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PREFACE

Forest tree breeding, or genetic improvement of forest trees, is a science that deals
with thedevelopment and utilization of forest genetic resources for different environmental
conditions, whichis an applied technology for finding out or creating the optimal interac-
tion between forest geneticmaterials and ecological environment. During the latest 20
years, China has achieved significantprogress in research of forest tree breeding and pro-
duction of improved planting materials, which havebrought about the decisive ltechnical
components in silvicultural operation. However, the forest treebreeding work is still not
perfect in systematicness, advancement and applicability in China,considering its impor-
tant strategic position in development and environmental construction. Forexample, the
research on related genetic theories was not enough, and the breeding strategy, objective-
and techniques were limited at short —term benefit, and the breeding methodology was
not welldeveloped, especially, the optimal spacial and time interaction between breeding
material andecological environment were not fully understood, which negatively influ-
enced on the efficiency ofbreeding research and benefit achievement in production of im-
proved planting materials. Forest tree breeding regionalization is one of the most impor-
tant links in tree breedingresearch and planting material improvement, as it is a summary
and application of the achievedbreeding research results. China has a large territory that -
covers five climatic zones with complexgeomophological varieties, which result in extreme
richness of tree species and genetics resources inthe whole country. The existed Seed Re-
gionalization of Main Afforestation Species is not perfect, asit tells only few tree species
and ecological regions in the country and couldn’t be used as a guidanceto the general for-
est management and ecolpgica] protection of national forest resources. Therefore,the for-
est tree breeding regionalization is qufte necessary and urgent to be studied and worked
out.

The forest tree breeding regionalization is to define the forest formations and forest
type—grodps that were formed depending on the interaction of forest and environment
and the formtsucceséion and evolution, which is the requireinent of the economic develop-
ment. The regionalizationof ecological breeding zones is an integrated scientific system
that combined biology, ecology andeconomics together, which will try to search for the
optimal matching of forest genetic diversity andforest ecological diversity. The principles,
such as ” natural. selection” , "survival from adaptability” and ” optimal matching” etc. ,
will be followed in the regionalization, so that the forest tree breedingregions could be di-
vided according to the natural law. Therefore, the regionalization can well servethe forest
genetic improvement and the environmental construction.
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The first intention to conduct a tree breeding regionalization initiated in 1950s. The
principlesof making a division of tree breeding regions and sub—regions were discussed at
the Workshop onNational Forest Tree Breeding Planning held in Beijing in 1979, and a
summary report was writtenby Xu Weiying and Gu Wanchun entitled ” China Forest Tree
Breeding Regionalization”. As the workconditions were not available for us to continue
the study at that time, the detailed forest tree breedingregionalization was not completed.
A formal project proposal entitled ” Research on China Forest TreeBreeding Regionaliza-
tion” was prepared by the Research Institute of Forestry, CAF and affirmed bythe De- '
partment of Science and Technology, Ministry of Forestry in February, 1990. Then,
the projectcontract was signed between the Research Group and the Department of Science
and Technology inOctober, 1990 and the implementation plan of the research project was
drawn up by the end 1990."

During 1991 to 1992 , the Research Group collected the televant materials from both
domeéﬁcand overseas publishes, as well as the nation — ranged climatic data, based on
which the statistics wereconducted and several data basis are established. The main data
basis are Nation — Ranged Data Baseof Four Climatic Factors, Data Base of Seed or
Provenance Regionalization for Seventeen TreeSpecies, Data Base of Diagrams for the
Analysis of Ecolégical Gradier;ts Axis and Data Base of theClassification System of China
Forest Breeding Regions (Maps and Tables) etc. . In 1993, the four—-class classification
system for China forest tree breeding regions was worked out, and many studyreports and
the conclusion report were drawn up.

In the first half of 1994, the study report and concluéion report, including 3 sets of
tables and11 maps of the regionalization, were presented to the Department of Science
and Technology, Ministryof Forestry, and sent to the related _forest universities or col-
leges, institutes and some provincial seedand seedling management stations to solicit their
opinions. At the meeting of directors of provincialseed and seedling stations held by the
Station of Forest Fa'rm and Nursery, Ministry of Forestry inHuangshan , Anhui in June,
1994, the draft document of regionalization was discussed. The majorityparts in the doc-
ument, such as the principles, methods and results of the regionalization, wereconsidered
to be scientific and applicable, and some coinments were also given for the revision of
theregionalization document.

In the second half of 1994, the Research Group revised the first document of re-
gionalizationbased on the collected ideas and comments in order to enable it more perfect.
The final achievementof the research project was appraised by a specialist committee orga-
nized by the Department ofScience and Technology, Ministry of Forestry in December,
1994. The appraisal words said thataiming at a clear and correct objective, the research
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was implemented by collecting large amount ofreference materials or data that related to
the research subject and adopting the advanced studymethods of the combination of quan-
titative analysis and diagram expression, which has resulted in afirst creation of the na-
tional tree breeding regionalization and has reached the advancing level in thesithilar study
fields of the world. | ‘

This book is the result of the research project on forest tree breeding regionalization.
Basedon the careful collection, digestion and absorption of the existed information about
the regionalizationstudies in the -world, the four main principles were defined for the tree
breeding regionalization inChina, according to the national cireumstances in natural and
economic aspects that related to forestrydevelopment. A new tregionalization method of
one or two dimensional coordinate by the integratedecological factors that were derived
based on the analysis on the climatic, geographical and treespecies factors and the refer-
ence of the achievements in seed or provenance regionalization researcheson forest
species, which has resulted in a regionalization programs of four stages, with thecombina-
tion of the quantitative division and qualitative simulation of value inserting and
mapsoverlapping.

The main contents of the book.are consisted of four items of research achievement as
follows ;

a. The factorial correlation analysis (CA) and the principal component analysis
(PCA) wereconducted on the 15 ecological factors that were collected from 678 climatic
stations distributedthroughout the country, to decrease the 15 dimensions into one dimen-
sional coordinate of ecologicalfactors, i. €. ecological gradient axis (EGA), and the equal
value lines wereb drawn out on the map ofChina according to the EGA values of the 678
climatic stations, with the precision of 6993 fordimension decreasing from fifteen to one.

b. The estimation of EGA values was made for the 97,000 grids of whole country
by usingthe method of Laplas spline interpolation, and the colorful map with EGA values
was printed. Meanwhile, the trend surface analysis was conducted and several maps of
EGA were also printed. 4

¢. On the map with EGA values and the map with lines of equal EGA value, the di-
vision offorest tree breedinhg region groups, regions and subregions were made with. differ-
ent levels of EGAvalue.

d. The existed seed regionalization maps for 13 tree species and provenance regional-
izationmaps for 17 tree species, as well as other related forestry regionalization maps,
were used byoverlapping them on two maps of EGA value in consider of the administra-
tive regions, so that the” 3-+1” division classification and evaluation criteria were identi-
fied for forest tree breedingregionalization in China, with which overall 10 breeding re-
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gion groups, 97 f)reeding regions and 74breeding sub-—regions were classified and defined
for the whole country, in addition, the administrativebreeding districts were grouped for
the 31 provinces, autonomous regions or municipal to conveniencethe application region-
alization ih the cooperative tree breeding between them. As the result, a map offorest tree
breeding regionalization in China and five sets of tébles for the related geographical ande-
cological factors, EGA values, tree species or species groups and their breeding strategies
in eachbreeding region were also made.

As a summary and application of the research results in tree breeding so — far
achieved inChina, the forest tree breeding regionalization shows its the theoretical and ap-
plied value as follows.

a. A complete system of classification and evaluation of forest tree breeding region-
alizationin China was firstly worked out.

b. The appropriated tree species or species groups, breeding strategies and breeding
objectiveswere defined for the breeding region groups and the administrative breeding dis-
tricts, which will behelpful to the efficiéncy of tree breeding research and of a great sig-
nificance to the development ofbreeding research in (zhina.

¢. The regionalization is a guidance to the decision making for the distribution and
productionof improved planting materials and a reference to the herachical classification
of the ecologicalenvironment related to tree breeding, which could be applied in the estab-
lishment of tree breedingcenters and multiplication center of improved planting materials.
It is also an importance of the newsystem of forest tree breeding.

d. The regionalization could provide the regional ecological basis for the conserva-
tion of forestgenetic resources in China, and for the rational design and distribution of the
tree breeding trials ondifferent seed sources or site conditions so that the experimental loss-
es could be reduced with theincrease of breeding efficiency.

e. When the quantitative method was studied and apbli‘ed for regionalization, the
multiplevariable analysis was adopted repeatedly to decrease the multiple dimensions into
one dimension ofthe multiple ecological factors, i. e. EGA , which was firstly used for
the quantitative regionalizationin the world, other than the usual method of multiple vari-
able ordering for regionalization. Furthermore, the map with lines of equal value of EGA
and the map of EGA values were created forthe quantitative regionalization, with the
simulation and correction of the final regionalization result, which enabile the research
conclusion more scientific and more applicable.

f. This research achievement has been approved to be transferred into the National
Standardof forest tree breeding regionalization, which will supplement to the existed na-
tional or special fieldstandards on forest tree improvement in China.

« 4. .
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Though the main contents of the book are about the forest tree breeding regionaliza-
tion, thereare still three chapters, i. e. ” Review on theories used in forest tree breeding
regionalization” , " Foresttree breeding regions and tree breeding trials” and ” Case study
about the application of ecologicalgradient and breeding materials to ecological adaptability
research in both time and spacialdimension”. These chapters will help readers to learn the
knowledge about how to group the factorsof forest population, ecological genetics and e-
cological environment at different levels, so that theycan well understand the principles
and methods for forest tree breeding regionalization and well applythe regionalization re-
sult to their research or production practice.

During the implementation period of the research project of Forest Tree BreedingRe-
gionalization, we have received a lot of assistance and truthful help from many institu-
tions, e. g£. ,the General Station of Forest Farm and Nursery, Ministry of Forestry, and
the provincial seed andseedling station under the provincial departments of forestry in-
cluding Heilongjiang, Jilin, Liaoning, Beijing, Hebei, Shandong, Henan, Shanxi,
Shannxi, Gansu, Xinjiang, Inner Mongolia, Anhui,Zhejiang, Jiangxi, Hubei, Hunan,
Sichuan, Guizhou, Yunnan, Fujian, Guangdong, Guangxi andHainan. In addition,
while the book was compiling, Prof. Wu Zhonglun, the academician of theChinese A-
cademy of Science, gave us many valuable comments and advice, so did Mr. LijuXi-
aozhang, the director of the Department of Science and Technology (DST), Ministry of
Forestry (MOF) , Mr. Wang Qi, the director of the General Station of Forest Farm and
Nursery, MOF, Mr. Zhang Peichang, the deputy director of the Department of Plan-
ning, MOF, and Ms. Yang Linmei, the chief of the Division of Planning under DST,
MOF. Here, we really like to express our greatfulthanks to the institutions and people
mentioned above. Furthermore, we also thank the experts of theSpecialist Committee for
the research achievement of regionalization for their appraisal work, suchas, Mr. Wang
Qi, the chief of the committee, Prof. Shen Xihuan, the deputy chief of the committeé,
Prof. Hong Jushang, Prof. Huang Minren, Prof. Pan Benli, Prof. Zhang Shunhong,
Prof. XuXiakqging, Prof. Shi Jisen, Mr. Zhou Bing, Prof. Yang Chuanping and Mr.
Zhang Peichang.

The members of the research Group for the ” Research on Forest Tree BreedingRe-
gionalization in China” are as follows;

Group leader; Gu Wanchun, research professor of the Research Institute of Forestry
(RIF), ChineseAcademy of Forestry (CAF)Members: You Yingtian, general engineer
of the General Station of Forest Farm and Nursery (GSFFN), MOF.

Guo Wenying, assistant professor of RIF, CAF.
Gun Fenfu. senior enginer of GSFFM, MOF.



Li Bin, master degree, RIF, CAF.
Hu Xinsheng, PhD. , RIF, CAF.

Yan Hong, associate research professor of RIF, CAF.

The readers are warmly welcomed to give us your comments on any contents of the

book forcorrection or improvement.

Research Professor Gu Wanchun
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