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PREFACE

ucommia ulmoides Oliver (EU) is a specific economic tree species endemic to China. It
belongs to the II-class national key protected wild plants, which is naturally distributed
in the Yangtze River Basin and the Yellow River Basin. EU is one of the few woody
plants producing trans-1,4-polyisoprene (TPI), or “Eucommia rubber (EU rubber)”, which has
some unique and irreplaceable characteristics. EU is a valuable herbal tree with medicinal uses,
as well as being an important tree species for improving ecological environment and increasing
carbon sequestrations. These traits make EU become the fundamental and an important strategic
resource for China to have the potential for use at large-scale industrial enterprise in agriculture,

forestry, medicine and chemical industries.

Compared with natural rubber (Hevea rubber), EU rubber, also called “Gutta-percha” or
“Palata”, has characteristic of rubber-plastic duality that can be processed and manufactured into
thermoplastics, thermoelastomer, and high elastomer. EU rubber has properties such as abrasion
resistance, tear resistance, corrosion resistance, slipperiness prevention, low rolling resistance, and
energy saving, efc. It is one of the best materials for developing high quality blowout-proof tyre.
Being the natural large molecule material, the properties of blending, filmforming and radar wave
transmissibility make EU rubber be processed for a wide range of applications in chemical lines,
aerospace sectors, national defense materials, transportations, communications, electric power,

water conservancy, sport and medical treatment, etc.

It is now widely planted in 27 provinces (autonomous regions or municipalities directly under the
central government) from Guangxi Zhuang Autonomous Region in the south to Jilin Province in
the north, from Shanghai Municipality in the east to Kashi City of Xinjiang Uygur Autonomous
Region in the west. It is hardy and drought-resistant, and well- adapted to poor soil conditions.
Therefore there is large potential to expand EU cultivation in China. Developing EU-rubber
industry is an alternative approach to solve the shortage of natural rubber produced by Hevea

rubber tree in China.

EU itself is one of the most valuable herbs being used in pharmaceutical industry both in China
and western countries. Chinese claims that EU can “revitalize the internal organs, increase
prowess, strengthen the bones, muscles, and tendons... and delay aging when taken regularly.”
Pharmacological function of EU was described in both ancient medical books Shen Nong’s
Herbel Classic and Compendium of Materia Medica. EU contains active components in its leaf,

bark, fruit and male flower. These components include lignanoids, phenylpropanoids, iridoids,
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flavonoid, a-linolenic acid, efc., which was confirmed to have effect of nourishing the liver and
kidney, preventing miscarriage, lowering blood pressure, improving sleep with little side-effects.

Developing EU commercialization can effectively enhance citizen’s health and fitness.

In order to efficiently develop potentials and utilize EU resources, the famous EU expertise Prof.
Du Hongyan and his team have been conducting researches on EU new cultivar propagation,
silviculture and integrated utilizations. A great breakthrough has been achieved in EU
propagation, orchard-like system cultivation, and development of new functional products, such
as EU male flower tea and series wines and alcohols, a-linolenic acid capsules, edible mushroom
culture and functional fodder, etc. They compiled China Eucommia Pictorial collecting results
from 30 year’s scientific researches. This book displays, in the form of pictures and captions
for the first time, morphological characteristics, growth and development of EU roots, stems,
leaves, flowers, and fruits; genetic biodiversity of germplasm resources; new cultivar selection
and propagation; innovated silviculture technologies and models; pest control; and integrated
utilization and development of new products. This monograph closely combines with the need
of EU industrialization development in China. The contents are comprehensive and systematic
with explanatory pictures and captions explanation, and are easy to understand. This book
is a collection of achievements in EU scientific research, a teaching material of achievement

transformation and popularization as well as a perfect encyclopedia of EU.

Publication of this monograph meets the demands for EU planting and industrialization. It is
believed that this book will promote the rapid development of EU industrialization headed by
EU rubber industry. Therefore, I strongly recommend this book to those who engage themselves
in scientific research, producing, teaching and enterprises involved in EU planting and

commercialization. It will be your good teachers and friends.

(%/z YWkilorr

Academician of Chinese Academy of Engineering

June 26, 2013 in Beijing
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FOREWORD

ucommia ulmoides Oliver (EU), endemic to China, is one of the tree species with

great prospects for production of high-quality natural rubber in the world, in addition

to Hevea brasiliensis Muell.-Arg. EU tree is rich of trans-1,4-polyisoprene (TPI),
distinguished as EU rubber, in fruits, leaves and bark. The EU TPI content in fruit coatings
even reaches 17%. EU rubber has a unique structure and properties, and it can be developed
for production of rubber elastic materials, thermoplastic materials and thermoelastic materials.
The rubber compositions modified with EU rubber have the advantages of wear-resistance, tear-
resistance, corrosion-resistance, anti-slipperiness, less rolling resistance, energy-saving, efc. They
can not only replace ordinary natural rubber, but also be developed for high-quality run-flat tires.
EU rubber is known as “polymer alloy”, for its excellent properties of blending, film forming,
bonding and radar wave transmissibility. China is the world’s largest rubber consumer, with its
rubber consumption ranking the first in the world for 11 consecutive years. However, due to the
narrow suitable area for growth of Hevea brasiliensis in China, which can only be cultivated in
Hainan and Xishuangbanna, the production capacity of natural rubber has reached the limit. China
imports 80% of its consumption of natural rubber, and this is severely restricting the healthy
development of its rubber industry and related industries; while EU trees have a wide range of
suitable areas and tremendous potential for development. From perspectives of national security
and the development of strategic emerging industries, EU rubber is the basic solution to China’s

scarce of nature rubber resources.

EU is also a valuable economic medicinal tree species in China. The EU bark is a top-grade
traditional Chinese medicine. Shen Nong's Herbal Classic, China’s first medicine book, and
Compendium of Materia Medica composed by Li Shizhen, the medical saint in the Ming Dynasty,
both well documented the medical and healthcare functions of EU bark, saying it can strengthen
bones and muscles, tonify the liver and kidney, lower the blood pressure, and keeping use of it
will slow down the natural aging and make people feel light on the feet. Modern analysis shows
that EU leaf is rich in chlorogenic acid, geniposidic acid and other active ingredients. It is a good
raw material for the production of traditional Chinese medicine and health products, as well
as quality raw material for the production of functional feed and functional edible fungus. The
EU leaf has been included in the 2005 Chinese Pharmacopoeia. The a-linolenic acid content
in EU seed oil reaches 67.6%, being 8 —60 times of that in olive oil, walnut oil and tea seed oil.

In addition, the aucubin content in EU seeds is as high as 11.3%, making EU one of the plants
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with the highest aucubin content. EU pollen is an extremely valuable medicinal pollen resource
in China, rich in a large number of active ingredients and nutrients, of which the EU flavonoids
(quercetin) content is 3.5%, and the amino acid content is up to 21.88%, being more than 2 times
of that in pine pollen. In the continuous research and exploration, EU has shown a great potential

for development.

However, the EU industry led by the EU rubber has not really started. As a result of long-term
utilization of EU bark as medicine, the seedling planting and conventional medicinal cultivating
models have been kept for over 2000 years in China. The varying quality, backward cultivating
pattern, limited utilization and low economic efficiency have seriously dragged the development

of EU industry and the income increase of farmers in EU production area.

In view of the outstanding problems in EU production and industry, the EU research team of Non-
timber Forest Research and Development Center, Chinese Academy of Forestry (CAF), conducted
long-term systematic research on EU breeding, intensive cultivating and comprehensive
utilization, and a series of important results have been achieved. @ The first EU gene bank has
been established in China, also the largest one around the world, preserving 859 EU germplasms;
20 improved varieties of EU have been bred, of which 10 are certified by the state. @ The
orchard-like, silvicultural cultivating model and related techniques have been originated, which
is a historic breakthrough in the EU research of China, so that the rubber yield of EU samaras is
increased by 40 times; new resources of natural rubber have been opened up to fill the gaps in
research at home and abroad; the research results have drawn great interests of related authorities
and experts at national level. ® The national patent for invention “Eucommia ulmoides male
flower tea and its processing method” is international initiative. It opened up a new phase for
comprehensive utilization of EU, and the “EU male flower tea” has gradually become a domestic
well-known functional food product. After 20 years of systematic research, the processing
technology of EU male flower tea is improving daily, and 3 national patents have been issued for
Eucommia ulmoides male flower tea. Meanwhile, breakthroughs have been made in the research
and development of EU male flower wine, EU male flower dry red wine, EU seed wine and EU
health noodles, and these products have been declared national patents for invention. @ The
new ideas of extracting EU rubber and EU oil from EU samaras have been proposed. The patent
“a novel silvicultural model for increasing biopolymer production from Eucommia ulmoides
Oliver trees” turned into technical specifications for EU orchard-like cultivating model, laid the
technical foundation for EU natural rubber industry in China, provided technical support for the
utilization of EU seed oil rich in a-linolenic acid, and its industrial production for functional food
products. ® Patented products such as EU mushroom, EU fungus, EU-leaf-fed chicken (eggs),
EU pigs have been developed, which have broadened the way for EU comprehensive utilization.

® They conducted comprehensive study on the separation and purification of the active

15
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ingredients, obtained chlorogenic acid and aucubin of high purity, and laid a good foundation
for further development of green traditional Chinese medicines. Through the systematic research
of 5 “Five-year Development Plans”, a nationwide EU research and innovation team has been
formed, with the Non-timber Forest Research and Development Center, CAF as the core, and
covering experts from multiple industries such as forestry, pharmaceutical and chemical (rubber)
businesses. The EU research team has acquired 18 EU-related research results, won 10 national
(provincial, ministerial) awards of science and technology, published over 200 papers, as well as 6
monographs, and obtained 21 of national invention patents. These results are a powerful drive for

the healthy development of EU industry in China.

Over the years, the author has been invited to various EU production areas for the guidance of EU
production and industrial development, understood and felt the urge of EU commercialization by
the government, farmers and enterprises there. In the past 10 year, the government agencies, the
related experts, scholars and entrepreneurs, ezc., have been promoting the rapid development the
strategic emerging EU industry through a variety of ways. They have been calling for supports
from all levels through NPC and CPPCC proposals for several times. The National Development
and Reform Commission,the Ministry of Finance, the Ministry of Science and Technology
and the State Forestry Administration have all initiated projects to support the development of
EU industry on key technical issues. The non-governmental forces are also contributing for its

development.

Especially in recent years, the State Council, the State Forestry Administration attached a great
importance to the EU industry. In 2010, The State Council made important instructions to
accelerate the industrial development of EU. In accordance with the unified arrangements of
the State Council, the National Development and Reform Commission, the Ministry of Finance
and the Ministry of Science and Technology have all included the EU industry development in
their agenda, and actively planned to support its development. As a strategic emerging industry,
EU was included in the national “Twelfth Five-year Development Plan”. In the 2071 New
Industrial Restructuring Directory, the National Development and Reform Commission included
the “natural rubber and Eucommia planting & production” into the encouraged agriculture and
forestry industries as a separate category. Therefore, the EU industry has been embracing an
unprecedented opportunities for development. Rapid development of EU industry led by the EU
rubber, will not only enhance China’s international status and its voice in natural rubber industry,

but also help Chinese EU rubber industry cut a share in the international natural rubber market.

In September 18, 2013, Chinese Academy of Social Sciences, Chinese Academy of Forestry,
Sciences and Social Sciences Academic Press (CHINA) jointly issued the Green Book of
Eucommia Industry: Report on Development of China’s Eucommia Rubber Resources and
Industry (2013). 30 news media attended the press conference such as CCTV, Xinhua News
Agency, People’s Daily, Guangming Daily, China Network and so on.China Network had a live
broadcast on the web, and more than 300 news media and websites including the website of the
State Council Information Office have reported or reproduced it. That is a sign of China’s EU

industry was in full swing.



Ny

ag|

The author and his EU research team compiled this China Eucommia Pictorial, to meet the urgent
needs of EU industry’s rapid development and the market. It is the quintessence of nearly 30 years
systematic research by the author and his team, and the important achievement of their hard work,
perseverance and innovation. This monograph uses pictures plus captionss for the first time and
gives a comprehensive and systematic introduction to EU trees, including morphological features
of their roots, stems, leaves, flowers and samaras; principles of their growth and development;
EU germplasms in China; genetic diversity of EU trees; improved varieties and their breeding;
EU propagation technologies; main cultivation models (such as conventional cultivation, orchard-
like cultivation, orchard-like male flower intensive cultivation; orchard-like cultivation for
leaves, cultivation for both wood and leaves, three-dimensional cultivation) and technological
innovations; EU bark girdling and regeneration; major damages by insects; comprehensive
utilization and product development (such as landscaping, EU rubber, EU male flower tea and
pollen products, EU a-linolenic acid and its functional products, EU functional beverages, EU
modern medicine, EU functional feed and livestock products, EU mushrooms and other functional
fungus). This monograph contains a total of more than 1,100 images of EU, all being collected by
the author and his team during the course of scientific research, convering the long and hard work
of the whole team. By publishing this China Eucommia Pictorial, we are hoping to deliver the
EU researching units, colleges, enterprises and farmers with systematic and intuitive information
for EU breeding, intensive cultivation and comprehensive utilization, to help them get a better
understanding of the development and potential of EU industry, and offer a guide for sustainable
and healthy EU industrial development and efficient production. This is the purpose and aspiration

for why the author writes the book.

The monograph was sponsored by the Chinese Forestry Specific Public Service Project
(201004029) and the Shanghai Huazhong Tancheng Eucommia Planting Technology
Development Company. During the publication, the Science and Technology Division of the State
Forestry Administration, the CAF, the Chinese Academy of Social Sciences, the China Forestry
Publishing House, the Non-timber Forest Research and Development Center, CAF and various

EU production areas have all offered strong support. It is hereby acknowledged!

In addition, Yin Weilun, who is the famous forest scientist, member of the Chinese Academy
of Engineering (CAE) and head of the Division of Agriculture, CAE, wrote the preface for this
book. He spoke highly of the EU industry in China, and placed high hope on this unique strategic
resource. It is a great encouragement and motivation for our EU research team. The gratitude is

hereby expressed!
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