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Foreword I

Recent dramatic examples of the improvement and utilization of saline soil have
received a great deal of worldwide attention. The development of practical afforesta-
tion techniques to turn saline lands green has been especially important to foresters
and other professionals in environmental science fields. Presently, the area of
saline soil resources covers about 10 million hectares in China, with nearly
5.3 million hectares located in the four coastal provinces of Jiangsu, Shandong,
Hebei and Liaoning. Therefore, it is clear that abundant ecological, economic and
social benefits could be attained if these saline lands are remedied and developed
sufficiently.

During the past two decades, Chinese scientists have made great advances in the
fields of rehabilitation and utilization of coastal saline soils. In particular, research
has indicated that, by vegetation restoration in saline land, soil properties can be
enhanced, and consequently the degraded soils can be ameliorated, and the mount
of arable land area increased. Furthermore, the establishment of coastal shelterbelts
can help these areas withstand natural disasters such as typhoons, tsunamis and
storm surges, and bring about remarkable ecological and economic benefits. For
more than 20 years, Prof. Zhang Jianfeng, from the Institute of Subtropical Forestry
at the Chinese Academy of Forestry, has conducted outstanding research on
salinity-tolerance mechanisms of trees and saline soil rehabilitation technologies.
He initiated a valuable integrated technology system for saline soil amelioration
focusing on vegetation restoration and forestry utilization. He summarizes the
integrated technology and principles in his book entitled Coastal Saline Soil
Rehabilitation and Utilization Based on Forestry Approaches in China. In light
of the current environmental situation in China, the publication of this book will
provide scientific guidance for ecological remediation in coastal saline lands in the
future. The book contributes to the effort of realizing a harmonious relationship
between ecological construction and economic development.

Performing research on saline soil improvement and utilization is especially
important in coastal regions, which are heavily populated and have less available
land. Obviously, reserve land resources will be increased when saline soils are
rehabilitated. Hence, I hope that many more forestry professionals and scientists
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vi Foreword I

will recognize the importance of this task and will continue to make contributions
to saline soil improvement and develop new techniques oriented to ecological
rehabilitation. No doubt it will have a profound effect on alleviating the current
disparities between the increasing population and the decrease in available land
resources. Moreover, it will encourage civilization to become more ecologically-
minded while helping to develop the beautiful country of China.

Beijing Zhao Shucong
January 30, 2013



Foreword II

Actually salinization is one of the most serious long-term threats to the sustainability
of land and water resources in the world. Salinization results from the accumu-
lation of free salts to an extent that causes severe degradation of vegetation and
soils. In developing countries, arable lands decrease with population growth and
corresponding land use pressure. Accordingly a great amount of forests, grasslands
and wetlands was exploited to cultivate and intensively management, leading to
damage of original vegetation and soil structure in regions where salt accumulation
occurs. On the other hand, irrational human practices have increased soil salinity
by changing the natural balance of the water cycle in landscape by allowing
excess recharging of groundwater. This reduces suitability to plant growth and
increases the potential for other forms of land degradation such as soil erosion and
structural decline. It is estimated that saline land increases annually 1–1.5 million ha
worldwide.

In China, the situation seems much more crucial. With population growth and
socioeconomic development, urbanization speeds up, more and more cultivated
lands having been transferred, which results from heavier burden on the current
farming land. Hence it is vital to reclaim and remedy disturbed land, especially
saline land in the country. The key to deal with the issue is conducting rational
land use systems, restoring salt tolerant plant communities and improving soil
structure. Intensive research revealed that trees can tolerant a certain level of
salinity due to high avoidance and tolerance abilities. Therefore in the viewpoint of
biological amelioration of salt-affected soil, planting trees in salt affected landscapes
may contribute to restore land capability for biomass production and reducing
unproductive water lasses of the vegetation. After trees are established in saline
land, the water table could be declined through increasing discharge and decreasing
recharge. Additionally total salt content could be decreased, especially in soil
surface profile and topsoil as well as soil physical and chemical state could be
ameliorated.

In view of the principles, Prof. Dr. Zhang Jianfeng for a long time is going
for probing that how to utilize and exploit saline soil as a geo-resource. During
his research he emphases on ecological amelioration based on forestry approach
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viii Foreword II

from the angle of vegetation restoration instead of physical methods. Based on
this consideration the book was developed. The first four parts mainly introduce
characteristics of salt-affected soil and its amelioration by trees, including the
concepts of saline soils, characteristics and occurrence of salt alkaloids, the
resources condition and distribution, as well as urban salinization and ecological
remediation which is a new environmental problem occurring recently. Moreover,
principles and practice of afforestation in saline soils is discussed as a general
description, covering the mechanism of salinity-tolerance of plants and salt-resistant
plants selecting and breeding, the ecological rehabilitation principle and related
technologies, approaches to the improvement progress as well as agroforestry and
its application of saline soils along with general afforestation techniques in China.

Meanwhile, the Yellow River Delta as a typical and specific coastal region
and the problem of wetland degradation and water shortage is discussed, too.
Furthermore, the issue of saline soil utilization for biomass production is touched
upon. It is well-known that biomass and bioenergy is keen demanded, but the
land resources are limited in the country. Hence developing salt-affected soils for
biomass production is necessary and significant. The both are concerned with soil
salinization, consequently they are reciprocal in cause.

Finally in the fifth part some cases such as salinity tolerance features of trees in
different growing stages are separately described based on the experiments of seed
germination, physiological property measurement under salt stress, in addition to
some parameters concerned with salt resistance of forest stocks, and black locust
forests as biomass energy resource. Meanwhile planting techniques of Tamarix
chinensis and Nitraria sibirica in worst salt-affected soil and its effect on soil
amelioration were introduced. The disciplinary structure outlined above is exploited
in some examples.

I am glad to read the manuscript and congratulate Prof. Zhang gaining a new
achievement. Frankly spoken, this is the one of the best book I’ve reviewed on saline
soil ameliorations based on forestry approach. It will provide an excellent resource
for researchers, students, practical workers and other users. I believe that its value
will emerge with years to come.

Dresden University of Technology
Dresden, Germany
March 10, 2013

Franz Makeschin



Preface

Across the world, soil salinization is becoming a serious environmental problem.
It is an issue especially relevant in developing countries owing to their rapidly
increasing levels of population growth and urbanization. As a result of these factors,
there is increasing demand for staple goods such as grain and vegetables, which
then leads to greater intensities of farming and corresponding adverse environmental
impacts. One such impact is soil degradation, in which salinization, deforestation
and desertification play major roles. In Australia, salinization is called “white death”
because of its enormous harmful effects. Globally, an area of about 0.95 billion ha of
soil is affected by salt, of which almost one tenth is distributed in China—mainly in
the Huang-Huai-Hai, “three-river plain”, and northwestern semi-arid and arid areas,
as well as the coastal beach lands in the east of the country.

The coastline of China extends for more than 18,000 km, along which lay the
Bohai Sea, Yellow Sea, East China Sea and South China Sea. With socioeconomic
development, more and more people move to the east of the country to seek better
opportunities and higher standards of living. No better example of the region’s
prosperity exists than China’s “oriental pearl”: Shanghai. Situated in the coastal
area along the Yangtze River and the Yangtze River Delta, Shanghai represents
an important component of the unique geographical advantage of this region,
strategically positioned on land where resources are both rich and abundant. Today,
coastal Shanghai plays a major role in expediting the development of the Yangtze
River Delta region for industrial expansion. In doing so, China can continue to
strengthen the productivity of its coastal areas nationally, as well as promote the
development of the central and western regions of the country. As a result, exchange
and cooperation between China and both Central/Northeast Asian countries and
Europe can be maximized.

In view of the environmental situation faced currently by China, saline soils are
important land resources and should play a crucial role in promoting socioeconomic
development. The key to this is improving our understanding of how to recognize
soil salinization, as well as how to manage and cope with it. The Chinese
government has stated that the nation must provide 1.8 billion Mu (1 Mu D 1/15 ha)
of cultivated land, and that the country must not fall below this “red line” in order
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to guarantee food security for its 1.3 billion people. Under such circumstances,
the improvement, amelioration and exploitation of alkaloid salts carries vital
significance, particularly in coastal regions.

In the above context, the present book has been written based partly on my
own understanding and knowledge of the topic of soil salinization, but also by
synthesizing the research of others in the field. As such, I consider the book very
much as “standing on the shoulders of those more senior”, summing up findings
from their research in the area of alkaloid salt improvements. In doing so, I draw
upon the help of currently emerging ecological theory and methods, and probe
how best to utilize and exploit saline soils as an important resource. Hence, there
is an emphasis on ecological amelioration based on forestry approaches from the
perspective of vegetation restoration, as opposed to physical methods. This is a new
line of thinking, set apart from past practice in the field.

Throughout the book, I have tried to make explanation and clarity key features.
Explaining a topic, theme or argument clearly and succinctly is intended to make
the book useful for students, professionals and researchers alike. Readers—whether
engaged in formal education or self-study—can expect to be able to read and digest
the contents of the book quickly and easily. That said, while a good book should
be clear, it must also be well structured. Its readers, as do all analysts, need to
feel secure in order to confidently confront and engage new problems. A book
that neglects to empower the reader, in this manner, has failed. Thus, in this book,
the principle of writing is followed from concepts to mechanisms; from general
description to specific definition; from theoretical interpretation to examples and
illustrations.

The book is divided into five parts. The first part is mainly devoted to introducing
the characteristics of salt-affected soil and its amelioration by trees, including
the concepts of saline soils; characteristics and occurrence of alkaloid salts; the
resources, conditions and distribution of saline soils; urban salinization; and the
ecological remediation of salinization, which is a new approach to mitigating
this environmental problem. In the second part, the principles and practices of
afforestation in saline soils are discussed, beginning with a general description,
but then also going on to cover the mechanisms of salinity-tolerance in plants;
selective breeding of salt-resistant plants; the principles, technology, approaches and
progress improvements involved in ecological rehabilitation; and agroforestry and
its application in the amelioration of saline soils, along with general afforestation
techniques in China. The third part of the book looks at the issue of saline soil
utilization for biomass production. It is well known that bioenergy is in high
demand, but that land resources to meet this demand are limited. Hence, developing
salt-affected soils for biomass production is necessary and significant. In the fourth
part, the issues of wetland degradation and water shortages—both of which are
linked to soil salinization in a reciprocal causation relationship—are addressed by
specifically examining the Yellow River Delta region as a typical case. Finally,
the fifth part of the book first discusses features of salinity tolerance in trees
at different growth stages. This topic is discussed from a number of different
angles, such as results from seed germination experiments and measurements of
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physiological properties under salt stress. In addition, some parameters concerned
with salt resistance of forest stocks and black locust (Robinia pseudoacacia) forest
as a biomass energy resource are considered. Meanwhile, as an example, the
planting techniques of Tamarix chinensis and Nitraria sibirica in some of the
worst-affected salinized soils and their role in soil amelioration are introduced.
The structure outlined above is embellished throughout the text with many other
examples and case studies. However, the Yellow River Delta region remains a core
theme throughout and, to end, the changes in response of the plant community in
terms of wetland degradation in this region are discussed.

My aim in writing this book was to present the concepts of salinity tolerance
and afforestation as simply as possible, but at the same time for the text to be
long and detailed enough for readers to feel, upon completing the material, that
they subsequently possess a strong foundation of knowledge in the topic area
upon which they can build. They will hopefully have acquired understanding from
the book’s clear exposition, a sense of its formal structure, and a perspective of
salt-affected soil rehabilitation based on forestry approaches both in terms of its
historical development and its potential future applications in China.

As with all projects of this kind, readers are bound to spot mistakes or areas
for improvement in the book. If this is the case, I encourage you to send me your
feedback and suggestions, which I will build into future editions of the book should
opportunities to do so arise.

Hangzhou Jianfeng Zhang
March 12, 2013
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