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‘ x Je are living in an age of rapidly escalating environmental risks. Faced with the phenomena of global warming, frequent extreme

weather events, rising sea levels, mass extinction of species etc. the scientific capacity and role of our discipline, forestry, are repeat-
edly challenged. The environmental risks, regardless the scarcity of water resources, or the exacerbating soil erosion, are bringing with them
threats to the existence of mankind, and remind us how we have overexploited the tropic rainforests, degraded forestland, destroyed habitats,
and the large scale develop of land for agricultural and industrial purposes. Returning to a rational, science-oriented, and policy-directed state
of forest management is urgently required so as to abate the revenge of nature and the huge impact wrought by the ignorance of mankind.
Perhaps by looking at some important natural and man-made events happened in 2009, we can get a more profound insight and understand-
ing of our actions and nature’s reactions.

In August 2009, the typhoon Morakot struck Taiwan and dumped 2,965 mm of rain in 3 days, causing 699 persons to perish or disappear and
4 persons sustained serious injuries. A total of 1,622 units of houses were damaged beyond further residency. The typhoon brought serious
harms to the south and east of Taiwan and was recorded as the most devastating typhoon in nearly 50 years.

In December 2009, world leaders gathered at the capital of Denmark, Copenhagen, trying to forge an agreement for the post-Kyoto era. The
meeting was originally slated to install a target for the global greenhouse gas emission and an enforcing mechanism for the countries to com-
ply with the target, so as to link up to the Kyoto Protocol which is due to expire in 2012. Unfortunately, the meeting ended in a contentious
disarray, and was unable to achieve an international agreement with binding authority. All the issues have to await a meeting of the United
Nations Climate Change Conference at Mexico City in November of 2010.

The United Nations has listed the year 2009 as the Year of the Gorilla, to emphasize the threats posed by habitat destruction, diseases, and
poaching on the continuous existence of the species. The year 2009 was also slated by the United Nations as the Year of Natural Fibers to
remind the world about the values of natural fibers and the importance of encouraging their sustainable production. Furthermore, the year
2009 was also the 200 anniversary of the birth of Charles Darwin, and the 150th anniversary of the publication of his renowned book “On the
Origin of Species.”

In view of the above, the Taiwan Forestry Research Institute, as the organization solely responsible for the forestry-related research, and
facing with ever-changing issues of the forests and environments, such as conservation of plant geneplasm, biotechnological developments,
cultivation of energy plants, conversion and utilization of bamboo resources, agroforestry management etc. staff of the institute are well-
endeavored to actively engage the problems, using a timely method and manner to focus our capacity and accumulate solid achievements.
These in turn provide a solid referential foundation for decision-making and practice-improvement in Taiwan’s forest management policies.
On the other hand, in order to cope with the transition toward globalization and the challenges it bring, many of our research projects have
transcended the geographical boundaries. And we are engaging the issues at grander scales and longer time spans. Measures such as the es-
tablishment of databases for long term ecological research, modeling and design of carbon credit trading, monitoring and prevention of plant
diseases and insect infestations etc. are also being gradually established through the efforts of our research teamwork.

Reviewing the research works of the Taiwan Forestry Research Institute, a total of 81 projects have been undertaken in 2009. In a bid to
showcase our research achievements to a wider audience, and to consolidate our position in Taiwan, we’ve compiled the results in this annual
report. Through the publication of this annual report, we welcome outside scrutiny of our research efforts in the past year and to put forth
worthy comments and suggestions. These inputs shall allow us to review the past and set courses for the future in an ever-refining manner
that together we can pool our wisdom to provide guidance to the future research directions of Taiwan’s forestry.

J. §G gt

Director General, Forestry Research Institute, Council of Agriculture, Executive Yuan
2010/10/01
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he Taiwan Forestry Research Institute, Council of Agriculture, was founded during the Japanese occupation period (AD 1896), and more than a
Tcentury has passed since then. With the changing time and different social demands, the TFRI has undergone several reorganizations and frame-
work modifications in the interim. It morphed from the original “Taipei Nursery” into a full-fledged research outfit with 10 research divisions, 4 ad-
ministrative units and 6 research centers. In the meantime, research facilities and capacity levels have been elevated constantly. As a consequence, the
TFRI has accrued numerous and diverse research achievements.

In the past, annual report of the TFRI was organized according to the specialties and undertakings of individual divisions. However, in view of the
increasing importance of interdisciplinary cooperative researches and mission-oriented study grouping, the 2009 annual report was thus endeavored to
break the mold and using the project domains as the organizational axis of the report. Individual research results are then infused into the framework
80 as to present our research efforts in the past year in a comprehensive manner. There were a total of 81 projects carried out in the 2009 by the TFRI
researchers, and 5 major domains were covered, these were agricultural biotechnologies domain (4 items and accounted for 5% of the total); agricul-
tural technologies domain (1 item, or 1% of the total); agricultural policy research and science and technology management domain (6 items, or 7%
of the total); agricultural electronics domain (7 items, or 9% of the total); forest and natural resources domain (58 items, or 72% of the total); and a
special carbon conservation and energy saving task group (5 items, or 6% of the total). The above projects could be further grouped as: 3 items on de-
veloping biotechnology and high tech agriculture; 1 item on the promotion of agricultural technology industry; 1 item on strengthening talent training
and international cooperation; 6 items on agricultural science and technology management; 7 items on the promotion of agricultural e-valued added
applications; 2 items of establishing the national geneplasm depositories; 19 items on basic researches of natural resources; 31 items on management
and utilization of bioresources; 2 items on monitoring and management of habitats; 1 item on monitoring and management of invasive alien species; 3
items on remote sensing technologies applied to the establishment of forest information management; and 5 items on energy saving and carbon miti-

gation research team.

In addition to promote researches, the TFRI has also achieved the following administrative achievements in 2009:

—

. On the development of superior forestry and enhancing international competitiveness: (1) six items of academic-industrial cooperative research
projects including: “Developing the active ingredients in Litsea cubeba into functional cosmetic products;” “Mass propagation of superior and cold
resistant clones of Jatropha curcas;” “Cultivation of tissue culture derived Cinnamomum kanehirae plants to supply wood for the production of
Antrodia cinnamomea fruiting bodies;” “Preparation of a glue-infused handmade papers;” “Development of technology in extending the service life
of wood frame buildings;” and “Seed storage and germination technology of the important native Podocarpaceae species in Taiwan;” (2) A research
plot was established at the Fushan Research Center and the 2nd all-tree survey of the 25 ha plot was completed. Another research plot was estab-
lished at the Lienhuachih Research Center and the 1st all-tree survey was completed. Finally a 10 ha research plot was set up at the Hengchun Re-
search Center and the 1st double check of the flora there was completed; (3) International seed exchanges were carried out with 100 nations and 600
organizations; (4) A total of 832 papers were published, of these, 108 were papers in research journals (including 41 SCI papers and 13 EI papers),
161 were symposium papers; 113 were bulletin reports; (5) Completed the internationalization of websites for the databases of botanical gardens
and herbarium, and 146,600 hits were recorded for these sites.

II. On the development of safe forestry and protection of consumer rights: (1) Established 1 case of a Taxus marei farm with comprehensive produc-
tion records; (2) Completed 450 cases of forest tree insect and disease diagnostic and health inquiry services; (3) Provided 10,035 cases of woody

material identification and processing inquiry services.

II. On the development of leisure forestry and enhancing rural life quality: (1) Conducted 528,524 person-cases of guided eco-tours and services to
the public; (2) Conducted 4,702 person-cases of forestry educational training.

IV. On the development of eco-forestry and promotion of sustainable utilization of natural resources: (1) Restored the endangered endemic popula-
tions of Cycas taitungensis and Keteleeria davidiana through cultivating their seedlings for 419 and 2,000 plants, respectively; (2) Studied carbon
sequestration capacities of 2 species of trees; (3) Cultivated and managed 20,000 saplings for reforestation and greening of the environments; (4)
Completed 98.07 ha of inter-planting and construction of dual-layered forests at the research centers; (5) Established 15,000 units of digital plant
specimen images; and (6) Established 10,000 units of digital insect specimen images.

V. On the enhancement of overall forestry development and promoting welfare to the farmers: (1) Conducted 27 km of forest road maintenance and
rebuilding; (2) Conducted 3 cases of research and survey related to the “Green Reforestation” project.

As the official forestry research organization of Taiwan, this annual report lists the researches, the academic-industrial cooperative projects, and their
achievements in 2009. In addition, the important events transpired, special lectures by the visiting scientists, published items, and accounting and bud-
gets are also included at the end to cover the aspects not encompassed by the research projects, and to provide a comprehensive review and evaluation
of the past year for our readers.
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This 4-year research project was proposed to develop gene-stacking
technology for the breeding of new Eucalyptus varieties in which mul-
tiple genetic characteristics are improved to meet the demand in indus-
try. Preservation technology was also proposed to establish a mutant
bank containing varied transgenic lines of Eucalyptus that will bring the
molecular breeding into the new research area of functional genomics.
In this year’s project, gene stacking by sequential transformation was
developed to raise transgenic E. camaldulensis plants with antisense
Pt4CL1 and sense CAIdSH transgenes. Transgenic E. camaldulensis
plants previously transformed with a sense CAIdSH transgene were
sequentially transferred with a recombinant SiRNA of the CAD gene
to produce transgenic callus or shoots with double transgenes. In addi-
tion to this, 5 cellulose synthase (CesA) genes will be cloned from E.
camaldulensis for further co-transformation work in the following year.
In a controlled pollination for gene stacking, transgenic seedlings with
C4H and GUS transgenes derived from pollination between transgenic
E. grandis x E. urophylla and E. camaldulensis were raised. Transgenic
Eucalyptus previously transformed with either an antisense Euc4CL1
or a sense CAId5H transgene was induced to flower and to allow for
more controlled pollinations. For rapid measurements of monomeric
lignol of the transgenic wood, an analytical technique using pyrolyzer
coupled with GC-MS was developed. We already confirmed that the
sense CAIdSH transgene could increase the S/G ratio and that the total
amount of cellulose was not affected.
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Establishment production plateform of Antrodia cinnamomea fruiting bodies and

camptothecin
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Production of Antrodia fruiting bodies in natural wood of Cinnamomum
kanehirae has been developed by some biotech companies in Taiwan.
Since natural trees of C. kanehirae are protected, wood from man-
made plantation become the only source. We found that C. kanehirae
plants derived from tissue cultures grew rapidly with a greater survival
rate than those derived from cuttings.. Therefore, we tried to develop a
mass production system for tissue culturing of C. kanehirae to increase
its multiplication rate and reduce the production cost. We also tried
to build a platform of in vitro culturing of 4. camphorate; inoculation
and fruiting bodies production on the harvested branches and logs of
C. kanehirae from different ages of man-made plantations. In another
study, Nothapodytes nimmoniana trees, a major source of camptotheicn
(CPT), a precursor to synthesized anticancer drugs, have created sub-
stantial profits for some biotech companies in Taiwan. Process of the
traditional management was to plant the trees for 5 years, and then har-
vested the trunks to obtain CPT, while branches including leaves were
discarded. We selected several chemical races of the N. nimmoniana
that contain high concentrations of CPT and its analogues, and develop
a sustainable management system by harvesting the branches annually.
In order to mass producing these superior clones, tissue culture is the
best step. Once more clones are propagated in vitro; we established a
scion garden to produce plants from cuttings. Plantations established
using these 2 sources will be compared for their costs and efficiencies.
In farm management, we will analyze variations and concentrations of
CPT analogues in the fresh and differently dried/powdered branches to
find the best yield of both biomass and CPT analogues. This year, we
have established a suitable combination between the numbers of in vitro
cultures and transplanted plantlets of C. kanehirae. We can transplant
plantlets at a rate of 1,500 per 1.5 months, or 4,500 per 4.5 months, as
the suitable planting season dictates. We have also identified the com-
ponents of IMCPT in N. nimmoniana leaves using a UPLC-TOF. CPT
and 9MCPT in fresh leaves of 27 clones from 5 provenances were ana-
lyzed. The CPT concentrations ranged from 2,000 to 4,000 ppm, while
the 9MCPT from 900 to 2,000 ppm.
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Establishment of industrialized plantform for harvesting process of forest products

with great value
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Producing a good quality product is often the critical techniques in the
establishment of its industrialization platform. There are many valuable
forestry products in Taiwan, such as the taxol from Taxus plants, camp-
tothecin from Nothapodytes nimmoniana and Camptotheca acuminata,
cinnamon from Cinanmoum osmphloeum, etc. These products are made
from harvested branches, dried and ground into small and even particle
sizes with a low moisture content of < 10%, before being extracted to
obtain the target components. Costs and quality of the particle products
are very important in the process. In this project we used solar energy
to convert heat and electricity to dry and grind the branches. This sys-
tem will reduce costs and produce competitive products in the world
market. This year, we have established an oasthouse heated by solar and
electricity energy; and a powdering machine that can powder branches
at 1,250 kg h'. We estimated that solar energy can reduce the electricity
fee by about NT$11.2 kg™ of the fresh branches.
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Establishing production platforms of Antrodia camphorata fruiting bodies and

camptothecin
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Iin this project, industrialization of the Taxus sumatrana production
technologies either for farms or bioreactors to produce the anticancer
taxoid drugs was carried out and a better protocol established. The in-
dustrialization platform of farming superior chemical races to produce
taxol was near completion from a pilot test based on the cooperative
plan between the Taiwan Forestry Research Institute (TFRI) and an
industrial partner. In order to increase the competitiveness in the global
marketplace, new chemical races with high 10-deacetyl baccatin III
(10-DAB) contents should be selected and bred. This project focuses
on farming these races and evaluating their economical potential. An
earlier industrialization platform of producing the taxol via bioreactor
failed as scale-up of our laboratory bioreactor by an industrial partner
was not performing as expected, despite of the fact that transgenic cell
lines were proven to perform well in our 2-L bioreactor. Since the dis-
posable bioreactor has been proven to set up faster, reduce down time,
and simplify validation; cell cultures in this system will become an in-
novative way to produce taxol effectively. This year, we have selected 3
chemical races with branches containing stable and high concentrations
of 10-DAB after monthly analysis of the samples. The nursing system
included rooting cuttings and pot test was established using reliable and
cheap artificial medium and healthy plant quality. One ha of the trial
plantation was established as well. Treatments for the harvested branch-
es were tested to determine the best practices to preserve the desired
chemicals. Five batches of 3 cell lines in both stirred and wave bioreac-
tors were tried. The optimal conditions for both reactors still need more
trials.
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Long-term ecological research on agricultural ecosystem and building the ecological

information management system
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Establishment of an ecological information management system (EIMS)
is a highest priority issue, especially in the new era of information
technology. Cooperation with US-LTER and learning experiences from
their site management will help us saving time to set up similar infor-
mation management system. Metadata is the ideal way in which these
archived data can be rapidly accessed and discovered. In order to ensure
the long-term availability and enhance the usability of ecological data,
several partner groups from the ecological communities in the United
States have collaborated with us since 1990 to define a standard format
for documenting ecological data. This standard is called the Ecological
Metadata Language (EML). EML, developed by the ecological commu-
nities and established as a standard for documentation, is a significant
step forward in ecological research. It provides the means of editing and
cataloging in the process of data archiving and retrieving. It is obvious
that EML can fulfill the requirement of data legacy by providing suf-
ficient documentation of necessary data for tomorrow’s scientific use.
We also planned and established the EIMS to support new research and
application. Finally, we strive to promote our IM experience to other
Asian countries, and play a leading role in Ecoinformatics.




RER IS EE

e M b B M et L,

-
< yo ’ =y S I MR
I
w

., 4 E L :
i — 20094673 15— 19N AR LA BT BE -

An international information workshop of database management for dynamic plot.
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Application of digital information to natural resource conservation
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Purpose of the project was to develop a wireless data transmission and a
GIS simulation technology, and apply them to the hydrologic monitor-
ing and sediment controlling of Suilichi upstream watershed. Also, in
order to solve Taiwan’s problems in natural resource conservation, a
forest watershed management seminar was held. The results will be use-
ful references for sustainable forest management and natural resource
conservation.

From the passing typhoons, heavy rain will fall from June to October in
Taiwan. These events cause falling stones and serious mudslides in the
mountainous areas, which have already influenced current hydrologic
observations at the No. 3 watershde at Lienhuachi. After the brook flood
crested, namely carry on clearing up 409 m* amount of silt and sand in
weirs and maintain instruments and facilities of Lianhuachi Watershed
No. 3. Keep up long-term meteorological and hydrologic observation
and data collecting.

After studying and judging topography of Lianhuachu, the AP points
and cable of transmission had been planned and set up. Improvement
hydrology instruments, using digital diary module, GSM data logger
and wireless bridge/EAP technique to transport the data, it succeeded to
collect the data from watershed No. 3.

To solve the Taiwan’s problem of natural resources conservation, the
2009 forest watershed management seminar and the 2009 forest road di-
saster investigation recovery workshop had held in June and December.
Invite the professors of universities and scholars of TFRI, teach forest
ecology and forest road maintaince can correlated with knowing and
technology. They are counted for 95 and 63 participants take part these
workshops respectively. The result will be as the references of sustain-
able forest management and natural resources conservation.
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Photo 1. Dirocter-General Huang presided opening ceremony of “2009 Forest Watershed Management Seminar” .
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Modeling the species distribution of rare orchids in Taiwan

e

AN RE TR 8RR B B2 (International Union for
Conservation of Nature, [TUCN)ET/AEI#HE KRB EY)
FRD IR - BEENBEERENDHRAEY It
IWEE R RIBASE ~ A BB BRIV EALR, 2
UPBAMEREA33E o INUGISKEIITEES2
B—RERTENEERRERE NRE4ERRE
FEMPLURTIBASE - R2BRELHRRAED T
EEME D MREBARNNSENYEANREIES MR
N o WA BT BEEBMESNRER FEEEAREF
Fred £ LR MERN T8 » AR AEDIEE D TREE
Pearson’s r < 0.75(NIRIBA FFREREEA - REEH26
ERREAF R S B AR T EMaXent R E L W) B MR
N WEL4EEEREBDMME - BLUGISTKES
BABRIENAIEDMEE - EX /L HREREY D
MERME - A RERETR » AR ERERLBIX
NEHBEERET DD MEE - BT R RIKEE
NREREHE /N  HEEERAR R ERREEEE
BENIERRRBIEIRE BERRNESE -

ATN\FE FH

Base on the [IUCN’s criteria on rare and endanger species, we selected
32 orchid species for this study. Database including 433 collections
of 32 species were established, and a map of Taiwan with 52 environ-
mental factors of 1-km grid resolution were constructed. Only species
with more than 5 occurrence records were modeled. Furthermore, to
minimize the collinearity effects from correlated factors during the
model building, we applied a correlation test to select the independent
environmental factors. Finally, 26 factors were used for building the
species distribution models (SDMs) of 24 species by a niche modeling
tool MaXent. The 24 SDMs were then overlaid to obtain a hot spot map
of the rare orchids. The resulting map was then compared with the pres-
ent conservation areas in Taiwan. Eventually, we made conservation
suggestions on rare orchid species in Taiwan based on results of this
research.
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Research and building an integrated platform of advanced ecological information

management
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The goal of this project was mainly to provide a new kind of platform
to researchers in the Taiwan Forestry Research Institute (TFRI) and its
research centers. The researchers will have easy access to the database
and can obtain all the cumulative relevant information through the in-
ternet. The main works of this project include the following: First, to
plan and establish a cyberinfrastructure (CI) as an integrated platform
to support new applications and research. Second, to offer a stable and
advanced platform for ecological networking. Third, to promote the
experience from establishing the CI to other Asian countries and play a
leading role in the regional Ecoinformatics. The anticipated benefits can
provide advanced information platform for long-term ecology research
network in our country. We can continue to access the stable, reliable
research original data, and rapidly accumulating considerable research
resources for tomorrow’s scientific use.
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Digital Appraisal of the Forest Landscape Aesthetics
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This study collected the digital data of space and time by integrating
topography, plants and buildings of the Liukuei Experimental Forest to
establish an evaluation and design model of forest landscape esthetics.
Based on analyzing, evaluating, and comparing the forest landscape
aesthetics between coniferous and hardwood forests there, it is expected
to lend understanding to variables of forest scenic beauty displayed by
various forest types. Furthermore, with the digital techniques of gener-
ating forest landscapes, a design and simulation system could be setup.
Through the internet communication, forest landscape aesthetics studies
of the planning, design, prediction, simulation and analysis of forest
landscapes can then be supported. Results showed that the respondents
preferred the scenery of coniferous Taiwania plantation to that of
broadleaf forest in the ranks of SBE (Scenic Beauty Estimation), both
“gradualism” and “preference of light intensity” of formal aesthetics
had positive effects on the scenic beauty and provided valid prediction
in both investigated forest types. “Naturalness” did show positive effect
on the scenic beauty of the Taiwania plantation, but, on the other hand,
“harmony” had positive effect on the scenic beauty of the broadleaf for-
est. Finally, a 3D simulation model was created via Google SketchUp to
visualize the forest landscape at the Shanping Ecological Garden.

3 '! i
00 bl"

3D simulated landscape of Shanping Ecological Garden by Google SketchUp and displayed via Google Earth.
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Application of 2-D barcode to serve recreational agriculture
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In order to create innovative digital content values for the agriculture
sector, value-added services from organic and recreational agriculture
were combined. The subordinate institutions of Council of Agriculture:
the Forestry Research Institute, Agriculture Research Institute, and
Fishery Research Institute, all have digitized their core contents respec-
tively to ivcrease the usage. However, currently, the digitized contents
are dispersed at different locations, and their usage value is limited.
Therefore, we proposed to apply a mobile computation technology to
transmit 2-D barcode messages that integrated information on organic
agriculture parks and current digitized agricultural contents. A brisker
and more convenient digital ecological introduction of the parks could
thus be accessed. It will provide various digitalized agriculture contents
in terms of value and function, lending to a more relevant connection
between the people and the agriculture sector, and redefine the modern
meaning of agriculture not only per crop cultivation but also lifestyle
and ecology.

Innovating the digital value of agriculture by means of the 2-D barcode
transmission technology allows integrating the agri-eco-farm activities
and the digitized agriculture archives, creating a vivid and convenient
introduction to farming, and extending the multiple values and func-
tions of agriculture such as living and farming to the users.

The propose of the project is to establish a net site of Chiayi Botanic
Garden (http://cytfri.tfri.gov.tw/index.php) in the digital eco-library
of agriculture which supports a briskly updated and broad spectrum
introduction of the botanic garden. Upon online registration and login,
a virtual tour guide will be provided and species information on a cer-
tain animal or plant will appear. Besides, online printout of a souvenir
sticker and membership administration are also availiable. A wireless
guiding system such as a cell phone with onboard barcode reader or a
PDA (personal digital assistant) could provide the visitor all the afore-
mentioned services. Visitors could also acquire the information of the
Chiayi Botanic Garden through a tour guide where in the garden to set
up a personal visit record. The system integrated serveal agri-ecological
data banks and enhanced application of digitized data and making it a
very useful source of ecology, recreation and education for the user. The
visiting record of schools could be downloaded for the school outing
achievement. And through the use of a throughout-life study passport
project which encourages schools and offices to participate in visiting
agir-eco-farm, the combined benefits of acquiring agri-ecoresource and
education could be attained.

Annual Report 2009
Taiwan Forestry Research Institute

17



18

REETLESE

MEVHEEBEAREERBRRZIENL

Traceablilty system for branch products made from Nothapodytes
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A Taiwan Good Agricultural Practice (TGAP) certufucate and a trace-
ability system for products made from branches of Nothapodytes nim-
moniana crops in Taiwan will be established in this project. This system
will show detailed information on the process of each batch of products,
including production area, production yield, chemical pesticides used,
the camptothecin concentration, water content of products, etc. The
traceability system has been setup in the web site of Taiwan Forestry
Research Institute as http:/trace.tfri.gov.tw.
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Application of Wireless Sensor Network (WSN): Monitoring overwintering habitat of

Euploea butterfly
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Meteorological data (temperature, relative humidity, wind speed and
direction, radiation) and images of overwintering Euploea butterflies
(Family Danaidae) were collected by automatic monitoring equipments
set in 3 locations at Liuquei, Kaohsiung County from 2005 to 2008. The
digital data collected in the field was then transferred through ADSL,
microwave, internet and stored in a digital station at Liuquei. Users
could query and analyze these data through internet interface. This sen-
sor network offered an opportunity to better understand the characteris-
tics of the overwintering habitats and habitat requirement of overwinter-
ing butterflies without disturbing the fragile overwintering butterflies.
However, the fixed sensors made it impossible to monitor the dynamic
overwintering butterflies. In addition, the sensor network was frequently
damaged by human being, wildlife and poor weather condition. Data
transfer may be interrupted or even lost as a result. Therefore, we initi-
ated a new project, “Application of Wireless Sensor Network (WSN):
Monitoring overwintering habitat of Euploea butterfly,” combining
sensors, wireless connection, information software, outdoor hardware
technique and date storage to establish a long-term, cross-scale, cross-
field, source and data sharing model for ecological research. The re-
sult of the first year included (1) Selected plots in Dawu site, Taitung
County after survey and assessment. Euploea butterflies generally move
in theses plots in November and move out in February next year. The
overwintering population is fairly stable in Dawu site; (2) Built six tow-
ers in Dawu site. Sensors which measure temperature, moisture, wind
speed/direction, and radiation were deployed on each tower; (3) Setup
3 Network Attached Storages (NAS) in headquarter of Taiwan Forestry
Research Institute in Taipei, Taimali Research Center in Taitung County
and Liuquei Research Center in Kaohsiung County respectively. NAS
will be linked for data storage and backup to guarantee the safety of
data storage; (4) All sensors in Liuquei site were either maintained,
repaired, and/or calibrated. Equipments not well functioned in Liuquei
site were replaced; (5) Cable lines in Liuque site were moved 1m away
from the trail and lifted 1m above the ground to prevent them from the
damage by human beings, ground moisture and rodent chewing.
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Collection, preservation and utilization of genetic resources from the endemic plant

species
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Seeds of Styrax formosana and Styrax matsumuraei have physiological
dormancy. Fresh seeds germinate poorly. Seeds treated with gibberellic
acids (GA; or GA,) promoted germination, and germination percentage
increased to 60%. Seeds of T¥uga formosana exhibited orthodox storage
behavior. However, seeds of Castanopsis carlesii exhibited recalcitrant
storage behavior. Genetic variation and phylogeny of the coastal plant,
Barringtonia species showed a lower genetic variation by the ISSR as-
say, suggesting that ex situ conservation for this species is required. We
found 19 functional genes from the native plants of Lycopodium. Pre-
liminary determination of genetic variation and phylogeny of Quercus
pachyloma, Fagaceae, showed some variation among the populations.
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Establishing DNA barcodes and preservation and utilization of genetic resources of

forest species in Taiwan
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The DNA barcode data of Theaceae family plants established using
their chloroplast DNA transcribed spaces showed that the lengths of
atpB-rbcL, petG-trnP and trnL-trnF segments were 827-847bp, 434-
465bp and 419-438bp, respectively, among the 71 complete sequences
collected.

The seeds of Cephalotaxus milsoniana and Mahnia oiwakensis showed
low germination rates due to their morphological dormancy, but seeds
of Abies kawakamii in high altitude could germinate within one month
after harvesting. Besides, we found that Ganoderma australe and Tram-
etes hirsute were the most common wood decay fungi investigated,
judging from the data of more than 40 strains separation, in the Szehu
shelterbelt, Liukuei Shanping, and Chiayi Shizhuo.
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Systematic studies and storage of forest creatures
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1. The Herbarium and other collections

1.1.

1.2

1.3.

Plants: 330,000 sheets of specimens were deposited, 23,600
sheets mounted, and 210,000 sheets digitalized. Duplicates
were also exchanged with 20 oversea herbaria. Specimens were
checked 212 times and literatures 23 times by researchers. Eight
papers regarding to the new record or naturalized plants were
published.

Woods: 61 records of wood properties were built in the database;
1837 wood pieces were laser-carved; 286 wood specimens were
collected; 226 identified and 2764 wood property inquires were
serviced.

Insects: 1,798 specimens were collected and mounted; 15,533
records and 13,437 images were archived; 13,163 pinned and
478 liquid-soaked specimens were identified. Alcohol of 15,441
liquid-soaked specimens was replaced and camphor of all boxes
was replaced.

2. Species-complex studies

2.1.

2.2.

2.3.

2.4.

2.5.

Pteris cardieri complex: The cpDNA atpB-rbcL and rbcL and
nrDNA PgiC sequences analyses showed there were 11 taxa.
They all shared a “Y” haplotype and another haplotype came
from either X1, X2, X3, or X4 lineage. They were diploid, trip-
loid, or tetraploid, and all reproduced by apogamy.

Aucuba complex: The phylogeny tree derived from morphology
and nrtDNA (ITS-1, ITS-2) revealed two clades, 4. chinensis and
A. chinensis var. fongfangshanensis. Geography separation also
led to genetic differentiation of taxa within the clade.

Asarum macranthum complex: The phylogeny tree derived from
cpDNA (#rnL-F, matK, petD) and ntDNA (ITS) showed 2 clades,
A. macranthum + A. albomaculatum and 4. hypogynum + A.
yaeyamense, in Taiwan. Results also revealed that there were at
least 2 speciation origins of this complex in Taiwan.

Bredia complex: The phylogeny tree derived from cpDNA (¢#rnL-
F, psbA-trnH and rps16) and ntDNA (ITS) has 2 highly supported
clades, B. gibba and B. hirsuta. The latter included 3 monophyl-
etic groups of var. hirsuta, var. rotundifolia, and var. scandens.

Hibiscus complex: Two new species were found and tentatively
named Hibiscus tarokoensis S.Y. Lu et S. W. Chung sp. nov. and
Hibiscus taimaliensis S.Y. Lu et S. W. Chung sp. nov.

2.6.

2.7.

2.8.

Mahonia complex: Two new species were found and tentatively
named Mahonia tayulingensis S. Y. Lu et S. W.Chung sp. nov.
and Mahonia funchifuensis S. Y. Lu et S. W.Chung sp. nov.

Scutellaria complex: The phylogeny tree derived from cpDNA
atpB-rbcL sequences revealed 2 clades, S. playfairii and another
one (B) which included the other taxa of this complex. The S.
tashiroi of Dulan and S. austrotaiwanensis of Lilong and Dapu in
clade B formed a branch. However, the S. tashiroi of Lidau and S.
taiwanensis of Lilong and Chingshuyin were not distinguishable.

Goodyera complex: Results showed there were 20 species in this
complex native to Taiwan. Among them, 2 synonyms, 7 misiden-
tified names were corrected, and one new recorded species, G.
bomiensis Lang was confirmed.

[This research was conducted by: Wang YS, Wang JC, Lu SY, Chiou
WL, Lu SS, Chao JT, Chiang TY, Hsieh TH, Chung SW]
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Study on the conservation of Keterleeria davidiana var. formosana
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Keteleeria davidiana var. formosana is an indigenous tree presents
only in the northern (Pinglin) and southern (Dawu) parts of Taiwan.
These trees have already been listed as one of conservative tree spe-
cies and protected by the government due to their scarcity and low
rate of seed setting. The mother trees are few and there are only 108 in
Pinglin. Moreover, their vigor is decreasing which coupled with few
regenerated offspring in nature are caused by their low quality of seed
production, as - more than 97% seeds per cone are empty. This research
project proposes to conserve these mother trees using pollen preserva-
tion and branch cuttings. Fifty-three mature mother trees have already
been propagated by branch cutting. There was no decline in the pollen
viability level after 4 years of low temperature and freeze drying pres-
ervation. Fresh pollens were used to pollinate different seed parents and
the ratio of sound seed is 94.6%. After 4 years using low temperature
preservation of pollen, the Dawu No. 298 pollen produced germination
rate of 73.5%. The stored pollens were used to pollinate different seed
parents and the ratio of sound seeds varied from 0 to 100%. The ger-
mination rates of sound seeds were from 5 to 44%. In this year, we’ve
already produced more than 2000 seedlings.
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The conservation and utilization of Lithocarpus (Fagaceae) species in Taiwan
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Taxonomy of 16 Lithocarpus species (including 3 varieties) native to
Taiwan was studied and their rareness statuses were evaluated. Among
these, L. konishii and L. corneus, being potentially useful in the future,
were selected to study their genetic diversity, pollination biology, and
chemical components. Seed germinations of L. konishii and L. nan-
toensis, an endangered species, were investigated, and grafting of L.
castanopsisifolius, another potentially useful species, was studies. Re-
sults showed that pollen morphologies were not very different among
species in the Lithocarpus genus, but could be distinguished among
different genera. The trichomes on the leaf surfaces were classified into
five types. Each species in this genus was diploid (2n = 24). Based on
sequences of atpB-rbcL, trnL-trnF, and trnP-petG, the genetic diversi-
ties of L. konishii and L. corneus were low; both of them shared some
haplotypes and with some specific ones. There were 7 orders of insects
visiting flowers of L. konishii, mostly Coleoptera and then Diptera. Five
orders of insects were found on flowers of L. corneus. More of them
were found in daytime (mainly Helotidae and flea-beetle of Coleoptera,
Apidae, and Muscidae) than in the night (mainly moth). Amounts of
anthocyanin and flavonoid, activities of anti-oxidant, and fatal rates
toxicity to marine shrimps were all high in cupules than in leaves or
branches of L. konishii and L. corneus. Fresh seeds of L. konishii and
L. nantoensis would not germinate unless their skins were removed.
Seeds of L. konishii under 25/15°C and 20/10°C could germinate after
1.5-year of storage. However, the seeds of L. nantoensis were not suit-
able to be deposited under the tested conditions. Average survival rates
of seedlings of L. konishii and L. nantoensis were 86.2% and 18.7%,
respectively, in a one year culture. The rates of grafting survival of L.
castanopsisifolious were significantly higher in winter and spring than
it did in other seasons. During the spring, successful grafting rate was
58%. And 56.75% of them started flowering but only male ones were
observed. According to the IUCN criteria, one species were evaluated
as critically endangered, 3 species endangered, 3 species vulnerable, 4
species near threatened, and 5 species of least concerns.

[This study was conducted by: Chinag YC, Ju LP, Lu SY, Hong KY, Fan
YB, Huang IC, Chen SY, Cheng YP, Chung SW]
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Relationship between the composition and understory of forests and avian
community diversity at different elevations in the Liukuei Experimental Forests
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Inventories of bird diversity, and vegetation compositions and struc-
tures were respectively conducted in the Liukuei Experimental Forest
monthly from March to October in 2009. Bird banding was also carried
out at the end of breeding season in late July to obtain information on
the hetero-specific population parameters of bird communities. Mean-
while, an auto-sensing recording system was built on the basis of exist-
ing wireless networks of Shanping Workstation for the development of
applied bioacoustic research. With the severe impact of Typhoon Mora-
kot to Taiwan in August, variations in bird assemblages between two
periods were compared. After the typhoon, point count census recorded
24 families of birds, including 15 conserved species among a total of
59 species in the Fengkangshan study area. Large scale disturbances
did not significantly decrease the mean numbers of either species or
individuals. As to the banding work, there were 11 species of 6 families
captured, amounting to a total of 83 birds, of which grey-cheeked ful-
vetta (4lcippe morrisonia) predominated. Measurements of vegetation
characters within the 25 sampling points were completed; and a brief
checklist with an identification key were established for further uses.
The unusual phenology after the disturbance was monitored persistent-
ly. Furthermore, pre-tests of the auto-sensing recording system were
done and an initial sound database was ready for advanced integrations
and exploitations.
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A survey of the forest moth community distributions; the leaf foraging moth larvae
of dominant tree species, and evaluation of their energy consumptions
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The project proceeds with a study of adult moths from the period
from2009 to 2010. The studying areas include Taimali, Fushan, Lien-
huachi, Henchun and Liukuei. The purposes of the project is to estab-
lish the moth fauna database of the TFRI forests, exploring the factors
variations such as season, direction, altitude and vegetation that affect
the moth fauna, comparing the compositions to the different collecting
sites in the same area or to the different areas. Moth collecting by light
attraction had been implemented once a month in 2009; and a total of
7,897 photos of living adult moths had been taken and uploaded to the
TFRI website “Flickr” for future identification. We have made 6,923
mounted adult specimens so far in this study. Larvae of a total of 106
species including 16 families and 90 genus have been reared and identi-
fied, of these, 4 species are new to Taiwan and 6 species are Taiwan
new records. A total of 303 ecological photos of the larvae have been
taken and also uploaded to the Flickr. The primary list of the moths and
caterpillars with their host plants had been established. Some caterpil-
lars that caused severe damage to their hosts have been investigated and
discussed.

= »« HengChun Botanical Garden Caterpillars
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Photos of adult moths and their larvae have been uploaded to the TFRI website “Flickr” .
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A systematic study and conservation of the genera of llliciaceae of Taiwan
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According to Lin (2001), the genus /llicium (Illiciaceae) should be
revised and he suggested two sections: The sect. [llicium (with white
petals and keeled leaf midrib) and the sect. Cymbostemon (with reddish
petals and impressed leaf midrib). In this research, we suggested that
the 5 known Illicium taxa in Taiwan could be divided into these two
sections (Sect. Illicium: 1. daibuense, 1. philippinense, I. tashiroi; Sect.
Cymbostemon: 1. arborescens and an unknown [llicium sp. with pink
petals).

Lin (2001) also suggested that carpel number is a diagnostic character
for I. philippinense and I. tashiroi. Our research result reveals that
carpel number of 1. philippinense in most individuals is usually fewer
than that of 1. tashiroi, but the range of carpel number in both Iilicium
overlapped. Carpel number thus seems to be not a diagnostic character
for these two taxa in Taiwan. In this research, 8 morphological charac-
teristics (carpel number, follicle apex, follicle pedicel, follicle diameter,
follicle height in lateral view, blade length, blade width and stipule)
and 10 OTUs in the Anmashan, Taichung County. were measured and
analyzed by a numerical analysis. These 10 OTUs could be divided into
two groups. Quantative analysis of all /l/licium spp. in Taiwan would
proceed in the future. The [llicium sp. found only in a Dasheshan for-
estry road seems to be a hybrid because it flowers but never set fruit.
Hybridization of this /llicium sp. should be researched in future.

Pollen morphology of the //licium spp. in Taiwan was observed by a
scanning electronic microscope (SEM). Ditches in the pole faces were
diagnostic characteristics of the pollen grains of //licium spp. in Taiwan.
Pollen grains of 1. arborescens and Illicium sp. were syncolpate. Pollen
grains of . daibuense , I. philippinense and 1. tashiroi was tri-colporate.

Based on a cladistic analyses of trnL-trnF and ITS sequences, the
Taiwan [llicium spp. and Japan I tashiroi could be differentiated into
2 clades. Results of the trnL-trnF sequences could not differentiate
members in the 2 sections of I//icium spp., however. Results of ITS se-
quences could differentiate the Taiwan I//icium spp. into the 2 sections,
but could not divide these taxa clearly. Based on these results, we sug-
gest that Japan and Taiwan I tashiroi are different species and further
taxonomic research is necessary.
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Effects of visitor disturbance on birds in urban parks and green areas
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The main purpose of the study is to assess the influence of pedestrians
on bird communities in urban green areas. We used a plot- close policy
in Taipei Botanical Garden to study the difference between bird com-
munities with or without pedestrians.

Certain parts of the Taipei Botanical Garden were closed before 8:30
in the morning. We compared bird communities in these parts before
and after 8:30 to assess the effects of the plot closure on the bird’s
use of habitats. We compared each for the bird richness, abundance,
Shannon-Wiener index, Shannon-Wiener evenness index and number
of each species between the closed and open plots. Besides, we tested
the linear-correlations between each of the above variables and each of
the disturbance factors such as noise level, number of static pedestrians,
number of moving pedestrians, and number of total pedestrians. Our
results showed the plot-closure policy actually influenced the distribu-
tion of birds. Bird richness obviously has a negative relationship with
number of moving pedestrians, while there was no significant relation-
ship between each of bird community variables and number of static pe-
destrians. The noise from pedestrians was less disturbing than that from
the outside traffic. There were no significant relationship between noise
level and each of the bird community variables. The plot closure policy
of the Taipei Botanical Garden actually affected habitat use of the birds,
and we suggest that the policy should be continuously maintained to
help the population of wild birds. We suggest that the early morning
plot closure policy may be extended to other urban green areas as well.
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Study on the restoration of Cycas taitungensis
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The development of specific polymorphism microsatellite loci on Cycas
taitungensis and the research on Cycas taitungensis population using
ISSR DNA are discussed. Plants collected in the Luye River Forest
Compartments, Coastal Range, and seedlings in a Taiwan Forestry
Research Institute nursery showed that variations existed within popu-
lation rather than among populations according to the results of ISSR
DNA. In addition, we observed that buds occurred twice a year in the
nature reserve. As for the physiological dormancy, the germination rate
of Cycas taitungensis seeds could be improved by GA3 treatment and
cold moisten stratification (64.2% and 40.0% respectively) and calluses
were formed through sucker mircopropagation.




maU P EMRERENRE 7L

The long-term dynamic research of the Fushan natural broad-leaved forest
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According to the protocol of worldwide Forest Dynamic Plots (FDP),
and in order to understand the temporal and spatial processes of forest
community composition and structure, we conducted the second tree
census of the 25-ha Fushan FDP in this project. Combining the data
from the 2 censuses, we analyzed the mortality, recruitment, and growth
rates of the tree demography and examine the dynamics of the Fushan
natural broad-leaved forest.

The full tree census of the 25-ha plot, compilation of census database,
and verification and debugging of the data were completed in this year.
Based on the data from the plot, there were increases of 424 tree indi-
viduals in abundance and 2.1 m*/ha in basal area of trees, respectively,
but there was a loss of 4 tree species within the plot as well.

The annual mortality rate and recruitment rate throughout the forest
were 2.61% and 3.15%, respectively. And the mean annual growth rate
was 1.71%. However, these rates greatly varied among different spe-
cies. Pioneer and understory shrub species tended to have higher mor-
tality and recruitment rates. Besides, there was a significantly positive
linear correlation between the mortality and recruitment rates among the
110 tree species, which revealed a regeneration niche of tree species in
Fushan forest and may contribute to maintenance of the tree diversity.
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Natural regeneration potential of the Kenting tropical coastal broadleaf forest
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A 10-ha forest dynamic plot, 400 x 250 m, was set up at the Kenting
uplifted coral forest in 1996~2001, and it was re-inventoried in 2008.
Among the 105 woody species recorded in the first survey, 4 were not
seen in 2008. In the same period, | new immigrant species was re-
corded. The tree density of the first survey was 4,211 trees ha™, which
has decreased to 3,892 trees ha™ in 2008. The basal area of the plot
decreased from 41.4 m* ha” to 9.9 m* ha. There were 5,603 recruits and
10,427 dead trees during the two census periods.

MERBRAT 2 3 AR ENEAR [
Three forest dynamic plots are operated by the Taiwan Forestry Research Institute.
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A study on the Lienhuachih broadleaf forest dynamic plot
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The Lienhuachih Forest Dynamics Plot (FDP), measuring 500 m by 500
m square, is located in central Taiwan. Surveillance data on the plot,
collected following a unified method adopted for the worldwide FDP
network, were analyzed for floristic composition, size-class structure,
and species diversity. In total, the censussed trees and shrubs belonged
to 144 species in 86 genera and 39 families. The most dominant families
were the Fagaceae, Lauraceae, Rubiaceae, Euphorbiaceae, and Melas-
tomataceae. In total, 153,268 (6,131 ha™) individuals were recorded,
and the total basal area was 34.77 m* ha'. Of the 144 species, the most
abundant were Randia cochinchinensis and Blastus cochinchinensis.
Pasania nantoensis had the highest basal area (8.38%), followed by
Engelhardtia roxburghiana (8.12%) and Schefflera octophylla (7.23%).
Calculation of the importance value (IV, incorporating relative values
of abundance and basal area) showed that R. cochinchinensis, B. co-
chinchinensis, S. octophylla, Cryptocarya chinensis, and E. roxburghi-
ana were the most dominant species with the highest IV values in the
plot. The sum of the 30 top species’ IV reached 83.06% of the whole.
Although the first 2 species were understory shrubs and very dominant
due to their large number of individuals, certain numbers of rare species
did increase the floristic diversity of the plot. Based on the species com-
position, the forest is characteristic of the Machilus-Castanopsis forest
zone of Taiwan, there are certain dominant understory species and 2
pioneering species in the major canopy composition.

For the size-class structure, 102 species showed 4 patterns of size-class
distribution: L-shaped, inverse J-shaped, fluctuating, and bell-shaped.
The former 3 patterns accounted for a total of 98 species, including a
great number of small-sized individuals, imply that most current spe-
cies in this study site can display good recruitment with rich resources
of saplings. The woody plant richness of the Lienhuachih FDP is the
highest among the low-elevation FDPs in Taiwan. Compared to other
Center of Ttropical Forest Science forest dynamics plots on the islands,
Fisher’s alpha diversity (ha™) index of the subtropical Lienhuachih FDP
was similar to that of the Luquillo FDP in Puerto Rico but much lower
than that of other FDPs in the tropics.
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Establishment of a healthy tree nursery system
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The SOP of the diagnostic techniques against soil diseases or pests.
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The seedlings selected as important tree species for afforestation in
2009 were Michelia formosana, Cinnamomum osmophloeum, Cin-
namomum kanehirai, Taxus sumatrana, and Liquidambar formosana.
The investigation of the important types of diseases or pests in 4 tree
species (Michelia formosana, Cinnamomum osmophloeum, Cinnamo-
mum kanehirai, and Liquidambar formosana) was completed in the
midterm; the investigation of the important types of diseases or pests
in the remaining 4 tree species (Eucalyptus spp., Calophyllum inophyl-
lum, Melaleuca leucadendra, and Taxus sumatrana) was finished in the
final. In addition, the data collection has been completed, and database
of pests and diseases for the 8 tree species has been established. Our
research also established molecular diagnostic techniques to all major
pests and diseases at the seedling stage. We currently have developed
the diagnostic techniques against Rhizoctonia solani, Pythium spp.,
Phytophthora spp., and Fusarium spp., as well as completed the estab-
lishment of polymerase chain reaction (PCR) method for rapid quar-
antine. In order to detect the 4 pathogens of damping-off disease at the
same time, we searched and designed the primer pairs specific to these
pathogens and these primers could act at the same annealing tempera-
ture, 56°C, in PCR. In specific tests, each primer pairs could amplify
only the correct DNA fragment of
a target pathogen. Damping-off
is the most common disease of
seedlings, this new technique has
already been used to detect patho-
gen in seedling roots and soil, and
diagnosed damping-off disease

#1158 S

oo 541 R 1 for healthy forest seeds and seed-

lings. Moreover, we compared the
differences between traditional
and the new DNA purification
methods. Preliminary results were
published in 2009 Quarterly Jour-
nal of Chinese Forestry.
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Integrated management of studies on the diagnosis and consultation of tree

diseases and pests
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In this project, a “Diagnosis Center of Forest Diseases and pests” has
been set up to provide information and services of forest health man-
agement-related issues to the public. In addition, we’ve also renewed
the database of forest pests on the website. A total of 500 cases of forest
diseases or pests were identified since 2009, which contains 204 cases
of plant diseases (40.8%),110 of insects (22%),and 186 of physiological
agents (37.2%).

Among the plant diseases, 83 cases were brown root rot that made up
16.6% of the total cases and 40.68% of total plant diseases. Neverthe-
less, there were 25 scale insects cases that occupied 5% of the total
cases and 22.7% of the insect cases. In regional distributions, Taipei
city which had 70 cases, was the leader, followed by 59 cases in Taipei
County. The cases reported through internet communications accounted
approximately 70% of the overall services and this achieved the ob-
jectives of a simplified single-window service. This year computer
software for forest diseases and website information continued to be
updated, and the database on pests has been established and updated
that will allow users to browse the web more conveniently and friendly.
In connection with the major forest pests and diseases, we not only
continued to develop more effective diagnostic reagents to enhance our
service efficiency, but also held 11 pest workshop activities.
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The front page of the website of the Diagnosis and Information Center of Forest

Diseases and Pests.
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Health evaluation and management of precious and conserved trees
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Management and tending of protected tree is necessary in Taiwan, and
there are no standard of evaluation for various tree disease, tree vitality,
and tree risk rating. For this practice purpose, this study aims to explore
the effects of various fungi on the living trees, to investigate tree health
rating by visual tree assessment, and to display 2D profile of stem cross
section on decay or damaged standing tree by nondestructive tech-
niques. The experimental sites were selected from street trees, parking
lots, and plantation plots. The sampled trees included precious and pro-
tected standing trees. Results of the research could provide information
for set up management, and evaluation of tree health.

The investigative results of this year covered 133 trees (12 tree species)
from 15 different plots. We made suggestions on various diseases, vi-
sual tree health inspection, and tree risk diagnosis methods for protected
trees. The nondestructive techniques of tree risk diagnosis used included
the first diagnosis measures (visual, hitting, and contact methods) and
the second diagnosis measures (ultrasonic wave, electrical resistance,
and increment core sampling, etc.). The experimental results often
discovered other problems from the protected trees. Therefore, further
research is need.
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Research on the preparation of a diagnostic strip and control of the tree brown root

rot disease
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Brown root rot caused by a pathogenic fungus, Phellinus noxius, is one
of the most devastating diseases of forest trees in the world. Many valu-
able trees are destroyed by this pathogen every year in Taiwan. This
disease is not easy to diagnose by its induced external symptoms espe-
cially in the early infection stage. This study was dedicated to develop
monoclonal antibodies against P. noxius with the ELISA for rapid and
sensitive diagnosis of brown root rot. In total, 14 clones selected from
the cell lines of hybridoma showed positive for P. noxius in the ELISA
tests whereas they were negative for the other similar species of fungi
such as Ganoderma spp., and Phellinus gilvus. Among these 14 cell
lines, a clone named “P-10-5" showing the best sensitivity and specific-
ity was chosen to produce ascetic fluid and its titer can reach to 10-15.
The monoclonal antibody derived from P-10-5 was further purified from
ascetic fluid and used in the diagnosis of brown root rot. Our results
in this paper demonstrated that only 0.5 g of diseased root tissue was
enough to obtain the reliable data for the diagnosis in the ELISA tests.
This monoclonal antibody will be further applied to the preparation of
colloidal gold-labeling kit for more convenient diagnosis of brown root
rot in the field.

The application of the monoclonal antibody immuno-enzyme reaction on fast diagnosis of brown

root rot diseases.
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Air pollutant buffering capacities of forest in a watershed
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The 2 major ionic contents of acid precipitation are SO, and NOx,
which are transported by suspended solids. Those air pollutants will not
only affect people’s health but also the well-being of forest ecosystem.
The aims of this project are to study ion exchanges between precipita-
tion and forest ecosystem, and to understand the buffering capacity of
forest ecosystem on air pollution. Bulk precipitation, throughfall, soil
solution, and stream water were collected in the Wenshan Forest Dis-
trict and analyzed for their pH, conductivity, solid, cations, anions, and
nitrate to investigate the attenuating ability of forest ecosystem on air
pollutants. Those scientific data are believedto provide good informa-
tion for identifying the buffering capacity of forest ecosystem on air
pollutants.

The primary results indicated that the acid precipitation in the study will
be neutralized after passing through canopy and soil layers and transfer
to alkaline when it drained into stream as streamflow. The major ions
of acid deposition were Ca”, Na*, H" and HCO; which are the results
of heavy dusts and sea salt depositions in this area. A lots of H ion were
exchanged and absorbed but K were leached out after passing through
canopy. The major ions of soil solution and stream water were Na' and
HCO;. SO,” always combing with Ca' transported into stream in the
type of CaSO,. For this reason, it caused an increasing of Ca™ content
for stream water. HCOj; could be considered as an index about the abil-
ity to neutralize acids in streamflow and the degree of weathering for
mineral soils. It also proved that the forest in the study area have the
ability of buffering acid precipitations.
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Selection of fire prevention species and building of vegetative fuel break system
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The main purpose of building the fuel break system is to prevent the
danger of fire spread when it ignites. It is necessary to frequently re-
move all above-ground fuels from the fuel breaks to keep them func-
tioning properly. However, due to long term soil erosion, invasion of
alien species, landscape and spotting fire concerns for the fuel break
system, replant of vegetation in the current fuel break system is thought
to not only prevent fire hazards but also increase productivity of for-
estland. Therefore, the vegetative fuel break system is promoted and
adapted as an alternative of fire management tool.

Species selected to replant on the fuel break system are those having
properties of fire resistance which can delay the ignition of fire. In
1968, a forest conversion project sponsored by FAO was executed in
Taiwan by the Taiwan Forest Bureau. The Dajashi area was one of the
forest districts of that project to convert the original hardwood forest
into stands of a fast growing Taiwan red pine. A total of 11,600 ha were
planted in the area. In order to prevent forest fire danger, a fuel break
system has been implemented since 1970. There are 5 categories of
fuel breaks, ranging from a width of 5 m to 50 m. Annually, the cost of
cleaning the above-ground fuels costs about NT$ 2 million. However,
there were 68 fire outbreaks in the area during 1968 to 2006. Among
them, 11 burned cross fuel breaks. Thus, changing the fuel break system
to a vegetative fuel break system has been proposed and tested. The
main purpose of this study is to select suitable species for build the veg-
etative fuel break system. Based on evaluation of the fuel break system
and the post-fire surveys, the study will review and list the chosen spe-
cies, and collect the seeds of the species to be use. Once the seedlings
are bred, we will test these species in the experiment forest of Taiwan
Forest Research Institute. The final goal will be preparation of a hand-
book to guide the practice of build vegetative fuel break system.

BiAIEE mIBI -

Seedlings of selected fire prevention speries.
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Study on the prevention of shifting sands in coastal windbreak forests
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Mechanism of initiating shifting sands is dominated by wind speed, wind
direction, grains size of the sands, and surface sand moisture content etc. In
view of these, the sand stabilizing operations expect to slow down the wind
speed, regulate the pass through amount of shifting sand, and block the sand
source. The close to the surface acolian sand motion modes are creep and sal-
tation, the both activities are less than 1 m. Sand fixing hedge has been using
at Taiwan’s seacoasts to inhibit the acolian sand hazard.

This study focuses on the discussion about initiating mechanism of coastal
acolian sands, and survey of the effectiveness of sand-fixing hedge. We used
wind tunnel experiments and field survey in the approaches.

The field experiments set BSNE sand collector and multi-layer anemometer
for survey at the Yuanli coast. We assumed that a 1 m cross section of sand-
fixing hedge spaced 10 m apart would fix ca. a 10 m’ dune. During the
northeast monsoon wind season, the sand-fixing hedge can fix acolian sands
up to 87.62%, the average unit area fixed acolian sands for 8.71 m’. Accord-
ing to the results, efficiency of a 10 m pitch about the sand-fixing hedge was
87.62%. From the highest point, a dune is divided into windward and lee-
ward sides for the discussion, the windward side carries off sands first, when
the windward side of dune is stacked up to full heights, the excess shifting
sands will gradually move to the leeward side. Therefore, the amassing time
and amount of acolian sands at the leeward side are both later and less than
the windward side. According to our surveys, the efficiency of fixed sand is
98.57% on the windward sand dune, and that on the other side is 74.92%.

The field study applied BSNE sand collectors for gathering sand samples at
the heights 0.1~1.5 m above ground, and there are few sands above 1.5 m.
We integrated the sand amounts of 0.1~1.5 m range; the results represented
the total above the 0.1 m level was 20.21 g; whereas the sand amounts below
the 0.1 m level was assessed using a wind tunnel experiment. The function of
the aeolian sands is:

Q=14.4858 ><a—Io.25)2+[(g><dso><<7+P><W)‘0~ 1208]*dsy*Up 5%

Results of the indoor experiments show that 4 plots at Houlong, Yuanli, Da-
an and Da-jia on the coastal areas are all sandy soils. Their sand densities
were between 2.62 and 2.67 g/em’. The particle diameters were mostly be-
tween 0.25~0.42 mm. The soil moisture contents were all below 1%. Results
of wind tunnel experiments indicated that when particle diameters of the
sands were between 0.15 and 0.84 mm, the initiating wind speed for sand
motion was 5.5 to 7.0 m/s, and when the particle diameters of sands were
smaller than 0.15 mm, the initiating wind speed for sand motion was 5 m/s.
‘When moisture content of the sand particles was less than 1.22%, the aeolian
sand amounts reached maximum; and at moisture content from 1.24% to
1.84%, the aeolian sand amounts decreased rapidly. When moisture content
reached 4.35%, the preventive function for the amounts of shifting sand mo-
tion reached a maximum.
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Study on the restorative potential through natural regeneration at the Kenting

tropical coastal forest
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This research focused on the investigation of forest trees and soil seed
bank compositions at the Kenting tropical coastal forest. The purpose
was to understand the potential of restoring the Leucaena leucocephala
invaded coastal forest through the means of natural regeneration. Com-
paring to the primary coastal forest, the secondary forest is higher in
tree density and lower in tree basal area. The secondary forest is mainly
composed of pioneer trees, such as Ficus septica, Hibiscus tiliaceus,
Broussonetia papyrifera; and a few dominant tree species of the prima-
ry coastal forest, such as Barringtonia asiatica and Hernandia nymphii-
folia. The Kenting secondary coastal forest has very high density of
pioneer tree soil seed bank (234/m®), which could be good materials for
natural regeneration at the sites.

Many seedlings of pioneer woody plants germinated from the soil seed bank.
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Study on improving the quality of paper made from recycle fibers
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This year, we completed the study on the changes in fiber properties and
paper properties from recovered wastepaper and OCC board in cycles
of recycling and reuse. The information served as the basis of subse-
quent paper property improvements. Alkali, enzymes, bulking agents
and strengthening agents were applied to the recycled stocks to achieve
strengthening or property improvement purposes. The results might
help extend wastepaper use, prolong its life cycle and reduce virgin
pulp requirements. Except for tearing strength, recycled paper strength
properties all showed decreasing trends. This was caused by horni-
fication of the fiber surface, leading to reduced hydroxyl groups and
diminished bonding. The water retention value of waste printing and
writing paper, liner and corrugating medium decreased 42, 45 and 39%,
respectively. Holocellulose content of both recycled paper types showed
marked decreases, and hydroxyl groups were also reduced, causing pa-
per strengths to decrease. Improvement measures using alkali, enzymes,
bulking and strengthening agents produced the following results:

1 Treating with 10~20% alkali and 70~90°C temperature for 30 min
increased water retention value and produced a higher bulk paper and
physically enhanced paperboard.

2 Three enzymes of LDI, CS and LBR at 3 U/g dry pulp dosage caused
paper tensile strength to increase. If a 5 U/g dosage was used, how-
ever, cellulose was damaged and strengths decreased. Performance of
LDI enzyme allowed superior paper strengths to develop.

3 Bulking and strengthening agent were unable to achieve the desired
paper strengths improvement.

These results are expected to contribute to the technical upgrading of
the domestic papermakers.
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Effects of bamboo quality on the charcoal manufacturing

=B L
KRz BNERTIT M FE L RN E
72 RBP4 FR( 2454 E4EE REUGE
[£0.5~ 3.0 ~ 65210 m)Z iRt - s EERKEE
14 emz 71 /0 FIRERZE /N ER =R ES500-
900 CLEERER  mE T ARERERI00C/H » ZFTE
IRt BRERFRFEE AL o ERFIEZITMLI105C
REBLINESS  TREREENETRESN
ATEHRRE - BT BRBRACREEITREE R EMmE
TR > HEBEKRAEM  pHEERES - HERE
RE %D’r’mzuﬁz;zz&amtm}* g =R - &
HBEZMMFREMERECHERRE B2kt
B 2 38 = T BB RN pHx’r*IMfEﬁA igEER
RAGBE 2 L ERPTE » AREE1.45-2.20 g/em’ > 7£
F—IMEFERIMTESET  HEZEBERILREZ
B mAARRIE A o

The purpose of this research was to investigate the effect of bamboo
quality, including age, and growth position, on the properties of bamboo
charcoal. Ma bamboo with 4 different ages (1~4-years-old) were cut to
14 cm length from different positions at 0.5 m, 3.0 m, 6.0 m and 10.0
m heights along the culms for charcoal making in an experimental kiln.
The carbonization temperatures were set from 500 to 900 °C ina 100°C/h
temperature rise rate. The pH, electric resistance, and true density of the
resulting charcoals were measured to understand their properties. The
electrical resistance of bamboo charcoals was not obviously affected
by the age or height along the bamboo culms, but was affected by the
carbonization temperatures. The pH of bamboo charcoal was also not
obviously affected all factors. The true density of bamboo charcoal, in
the range of 1.45~2.20 g/cm’, showed obvious differences with the tem-
peratures of carbonization.
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Study on the drying and preservation of bamboo wood
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Exquisite bamboo products are one of the 6 new refined agricultural
products industries promulgated by the Executive Yuan. Seasoning of
the material is of primary importance in processing wood and bamboo.
Four kiln-drying schedules were conducted on ma bamboo to examine
effects of high-temperature and traditional drying. Moisture content of
green ma bamboos used in the first high-temperature kiln drying was
between 39~107%, which decreased to 2~24% after 17.0 h of drying
with an electricity consumption of 114 kWh and a drying speed of 3.31
Mc%/h. Moisture content of green ma bamboos used in the second tra-
ditional kiln drying was between 28~64%, which decreased to 2~26%
after 69.5 h of drying with an electricity consumption of 288 kWh and
a drying speed of 0.61 Mc%/h. Moisture content of green ma bamboos
used in the third high-temperature kiln drying was between 62~112%,
which decreased to 1~18 % after 22.5 h of drying with an electricity
consumption of 142 kWh and a drying speed of 3.28 Mc%/h. Moisture
content of green ma bamboos used in the fourth traditional kiln drying
was between 38~67% which decreased to 2~26% after 75.5 h of dry-
ing with an electricity consumption of 328 kWh and a drying speed of
0.62 Mc%/h. Strength of the ma bamboo treated with a 196 hot soda
solution was inferior after drying. The large strength variation in the
untreated ma bamboo induced large variation of moisture content in the
dried specimens.
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Molecular markers and gene cloning for Camellia oil tea trees
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In this study, we utilized molecular techniques to identify Camellia
tenuifolia and C. oleifera. We chose an AxyPrep Multisource Genomic
DNA Miniprep Kit to extract Camellia leaf tissues in order to recover
quality DNA. According to our study, digestion of the ITS, trnDT and
trnLF fragments using restriction enzyme Taql did not reveal polymor-
phism among samples. We further used RAPD to differentiate the 2
Camellia species. After optimal reaction conditions were established,
we conducted 9 RAPD reactions. Although there were polymorphisms
in samples, there were no distinct bands to differentiate the 2 Camellia
species. We will continue to work on it in order to find molecular mark-
ers capable of distinguishing Camellia tenuifolia from C. oleifera.
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475 FNINE -
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Screening test for optimal RAPD reaction for leaf of Camellia
tenuifolia and C. oleifera. 1. DNA; 2. MgCl,; 3. dNTPs; 4. Primer; 5.
Taq.
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Establishing technical norms of cultivation, felling and classification treatment for

bamboo wood
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The properties of bamboo forest are fast-growing and easily reproduc-
ing. There are many bamboo cultivation areas in Taiwan. In past years,
the bamboo industry is in decline, causing many cultivated bamboo
forests to be abandoned. Recently, bamboo converting industry such as
bamboo charcoals, and vinegars provide some new purposes. In order to
promote the quality of bamboo materials used in the bamboo charcoals
and vinegars production, studies on the cultivation, harvesting, and clas-
sification of bamboos are necessary. Therefore, this study was separated
into bamboo growth investigation, bamboo property tests, and bamboo
classification.

In bamboo growth investigation, experiment plots of the makino bam-
boo (Phyllostachys makinoi) were located in the Shihment Reservoir
watershed and Lienhuachih. The moso bamboo (Phyllostachys pube-
scens) plots were located in Hui-Sun Experimental Forest Station and
Shi-Zhuo, Chiayi. Density of makino bamboo in the Shihment Reser-
voir watershed was between 15,700~18,767 culms ha”. The diameter
distribution was between 4.7~5.9 cm, and high frequencies of old bam-
boos were found on most sites, indicating that the bamboos on those
sites were senescent. It should be thinned to remove the old culms in or-
der to maintain the productivity of the stand. The biomass accumulation
was between 40.99~81.68 ton ha™. Stand density of the makino bamboo
at Lienhuachih was between 18,000~20,000 culms ha”. The diameter
distribution was between 2~3 cm and the hight of bamboo was < 7.5 m.
The above-ground biomass was between 14.5~23.7 ton ha™. According
to the results, we knew that the makino bamboo forest at the Shihment
Reservoir watershed was in better conditions than those growing at the
Lienhuachih plots.

Density of the moso bamboo at the Hui-Sun forest was 7,933 culms ha™
and the culms biomass was 57.87 ton ha™'. Density of the moso bamboo
at Shi-Zhuo of Alishan was 8,344 culms ha”, and the culms biomass
was 171.34 ton ha™'. According to the results, moso bamboo stands
at Shi-Zhuo were better than those at Hui-Sun. But age classification
ratios of the 2 sites were having the same trend; i.e., when the age was
younger, the biomass ratio was less. This trend indicated that the bam-
boo forest was becoming degenerated. Therefore, moderate selective
harvesting of old and bad bamboos to provide spaces for junior bamboo
growth is needed. The results suggested that the practice could promote
bamboo forest production at the 2 locations.

A universal material testing machine was used to test the bamboo ten-
sile strength properties, The results indicated that maximum loadings of
the 1, 2, 3-year-old, and dead bamboo rhizomes were 869, 935, 927, and
356 kgf, respectively; indicating that the 3-year-old bamboo rhizome
could tolerant the highest pulling force.

Bamboo classification was based on the following criteria: evenness
of culm lengths; surface cleanliness; presence or absence of defects
such as crack, and scratch mark; diameters of the tops and bottoms of
culms; length of the internode; weight of the culms, and presence or ab-
sence of disease and insect infestation etc. Stand classification of mono

bamboo was carried out according to the market rules which entailed
separating bamboo culms sizes into five grades: the 10-footers (with 2
head diameter grades of 3, and 4 inches) and 14-footers (with 3 head
diameter grades of 3, 4, and 5 inches). We also classified the makino
bamboo culms into three grades: the best, medium, and poor. The best
ones have diameters > 5.5 cm; culm color of deep green; and is straight.
The medium ones have diameters of 4.5~5.5 cm; a green culm color;
and is roughly straight. The poor ones have diameters < 4.5 cm; yellow
or brown culm color; often have vines wrapped around and curved. In
moso bamboos, diameters of the best ones > 10 ¢cm; the medium ones
are 8~10 cm; and the poor ones < 8 cm. The other characteristics are
similar to those of the makino bamboo.
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Evaluation of bamboo maturity and material properties

FiadE

KR LUEDBREE TR EERA - £=
SRS FEERNDESTEH BN B - MITEM
tEERB—FEF130.67 ~ ZFEF150.74 ~ =F4F
¥90.79M MEA F150.79 » FRATEM A (B 7KZK100%
PR E38 EE (MOR) LA = £ 4 19985 (kgf/em®)ERK °
TR REM (B KE13%)HEREMOR) LI =F 4 F15
1449(kgf/cm®) K o FELERNREM SRR AE
MEMERK  BINE 2 AR R —F4£F1552.6%
“HFEFI65.6% - =FEF1H21.2% ~ MFEETF
35.3% M A EETFH37.9% o IWEA FEHEMRIT SR
BieRRIMETESRER - SRBE1EIE - 5523
R 0 84~ SEREIRETRL o FE R R4 4 RE[A]
HEMEERFLIRRAIZA - Heel R ARRRIMER
RE - MEMRMREZEMNAISSISAE TR - BHR—
UMBFEEMMCERZERERFRE  £RERF—
B BEARA— o SLUBNKERITE A IERD P
MIRREMZIEENARE  AIREMM A RAEBEK
EZ W °

A+NFE FHR

TERRRFREGMERRAT

Non-destructive testing was conducted on ma bamboo culms on site.
The sound velocity by the stress wave method in fall increased with
bamboo age. Average specific gravities of green ma bamboo were 0.67,
0.74, 0.79, and 0.79 for culms < 1-, 2-, 3-, and 4-year-old, respectively.
Both 3-year-old green, and air-dried ma bamboo (moisture content >
100%, and 13%, respectively) have the highest average modulus of rup-
ture (985, and 1449 kgf/cm’, respectively). Sound velocity of air-dried
ma bamboo in each age group was greater than those of green ones. The
percentage increases were 52.6, 65.6, 21.2, 35.3, and 37.9% for < 1-,
2-, 3-, 4-, and 5-year-old ma bamboo, respectively. Tap-tone vibration
test was conducted on different sections of the same air-dried makino
bamboo culms. Results showed that sound velocity increased height-
wise gradually from segment 1 to 2, maintained through segment 3,
then decreased in the segments 4 and 5. The same side of each segment
of air-dried, 4-year-old makino bamboo was tested using a conducting
stress wave test to avoid variation due to different sides. The age of
bamboo can be judged by bamboo farmer according to culm color, and
node number in branches. Growth and strength of bamboos in the same
stand, however, were affected by the climate. Stress wave and tap-tone
vibration tests can accurately distinguish the non-destructive strength
of green bamboo culms on site. These add values to bamboo and create
profit for bamboo farmer.
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Material treatment technical specification of bamboo wood
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Standard treatment procedures of surface cleaning, high temperature
and low pressure steaming treatment, smoking treatment, high tempera-
ture hypoxic charring treatment, figure marking, rotary cutting, and sand
blasting of the makino bamboo materials were established to offer man-
ufacturers the know-how on handling high-quality raw materials, and
ensuring the quality of products following the protocols. The protocols
also allow reduction of material costs, improve product competitiveness
establish an international brand images of exquisite handicraft bamboo
products, and effectively differentiate the products from the low-priced
items produced in China or southeast Asia.
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Surface cleaning of Makino bamboo culms.
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Smoking treatment of the culms and sliced culms of
moso bamboo.
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Development of functional nano-additives for papermaking
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This year we undertook the subsequent work of applying sericite nano-
particles to paper coating. We modified binder latex with nanosericite
first, then prepared coating color with the modified latex. At nanoseric-
ite dosage of <1%, the water retention properties of the latex and color
showed drastic decreases; while the low- and high-shear viscosities of
the color increased dramatically. We modified the addition procedure
since last year’s work indicated that directly incorporating nanosericite
to the pigment fraction caused operational difficulties. This series of
study indicated that by modifying the binder first did not effectively im-
prove the problem. Perhaps by distributing the nanosericite to different
color formula fractions could overcome the difficulty.

Nanoparticles of silver and titanium dioxide were incorporated in test
papers by impregnation method and at present, and only the nano-silver
paper showed bactericidal efficacy.
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Studies on the application of polyelectrolyte complexes to papermaking wet-end for

strength and functionality developments
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The study aimed to improve the paper strengths of OCC-based second-
ary papers. We used cationic polyacrylamides (PAMs) and starch in
conjunction with anionic counterparts and by varying the wet end con-
ditions and adding modes in order to achieve significant strengthening
the OCC paper. In addition, drainage performance, cost and operational
convenience were evaluated. The results indicated that at fixed dosages
of the 6 PAMs and starches, PS 1280 and tapioca starch were the top
performers last year. This year, however, Percol 182 (cPAM) appeared
to enhance tensile, bursting and folding endurance the most. It was fol-
lowed by an amphoteric PAM, Hercobond 6350 and PS 1280. Anionic
PAM, Percol 155 allowed a slightly higher tensile vs. anionic starch,
but had the least bursting indices. For tearing strength, PS 1280 was the
best.

As for the drainage performance, the genre and dosage of the polyelec-
trolytes added exerted different influences. Percol 182 notably increased
pulp freeness, it was followed by Hercobond 6350; whereas, Percol 155
notably reduced pulp freeness. When fixing cationic PAM and starch
dosages but changing the amphoteric or anionic PAM and starch dos-
ages, paper strength varied according to different polyelectrolyte types.
For the tensile indices, Percol 182 or cationic starch at 0.1% to the
dry pulp; or PS 1280, Hercobond 6350, and Percol 155 at 196 showed
the best performances. With cost consideration, at a cationic starch
to Percol 155 dosage of 0.75: 0.25%, tensile strength was effectively
increased. For the tearing strength performance, cationic starch and PS
1280 added at the 0.25: 0.75%, and 0: 0.75% gave the best results. With
cost considerations, however, dictated a cationic vs. anionic starch dos-
ages of 0.75: 0.25% or 0.5: 0.5% as the most-optimal addition.
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Studies on the development of novel functional addifives papermaking
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In this study, we plan to work with the industry to develop functional
additive technologies to empower the specialty papers sector. This
year, we worked on developing an environmentally friendly non-fluoro
greaseproof paper by selecting safe chemicals to coat on base paper
and to endow a greaseproofing functionality. Different greaseproofing
agents were tested, including polyvinyl alcohol (PVA), carboxymethyl-
cellulose (CMC), starch, wax emulsions, chitosan and fluorochemical
greaseproofing agents. Fluorochemical agents showed good greaseproof
performance even at low dosages. PVA with higher alkalinity showed
better greaseproofing capacity. Starch, CMC, and wax emulsion alone
were not adequate and had no greaseproof performance. When these
were mixed at various proportions, the results indicated that PVA and
CMC mixture showed the best greaseproofing performance, having kit
value of 8 and spreading coefficient < 1.68 and a contact angle > 15
degrees.
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Study on the preparation of nanocomposites using nanocrystalline cellulose
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Nanotechnology has become the mainstay of 21st material science.
Biometerials, particularly cellulose, is superiorly endowed with cheap,
widely available, high specific strengths, low energy consumption and
biodegradability. The material is suitable to develop light-weight and
high-performance composite materials. We plan to cooperate with the
Dayeh University and using nanocrystalline cellulose (NCC) to develop
“green” bionanocomposites to replace or supplement the existing pet-
rochemical-based composites. This year, we use the optimally prepared
nanocrystalline cellulose which entailed a 60% sulfuric acid treatment
at 1: 10 liquor to material ratio and 20 min hydrolysis time to obtain
NCC at 54.4% yield. The products were rod-shaped and had particles
size ~100 nm. Composites with polylactic acid (PLA) and nanosericite
were successfully prepared. The results also showed that acid hydro-
lyzed NCCs tended to reaggregate, although ultrasonic treatment could
disperse them briefly, adding 196 Tween 80, a non-ionic surfactant, was
shown to stabilize the NCC dispersions.
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Research on variation of temperature and relative humidity and related durability in

wood-frame structures

BEE:

DRSS ABH RREZBUE - ReEER AR
& XrE/ Tt ENARE L KERRRRE -
Y BRIREIR R EM 2 R 8 - WHHRNE 5 =K INE
RENRE - EFSpAt R EERRRE @ BUR
DITEISFIONLE - — RS * EEKERBEERL
OFFE8RF » BxmimiE NF2E4K - HEREAINZ - 8
WRERE @ NERE  BEHRELUSIELARERE -
Rl E=EN s RETRBLLRARS - ERRESN
=5 EHEREAIRZ < BT EREE MR TRE
BRkEEEE  HERERMEERAK  RREZER
FREB/N - AEBBENCHEREZ(CE) - AER
TREERZ HERERC AN ESINE - WNIBFIAE
AIESL ~ B EEM - KRBT - REMARETRR
RETEHRE - (FRIEEETE - WO18ERRE ER
& REFFRHRREZYIE  BURDITEISEIOH
1k =

NFHERETAERESE AR EERE - Bl
NEREE - B ILEAIEIL SR FRIEE X  BERY
RECHEANRRE  EHFRERE B INEEELER
R BRIERBIEREEERTERES » ERNRE—
RARE s ERERRERNEBSNRERE - BRIER
ZBIERERERICREER  EREREEAIEBER
=RE °

A+NFE FHR

TERRRFREGMERRAT

The effects of outside climate on the indoor temperature and relative
humidity of a wood structural unit have not been properly researched in
Taiwan. This study investigated the effects of climate and building ma-
terials on the indoor temperature and relative humidity. Improvements
to enhance the conditioning of temperature and relative humidity will be
proposed to get a better performance. Monitoring sensors were installed
at 5 locations in Taiwan to record temperature and relative humidity
data until October, 2009. The data were then analyzed. In general, the
lowest temperature occurred at 6 to 8 am each day, and the highest at 2
to 4 pm. Relative humidity showed the opposite trend. Fushan has the
lowest monthly temperature except from June to September. The low-
est relative humidity occurred in Taipei, and was followed by Liukuei.
Fushan, Lienhuachih, and Shanping have relatively higher relative hu-
midity due to their mountainous locations. Relative humidity at Fushan
exceeded 85% and showed a small coefficient of variation, indicating a
long duration of humid climates. Results showed that indoor tempera-
ture was higher than that of the outdoor, whereas relative humidity has
an opposite trend. The temperature under flooring with concrete foun-
dation was higher than that with a stilted floor. Ddifferences in relative
humidity, however, were not significant. Variation of relative humidity
inside a wood-frame wall was extremely small. The largest variations
of temperature and relative humidity were observed above the ceilings.
Exhaust fans were installed to improve the conditioning of tempera-
ture and relative humidity. Data obtained from April to October, 2009
and analyzed indicated that installing 2 exhaust fans under roof could
slightly decrease temperatures.Magnitude of reduction was not as sig-
nificant in Taipei as those at Fushan and Lienhwachih. Exhaust fans did
not significantly affect the relative humidity.
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Study on the timber improvement of Laurceae-Fagaceae plantation and utilization

of its small-mediate logs
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We investigated tree growths and stem forms of plantation trees.
Among the 17-yr-old tree species examined, the best height growths
of Machilus zuihoensis and Michelia compressa averaged 15.7 and
14.0 m, respectively. Cinnamomum kanehirai and Pasania kawakamii
also reached average heights of 12 and 9.3 m. The average survival rate
of the trees reaching 70% or better, indicating that these indigenous
broadleaf trees can be priority afforestation species to be planted by
the forestry organizations. The 17-yr-old trees were also examined for
their forking heights and heights of the lowest living branches. The re-
sults indicated that M. zuihoensis possessed a stronger natural pruning
tendency. But all species exhibited more than 50% forking rates. This
characteristic significantly affects timber utilization of the species. The
average forking height of M. zuihoensis was only 271.3 cm, and those
of M. compressa and C. kanehirai were also very low. The results sug-
gested that forking of saplings was serious among all species. Thus in
afforestation using the broadleaf species pruning is needed at an earlier
period during the sapling stage. Even thinning should be considered as
a vital forest tending practice.

From the results, we found that the methanol extractive of small diam-
eter Phellodendron amurense exhibited significant termicidal activity.
The effective mechanisms might entail both aversion of ingestion and
contact toxicity. The results indicated that the small diameter logs of the
species from plantation may have substantial developmental potential
as a termite control agent.

In a forest byproducts development using the branches or small diam-
eter logs of the 8 plantation species, charcoal yields decreased with
increasing carbonizing temperatures. At the same carbonizing tempera-
ture, charcoal yields increased with increasing air-dried wood specific
gravities, but the trend was indistinct. Surface electrical resistance of the
charcoals notably decreased with increasing carbonizing temperature;
whereas it exhibited no distinctive correlation with the air-dried specific
gravity of the logs.

R A TR NSRBI AR RAE
Experiment of charcoal production of the branches or small diameter
logs of broad-leaved plantation species.
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Efficiency of extracting Chamaecyaris formosensis wood by supercritical CO, and

two hydrodistillation methods
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This study employed supercritical carbon dioxide extraction, conven-
tional, and a novel double-cooling hydrodistillation to extract process-
ing wastes of Taiwan red cypress (Chamaecyparis formosensis Mat-
sum). Color, fragrance and extractive yields made by the 3 extraction
methods were compared. Response surface method (RSM) was adopted
to investigate the optimal conditions for the supercritical SC-CO, ex-
traction. Among the extracts produced by the 3 methods, the purest
fragrance was obtained by the SC-CO,. Comparing the essential oils
extracted by the 2 steam distillation methods, the double-cooling setup
provided a better fragrance. The natural fragrances of Taiwan red cy-
press were preserved, as essential oils were kept at a lower temperature
by the double-cooling unit during distillation. Yield of SC-CO, extrac-
tion reached as high as 15.65%, which was 3 times greater than those of
the hydrodistillation methods. Various operating parameters produced
different yields by the SC-CO, method. It could extract an additional
9% essential oil from the steam extracted Taiwan red cypress particles.
Thus, steam only extracted 1/3 of overall lipophilics from the material.
Analysis by RSM for the SC-CO, extractions revealed that pressure
affected the extraction yields most significantly, followed by the extrac-
tion time and temperature. Optimal operational parameters were estab-
lished by a factorial design with 17 experiments: pressure (10~20 MPa),
extraction temperatures (40~60°C) and durations (1.5~2.5h).
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Promotion of Antrodia cinnamomea mycelial growth by chemical components from

wood of Cinnamomum kanehirai
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This study tried to extract and identify the chemical components in
the decay and sound wood of Cinnamomum kanehirae Hayata. Domi-
nant component in essential oil of the decay wood was (-)-terpinen-4-
ol (72.57%), whereas the main components of the sound wood were
(-)-terpinen-4-ol (38.21%), safrole (26.95%), and p-cymene (13.42%6).
Contents of the n-hexane and alcohol extracts from decay wood were
higher than those from the sound wood. Both essential oils of decay and
sound wood promoted mycelial growth of Antrodia cinnamomea.
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The effects of essential oils extracted from decayed and undecayed wood of Cinnamomum

kanehirae on the growth of Antrodia cinnamomea.
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Breeding and cultivation of Cinnamomum kanehirae clones for growing Androdia

cinnamomea
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Antrodia cinnamomea fruiting bodies grown on natural wood of Cin-
namomum kanehirae are very valuable and expensive herbs in Taiwan.
In this project, logs of superior C. kanehirae clones having been planted
for 6 to 20 years were harvested and tested their potential to induce
fruiting bodies of Antrodia cinnamomea. The logs were analyzed in
terms of their structure and essential oil constituents to determine the
relationships to the formation of Antrodia cinnamomea fruiting bodies,
so that a selection index might be established. Plantations planted with
these superior clones derived both from cuttings and tissue cultures will
be setup at western and eastern areas of Taiwan. We expected to de-
velop a technique so that fruiting bodies of Antrodia cinnamomea could
sprout on younger logs harvested from 6-year-old plantations. This
year, we harvested 15 6-year-old trees derived from tissue cultures and
rooted cuttings. Shoots > 1 m high sproutinged from all stomps 6 mos
after been the harvest, indicating that coppice regrowths could apply to
C. kanehirae. The A. cinnamomea inoculated on these logs has formed
mycelia and some even turned red. More than 60,000 cuttings were col-
lected from 25 clones selected in the plantations and rooted at Tamali,
Liukuei, and Taipei. These rooted cuttings will be planted next year.
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Supercritical Carbon Dioxide Extraction of Camellia Oil and Tea Dregs
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Supercritical carbon dioxide was employed to extract camellia oil from
seeds and tea dregs of Camellia brevistyla (Hay.). Conventional extrac-
tions, including cold and hot press, were also conducted. Oil yields were
also compared. Extraction parameters, including pressure, flow rate
and duration, were investigated. Response surface methodology (RSM)
was employed to analyze effect of oil yield by each parameters, and
to establish optimized condition. Oil yields from 22.45-25.98% were
obtained by 17 extraction conditions, including pressure (25-28 MPa),
flow rates (4-6 L/min) and duration (100-140 min). Tea oils could still
be extracted from dregs from cold and hot press by supercritical carbon
dioxide. Oil yields were 11.95% from cold press dregs and 8.12 % hot
press dregs. Among three parameters analyzed by RSM, carbon diox-
ide flow rate impacts the most on bitter tea oils extraction efficiency,
followed by duration and pressure. Extraction of tea seeds and dregs
demonstrated that supercritical carbon dioxide extraction were superior
to conventional press with advantage of saving time, better quality and
efficiency.
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Extraction and bioactivity of essential oils from forest products
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This study investigated the chemical compounds and bioactivities in the
heartwood of Chamaecyparis formosensis and Chamaecyparis obtusa
var. formosana, and flowers of Michelia alba. Essential oils were ob-
tained by steam distillation. Essential oil components were analyzed by
a gas chromatography-mass spectrometry. The main components in the
essential oil of C. formosensis were cis-myrtanol (10.47%), myrtenal
(6.83%), and 1-cadinol (4.23%). The main components in the essential
oil of C. obtusa var. formosana were §-cadinol (24.99%), a-terpineol
(16.16%), a-pinene (5.82%) and borneol (5.71%). Linalool (47.17%)
was the major component in the essential oil of M. alba flower, the
other main components including phenylethyl propionate (19.45%) and
a-methylbutyric acid (13.95%) were also present. The essential oils of C.
formosensis and C. obtusa var. formosana were shown to have antifun-
gal activity against 3 wood-decay fungi, such as Gloeophyllum trabeum,
Lenzites betulina, and Collectotrichum gloeosporioides; however, anti-
fungal activity of the essential oil from M. alba flower was very weak.

Table 1. IC, values of essential oils extracted from C. formosensis, and C. obtusa var. formosana against 5 fungi species.

Fungi
Chamaecyparis formosensis
Gloeophyllum trabeum 101.61
Lenzites betulina 168.01
Collectotrichum gloeosporioides 169.92
Trichoderma sp. 69.81
Penicillium sp. 456.03

Dosage (pg/mL)
Chamaecyparis obtusa var. formosana
75.56
114.51
47.9
52.83
362.78
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Cypress stand regeneration and row thinning in the Cryptomeria plantation at Chilan

Mt. area
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This study examined the development of both naturally regenerated and
planted seedlings and sown seeds of 2 Chamaecyparis spp. In order to
select the best operation strategy, sowing and seedling planting were
carried out in a Cryptomeria japonica stand after row thinning with
intensive soil preparation and weeding. The entire thinned sites were
about 3 ha in size; and row thinning was completed in January 2007,
and treatment operations were completed in April of that year. The in-
vestigating experimental period lasted 2 years after row thinning. Dur-
ing this period, we measured the growth and survive rate of the planted
cypress seedlings, the germination percentage, and survival rate of the
seeds, as well as all the regenerated seedling density within within each
thinning row.

Preliminary results showed that cypress seedling have no difficulty
growing after row thinning of the Cryptomeria plantation. The survival
ratio was around 66~68% over the two years period after thinning. This
operation successfully changed the stand structure from a Cryptomeria
forest to a cypress plantation forest. We found planted seedlings of
Chamaecyparis formosensis had better growth performance than did
the C. obtusa, especially in ground diameter growths. There was no
significantly difference of the survival rates between the 2 Chamaecy-
paris spp. We also found that by sowing cypress seeds in the thinned
Cryptomeria plantation, we could increase the percentage of cypress
seedling establishment and transfer the stand into a mixed stand of re-
generated cypress and broadleaf trees. Densities of the C. formosensis,
C. obtusa and broadleaf trees of this new stand were 0.84, 0.46 and
0.56 n/m’ respectively. Because the unevenly distributed seedlings, it
could present a problem in management. Weeding did not affect the ger-
minated seedling density during the experimental period, but further ob-
servations are necessary to ensure that the impact of weeds on seedling
growth and competition. We have only observed that some of C. obtusa
and C. formosensis seedlings could survive under the shades of ferns.
Detailed competition situations among the cypresses, broadleaf trees
and herbs are still not clear. After the row thinning, recruitment through
natural regeneration was dominated by broadlleaf species with a density
of 8,200 (n/ha). Seed sources of cypresses and C. japonica were largely
insufficient. Based on the purpose of the management plan, forest man-
agers may adopt different treatments in a C. japonica plantation, and we
suggest using the row thinning silviculture in small areas and cooperat-
ing the natural regeneration and disturbances by planting seedlings or
scattering seeds of the cypress to approach their desired stand structures
and compositions.

Annual Report 2009
Taiwan Forestry Research Institute

61



' SR ERE RS,

62

WIRZ AIMBE R ERIAMET ZIRER WS 514

REZ 5%

Study on the microenvironments and biodiversity dynamics in thinned Cryptomeria
japonica plantations and restorative regenerated natural forests
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In Taiwan, artificial forest accounting for nearly 420,000 ha in area is an
important forest ecosystem. In order to confirm the ecosystem manage-
ment concept, an appropriate thinning practice should be applied to the
plantation management system. But, the relevant data regarding imple-
mentation of thinning, the impacts on biodiversity and forest functions,
and regeneration and restoration of endemic vegetation are still scanty.
In order to build up the local scientific data on those issues, thinning
plots with alternative thinning strategies were set up in the Compart-
ments 74, 75, and 76 of the Luanda Working Unit of the Nantou Forest
District. In the plots, issues related to meteorology, microclimate, timber
growth, ground vegetation, and biomass were monitored and measured
periodically. The relevant data collected could be used as references for
the sustainable plantation management.
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Study on the non-destructive wood property evaluation of standing Cryptomeria
japonica and Chamaecyparis obtusa var. formosana standing trees at stands of

different age classes and densities
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The purpose of this study was to understand the tree growth traits,
longitudinal compressive strength, and ring characteristics of Taiwan
red cypress at different ages at the Chilan area. The tree growth traits
are tree crown characteristics, including diameter at breast height,
tree height, crown length, crown width etc. Longitudinal compressive
strengths of the increment cores were measured with a fractometer tech-
nique. Nine ring characteristics were investigated by an X-ray scanning
and ring analysis system. Relationship between the tree growth and
wood qualify was detected and understood by the data and a statistics
method. The information could provide references to forest and ecologi-
cal management practices. In addition, the wood properties of Taiwan
red cypress from the Shanlinshi area were investigated as well. The
results showed that the fast grown trees had poorer wood qualities, and
that the slower grown trees had better wood properties (higher wood
density and strength).
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Effects of thinning a Cryptomeria japonica plantation on its ecological processes
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A 35-yr old Cryptomeria japonica plantation thinned in 2007, and
located in the Luanda Circle, Nantou County, was selected to monitor
its litterfall, litter layer, and litter decomposition for 2 years in order
to study the influences of thinning on the litterfall, litter layer, and lit-
ter decomposition at the stand. This is the second-year report. Having
collected 9 monthly litterfall in 2009, the preliminary results were that
the greatest total mean annual litterfall occurred at the control stands
(2.54 Mg ha! yr'"), the second at 25%-thinned stands (1.61 Mg ha
yr'), and the smallest at 50%-thinned stands (1.45 Mg ha" yr'). Lit-
terfall amounts differed widely among the seasons. The largest amount
occurred in September. Total amounts of the litter layer during the
first 2 season of collections were 9.15, 17.45, and 12.42 Mg ha™ in the
control, 25%-thinned, and 50%6-thinned stands, respectively. For those
amounts, there was no significant difference among the treatments. The
litter bags were collected after 12 and 18 months in the field. Masses
of the remaining needles and twigs ranged from 47.4 to 50.2% after
18-month of decomposition. Since there was no significantly difference
among the treatments, thinning appeared to have little influences on
the needles and twigs decomposition. Chemical analyses indicated that
means nutrient concentrations of the litterfall (meantstandard devia-
tion) were as follows: C: 539+4 mg g, N: 17.1£0.4 mg g, P: 1.07+0.03
mg g’, K: 1.92£0.14 mg g”, Ca: 15.6+0.8 mg g and Mg: 2.41+0.17 mg
¢". Dynamics of the nutrient concentrations during decomposition var-
ied widely; the nitrogen and calcium concentrations rose significantly;
phosphorus decreased during the first 91 days, then increased, and kept
stable; potassium kept stable in the first 91 days and then decreased;
and magnesium was spurious which increased to a peak in the first 181
days, and then decreased sharply.
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Competition effects on the individual tree growth in a Taiwania plantation
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This study was conducted to investigate the impact of tree competition
on the tree growth from an individual tree point of view for a Taiwania
plantation in the Liukuei Experiment Forest. Four types of competi-
tion index (Bella, Staebler, Hegyi, and crown volume ratio) were used
to calculate competition indices for assessing the competition status of
each tree. Three different search radii were used to find out the competi-
tor for each subject tree. Using the incremental data obtained from the
permanent plot, a regression was developed to find out the empirical re-
lationship among incremental initial attributes and growth competitions.
Results showed that incorporation of the competition indices would
reduce the MSE on the regression fitting. The wider radius used in the
search of competitors, the more reduction in MSE would be obtained.
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Establishment and evaluation of criteria and indicators for the sustainable forest

management of the Liukuei region
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Development of a framework for criteria and indicators (C&Is) can pro-
vide the basis in management and science. And it is also the underpin-
ning to the sustainable forest management (SFM) practices. The study
was proposed to establish a C&I of ecosystem management for the Liu-
kuei Experimental Forest at the forest management unit (FMU) level. .

In order to solve the problems of semantic ambiguity and difficulty in
quantification in questionnaires, the method of “fuzzy multicriteria de-
cision making, (Fuzzy MCDM)” was applied to their analysis.

The study procedures were as follows: First, the Delphi technique was
implemented. By repeated consultation to experts, the items for the
SFM of Liukuei Experimental Forest could be confirmed. And then, the
fuzzy analytic hierarchical process (FAHP) was applied to evaluate the
importance and priority of the C&ls. The results could then be referred
to by the decision makers.

During analysis of the Delphi technique questionnaire investigation,
the “quartile method” was used to evaluate the “importance degree”
and “common consensus degree” for sieving of the C&ls. But the rela-
tive weights and priorities were judged by the fuzzy AHP. By statisti-
cal analysis of the expert responses, all the initial items got at least
the “importance” degrees and “middling” common consensus. For the

2 G

“principle” aspects, there were 4 items including “biodiversity”, “struc-
ture and function of ecosystem”, “social humanities” and “economics
issues”. On the other hand, for the “criteria” aspect, there were 11 items
including “diversity of inheritance”, “diversity of species”, and so forth.
And the related indicators were developed. The results obtained by the

Delphi technique were the bases for designing the questionnaire.

By calculation of the FAHP method, integrated weights of the indicators
could be obtained from “graded mean integration representation meth-
od” and “normalized method”. The first 3 priorities were “richness and
diversity of species” (0.041), “influence of natural interference” (0.040)
and “timber resources” (0.035); on the other hand, the last 3 were “divi-
sions and belongings with other units” (0.011), “special products of for-
est” (0.013) and “forest labor analysis” (0.014).

For the Liukuei area, the following results could be summarized: Main-
taining integrity of the ecosystem, and developing the public welfare
functions from the forest got the highest weighing; another area such
as the social and economic aspects got a fairly important rating, but
with an overall lower ranking. Even though, corresponding manage-
ment resources should be directed toward them in accordance with their
importance. Furthermore, concerning the socioeconomic and cultural
aspects, certain indicators such as “timber resources” (0.035), “wildlife
resources” (0.033), and “social education (0.029) still scored a fairly
high weighting. Therefore enough management resources should be

directed toward these items.
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“Ecosystem structure and function” is one of the principle for
sustainable forest management.
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A management strategy to regenerate broadleaf forest in a Taiwania plantation
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This study was conducted in Taiwan fir plantations established in 1980s
at the Taimali Research Center, TFRI. The study focused on the rela-
tionships between plantations conditions and soil/water conservation,
growth parameters of Taiwan fir, and natural regeneration trends of the
undergrowth hardwood species. Meanwhile, the dynamics of penetrat-
ing precipitation and soil erosion/accumulation at different sites were
monitored simultaneously, Results of the study showed that the growth
and canopy conditions of the plantations would affect natural regenera-
tion of the undergrowth hardwoods, and the relationships between soil
erosion/accumulation dynamics and the multi-layered structure of natu-
ral regenerated hardwood actually existed. These results implied that
silvicultural practices including thinning and pruning could stimulate
natural regeneration of the undergrowth hardwoods to create a multi-
layered structure of the plantations and further enhancing the biodiver-
sity and soil/water conservation.




HMK BB IREE

NEAIMERTEBZEETHA

Study on the forest restoration after typhoon disturbances in a plantation at the

Liukuei Experimental Fores
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The management purpose of plantation is to produce woods with high
economical values. Selecting suitable planting species and operational
strategy are necessary. The subjects of this study were Taiwania cryp-
tomerioides and Cunninghamia konishii plantations seriously destroyed
by a typhoon and located in the Liukuei Research Center, Taiwan For-
estry Research Institute. We set up 7 transect lines; each 30~50 m long.
All woody plants in the areas 1 meter astride the transect lines, and with
DBH > Icm that presented in the quadrates were identified and their
DBH measured. Lighting conditions under forest canopy above each
transect line were estimated by 100 hemispherical images to measure
the average light transitivity of each microhabitats. We then planted
Zelkova serrata, Michelia compressa and Machilus thunbergii seed-
lings, high economical value and relatively primitive tree species, in 3
different microhabitats. The objective of this study was to investigate
the survival rate and growth status of seedlings of the 3 different species
under the different relative luminosities. The results are expected to be
applied to the operational techniques for restoring the plantations.

Annual Report 2009

Taiwan Forestry Research Institute



70

HM R BAREREE

EYEEER MARE(CIEEERREREZFHE

Development of a standard cultivation process for the production of tree and

greening seedlings
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Growth of tree seedling is directly affected by the planting media or
substrate during cultivation. The objective of this study was to develop
a standard cultivation procedure of forest and greening seedlings. We
used seedling materials collected from different media and fertilizers
for cultivating cuttings and cloned seedlings. The seedlings were cul-
tivated in different media and fertilizers placed in dibbling tubes in a
greenhouse. Then traits of the seedlings were measured after growing
for several months. We also measured the media for their physical and
chemical properties and correlated these with the growth appearances
of the seedlings after several months. The best substrate pH values were
from 5.5 to 6.5. The states of substrate decompositions could be moni-
tored by examining their C/N ratio. The results indicated that the sub-
strates coded H, V, P1, and P3 were the better performers. Exchangeable
cations of all the substrates could satisfy seedling needs. There were
significant differences in the survival rates of Taxus sumatrana, and all
parameters of plant growth were better for its seedlings growing in sub-
strates H, V and P3. However, there was no significant difference in the
survival rate and quantity indices of Cephalotaxus wilsoniana among
different media. Through accumulation of these growth data, we expect
to develop a standard procedure for cultivating forest trees and greening
seedlings. In addition, new cultivation methods will be developed. Fi-
nally, we hope to find a new way to establish the method that befit low
cost, energy conservation and ecosystem preservation.
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Results of Taxus sumatrana seedling cultivated at different substrates V and J after several months.
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Traditional ecological knowledge and natural resource management--A case study
of Paiwan people in the Jialan Village, Jingfeng Township, Taitung County

RER

BRI aERMKE BREARMERRKE - HhaH
HEZ2ENGFBRENHS > NERERERNBERE
ARBRESAEME - BR2005FRERKERER
B RERKEERERLH - BABRIEN AL
BRERER  #RERETRERKEEERBRE
RAVER - BRERRSREBRANRRANHEEBR
R RERKAELE T HNELRIRERER
BEMELETHES  EBREXRERERELKE
RAOFE - G35 FRAFEXNEATR  PEXFE
# - RERKEFHREEETLUEEARER - AR
WSEER, o

R EREEAANHHERBFEN =R IERRE
RETES  FRARERHERLERANINRNAE
B~ FME RN AR TIENREE - fiRiER
HNERERNBZFREERZHMANER » It
Sh o LRSI RIAISAL IR ERY - A il HE
BE - e &ERSHERRHE S EEAH
WRHENELRELE - A ANHRERERSE
MHIET, - KREEEMGHRERIE - MRRRHER
M REAIN Lt RERE - HEBHRMER - BR3K
WRXFHELEERBEYNTR  ERAXLUEH1-3
REL  RRHRERAE 2 ERERMERNEEE
- BEREMEBENERNA  ERNEBED A
B~ FiR BERE - IR AERSEREE - RIRE
ERE MRBHEIXFHEDBRBEMARBEEER
5 TesAEBRARE LENER - BHHEREEIR
NERFEHMREE  SFRREDEMRANEERGZ
S ARRY - IER AT AR B RERIE R B A

W

A+NFE FHR

Recently, a new paradigm that introduce concepts like local community
participation and collaborative processes have led scientists in Taiwan
to accept new approaches such as adaptive and ecosystem management.
These concepts also contributed to using traditional ecological knowl-
edge (TEK) in resource conservation. Since passing of the Aboriginal
Basic Law in 2005, aborigines have rights to use natural resources and
manage lands. To the general public, aboriginal people’s legitimacy for
co-managing the land partly lies in the traditions that still exist from
so far back in history. In the pest TEK are transmitted by oral history,
fables and ceremonies, lack of documents. The purpose of the study
was thus to find out how the native people recognize TEK. An in-person
survey was applied to the Paiwan people who live at the Jialan village,
Jingfeng Township, Taitung County. The results showed that gender and
other socioeconomic factors have significant effects on the perception
of theatrical TEK. The analysis also pointed out that TEK was lost in
young people. In addition, about 30% of the respondents neither use

plants nor animals. It revealed that respondents no longer depended on
natural resource for existence. Finally, this study also found that Jialan
people agreed that local people participation could be beneficial in
implementing natural conservation, but they excluded non-aborigines
from the traditional territory and considered that non-local people com-
mitted most violations in forest.

3 4 'I -
BRBFSBMZNNERERNBRTER - Rk EEH=EN
R - MEABBETRASE -

Survey situation in the Jialan village, Jingfeng Township, Taitung
County. To solve the translation difficulty of mother tongue, an
aboriginal help us to make in-person survey.
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Policy outcomes of community forestry in Taiwan
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Development of the forest management always intertwines with ab-
original people in Taiwan. Movements adopting community forestry
programs to achieve objectives that involve collecting local ecosystem
knowledge; building environment awareness; setting up a partnership
of government and aborigines, and developing eco-industries. All the
objectives are very important for sustainable management of forests and
biodiversity conservation. Consequently, it is important for researchers
to have knowledge of the participation degree and participation type
of the community forestry in order to develop suitable policy and to
modify it in the future.

This study extracted 1,242 community forestry application cases from
490 communities in the database of Taiwan Forestry Bureau from
2002 to 2008 for the first year of the study. We reviewed the published
literatures pointing out that few aboriginal communities participated
in the projects, and most prevalent participating types are educational
trainings. The results showed that the number of aboriginal communi-
ties attended community forestry projects was more than 16 times that
of the general communities. The figure was hard to explain. After an in-
depth study, we noted that the population size and demography of the
2 groups were markedly different, and should have been treated sepa-
rately. The study suggested that community forestry projects should be
appropriately designed to segment the groups and to emphasize aborigi-
nal communities as the major target groups, so as to achieve the goals
of the community forestry projects.

Currently, there is no distinction made between the different targeted
populations of aboriginal tribes and general communities. Thus, the
real participatory rates and resource allocations could be weakened and
misinterpreted. We referred to the experiences of developed countries
showing that their community forestry policy often focus on urban
areas rather than aboriginal communities. Conversely, in developing
countries, forest-based communities, not urban and suburban areas are
targeted. There are 3 stages of community forestry projects in Taiwan,
it implies that entry of more stages require more spatial size and social
capacity. Therefore, this study suggests that the practiced community
forestry participators should expand their projects to integrate a lager

dimension for appropriate group size and resources uses.
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Field study at Wulia Working Station.
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Study on the application of silivcultural technologies to active aboriginal community
economy and promote its productivity transformation
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This study meant to investigate and categorize the forms of land use
and economic activities of the Fushan aboriginal village at Wulai, Tai-
pei County. We encouraged the residents there to cooperate with us and
participate in an experimental reforestation of mixed-hardwood forest
to develop the values of non-timber products from the plantation. The
practice of reforestation might also provide some financial incomes to
the aboriginal economic activity.

According to our silvicultural experiment, Pasania konishii trees could
be established using a grafting method, with a successful grafting ratio
of 35%. The trees could be prompted to bear fruit quickly, with ample
seed productions. The egg-shaped acorns of the tree having a mean seed
height to diameter ratio > 0.80 often contain bigger kernels which could
be incorporated into selection criteria. Another species, Tricalysia dubia
tree could grow under forest canopies, it have good wood quality and
is fast growing, which can be translated into a means of making good
income for the aboriginal society.
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Study on the potential developments of certain native tree species of Taiwan
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The followings were completed in this year: (1) the in vitro lateral bud
induction test of basal section of Chionanthus retusus; (2) primary com-
parisons of sterilization methods for the in vitro culture of Lycopodium
phlegmaria; (3) establishing the pollinating insects, growth charac-
teristics of the pollen tube, and the growth accumulated temperature
of Diospyros discolor; (4) research on seed storages and germinated
mechanisms of the following 4 species: Zanthoxylum ailanthoides, Tet-
radium glabrifolium, Cinnamomum insularimontanum, and Cinnamo-
mum osmophloeum; (5) extraction of tree components and evaluation
of their biological activities for Litsea cubeba, the results revealed that
the fruit has the best response; (6) the extracted components of the fruit
of Schisandra arisanensis produced 21 pure chemicals, and its seeds
exhibited morphological dormancy.
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Studies on the changes of hydrologic and climatic factors for forested lands in

Taiwan
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The raining days in the Lienhuachih area was more and more decreased
and was resulted that some streams were dry up during dry season. This
phenomenon was very unusual in the past (about decades ago).
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Many studies have indicated that regional heterogeneity in the amounts
of precipitation and magnitude of temperature fluctuation were gradual-
ly increasing and extreme events were happening more frequently both
in temperature and rainfall through years in the low-elevation areas of
Taiwan due to the influences of global warming. Forested lands, which
occupies more than two-third of the total areas of Taiwan, are believed
to undergo the same situations but there was no direct evidence to prove
this. The proposes of this project are to analyze the rainfall amounts (an-
nual, wet and dry seasons), intensities, days of rainfall and the average,
maximum and minimum air temperatures from meteorological stations
having relative long historical records, and with supplemental records
from the Central Weather Bureau, for investigating the trends of chang-
es and their precipitation and temperature magnitudes in the mountain-
ous areas of Taiwan. In addition, the characteristics of extreme events
of temperature and rainfall and their related discharges will also be in-
vestigated to provide references to watershed and ecology management
and research. The long-term trend analysis of temperature and rainfall
has also been made for records from 1961 to 2008 of the Lienhuachih
station and 1971 to 2008 of the Piluchi station. Results showed that the
daily average temperature and maximum temperature for both stations
increased significantly after 2000. However, the average daily minimum
temperature decreased after 2000. The phenomenon indicated that the
daytime temperatures tended to increase, nighttime temperatures de-
crease and extreme temperatures happened more frequently recently.
Rainfall for both stations increased significantly during the period from
2006 to 2008 but no apparent tendency could be found. In addition, the
days of rainfall from the records of both stations significantly decreased
after 1995, especially for the wet seasons from May to October. This
situation revealed that the time distribution of rainfall became more and
more concentrated for those areas.
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Studies on the habitats management and biodiversity indicators
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Two parts of research work included: (1) Relationship between the flora
and butterfly fauna; and (2) Aquatic insect fauna and their biological
indices. Butterfly fauna at Shanping, Liukuei Research Center, was
investigated by a monthly transect count. Among all butterfly species,
Nymphalidae was the most diverse family; whereas, Pieridae was the
most dominant family, and Zizeeria maha okinawana was the most
dominant species. Host plants and nectar plants of the butterflies were
also recorded and a total of 2,455 plants, belonging to 8 species in 5
families were grown. In the aquatic insect study, 4 sampling sites were
established at the Lienhuachih research center. Aquatic insects were
mainly collected by using D frame-nets and Surber’s samplers, and
some environment factors were measured. Invertebrates > 0.5 mm were
identified and accounted for in the data analysis and biological indices
calculations. According to the investigation data, Site 1 has a higher
family richness than the other standing water sites, but it also has a
higher turbidity and lower DO because of silting. The environments of
Site 1 and Site 2 were rebuilt after the investigation. We try to find the
best way to maintain biodiversity of a habitat through artificial manage-
ment practices.
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Study on the threat and coping strategy of exotic Cinnamomum burmannii vs.

endemic C. osmophloeum
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Cinnamomum burmannii originated in China, in its natural habitat,
seeding and seedling occurrence in the forest can reach 10,192~1,562
seedlings m-2, and an average annual height growth up to 8.7~12.7 cm.
Obviously, threats of its natural seeding capacity shall not be ignored.
Pollination success rate of C. burmannii male and C. osmophloeum
female could reach 29.6%; whereas vice versa, there was no case of
success. Blooming period of C. burmannii shoots required a month, the
flowering period lasted approximately 1~1.5 months, and the fruiting
phase was roughly 52~57 d; fruit maturity took about 43~57 d. At vari-
ous regions, the C. burmannii phenological phenomena were different.
In the Hualien area, they were slower in comparison to the other regions
tested. Chinese bulbuls fed on C. burmannii fruits, with the excrement
encased seeds having the fastest germination rate. All its seeds germina-
tion time was short, and the germination rate was extremely high. Eval-
uation of the C. burmannii spreading via birds indicated that this mode
may accelerate the expansion of its populations. The study showed that
the threats and challenges of the C. burmannii to the local Cinnamon
species should not be neglected.
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A study to the application of ecoinformatics technique for forest management
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The purpose of this project is to apply the ecoinformatics techniques
to forest management. The major method is to establish an EML-based
data management system for the automatic collection of field sensor
data, such as acoustic records, images, video records etc. Besides, the
system can provide data storage, search, download, sharing, and inte-
grating to researchers in the public domain. Furthermore, by knowing
the characteristic and behavior of tourists through questionnaire survey,
the survey results can provide the forest administration as reference ma-
terials. Benefits of this project include making the Shanping work sta-
tion a model of ecological management site, and starting international
collaborations. Moreover, the study results can provide authenticated
information for making environmental protection, monitoring, and
policy decisions to improve the facilities in Shanping.

In this year, a wireless sensor network system has been installed, in-
cluding a field data collection equipment. In the part of international
collaboration, we held an international information management work-
shop in June, 2009. In total, there was 11 foreign experts and scholars
attended. TFRI also took part in the 13th World Forestry Congress and
got the newest forestry development knowledge. In addition, the re-
search results on the behavior of the tourists at Shanping were found to
be similar either by a traditional survey or by electronic monitoring.
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Using high resolution remote sensing techniques to aid the national forest inventory
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This project obtained high resolution satellite images mainly from
Formosat-2, accompanied by some IKONOS images, as the research
materials to aid implementation of the 4th National Forest Inventory
(FNFI). In this study: (1) we used the same date, April 30, 2005, and
nearly the same time, to acquire the IKONOS and Formosat-2 satellite
images of the Taimali District to produce the NDVI images. The same
minimum mapping unit and pixel aggregation rule were determined in
performing the same classification scheme for the NDVI greenness-
clustering maps. These 2 maps were applied to evaluate the scale ef-
fects of the independent analysis of landscape metrics. Based on the 2
different spatial resolutions and other factors, the results showed that
effects of the scale were sufficient to cause clusters and landscape level
of the landscape metrics analysis to differ significantly. (2) At a study
site of North windbreak forest, Taichung Harbor, 2 Formosat-2 satel-
lite images acquired on April 12, 2007, and March 3, 2008 sensing
were obtained. Then normalization treatment was carried out to reduce
the topographic radiation effect, and to select the control points (PIFs)
for the 2 images so that the radiation values of the many-times images
could be calibrated by regression. These were followed by the NDVI
and the 4-band multi-spectral images of the unsupervised classification
images for extracting the non-Casuarina coverage, and broadleaf trees
or grass growths in the gaps. Then the smallest gap threshold unit, and
the critical values of landscape indicators of gap shapes were developed
as the extraction filter rules for the brown root rot disease of Casuarina
stands. Finally the 2 images extracted for brown root disease gaps were
compared for the gap numbers and gap sizes. The results indicated that
the gap numbers and sizes in the 2007 image were greater than that of
the 2008.
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The Application and Establishment of Soil Management Groups for National Forest

in Taiwan
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The soil series is incorporated at the lowest and most detailed level of
the soil classification system. But the string of terms that comprise the
taxonomic classification of a soil are not readily apparent and diminish
the value of utilizing the classification system. A simplified approach is
needed using field determination of observable and textural character-
istics of the soil to establish soil classification. Observable and textural
soil properties are readily perceived and immediately useful when mak-
ing local interpretation for land use. A classification method based on
this approach will facilitate the exchange of soils information. The ob-
jectives of this study was attempted to group the soil series established
by high mountain forest soil surveys into different forest soil manage-
ment divisions (FSMDs) with Observable and textural soil properties in
the fields.

This year we classified the tentative six soil management group (S-AT1,
S-AT2, S-AT3, M-AT1, M-AT2, M-AT3) which classified last year in
accordance with three level of soil slope which is SL1 (= 15°), SL2 (16°
~35°), SL3 (= 36°) by geographic information software. We got 16
different sets soil management group of slope and soil thickness and the
thickness of A layer.

We had sampled 55 samples in Hsinchu, Dungshih and Nantou for-
est district. The soil management groups of these 55 samples has 24
samples conform to the soil map, precisely the extent to only 41%6, this
case should be induced by complex and fragment landform of Taiwan,
subject to sampling limitations in the micro-topography.
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Research on the carbon sequestration capability and feasible models of carbon
credit trading from reforestation initiatives in Taiwan
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The purpose of this research was to analyze carbon sequestration capa-
bility of the reforestation initiatives, such as the Farmland Reforestation
Initiative, National Reforestation Initiative, and Level Ground Refores-
tation Initiative in Taiwan over the past years. The project focused on
the performance of major tree species in plantations, and investigated
timber stocking and carbon content, in order to evaluate benefit of car-
bon sequestration in future green reforestation initiatives, to assess the
national forest carbon, and to select tree species of reforestation. Also,
the potential models of carbon trading will be studied. The project will
survey all the basic data from National Reforestation Initiative and On-
the-plain Reforestation Initiative, and analyze real cases of foreign
carbon trading, and the status quo and operational model of voluntary
carbon market.
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The study on selection and seed production technique of woody bioenergy plants
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Bioenergy trees for the study were selected according to the references
of former studies on seed oil species and potentially by-products. The
selected Euphorbiaceae trees included Aleurites fordii, A. montana,
A. moluccana and Sapium sebiferum. We labeled the mother trees and
established a database for plant phenology investigation in which seeds
were collected for raising seedlings and for the afforestation studies. A
total of 133 mother trees were labeled and seeds of 120 individual trees
were collected. The seedlings from A. fordii, A. montana, A. moluc-
cana, and Sapium sebiferum were raised into 795, 1,960, 3,799, and
4,341 trees, respectively for a total of 10,895 trees. Plant phenological
investigations were conducted monthly. Blossom dates of A. fordii and A.
montana started in April in northern Taiwan, and bloomed from April to
May. Blooming lasted from June to July in central and southern Taiwan
for the 2 species. In August, the fruit of 4. fordii matured. Blooming
and fruiting stages of A. moluccana lasted for 5 months until it rip-
ened in October. Its fruits mainly matured from July to August. For S.
sebiferum, blooming occurred early in February in central Taiwan, and
it flowed later in northern Taiwan in May. Fruiting stage of S. sebiferum
was from May to June; in October, the fruits matured; and the capsule
opened in November. A two ha plot was afforested in the Tamali Centre
of TFRI for the energy plants progeny study. The planted S. sebiferum
seedlings have a survival rate of 96%, 86% for A. fordii, 83% for A.
montana, and only 69% for A. moluccana.
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Shapes of various seeds.
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Establishing an artificial fruiting body cultivation system of Antrodia cinnamonea
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Fruiting bodies of Antrodia cinnamomea were collected from the Chu-
tung and Nanchuan areas. Fourteen pure cultures of A. cinnamomea
were isolated from the collected fruiting bodies. The 14 isolates were
tested with nutrient agar medium for their fruiting body forming abili-
ties. Three out of the 14 isolates were able to produce fruiting bodies
on the medium. These 3 isolates were used for inoculation on woods of
Cinnamomum kanehirai in a cultivation system..

EMRATTE2-3(8 A AN E B F R BRI T B8 -

Three out of of the 14 pure cultures isolated from wild Antrodia
cinnamomea fruiting bodies could produce fruiting bodies on nutrient
agar medium within 2-3 months.
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Strategic study on the conversion of waste wood into useful resources
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Leucaena leucocephala is one of the most widespread alien invasive
plants on the Hengchun Peninsula and several thousand hectares of land
were affected. In order to restore the natural ecological environment,
these invasive plants must be eliminated. It is difficult, however, to
process the wood of Leucaena leucocephala because of the small trunk
diameters and poor tree forms. Carbon dioxide emission from decaying
of the trees will returns to the atmosphere if the trees were cut down and
discarded on the sites. Thus, simply removing the trees without subse-
quent processing will bring about a negative environmental effect.

In this study, the wood of Leucaena leucocephala harvested from a
coastal forest restoration project carried out by the Kenting National
Park Headquarters were used for resource reuse and carbon conserva-
tion through charcoal making. Carbonization and chimney temperatures
of an earthen kiln during the charcoal making were separately measured
by K-type thermocouples After producing the charcoal, the yield was
calculated by weighing charcoal. In order to investigate the effect of
different carbonization temperatures in the earthen kiln on the proper-
ties of wood charcoal, the true density and electric resistivity of the
resulting charcoal were tested for the specimens sampled from different
positions in kiln heights. Finally, the percentage of carbon preservation
was estimated by the carbon contents of wood and charcoal.

From results of the temperature rise process at each measuring point
in the earthen kiln, an isothermal curve of different temperatures was
obtained. The carbonization temperature at the upper part rose earlier
and more rapidly than that at the lower part. The highest temperature in
the kiln at the end of carbonization reached > 750°C. The yield of wood
charcoal was 29.97%. Electric resistivity of the wood charcoal de-
creased significantly with an increasing carbonization temperature. The
pH of the wood charcoal was in the range of 9.39~9.80 and was not ap-
parently affected by the carbonization temperature. Carbon content and
true density of the wood charcoal increased with an increasing carbon-
ization temperature. Percentage of the carbon conservation was 46.10%
for charcoal making from Leucaena leucocephala using an earthen kiln.
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Studies on benefit of fast-growing and high-fibered tree species on carbon
sequestration and energy-saving in the pulping process

R

R EBRERFARE S HERBE R LR
EiRER s © FELUEE AT MER ESRIEMIE R 2 B REIR
MMARMAR - NFEIEF2EEBICLER M2{EIFEE
MMEEERZR  J\ABERE @ ETEAZH EEEYE
B8  AMERDMAEREBHERIENAER
BERFULRFMHERE > EMITEREREE K
RRHEVNBRCER - FHEVIRE > BERERN
EucdCLINBREAGKRERNMERZEER  BEA
RESRE/EX  BNEMAOARY S - WEERTE
RERZERE  HUNMERR  RABEMTENES
BhREZ KT RERAR . B AR © #)5 B2 I RERAR 1R
AR BiathRN RIS G R BT
BRETHRORM AR BRI FREER -

A+NFE FHR

TERRRFREGMERRAT

The project proposed to evaluate benefits of the fast-growing and high-
cellulose tree species on the carbon sequestration and energy saving
in the pulping process. It is anticipated that energy-saving and carbon-
reducing tree varieties will be selected to facilitate afforestation and
supply raw materials to the pulp and paper industries. In this year, 2
transgenic Eucalyptus camaldulensis plants with antisense 4CL trans-
genes and 2 non-transgenic varieties were evaluated. Sample trees were
harvested in August. The aboveground biomass, carbon content, major
wood components, such as lignin and cellulose content, lignin compo-
nents,. and pulping properties were determined. Differences in benefits
of carbon sequestration and energy saving in the pulping process among
the tree varieties were analyzed and compared. The results indicated
that transgenic plants were better than the non-transgenic ones in en-
ergy-saving and carbon-reducing. Transgenic plants with the antisense
4CL transgenes have confirmed higher pulp yields and reduced the
consumption of chemicals in the pulping process. And energy consump-
tions of the digestion and bleaching were reduced as well. The process
would thus achieve the goal of reducing carbon. Based on the results,
the evaluation protocol will be refined and be extensively used to screen
target tree varieties.
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Development of technology in extending the service life of wood frame buildings
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Wood frame buildings are energy efficient, was set up to low cost,
attractive, and comfortable. They also have superior seismic perfor-
mance. If designed and built to meet specific climatic conditions, they
are indefinitely durable. The key is to determine the optimal exterior
wall design for performance vis-a-vis moisture and durability in the
Taiwan climate. Excessive moisture entrapped within the wall cavities
can lead to unhealthy moulds, decay inducing fungi, and termite infesta-
tions. A test hut was set up to address this issue. The hut enables mois-
ture monitoring of alternative exterior wall designs to facilitate selection
of the optimal design, and to ensure that designs that do not adequately
perform are not built. Sensors measuring relative humidity, temperature,
and moisture content of wood components are placed within the cavi-
ties of the walls under test. The source of such moisture is water vapour
from very large atmospheric moisture loads in the Taiwan climate, that
may enter the cavity through diffusion or air flow (leakage) and become
entrapped and possibly condense within the cavity.

The current results of the project are as follows:

1. A 4.2x2.8x3 m test hut has already been built at the Fushan Station,
TFRI. The lateral exterior walls are installed with by 3 different wall
structure designs. Thay are (A) traditional wall, (B) high performance
wall and (C) high performance wall with polystyrene insulation(HPP).
Interior temperatures of the test hut fluctuated at 9.67%, and the outside
environmental temperatures varied at. 13.28%. These results show that
the test hut has a smaller temperature variation than the outside environ-
ment. In the testing period, the average interior temperature of the test
hut is around 19~26°C.

Comparison of C/P values in different walls

2. Three different wall structure designs show different abilities of va-
por barriers. The results show that the average relative humidity (RH)
of the control wall is 89.6%, the average RH of the traditional wall is
69.1%, the average RH of the high performance wall is 65.7%, and the
average RH of high performance with polystyrene insulation wall is
63.0%. The abilities of vapor barrier are Type-C > Type-B > Type-A. In
comparison of construction cost, the costs of reducing 1% RH by each
type of wall are Type-A 6.1 NT$, Type-B 24.0 NT$ and Type-C 36.7
NTS. The Type-A wall has the highest C/P value.

Average RH(%) RH reducing (%) Built cost (NT$) C/P value (NT$/%)
controled 89.6 - 5,616 -
Type A 69.1 22.9 5,756 6.1
Type B 65.7 26.7 6,256 24.0
Type C 63.0 29.7 6,706 36.7
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Seed storage and germination technology of the important native Podocarpaceae species

in Taiwan
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The Podocarpaceae family is composed of more than 120 species in
20 genera all over the world. In Taiwan, there are only 6 species in 2
Nageia and Podocarpus genera. Among these 6 species, only Podo-
carpus fasciculus grows in middle-high altitude areas. The others are
small trees distributed in low elevation regions. The plain species have
become favorite potted plants, fences, shade trees, and garden trees in
nursery and garden industry due to their delicate and moderate shapes
as well as good adaptation to lowland and urban environments. Two of
those species, Podocarpus costalis, and Nageia nagi, are the most pop-
ular. P. costalis is so widely used as a cultivated plant that it has been
removed from the list of legal protection of cultural property of rare
species in Taiwan. Nowadays, bonsai trees of these species are densely
planted, which are very popular with many people in China, Europe
and America. Tree seeds, especially P. costalis and N. nagi which are in
great demands, are always seen as critical planting materials, so mature
female individuals of these trees at various sites are usually guarded
by someone especially assigned to collect the seeds when the fruits
mature. However, the collected seeds are often inappropriately handled,
which often causes massive failure of germination after sowing. As an
example, seeds of N. nagi often fail to germinate normally after sowing
due to inconsistent degree of maturity or seed dormancy.

Nevertheless, there is still no complete study on the storage and ger-
mination improvement of tree seeds of the species mentioned above
which have been commercially used for many years. Therefore, seeds
with good quality largely deteriorate throughout the transportation
process by accident, and lack of proper storage is also disadvantageous
to adjustment between supply and demand, production stabilization,
and market intelligence. Furthermore, the shortage of germination
techniques subsequently has effect on commodity value. This study
attempts to investigate storage and germination technology of seeds
of the important native Podocarpaceae species in Taiwan, including P.
costalis, N. nagi, and Podocarpus nakaii. The purpose is to understand
germination conditions and seed physiology of these 3 species and offer
useful information about nursery operation. In addition, the seed storage
behaviors and germination characteristics of the 3 species are used to
find out the optimal storage conditions to sustain their seed longevities
and contribute to providing the efficient method of seed transportation
and storage.

The present study has shown how to break seed dormancy of N. nagi,
which makes the seeds regularly germinate during 2~4 weeks after
sowing and efficiently reduce the subsequent cost of nursery and gar-
dening. Moreover, there is an efficient solution to lower the bad effect
of deterioration of 40~50% seeds with good quality throughout 1~2
months of the transportation process in the past. After the developed
treatments, the seeds almost do not lose their viability throughout the
2-month transportation process. In fact, seeds of the Podocarpaceae are
non-orthodox with short longevity, and the current studies have found
out the way to maintain the viability of most of seeds of N. nagi for at
least 3 years and those of P. costalis and P. nakaii for 1 year. In addi-
tion, technology transfer of “Breaking Seed Dormancy, Transportation
Methods, and the Optimal Storage Conditions of Seeds of Nageia nagi”
has been accomplished in 2009.
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Cultivation of tissue culture derived Cinnamomum kanehirae plants to supply wood
for the production of Antrodia cinnamomea fruiting bodies
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In order to rapidly supply the wood sources of Cinnamomum kanehirae
for fruiting body formation of Antrodia cinnamomea, we propagated
superior clones of C. kanehirae selected from a 6-year-old type planta-
tion. The propagated plants were raised from cuttings and tissue culture.
Tissue cultured plants have been proven to grow faster and stronger
than those from cuttings. This technology has been transferred to a co-
operating company. We helped this company to establish a 2 ha planta-
tions. In order to enhance 4. cinnamomea growth on the man-made logs
of C. kanehirae, we provided logs to the cooperating company that has
specific strains of 4. cinnamomea and know-how to grow fungi on the
wood.
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Mass propagation of superior and cold resistant clones of Jatropha curcas
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Fruit yields and contents of seed oil among provenances and individuals
in a 2-year-old Jatropha curcas plantation varied greatly. This species
distributes around the tropical and subtropical areas, and likes to grow
in annual temperatures between 18~28.5°C. Dormancy and leaf drop-
ping occur at lower temperatures, which seriously affect fruiting. Se-
lecting cold-resistant clones with high seed oil quality is thus invaluable
to meet the requirements of companies wanting to plant it in temperate
zone. This year, we have finished micropropagating 5 superior clones,
establishing a 0.5-ha progeny test, and seting-up a gene transformation
system. We obtained transgenic lines that were transformed with NPTII,
and GUS genes, and the CBF1 gene (a cold-resistant gene).

Annual Report 2009

Taiwan Forestry Research Institute

93



[ mEmsEERRREEEY

94

IS EREXEF R

£

Preparation of a glue-infused handmade papers
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Based on the collected commercial products and the opinions of the
artists, 6 fiber stocks were formulated with different blending ratio to
produce 19 varieties of final products and these were tried by artists.

The results indicated that:

1. Most products had strength properties inferior to the reference prod-
uct, there were several products with breaking lengths and bursting
factors better than the reference.

2. The pH of the test products was all higher than the reference one
which should be beneficial to the preservability of the artwork.

3. The artist trial found that most test products showed a grayer tone
when applied with pigments. The color saturation and abrasion resis-
tance were also poorer than the reference product.

4. The test products had indistinct color-to-color boundaries, blending
of colors sometimes occurred. Upon drying, there were rarely pig-
ment losses from the products.

5. There were 5 among the 19 test products that the artists deemed to
have rendering properties and touches approaching the reference.
These also had good coloring performance.
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Developing the active ingredients in Litsea cubeba into functional cosmetic products

fATihE

A FEWEILIAMRBLERERFME - 2T EHAKD
RLIEGE (cita) R EFTEND - BFEREBHLE
HEMAE{bE R RcitrallT A TR D 2R D BEEPRES
HEBENINBASEN - Wcitral f4 BAEEMM I H 2R K
MR AERLPS)MER KE1%E < Pam3CysFrE
EAITNF-a ~ IL-1BEHAIL-6 ER'EHIERIE » H¥ERKI/2
KROSEHRBEMNIGIER - REEARS RS
&I citral HEFHARAEESHER - RIEEME
T - citral PN EEEREEER (Propionibacterium
acnes) ~ FRAAFRIFE (P. granulosum) » LUK R B EF iR
(Pityrosporum ovale) ¥JEMUEZHNEIEM  FI » th4E
RPN HFIBEZR ILARRERE R E MR citral 5
BRUEER ~ (K ~ ABEREDEEIREHEE b

mEmAEm OB ERD

Litsea cubeba fruit was collected and extracted for its essential oil. After
purification using a GPC column, the main component, citral, contains a
subfraction that showed an excellent anti-inflammation activity. Results
of the experimentation indicated that citral could significantly inhibit
endotoxins LPS from Gram negative bacteria and the Pam3Cys of
Gram positive bacteria which in turn affected the expression of proteins
such as TNF-a, IL-1B and IL-6. The fraction also showed a significant
inhibitory effect against ERK1/2 and ROS. In dermatological cytotoxic-
ity assays citral did not kill skin cells. As for anti-bacterial activities,
citral showed excellent inhibitive efficacies against acne-causing Pro-
pionibacterium acnes, P. granulosum, and Pityrosporum ovale bacteria.
Based on these positive results, we are confident about the plan to incor-
porate the active ingredient of L. cubeba, citral, in functional cosmetics
such as facial masks, cologne, shampoo and skin lotion etc.

Annual Report 2009

Taiwan Forestry Research Institute

95



L F

K .pw\..\.\..u = £ 0y

{ ..._.__...M:«a_ ﬁ |/

AR




2009

Annual Report

2




EL-FGES

2009 1H—12

- ENESREEMREHERS TR SREABEE, 2 -

- BEWATSTENESREENMTENEIE TARITERATEA BRI R
AEEC A, -

- RMEEEIE TRRACEIVA ) BREBER  OTEEERR BOEEEE
% @R EEEY -

- BREANEY TOTEE RN A SERSEEET R SRR LSRR
Fs -

1 JAN

9 FEB
 AEEREFEERBATHRESES RS -

s EYEERETFHEMEENSEARBORNE THES M3V E SRR - qikh 105
BEEYE - BERRNEETFINSG -

c EYEARESIASESTERFENIR -
s RitRBEEECAMENZ2EE R FEIBISO 27001 EIFREEE -

s EYEASEEEIMEERTRRFIBRBEREME T REREETINE
SIS - NEA R R KRB - 54358 °

3 MAR
EYEME - MELEA - EEOM P OREEOIMAEROEH T BABRTALEA
FERIEERMES, -
o FRARI AR BIRT T St SR B R S RN R AR B Th IE SRMSE R O B+ A -
=

©  HMEEEBGE B EH@ iR KB Edward Cook and William E. WrightZ= AT ERE IR

X
= .

- EYEHESITHRZEERERNEGH THEENBAERNRE TEEYEE
ML M EBEESME, -

© BEMAMBURERER "FEMERBRERBRIAL, -
© BMEREENSEFREE/NRE " ERBRAAEE 1 -
© AZRERBUMFTHOENRE TKREGELS
© AMREENSEFHERSIUREE=ZHE "RFEMARENETE,
© BNEERERMRREEBERBAZRIE KBENS AR
4 PR
© KMEMRHBL "HMEBREKE(EERE | RWETAFARREES °
© HMREHEESRABNIENFE AR EHEEI M I RSIET R BEC S F RIS -

- EYEAR - BUMRROERERZAENT - AEHEARETERIXEREEE « B
RERIE M BWHBAAZ BN BILA TR OPEER/NRE T " BREAERE
BEEE YR P INAEREENE , - HetMIB0AS -

- EYERME - BILRRROEEE B EREILA TR OSRM T ERPORERILT

g HNEE FH

TERRRFREGMERRAT




BMAY

6.uN

EE-FhE

B3, HEH28A200 »
e EmE MRS EMIEEAEI, -

RMRBAEIMBERET "THMABRBEBEEEMABERRFRILZMET, -
H2EMBRRREE °

EYEAERZAEMER  HEREREL TR REEHER « PRFREHBH
BEABEER ~ 2L ROREILFFRROHRE "B EARE B AR E
BEYZHRMPINBBEENE 1 - HI0UABHEARRETERLALEEE « FFh
w2 B2~ BRI A -

MBI BES I TR OB T 2009F M N BB FT NG, -

EYEME - BILMFERORIETRERTERE - RESPRELTEROER " &L
EMLHMFINITE TIES-FIREIE - HFH30A20 -

WEME  FEFEUMERL - mRBABERREFMM AR OGN " I8EEEMBRH
BE (F—8R) 4 - HLE8AIZAISM -

BN T20096 AISAMAERRE B S, -

IR EEMNARIFTTERAEERRIN "2009FMFEDSHMMTE L -
RMREENR DGRBS "ERENEBRRAES
ARMREA N BRI ZE TR T RFERABIRKBIEESHE, -

EYEEEAERMER BREBARER eREEEHRNE - aRFEXEE
NERERMERBANAFMBLERE " ERFKERERZABEMHETE, -
FLEF30A2 N -

AR EENBRTCENERRINE RIBAROE-HEEMNETFXEE L -

AFEME "HEFREANCENEE ) BRAERE KIIAR -
MEIZBIFTREE " E3BERETABEHRFEESR IR -
SKREEAME "2009RMEKEBEEMTS ) - HFFSAZM -

EYEME - BUMEROEBERBRBAHE RN ELUMEROEH " UEMZ &N
FOMNRE IS, - HETRB/NVRR & 4AHED2N -

ARMREA © BRI  EFEM TR ONEENA IO E T 20095 ARMAERE
BREEHEEMEEMNSE ) @ sSPAXE  KERE  BAX  BRADRFHBEES
il

EYEE  BEEMESO - BUATRHOREERFTHOENR TEFEEYZEMLF I
SN IR 5 - G20 A0 -

EYEEEALRBRFHEER - BRE/NRetEYE  FMERERESH " 1R
R B REYRRAENE 1 - HLEB6AHKANZM -

AMABASI "20002X MR ZRK > 2REER " LEERMKZEM, -
BMEERN TR EEEMET kB g, -
NERRROEEAEEEFTHRMERERNEREN TRk, &

Annual Report 2009
Taiwan Forestry Research Institute

99



EL-FGES

s EIEOHRROERGREARERMNHIERNEMTREAR BRMENEARIE ©

WEE - AMEHEE FMMCBEREATERERXRZESERANECEE » 5T
%%fﬁtﬁ%&ﬁﬂ BESHLRCMBEE -

s EEMMRPOCEEMCEBERMRTK  BERAE  ARFEFE  NAE
KAKBRRY HEFEMERMPKRAR  EZMEYE 58 TEABGTR2HEEK
(GSN) fnsR &Mz REE R 2 -

o HREAERINTLENSHERFREEDRTHL  SEEEMHTIBIREER -
JouL
s BRMEEME  EEOMRROERERESHATRMRE

- EVEME - BUARPORBEEEHEHRE MRE RSN E LT R/OEN T 200954
REZFBFHEVRILAEDNLZHMEFINTE TIEY 5 - HE27630E2 0 -

HNREHE THMARBERSERE LEEZS "TFIEBAREREE | RIEESEE
FHE o

© HRMEEEMEARR TEBRMKENE ) FTRFXERSER > PP RFEI00FE
AERAES -

HBMREAER AN S A A BRAASERBEZE - YR E N [E 2B 5T
Mg E{FED T »

« EYEML  BUMER O EEREREILMEROER TRFEETEREES
ARRWEE , - Het32A2m -

- EYEAE - R%Eﬁ%%bi@ﬁﬂ%l%@%ﬁ » RE R ERIEE TR/ O SR
TIVNERXBERRRE-BYERRER L  HEH1BAZM -

« EYEMA  EEFEMHEHO - BIUFFEROREN BAREBYE - LB ERERN
NEIFTHOER TIVNEBXBAKRRE - EEMBEARR 0 HEB0AZ2M -

c AEEMBARFEBEAXZEM K 25 TESBYRRE, -
© BMREENGREBHEGTHE TEABRIRANES
© KMEMRPOESEBRMFHRERSHBEEZ -

S AT O SRR T BN SR A TEEI B A B AREEED ~ ART PRI A0S
25 BURMEMNEN S REZS - EMEReRMERIERESHS /lex/iﬁﬁ
HEZEREH %iﬁé%%ﬂ&%ﬁﬁ%ﬁ%ﬁ*ﬁéﬂ@ﬁﬁ&%%5@@9%0&

gAUG

© PEHARRHOIREDZERERBEDR T REEE

o BEEMERORE "REBRTE, B REERHEREY R  Thagi
@’ o

« EEA - BLUNEPOEBEREHEREMREREREILTZ RO T 20095
REFRE T HEN RIS EMEFINMTE TIEY o - HEP32G3REm2 0 -

o REBMERO S AMEMEHOREENEFOEESTRRBERE » WK =
Bt~ MERHABEIISAIESE -

© BRMREAEREHEMESNTCASNE N EREREN NS BRRRECH
RN/ \E D B R ©

i

oo NHNEE &3

TERRRFREGMERRAT




Qser

EE-FhE

EYEA - BT OERESHREILRZTAOER T 20004 BRIEHE-KES
PRETHENEI L o HE24A20 -

AMREEIE T O8FEMEARATIRR AR OB -E T HRBARERMENTHE
M&%:—;J /EEjJ

EYEAREAFTERENAIEYERENR " RE B RNI-REEBEEET
g o HFH2000 A2200 -

EYEME  BIUAERORLEEZTAER/NEH " BERBECBARRKHELE
g5, > ZLEP30RIZKARZ N ©

ARARE AR MEARBT T BN 2 hN20094F B R R B A REAT ST 494 & (The ILTER Co-

ordinating Committee Meeting in Barisbane, Australia) °

EREFMREERIMRIGA R EEH KB Oregon State University, the University of
Washington 12 K University of British Columbia » BREER IR 2 25 287 E RS 1B B R 1T

EZE SR

BMAEABURAR - RIGEENIENRE - RPBMEROFRREERAT 4R
RE-IHEEAMBIIEDER < BERIER L 718 > BB LINERETSH

HMREBABIIFRIMFEEIRSAE S FPeter Lin(Mh L3S HERIE 2009845578
RREEHAE, HEEAREEENGRSTEEMBEHEE=S -
AREHEROLNNBKBEFAMERNBRERZIBERSE LA KOBEE -
A BT BERE - HPEANGHRT  RERSE £/ - BAR ~ KERE
@~ —SREBKEBKEHHW LT ATAIE BERBELZAR - MENSIEARR | BIFEMK
BEZEE%  FRlEME2.823.1 KRR @ KFEREAIZ00AR » RAIS00ARF4.9 K
5.4 KERERE » KFEBELB00AR » RAISO0AR ; LHMEZEANIER » Z#
TeubtEs) ; BEmMERERMWETN TS EHEIRER -

AMBHEARBERNMEAMER BT EEE 2 S/E - HERIEthe University
of British Columbia/RAF}E2Z ~ British Columbia Ministry of Forests and Range -
FPInovation, Canada Wood N & 5% FH/CEIT 250 ©

EEMRFTROR AT LB R R EE IR S TR t5IAR - HEH30 A2 -

AR BEANRARATE ~ BRATRBFADEMB BT ER- KR " A RRENEE
ESBNMNRIALREMENZREE ) (The LTER Information Manager’s Meeting and
LTER All Scientists Meeting ) °

HAREANEA G EEEEEINE " EEENEBREEB RN LEBIRRIE#ES
KIRIGRARRIEVERETEE) , ©

RBTRROEN T ENERS R EEERE, .

EYEAE - BUMERROEETHRBRBE - KESPRELUMFTROER "84
HEBARRMEERYE, - HFT20A290

HRIMARA - BMAEZ2 T20095 L ERRRERMR 2R, BR T LRERTK
B 5 REEIREY) -

BN EEE T ABRWENRREEERENEERRHFIIR, -

BMRKREHATRART « KI5 FHELEF The Center for Tropical Forest Science of
Smithsonian Tropical Research Institute}5 45 S /E T IE = H °

Annual Report 2009

Taiwan Forestry Research Institute

101



EL-FGES

10ocT

o BMREAMEBRREMSTESIN2009F " 2IREY LM ETRIBEIOREEE
GB16, o

« MEREFR BWEABHEREITEERADRSI (RAMERTEERS S, -
o HMMREANFTSRER AR/ NRE "D ERARERE
«  EVEMEEEZAIEYEEBISO 9001: 20085855

s BRMREARTEE BRI B EBangalore2 N T 55 T fEARMES B B BIFR A S 4
(5th International Canopy Conference 2009) » 37 [] “E?éiégﬁﬁx

o AMHEHEEER T2009BKMFEMERKIE S ) BERRMERBERERFE
MEAMCBEEM T E B AT RS -

© BMREENERFRODE/NHE "D ERARERE

- EYEA - BILAEAOEEERAXENRELFEROERN TBARBEZBRF
RETE TRy s HET30RZREME0 -

o IGARISHETER T MEEEERFTE T ) PESRDVD B R HRIESE

11vov

c EYEARTEERAESRS LERSABRTERRBENEAREREMEN " £&
RRHABIEY, - HEFISASM -

FMREHNEETERE/ R " OBERABIRAL 8 KBS EEME |
o FRMMREAMARZ BHEE S T T/ OBIBISO 20084&5T

- EYEMEERE B i BE  BENSHRPONRTEASERERMIGE
TSI ERRRB S LA L - HETOARD

. 7@%.@ RILA TR OEZIETHER E%IE/J\&EA?EEUJEEJLEPL&@## FOBEF R
RENERNREEREBARRMEE ) - HE30A20 -

o EYEHEEENNERONEENM TR OEN [ BRIE < BARRRIE TFH-
FIBEYE -~ HE30RZENSN »

o HMKLAHEGEH AR TEAEZHIEDr. Honjo Tsuyoshi ~ jZBINRIAFFZEFDr.
Phlhppe de Reffye » FREIRL 22 (5 5 B/ tﬁﬁnﬁﬁﬁﬂ@ﬂﬂﬁi&% BELTEA - uEART
AT TBRIAE REEE A AR L EE ) EERWAE:

©  FRIMRE ﬁﬁﬂiﬁﬁﬂﬁ%%%f&%%l%bﬂ F2REPLHEMENRBGBIF M ESFE N
EMEEMEENTNE

c EVEAESERBLEREZEVFRETOLEH 'REDEYESE ) - Hitl4
\RURKES > SR BHAFRELEYEAKEILEYE -

« BMREENERERemEEINE TDERARERE

s SKEBEKLENREBETEBRE "2000FMEXERAERERZTRE, MEE - HFS0A2
e

© HRMMREENSERBCHARNIE " SERSFEBARENES

- EYVEARSRMERRMABAABPOER 'BARBCEBARRRNME LFE
Pr, o HEFB0AZ0

op NHNEE F3R

TERRRFREGMERRAT




120EC

EE-FhE

HRMFEANERF RN REZEP 2R ER T ERREARRKHEE SR
B oo

WEZPE ' AXRERAXERE ) BT BHEREGHIMRESENMAFTZHEN
S EEEFEAD > HFH141A200 °

HRMREEN ERARAENE " ERFEABREEEEHEE
HRMARER GEFRERSER TREAROE-BENMRER CTARR | EHX

o
7%@3 TEREXZESREMARNBEENE - WEETH "MERESEE LR
RFWB LRI EEKEBIRE ) 25 -

AMREAMARATE R BRI T BAREM S ENEEDR §E(Asia-Pacific Biodiversity
Observation Network, AP-BON) ; & " 55 & R ma g i5 BT A ) 2 B & 73T 75 Z2(The
East and Southeast Asia Biodiversity Information Initiative, ESABII) ; fIB2: ©

AEZHEBRNE L ABE RS SRS -

EYEEESIHREAERRR/)NSNRDEENGILEYEEMR TO8FEEZEE/N
My shiEE A RRRBR TR E) y » HFH400 A2 ©

ARMRAEARE T 2009F RIABIEERIARESH S

EYEE  BIUMSRRORERMREEE - ERBRBIGTEH " I8FEMABAHK
BAMABFRRAESHME |

Y ER RIS RN IS R B B RS R R TS B ARk )
BFZEH | o HEHSAZI -

KMEMFTROREE_MRABAARBEERMS  BHERRITLLEERA—F -

KinEHRFTHOTHISEEATEMMBEEEER - LRAMKAKERS DREE(F
RS

Annual Report 2009
Taiwan Forestry Research Institute

103



BN BEEE R
| B | | ERE |
02/09  Carbon credit trading
03/02 Dendrochronology and Natural Resource
Management
Dendroclimatology: Reconstructing
03/02  Climate from Tree Growth with an
example from Taiwan
04/13 Role of.ﬁre in plan.t regeneration : an
Australian viewpoint
04/15 The impacts of climate change
on plant establishment
Repeated Standardized and Consistent
07/24 Measures For Assessing Lepidoptera
Biodiversity Through Time For Assessing
Climate Change
1015 &BE IRV TSR E
A Collaborative Model for Forest
11/11 Resources between Minority and Majority
Folks in Sweden
From AMAP to Greenlab Plant Growth
11/16  and Architecture Model: History of
Research Work and Recent Advances
11/16 Greenlab Functional-structural Plant
Model for Trees and Its Implementation
11/16 Numerical Modeling in the Studies of
Plant Growth and Eco-environments
11/16  Plant Reconstruction and Visualization
Landscape Simulation with Planting
11/16 .
Modeling
12/07 Carbon storage and fluxes in managed

forest ecosystems and landscapes

ro| LHN\EE FR

TERRRFREGMERRAT

| EREE |

Dr. Sun Joseph Chang

Dr. Edward Cook

Dr. William E. Wright

Dr. Siti Hidayati

Dr. Jeffrey Walck

Dr. Jeffrey C. Miller

1raED

Dr. Sang-Chul Park

Dr. de Reffye Philippe

Dr. E2¥2
Dr. 1A
Dr. tf 8
Dr. Honjo Tsuyoshi

Dr. [RER

| BRFSHERR |
KBRS 2 AT AR IN LA ER

Lamont-Doherty Earth
Observatory of Columbia
University

Lamont-Doherty Earth
Observatory of Columbia
University

Kings Park and Botanic
Garden, West Perth, Western
Australia and School of
Plant Biology, The
University of Western
Australia

Department of Biology,
Middle Tennessee State
University, USA

Department of Rangeland
Ecology and Management,
Oregon State University

Korea Polytechnic
University/ KAIST

Institut national de
recherche en informatique

et en automatique (INRIA),
France

FREI R B B LI5S Rt
BRI B AT SR
BRI B BT SR

ChibaUniversity, Japan

University of Toledo, Ohio,
USA




B EEEE

| B4 | | 87 |

05/01 FAESIEES EERW

05/01  HIMEELLRISE — S LRRFEZ U IE

06/26 &BEFEATMIRIRFRFZEE R 255

06/26  BIABIRRIRE LS
BENERFERITECILAREREM AN

08128 mmmereanm

08/28 E%i@%ﬂ%ﬁ(ﬁbjj? ﬂj‘%ili//\ Kjvliiéqjﬁ%v
Bz AT - EEEROK B T W 2 38 R R A2

o POETRGHEREA BRI - LU
TR ERE R HIE M @ S 151

11102 FZREEEHI(CDM)ZEMRERDT

12/31 t+EERxELETG

12131  EREERBEDNLZDFT A ERE

| EREE |

SRONEE

BB

e

SRR

FrEEE

SRR

739

= B

BRI

| BRFEHLER,BEAE |
MERFTB M
=]
MERFT AR AL &40
MEEF AR
MRFTEFTRE
MEREFREFME
EFT AR IR EAR
o=
REFTRE LA ZT AR O
B EZRET
G FT IR EAS R AR
BBt &
M FTRMAE &40
BIFE
MRELFT A B A ZE 0
BIfREZRET
MREFTRR MR B4R
MREFRAR

M AT M
B8

Annual Report 2009
Taiwan Forestry Research Institute

105



98F e —E

aP:L“JHEiEJ,___ =
08Tk hNoa— B’
BE5 | phazT
T s EE & HERE
185  IMuiH sk bhAiEE EREsE 18
Jﬁﬂ‘%
192 MOREFH 4% 2008 — 2009 SIS 28
rL NI R
193 3L/ e e B R 36 HRIE : 2(BE - 108
rgmse
1m1gm%mm$' L REEER SH

BltEYERXSES

196 20097 ME KRS B IXE ML EAR 6F

TERN FLOKA OF TANWAN
ATHVEILW

106 NLTN\EFE

o R e

TBIREXEESR

197

198

199

200

201

202

203

204

205

Fi

SMEHERPT

e EEMBUT  F ST ek By &
X

Fern Flora of Taiwan: Athyrium

MEABATRPH RS

BENEANBFTE  IRNEE

MERBRATEILMEPORREN &
4% (20014F 1 5 ~20094E6 )

HERERNRMERRLE

200975 W MRERHR AT B 5w SCE

2009 F B K ERAERERZTENE
= %?ﬁz

DT ZRAYIRAS
BFHRMERNEBRE X

AIBoR ~ FER
ey

Yea-Chen Liu,

Wen-Liang Chiou,
Ho-Yih Liu

B THR EE

673

10H

128

108

108

12H

11H

11H

121




98T i hR A —

E&
=

FFEEHE | mEER
Fi5k =k
45 ATEHMNE REEHEEY
46 EEWHFTHOEN

47 EEEAEETEE
MERBTES AR

48 RIARBEEL | MAREIRESAY

49 Taipei Botanical Garden

HATI%E
Fl&

2= FORESTSCRNCE
AR

METFTE

FENERSRENCEEEM T ERIE

JEEERLE | BEhmn
24 1
MESRERFTEI N (DVD)

'?" LT, 2ol =1 =
SR

jﬁwan Forestry Research Institute
.
LTS

E& HhRE
SEEMW ~ THIAX 3H
=IER  BREAS

RN 9
WX R
Rk 78
TEROK « BELS -

PN 10
E e H
Yi-Bin Fan 118

HHD (#Ea%) EiREs HRRB
245145 FREAER 3H
24562 HA MEAER 68
2434348 MRERER 9A
2455448 MEBER 128
165181875  REE 28
164253(8835)  REE 48
165380 (893%) SRE 6H
165480 (905%) SRE 88
1645809138)  REBE 108
165658925  REE 128

& HhRB

THEREE |

wEmIE. D
REEESC 12H

BUE HhHRE
PRI EE 108

Annual Report 2009
Taiwan Forestry Research Institute

107



BEER

2009 F E:t7EE
BAEIRA SIF R EEEIIA

(—) 2009FFEE iR 98 (1%) 283 (4%)

AFF2009E % ATEE6,869F ¢ -
#8200846,916F TiRHI47F ¢ ; | FREBUA
B 6488 (95% )
EWIEE698,655F ;¢ » 820084 .
760,882F T %5162,227F & © BB
ABERRLERETERNS (ME1 -
E2) A B 2009 A\EETERR

/]

(Z) 2009 F REHmA

1.8 A + AFT2009F 5 AFEE6,869F 7,000 - 6,488

5T REEAS,120F T BEEE 6,000
AMU1,749F T - SEmA#MTER 20000 s 832
4,000 - :
(#NE3)
3,000 -
2.5« AFT20094F 5 FaE 698,655 L
F7 0 REBR657,728F T T 1,000 283 g 05 341 =
. s 0
£H94.14% » EmHEEHTIER (0 0 - : :
ST EEE HBRA BT A HABA
&4 ) A
| FEE
N A [E3 20095 A TEEHTIER [ 3 B3
Sizh REEEULA e
450 (6% )

\

HiBgA | SBEKA
3000 (39% ),/ 4155 (54%)

< [E5 2010FFARETEAR

100 (l°/o)

o UTNEE EH

TERRRFREGMERRAT



BN

E—TERS B
s 200 (0% ) (=) 2010FEERR
153,000 (22%) —RRATEL AF2010E B ATEHT7,705F ¢ -
345,967

820094 6,869 F ;L5836 F 7t ;
BEHFEE706,945F ¢ » 820094
698,655F L i518,290F 7t - BRI
AEERBEEETERNSE (WES -
A B2 2009F R HTEETEAR [E6)

BB T

(49%)
199,488 (29% )

4000001 o
350,000 [ 3348

300,000 -}
250,000 - -
200,000 - P e
’ \53,00 890
150,000 - 120
100,000
50,000 200
0 1 1 - ’ ]

—MATH MEHBME MEZR FREEE

R MEERE -
A B4 2009F 5 HTAERITIER [ Es 168,462 io ig(E(f:i'ﬁé)
(24% ) °
> —ATH
- 347,565

(49% ) «\‘\HW
[ g
> E6 2010EHEEEERE FHLHERS —

190,718
(27%)

Annual Report 2009 109

Taiwan Forestry Research Institute



HEEEE R TREER

_________________________________

MEEBEAFR NTN\FE | REERRS-
=it - RREMER, E%9.10
m: 2%

I THEREXZEGMERAR 2. MXEE

1

1

|

' ISBN 978986-02-32745 ()
1

1

|

' 463.03 99019867
1

Annual Report

MEREBRFI N+ N\ FEFH

Taiwan Forestry Research Institute Annual Report 2009

B T AN EWRE

R B MERBTRELZES

R 2 pRERE

B OB RET

WX W ERE

x it 4R 88 = - RER

bR B (TR R E MR RAT
ih Ik : 10066 Z 3k IF @ EERE 5355
5 £ 1 (02)2303-9978

= B ©(02)2314-2234

DIRENABADLE  http://www.tfri.gov.tw

En Rl - BFEIEABIEHR R SO BB R B0
bk & A PERBATAETA

E & : FrEig200TEE

Publisher/ Huang, Yue-Hsing star

Advisory/ TFRI Editor Board

Planning/ Chen, Yen-Chang

Chief Editor/ Wu, Chin-Shien

English Editor/ Wang, I-Chen

Art Editor/ Lee, Pei-Lun , Hsu, Yu-Yen
Published by/ Taiwan Forestry Research Institute
Address/ 53 Nan-hai Road, Taipei 10066, Taiwan
Tel/ 886-2-2303-9978

Fax/ 886-2-2314-2234

Web/ http://www.tfri.gov.tw

Printer/ Victory Printing Co., Ltd 886-2-2325-8576
Published in October 2010

Price/ NT200

ISBN/ 978-986-02-3274-5

GPN/ 1009903339



