productivity of plantations, which would
contribute to maintain and increase plantation productivity.

Plantation stability is a global issue. The book “Plantations in Europe” published in 1997
suggested that many studies be needed on monoculture-related biological stability of
plantation and potential problems. Since the 1980’s, maintenance of long-term productivity
became a widely concerned key issue of plantation ecology. The 19™ IUFRO World Congress
held in 1990 and the 10" World Forestry Congress held in 1991 have taken long-term
plantation productivity as an important issue for discussion. In 1993 the American Foresters
Association published a special report on “Forest health and maintenance of long-term
plantation productivity”; in 1995 the Center for International Forestry Research (CIFOR)
implemented a project on “Studies of long-term productivity of tropical plantation”. All these
reflected that maintenance of long-term productivity has been taken as a key issue of world’s
plantation development. There are three main concerns regarding maintenance of long-term
productivity, firstly, plantations are poorly adaptable to climate conditions, susceptible to
large-scale wind blown-down and snow pressure as well as acid rains; secondly, the
mono-species composition of plantation makes it susceptible to attacks by diseases and pests;
thirdly, mono-species composition, particularly for conifer plantation and silvicultural
activities, can easily cause soil fertility degradation. Many studies have been carried out on
fertility degradation, and many research papers have been published. However, whether tree
species itself could lead to fertility degradation and whether the second rotation effect exists
are still under debating, because up to date advanced rotations of plantations are still not
established yet, or because of the difficulty to separate the effects of silvicultural measures
from the effects of tree species itself, and also because of the lack of experimental bases and
networks for scientific and long-term observations. Furthermore, what impacts of current
practices of intensive cultivation and expansion of the utilization scope of plantations will be

on soil nutrients, what impacts of various silvicultural interventions (including harvesting) will
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be on soil fertility and the growth of trees? All these questions are still being studied, to obtain
scientific interpretation and conclusion, and it requires to establish field experiments for
long-term observation of plantation ecosystem process.

Growers of Chinese fir in China have found the problem of fertility degradation of
Chinese fir forest long time ago, during the 1960’s studies in Huitong County, Hunan Province
carried out by Shenyang Institute of Forest Soil of the Chinese Academy of Sciences proved
the existence of fertility degradation of Chinese fir plantation, many years of studies on soil
fertility and toxicosis of multi-rotation Chinese fir plantations. Later, during the studies of
fast-growing and high-yielding Chinese fir plantations by the Institute of Forestry, Chinese
Academy of Forestry, it was clearly recognized that soil fertility degradation severely affected
the maintenance of productivity of Chinese fir plantation. To solve this problem has been
urgently requested by Chinese fir growers in different regions. For this reason, a study on
“Improvement and maintenance of soil fertility of Chinese fir plantation” was included as a
key component of the 7™ national priority research project “Intensive cultivation of Chinese fir
plantation”, meanwhile, studies on fertility degradation of Chinese fir plantations and related
problems have been continually supported by the National Natural Science Foundation. The
achievement of “Chinese fir plantation fertility degradation and its prevention” was obtained.
During the same period, Nanjing Forestry University and other organizations have also
conducted studies on similar issues. However, due to the limitation of funding and human
resources, these studies were scattered at different places, the research components of different
projects were not in systematic way. Nonetheless, Insightful studies were not conducted on the
mechanisms of fertility degradation. As a result, the study on long-term productivity of
Chinese fir and Eucalyptus plantations was funded again as a key project by the National
Natural Science Foundation from 1997 to 2001. This book mainly synthesizes the research
results on Chinese fir plantation and some previous studies.

The study on long-term productivity of Chinese fir plantation was carried out at three
different sites: () Granite mountainous area in Nanping, Fujian Province; ® Silt-rock
mountainous area in Longyan, Fujian Province; (3 Shale mountainous area in Fenyi, Jiangxi
Province. Studies were conducted at the above three sites in the following 5 aspects: impacts
of Chinese fir and its plantation itself on soil fertility; impacts of silvicultural interventions of
Chinese fir plantation on soil nutrition consumption and soil functions; changes in soils of
Chinese fir plantation; nutritional characteristics, plantation productivity and carbon
distribution of Chinese fir plantation; impacts of multiple rotation on Chinese fir plantation
productivity, carbon distribution, biological cycling of nutrients, and growth mechanism.
Following conclusions and approaches to maintenance of soil fertility were proposed:

(1) The leaves of Chinese fir have long lifespan, and wilted leaves remain on trees, litters
occur late; nutrition contents in the litters is low and decomposition of litters are slow,
therefore the return of nutrients to soil is slow (return rate is about 40%), this is in conflict

with its fast early growth and high consumption of nutrients.
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(2) By comparing Chinese fir plantation with natural evergreen broadleaved forest, they
differ largely in species composition, community structure and species diversity. In addition,
Chinese fir plantation usually has high stocking density, simple species composition and
community structure, leading to low biodiversity and poor capacity of maintaining soil
fertility.

(3) Traditional management of Chinese fir plantation imposes heavy artificial
intervention, such as site clearance by burning, site preparation by complete ploughing,
frequent tending for young plantations and clear-cut at harvesting, leading to severe soil
erosion, large amount of biomass being moved away or burnt. Large amount of nutrients and
organic matters were lost during silvicultural activities of each rotation, and no fertilization
was applied, making imbalance between input and uptake of nutrients, fertility therefore
declines continuously.

(4) The above three factors working together have caused degradation of the
comprehensive soil functions of Chinese fir plantation. Soil volume weight increases, water
permeability declines, physical properties becomes poor; soil pH decreases, soil biological
properties deteriorates, and the number of soil micro organisms and activity of soil enzymes
were significantly lower for multiple rotations than for single rotation; soil nutrition gets
insufficient, available soil P and N of the multi-rotation plantation largely declines, further
worsening the insufficiency of P and N of forest soil in the south of China where is already
lacking of P and N.

Chinese fir is a fast-growing species, 5~15 years of age is the period with largest growth
rate, annual growth can reach 22~35m’/hm’, during this period, degradation of comprehensive
functions of soil, particularly insufficient supply of P and N, produces serious impacts on
maintenance of productivity of Chinese fir plantation. The project proposed 5 approaches to
the maintenance of long-term productivity of Chinese fir plantation: (D Avoid heavy
intervention activities such as site clearance by burning, site preparation by complete
ploughing, clear cut and burning clearance of harvesting sites, retain harvesting residues at the
logging site, reduce as much as possible disturbance to the plantation ecosystem and restore
the ecosystem in a short time. 2 Take scientific vegetation management measures to
improve the community structure of Chinese fir plantation. For example, by reducing stocking
density to develop under forest vegetation; advocate development of species mixture forest to
avoid the mono-species composition of plantation and to increase biodiversity. @ Reduce the
number of successive rotations, and adopt the alternative species rotation system. In Chinese
fir planting areas, according to site conditions and the distribution of existing plantations and
natural forests to deploy different forest community landscapes, and optimize regional
landscape structure, rather than planting large areas of single tree species for multiple rotations.
@ Apply fertilizer to supplement nutrients to the soil for nutritional consumption by Chinese
fir. & Strengthen genetic control, select plant stocks with large growth and high adaptability,
especially tolerant to poor soil to reduce the productivity loss due to fertility degradation
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caused by multi-rotation.

This book is divided into two parts, the first part is the generals comprised of 9 chapters,
respectively describe: progress in plantation productivity studies; approaches and methodology
of studies; impacts of properties of Chinese fir and its plantation on soil fertility; impacts of
silvicultural interventions of Chinese fir on soil nutrition and functions; changes in soil of
Chinese fir plantation; nutritional properties of Chinese fir and its plantation productivity and
carbon distribution; impacts of multi-rotation Chinese fir plantation on productivity, carbon
distribution and nutrition cycling; mechanisms of suppression of multi-rotation plantation soil
on the growth of young trees; causes for productivity decline of Chinese fir plantation and
approaches to maintenance of long-term productivity. The second part consists of three
chapters, respectively describe the mechanisms of maintaining long-term productivity of
Chinese fir plantations at three different geographic and rock conditions, specifically, growth
patterns and productivity changes of Chinese fir plantations at different development stages at
different rotations at different site conditions, changes in under-forest vegetation, litters and
their decomposition, accumulation and allocation of biomass and nutrients of trees and
ecosystem, cycling of nutritional elements, soil fertility changes, and mechanism of
maintaining long-term productivity under different rock conditions.

Long-term productivity of plantation is still a new topic that needs more discussions and
further studies. It is unavoidable that some opinions and conclusions presented in this book
may no be appropriate. Your comments for improvement are very much appreciated.

Sheng Weitong
March 4, 2005
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