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Preface

On “World earth day” April 22nd, 2016, representatives of 175 countries in the world gathered at the Headquarters
of United Nations, New York City to sign the “Global Climate Agreement” or “Paris Agreement” which has been
passed on 12", December, 2015. The UN Secretariat General Dr. Ban Ki-moon excitedly proclaimed “This is a histor-
ical moment,” because it not only held the new record of the most countries signing an international agreement in one
day, but also an important milestone in the endeavor of human to save the earth at an opportune moment. According to
the agreement, countries of the world must use the pre-industrial revolution global temperature as the basis and pursue
the goal that at the end of this century, the global average temperature shall not rise by 2 degree Celsius, and to hold an
upper threshold of 1.5 degree. In other words, worldwide, we should realize greenhouse gases emission reaching peak
as soon as possible, and to reach net zero emission of greenhouse gases in the second half of the century, so that the total
greenhouse gases emitted by anthropogenic activities shall reduce to a level capable of being naturally absorbed by trees,
carth, and ocean. This is indeed a very difficult challenge!

It is noteworthy that the global forestry issues received emphasis and consensus, and being regarded to have break-
through significance; there was a foreign medium report saying that forests were the biggest winners of the Paris Agree-
ment. The reasons being that at the time of the signing of Paris Agreement, the global society has transformed from the
1997 Kyoto Protocol thinking (regarding forests in coping with climate change as being simply an abatement role), to
how to enhance the capability of forests to adapt. The main advances included: from the original concerns of plantations
as carbon sink to encompass both plantations and natural forests; from the thinking of increasing carbon sink so as to
mitigate climate change to advance to an adaptation of forest conservation including the existing carbon sink; from a
singular angle of regarding forests having carbon efficiency to expand to great width of forest ecosystems as having mul-
tiple services; and from simply consider the presence and continuity of forest itself to a consideration of forest and com-
munities of lifeforms depending on it as symbionts. These transformations of ideology will certainly influence countries
of the world on the attitudes and policies of their forest managers in coping with climate change.

As a forty-year veteran of forestry administration and research work, I’ve always used “global thinking, local action,” to
encourage my colleagues. Facing with the stern warning proffered by the World Meteorological Organization (WMO)
in 2016, the years 2011 to 2015 were the hottest 5 years in climate records. Climate change has caused risks of extreme
weather to multiply and is showing no sign of abatement. These mean that henceforth in our effort to protect the forest
ecosystem, we shall encounter greater difficulties and our work shall appear more important. In view of these, in the fu-
ture, when TFRI is screening for research projects, multifaceted thinking must be deployed, these include: biodiversity
(habitat protection, species conservation, gene preservation, and tree health); climate (abate change, adapt to change, and
disaster restoration); forest valuation (sustainable management, forest products and trade, understory economy, circular
economy); people’s welfare (local and nonlocal residents benefits, forest therapy, sharing economy) etc. so that the re-
search quality of TFRI shall advance with time.

The great physicist Albert Einstein once said “As our circle of knowledge expands, so does the circumference of dark-
ness surrounding it.”” This is so true. The knowledge possesses by mankind today and the environmental risks we face are
exactly like this. Although forest is not omnipotent, mankind certainly can’t survive without healthy forests. As a matter
of fact, Einstein also said “It is not that I’'m smart, it’s just that I stay with problems longer.” At the time of publication of
this yearbook, I would paraphrase the sentence as “It’s not that how important forest is, only when you stay with forest
long enough and you’ll know.”

Director General, Taiwan Forestry Research Institute, Council of Agriculture, Executive Yuan
October 2017

J. S thurg
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Introduction

n 2016, the Taiwan Forestry Research Institute had an official staff of 147 persons, with annual budget income of 8,755 million NT

dollars, which was a reduction of 2,418 million dollars from a year ago; an annual budget of 637,068 million dollars, which was a
gain of 45,77 million dollars from a year ago. In order for readers to understand the administrative status of TFRI in 2016, this year-
book follows previous examples and edited according to project domains and complied 60 items of completed project results, which
were grouped into three categories: 1) forty-one items of forestry science and technology experimental research projects (accounted
for 68.3% of the total); 2) twelve items of forestry developmental projects and external entrusted projects (accounted for 20.0% of
the total); and 3) seven items of Ministry of Science of Technology supported research projects (accounted for 11.7% of the total). In
addition to the completed projects, in 2016 various motley items of administrative achievements are briefly described as follows:

I .On forestry resources production technological research aspect: We’ve completed 10 strains of potential provenances of Taiwan
yew (Zaxus mairei) and indigenous cinnamon tree (Cinnamomum osmophloeum); selective bred and propagated short-rotation
tree species such as Taiwan acacia (Acacia confusa), and eucalyptus spp. etc. for fallow land and we’ve setup three afforestation
demonstration plots totaling 10 hectares; we’ve propagated 10,000 Taiwan yew seedlings, and 20,000 eucalyptus seedlings; pro-
moted eucalyptus afforestation of 20 ha.; developed agroforestry and understory crops such as wasabi and truffles, and established
their cultivation and breeding system; completed 5 short-rotation tree species afforestation growth survey, harvesting and utili-
zation, which were proven to be suitable for growing shiitake mushrooms; utilized transgenic wild-type Agrobacteria genes to
successfully established hair-like root systems of foetid nothapodytes (Nothapodytes foetida) and Taiwan plumyew (Cephalotaxus
wilsoniana), and mass cultured them in a bioreactor.

II.On tree health management and tree protection research aspect: We’ve established a PCR diagnostic kit technology for Ganoder-
ma austral and G. tropicum, both tree root decaying fungi; completed 30 species of lepidopteran and coleopteran boring insects
cytochrome ¢ oxidase I (COI) gene sequencing database; completed 108 species of domestic forest tree boring insect pests infor-
mation and name list; completed morphology-based identification and molecular sequencing analysis of Ophiostomataceae fungi;
completed installation of insect lures at Liukuei and Hsinshien nurseries, so as to periodically monitor the kinds and population of
bark beetles in the forests; provided 1646 cases of tree diseases and insect pests diagnostics and prevention services; held 18 ses-
sions of tree medical-related courses with participants exceeding 1,000 persons.

II.On demonstrative management of experimental forest ecosystem aspect: We’ve completed inter-planting and tending operations
of 7.5 ha forestland; executed forestland cruise 823 times and spot check of forestland operations 4 times; completed emergency
repairs of forest road in Liukuei and Tamalee Research Centers; completed instrumental renewal of Gueitzejiao meteorological
station and maintenance and calibration of Gangkou meteorological station in Hengchun Research Center; completed relocation
of Maililu meteorological station in Tamalee Research Center; completed debris removal and connecting roads maintenance and
resumed observations of water measuring weirs at Fushan no.1, no.2, Lienhuachih no.2, no.3, no.4, and no.5 watersheds.

IV.On the construction of national botanical garden aspect: We’ve held a memorial symposium in honor of 120™ anniversary of Tai-
pei Botanical Garden and 11 sessions of special exhibition; collected and maintained 1,175 species of 1,319 endemic plants at
Taipei Botanical Garden; newly added 106 seed preservation lots at the tree seed bank; collected indigenous Taiwan Orchidaceae
plants 83 species and 260 plants at Fushan Botanical Garden, and conducted twice monthly phenological surveys of more than
1,700 plants in the garden; completed maintenance and tending of 108 cutting seedlings of Taiwan keteleeria (Keteleeria davidi-
ana) in an exo-situ conservation plot at Pingling; conducted post-typhoon restoration at Hengchun Tropical Botanical Garden after
Typhoon Meranti struck, in addition, 10 automatic cameras were setup to monitor activities of Formosan sika deer, so as to plan
protective measures for the plants; completed 20,106 pieces of plant specimens preparation and database setup, also completed
16,053 digital imageries of the plant specimens; transacted 9,348 person-time of specimen information network inquire services

In addition, in this yearbook we’ve recorded the chronicles of important events, special lectures, publications, technical transfer cases,
papers published, budget and financial accounts, and human resources etc. transpired in 2016, so that the administrative achievements
of TFRI in the year can be presented in total for the readers to peruse.
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The R&D on the Nurturing and Culture Technology of Healthy Seedlings of

Wasabia japonica Matsum

HILE - BER
I-Ching Huang, Chuen-Hsu Fu

RArE R LR RIEEE K ERIERIRT BAES - P
LUEAT L 22 R 2 B BBt il - WidEEmmn
EERIRELERBENERRFANE - BRI
BALECRATERER - HFERL "IIEB TR
REBRBEEIEAFERM ) @ ERAXMARSH
LI T NIRRT = - BREETEDRE
BIRVHSE L ~ 2K 0 BPENE ~ BriiRa KT
HIR - 2 ET MORARERNRITER 2 BT HNEE
BRI o 3EBBRFRCBELE BT R
EEEEERRBERKAERI AU AT CEEEN
A5 o BFIEETE @RI F R B R EEE MK
BAILEBGXEERNERRER » BERRH AL
WIOREER  MERIUEREXRTLENEE -

IIZEB T EIRRE

Neat germination of the seeds of Wasabia japonica Matsum.
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To promote the culture industry of Wasabia japonica Matsum
to be a new sustainable industry in Taiwan, in this program
we research and establish the SOP on the nurturing, culture
technology and pest control of healthy seedlings of Wasabia
Jjaponica. And we are on schedule. We have set up “The seeds
storage technology and neatly seedling forcing technology of W.
Jjaponica.” This technology includes the following issues: 1. the
storage technology for the fresh seeds of W. japonica, including
sterilization procedure before storage, packing method and stor-
age medium, and the condition and deadline of storage; 2. The
neat germination technology for the stored seeds of W. japonica
with different stored period; 3. The forcing technology for the
seedlings of W. japonica after germination, to let the seedlings
grow fast and neatly to a stage having more than 3 true leaves.
Now, the transfer price of this technology is being evaluated
and the following procedure for the authorization is being deter-
mined. We believe this technology will soon be able to transfer
to the industry, and bring positive influence on the culture in-
dustry of W. japonica.
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Plan for Optimization of Constructing Industrial Development Platform

Providing Multiple Services

PRIEE  BATTIR
Yen-Chang Chen, Yuan-Wei Hu
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The purpose of this project is to promote the innovation incu-
bation of agricultural industry, through the united cooperation
of the Innovation Incubation Centers (IICs) of the Council of
Agriculture and the Agricultural Technology Research Institute.
Working group meetings were held quarterly this year to guar-
antee the smooth operation of these Centers. Consulting stations
were set up at the Taiwan Forestry Research Institute and Tai-
wan Agriculture Research Institute this year to offer consulting
services on patent and intellectual properties, finance, technol-
ogy transfer, marketing, management and control, manpower
mediation, etc. Another station will be established at the Taiwan
Livestock Research Institute next year to accomplish the North-
ern, Central, and Southern Consulting Network. Thus, the com-
pany can access to the real time integrated incubation resources
and the complete pre-incubation and post-incubation services.
This year, through the joint investment seminars held in North-
ern, Central and Southern Taiwan, as well as the joint expla-
nation meeting on agribusiness consulting resources held in
Northern, Central, Southern, and Eastern Taiwan, value-added
research findings, academy and industry cooperation, agricul-
tural technology development program, innovation incubation
centers and agribusiness consulting programs were explained
and discussed.

There were 2 more companies (Yong-Zai Forestry and Taiwan
Leader Biotech Corp.) entered IIC this year and 5 in total so far.
A total of 6,864,000 NT dollars were invested and 11 persons
were employed. One technology (The trunk injection technolo-
gy) was transferred to a stationed company and the license fee
was 50,000 NT dollars.
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Intelligent Ecology Program - the Information Infrastructure
Establishment and Application for Ecology and Biodiversity

Researches

Yen-Chang Chen, Meei-Ru Jeng

This program used the well-developed intelligent ecology
techniques and allocation of sensor network to collect long
term ecological observation data and to establish the integrated
information management system for ecology and biodiversity
researches. We followed the global ecological data exchange
standards and the internet calculation techniques to construct an
internationalized sharing platform for data storage, display, and
openness. Through the development of data storage and internet
application system, we differentially, actively, and fully sup-
plied ecological knowledge service, as a basic source of global
climate change and biodiversity conservation information, for
domestic academic research, public environmental education
and governmental institutes to apply.

The basic internet apparatus and ecological sensing hardware
were connected by the Ecological Sensor Network established
in this project. There were 11 audio-scape monitoring points,
3 images monitoring points and 6 meteorological monitoring
points. Data of frog audio-scape, Mitrastemon kanehirai pho-
tos, lotus pond photos, and basic meteorological information

were collected. The phonological status and blooming pictures
of the Floral Calendar Plants in Taipei Botanical Garden were
surveyed and photographed every week. The video of wildlife
activities recorded by automatic cameras were periodically col-
lected from the experimental forests. More than 400,000 data
were accessible to the public on the Ecological Sensor Network
Website. The lightning conductor of 3 meteorological towers in
Lien-Hwa-Chih, more nodes of light-fiber networks in the dy-
namic plots and the frog call automatic identification software
were also accomplished.

For education and extension purposes, a sketch book of {Who
was benefited—the secrets of a giant forest house)), a brochure
named {Flowers are blooming-Diary of the flowers in Taipei
Botanical Garden), and learning cards of the {Magic Babies of
the Mother Nature) were published. Furthermore, six extension
training activities were held.

Annual Report 2016
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The coppice shoots collected from a mother tree stump were used as stem cuttings.
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Collection, Culture, Breeding and Utilization of Germplasm of Amentotaxus

formosana

Jeng-Der Chung

Amentotaxus formosana is an indigenous tree native only to
the southern areas of Taiwan. It is listed as a protected species
by the Taiwan government due to the scarcity of populations
and low seed production. The aim of this project can be accom-
plished through ex situ gene conservation. First, we collected
and propagated the germplasm of A. formosana. Second, we
analyzed the components isolated from the leaves, callus, arils
and pollination drops of 4. formosana by GC-MS. To make
the experiment work properly, we collected 46 mother trees
of A. formosana from 3 habitats of the species, Chingshuiyin,
Dahan Mountain and Damei river through cutting as well as
air-layering approaches. For the cutting experiment, we selected
the coppice shoots of the mother tree stump for stem cuttings.
The result showed that the rooting percentages are from 0 to
100% in different mother trees. Using air-layering, the mean
rooting percentage of mother trees was 71.3%. Of all the ex-
periments we tried, both cutting and air-layering seemed to be

& i‘. ?
SERIELSBBREALERREY

A plant derived from air-layering grew well.

satisfactory, however, compared to cutting, most air-layered
plants could grow better quality sapling. Moreover, through the
analysis of components, callus induced from in vitro leaf and
leaves were different. Thus, the results indicated that ferruginol
was only found in leaves, but not in callus. On the other hand,
levoglucosenone, 2,5-furandicarboxaldehyde, 1,4:3,6-dianhy-
dro-.alpha.-d-glucopyranose, 5-methyl-2-furancarboxaldehyde,
were only found in callus, but not in leaves. However, furfural
could be found in both leaves and callus. Furthermore, the main
carbohydrate components isolated from arils were D-fructose
(10.5%), D-mannose (11.8%), D-glucose (0.06%) and D-ga-
lactose (0.03%). The main carbohydrate components isolated
from pollination drops were inositol (32.5%), D-fructose (3.4%),
D-glucose (7.6%), D-galactose (0.15%) and D-gluconic acid
(0.33). Most A. formosana plants, as we expected, could be
propagated by cutting and air-layering

Annual Report 2016
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Seedlings of Cinnamomum kanehirae.
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Establishing a Seedling Cultivation and Afforestation System of Cinnamomum

kanehirae Hay.

Jeng-Chuann Yang

Cinnamomum kanehirae Hay. is a native species with great
potential for afforestation in Taiwan, and its wood of C. kane-
hirae can be used to cultivate a high-valued fungus, Antrodia
cinnamomea. Wild seeds of C. kanehirae, however, are really
difficult to collect; in addition, the entire research on seed pro-
duction, seed collection, seed handling, germination methods,
and the optimal storage conditions of this species, has not been
formally published yet. Thus, it is not workable to satisfy seed-
ling demand and supply by applying appropriate seed storage.
Still, the germination technique is not easily available so as to
affect the growth rate of the seedling of this species. The goals
of this study are: (1) to establish a procedure to produce seeds
of C. kanehirae in good quality and quantity; (2) to offer the op-
timal method of fruit collection and seed handling of C. kanehi-
rae; (3) to give a method for breaking seed dormancy in order
to quickly germinate after sowing as well as to decrease the cost
of seedling cultivation and increase the seedling growth rate of
C. kanehirae; (4) to find out the optimal seed storage conditions
and estimate the best longevity in order to regulate seedling
demand and supply of C. kanehirae; (5) to efficiently establish

seedling cultivation system of C. kanehirae; and (6) to compare
growth performances of seedlings and cutting propagation of
C. kanehirae for afforestation. Here are the results. (1) Seed
selection by water is able to efficiently remove light and empty
seeds of C. kanehirae; (2) Scarification, chemical treatment,
and stratification are workable when breaking seed dormancy.
Among them, chemical treatment is the best because it enables
seeds of C. kanehirae to break dormancy quickly and the seed-
lings to be cultivated soon; (3) Seedlings of C. kanehirae show
fast growth. In this study, the seedling cultivation with a lower
labor cost is developed. The average height of seedling from the
Taipei nursery for 3 months is up to 15 cm. After 9 months, the
average height of seedling reaches 66 cm; (4) In the experiment
conducted in Taimalee Research Center to compare seedling
cultivation with cutting propagation of C. kanehirae, the affor-
estation performance of the seedling cultivation is better than
that of cutting propagation. After 6 months of afforestation, the
mortality of cutting propagation is up to 52.1%. The seedling
cultivation significantly displays the low death rate but its death
rate still reaches 15.4%.
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The leaf’s extract of Cinnamomum osmophloeum
(green bar), the fruit’s essential oil of Litsea cubeba
(blue bar), and the control (orange bar) treated with
the two termite species of Coptotermes formosanus
(Fig. A) and Odontotermes formosanus (Fig. B).

The X axis is the lethal rate (%), and the Y one is the
treatment days.
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Collection and Utilization of Medicinal Plant Species

Pei-Hsuan Lee

The ecology of experimental forests managed by Lienhuachih
research center of TFRI is well-protected, and there are up to
400 species of plants with medicinal potential. In the Japanese
occupation period (1918), a medicinal plant cultivation ex-
periment was established. Today, we based the protection of
potential medicinal plant species on the premise that long-term
development of natural forests and change in land use is threat-
ening these resources. It’s urgent to set up field gene banks for
conservation and to collect and preserve the highlights of me-
dicinal plants and to manage the cultivated garden. The work’s
includes: collecting native medicinal plants, managing garden
of medicinal plants, ecological monitoring, and selecting appli-
cable species for pest control.

We found from 40 references of scientific researchers that 45
species are potentially useful to have several medicinal utilities,
including anti-inflammatory, anti-bacterial, insect-resistant, cy-
totoxicity, anti-cancer, and disease-resistant...etc. The utilities
for insect-resistant, anti-bacterial, and cytotoxicity may be en-
gaged by natural species for pest control, for examples: Litsea
cubeba (Lour.) Persoon. (three utilities), Glycosmis citrifolia
(Willd.) Lindl. (insect-resistance), and Tetradium glabrifolium

(Champ. ex Benth.) T. Hartley (insect-resistance). In an an-
ti-termite experiment, the fruit essential oil of Litsea cubeba
and the leaf’s extract of Cinnamomum osmophloeum Kanehira
could result in 100% kill in 3 days to two species of termites.
In chemical analysis, we used GC/MS to learn about the com-
pounds in two varieties of C. osmophloeum. The major ingre-
dients are trans- cinnamaldehyde (54.1%) in C. osmophloeum
ct. cinnamaldehyde and linalool (93.3%) in C. osmophloeum ct.
linalool. The first compound could serve anti-pest utilities, and
the second one could be a spice. The other point in this project
is to monitor the cultivated plants in medicinal garden to under-
stand the flowering and fruiting seasons. The monitoring results
in the two years (2015~16) were similar, and therefore short-
term climate changes may less affect plant’s phenology.

The conclusion in this project is that L. cubeba and C. osmo-
phloeum are the anti-pest species of choice. Glycosmis citrifolia
and Tetradium glabrifolium could be potential insects and bac-
teria resistant chemical sources.

Annual Report 2016
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Hairy roots of Nothapodytes nimmoniana cultured in a 10-L airlift bioreactor.
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Transgenic Hairy Root and Cell Cultures for Production of High-Value

Secondary Metabolites

Shu-Hwa Chang, Cheng-Kuen Ho, Jin-Yin Tsay, Jung Chen

Several medicines converted from Compatothecin (CPT) via
semi-chemical synthesis have been proven to cure many cancer
diseases. The global market of these drugs reaches more than
20 billion US dollars a year. Homoharringtonine (HHT) found
in slow growing Cephalotaxus species, has proven to be an ef-
fective drug to cure leukemia cancer. The USA market of these
drugs reaches 13 billion US dollars a year. Cell cultures have
been successfully used to produces metabolites in many plants.
However, they are not stable for maintaining in long-term sub-
culture medium containing plant growth regulators. Hairy root
transformed with Agrobacterium rhizogenes grew rapidly in
hormone free medium and potentially acted as natural factories
to produce medicines, food flavoring, and other commercial
products has been reported to be a potential alternative. Stable
production of alkaloids from hairy roots as compared to cell
cultures has been dressed especially by many researchers.

Hairy roots system of Nothapodytes nimmoniana and Cephalo-
taxus wilsoniana transformed with wild strains of 4. rhizogenes
were established in this project. Hairy root lines transformed
with 4. rhizogenes strains AR15834, AR1600, and AR1601
were confirmed by using PCR to identify the existence of rol
B gene. Contents of secondary metabolites were determined
regularly using HPLC. Root line #WA1 with great growth and
camptothecin (CPT) derived from N. nimmoniana cultures
were cultured in a 1-L wave bioreactor and a 10-L lift biore-
actor. After 3 month in culture, fresh weight of roots in wave
reactor reached 698g from 5g of initial inoculum, while lift
reactor obtained 2,896¢g from initial 10g. They produced 79.6
and 728.2mg CPT, respectively. Hairy root line #C5 of C. wil-
soniana grew well in flask with liquid medium, which obtained
0.74£0.05g of fresh weight from initial 0.2g. When culturing
in a 2-L lift reactor for 3 months, root weight were 284g from
5g of initial weight.
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Shoot tips embedding with alginate jelly seeding developed into whole plants nursing in the greenhouse.
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The Application of Biotechnology in Germplasm Conservation

Shu-Hwa Chang, Cheng-Kuen Ho, Jin-Yin Tsay, Jung Chen, Chia-Chen Wu

The application of low temperature storage and cryopreser-
vation on germplasm preservation in long term period could
reduce both labor and storage space costs of serial subcultures
in vitro, and save vitality. For cold storage, growth inhibitors in
the culture medium, illumination control and low temperatures
ranging from 4°C to 12°C are used to slow growth to prolong
culturing period. For cryopreservation, cultures such as shoot
tip or somatic embryos are frozen in liquid nitrogen (-196°C)
by using antifreezing agents and encapsulation vitrification.
Artificial seeds produced with shoot tips and somatic embryos
of Cinnamomum kanehirae were also tried in this project. The
aim is to reduce the difficult survival step of nursing plants
from shoot rooting in vitro to plant out ex vitro. More than 36
transgenic cell lines of Taxus sumatrana were subcultured pe-
riodically to maintain cell viability and keep taxanes content
stable. Transgenic cells treated with growth inhibitors stored
at low temperature for 2 years could regain normal growth. In
trials of cryopreservation, viable cells obtained after stored at
4°C for 2-3 weeks, encapsulated, and then transfer into liquid
nitrogen. Shoot tip cultures of C. kanehirae clone #FS, #T4,

and #D3 were used in the low temperature trials. Great survival
was obtained when shoot tip 1.5 cm long and precooling culture
medium were used. Cultures stored at 12°C produced a little
higher survival rate than that did at 4°C (86.7% vs 83.3%). C.
kanehirae clone #B77 and #B78 showed greater growth in field
and higher multiplication rate in tissue cultures, but they were
difficult to survive when in vitro plantlets were out-planted in
greenhouse. More than 250 shoot tip explants of two clones
each were multiplied in vitro. Embedding those explants with
alginate jelly treated with CaCl, *2H,O for 10 min was suitable
to obtain greater water retention rate. Eighty percent of the em-
bedding shoot tips could develop into whole plants with roots,
stems, and leaves when cultured in MS medium, mixture me-
dium composed with vermiculite and perlite, and commercial
formula medium.

Annual Report 2016
Taiwan Forestry Research Institute




20

ERERERIEZREEYRF AT H

Development and Utilization of Native Plants for Indoor Air Improvement and

Ornamental Usage

ARTHM
Nai-Hang Chang
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The results of plants shading experiment reveal that photosyn-
thesis capacity of plants under low light environment would not
be the only parameter for plants to adapt under low light envi-
ronment. Perhaps it also depended on the capacity of stomata
closing capacity, by the data collected from shading experiment.
We found that Viburnum odoratissimum and Syzygium buxifo-
lium (Kinmen line) have the potential for indoor plant usage.
According to the shading experiment results, Lanyue fatsia
could not tolerant shaded environment but did tolerant dry en-
vironment. Most Ardisia genus plants can tolerate shading en-
vironment of 10% sunlight, but not tolerating dry environment.
The indoor cultural test revealed that the best choice is V. odo-
ratissimum, while the second is Chloranthus oldhamii. By using
the shading capacity, seed and cutting propagation methods, the
dwarf bonsai of V. odoratissimum and C. oldhamii are suitable
to become indoor plants.

DUEF MmN BRIAR FRRAZ SR EIE -

The dwarf seedling forest bonsai horticulture methods for office desk ornamental usage.
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The Cultivation and Commercialization of Truffles in Taiwan

BRIES RE

© BRERAE ~ MROCER ~ MOTEE © B - BIIRE - BEME

Cheng-Fong Chen, Yue-Hsing Huang, Tun-Tschu Chang, Wen-Wei Lin, Chieh-Lung Lin, Hoi-Tung Lee,

King-Fai Wong, Chuen-Hsu Fu
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Seedlings with mycorrhizas of Tuber sp. were planted on the cultivation farm.

Verification work was conducted by check the roots of some
one-year-old semi-sterilized Quercus glauca seedlings to en-
sure that they were not colonization by other mycorrhizal fungi
before the inoculation test. The semi-sterilized seedlings were
inoculated by spore suspension of Tuber indiucm. Two inoc-
ulation methods were conducted: (1) polypaks with seedlings
was soaked in different concentrations of spore suspensions for
5 min; (2) Individual plant was inoculated with a 1 ml spore
supension of a variety of spore suspensions. Assessment results
indicate that the mehod of polypak-soaking is ineffective, al-
most no mycorrizal plants were found. The average infection
rate was 1.25%. By adjusting spore suspension to 8,000 °
4,000, 2,000 and 1,000 spores/ml, and inoculated 1 ml spore
suspension on the roots of individual plant, the 8000 spores/ml
inoculum had the highest success rate, followed by 4,000, 2,000
and 1,000 inocula; success rates were 22%, 17%, 12% and 8%.
Mycorrhizal plants were fertilized 3 ways, one was fertilized
by 100-day long-acting fertilizer, one was sprayed with diluted
chemical fertilizer very 2 weeks, and one had no top dressing
as control. Results of top dressing test showed that the 100-
days long-acting fertilizer had the best effect on the growth of
seedlings, and it was followed by the diluted chemical fertilizer
spray every 2 weeks and control. The better grown mycor-
rhizal Quercus glauca seedlings suffered more serious small
tussock moth attacks in the nursey. Mycorrhizas of Tuber sp.
were checked 4 months after inoculation. The cultivation farm
was prepared and adjusted the soil pH to 7. After planting, the
cultivation farm was managed with respects to weeding and fer-
tilization. And development of mycorrhizas was checked every
3-month.
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Cultivation farms of Taxus sumatrana “Taiyew No.3” (left) and Cinnamomum osmophloeum ct cinnamon (right).
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Study on Key Techniques in the Production Chain of High Valued Forest

Products

Cheng-Kuen Ho, Shu-Hwa Chang

The production processes of valuable forest products such as
10-DAB (a precursor of docytaxel) in Taxus sumatrana, essen-
tial oils, and flavonoids in Cinnamomum osmophloeum include
clonal propagation, cultivation, farm management, branch
harvest, drying, packaging, and constituent analysis for every
batch. In this production chain, there are major key techniques
to lower cost and increase efficiency. For 7. sumatrana, the key
tech might be the scion garden management to produce mass
cuttings to supply a great amount of rooted cuttings, and how
to harvest at suitable season to obtain the greatest yield of 10-
DAB. For C. osmophloem, it might be how to supply juvenile
plants to enhance the survival and biomass in a farm, to harvest
both essential oils and flavonoids in one step. This project is
trying to establish the key techs so that companies in Taiwan
may invest in these two valuable forest crops. The variety of 7.
sumatrana ‘Taiyew No.3’, a 10-DAB rich variety, was licensed
to a biotech company in 2014. We established a cultivation
farm at Shinshan, Wulai in Apr 2012. During the period from
2014 to 2016, the mass propagation including rooting cuttings
beginning in Dec 2014, transplanting into pots in Mar 2015,
and growing ten thousand potted plants up to 50cm high in Nov

2016 was accomplished. An area with Sha of forest land provid-
ed by Taiwan Forest Bureau will be ready for planting Taiyew
No.3 in early 2017. Cuttings produced scions from this garden
were contracted to support the requirement of Taxus cultivation.
The production chain for Taiyew No.3 has successfully con-
structed. The commercial products of cinnamon hydrosol made
from leaves of C. osmophloeum ct cinnamon was established
(Fig. 1) and the production chain was evaluated by Agricultural
Technology Research Institute (ATRI). It was estimated that the
market of hydrosol in sarsaparilla drinks will reach more than
35 million NT dollars and in poultry feed will reach more than
76 million NT dollars. The hydrosol contained less than 2 ppm
of coumarin, a minimum concentration allowance announced by
Ministry of Health and Welfare. Non-detectable level of couma-
rin is requested by beverage industry. We selected two varieties
and planted them at Lianhuachi Research Center, Taiwan For-
estry Research Institute, for 7 months this year. The leaves were
sampled and no coumarin was found. We will harvest leaves in
March next year and produce coumarin-free hydrosols, these
varieties and products will be licensed to beverage industries.
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W <0.005 (a) Inventory of forest areas using an

g:g;g unmanned aerial system. (b) Application
ig:gig of unmanned aerial system and
>0.050 photogrammetry to estimate the growing

] f Eic\’,ic: stock of Elaeocarpus sylvestris plantation in

Yunlin County. (c) Application of Landsat 8
image data to estimate the growing stock of
plantation in Lienhuachih Research Center.
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Application of Remote Sensing to Estimate Plantation Productivity

Chih-Hsin Chung, Chih-ming Chiu

The assessment of stand characteristics, volume, and structure
are of high interest and very important to decision making in
forest management, silviculture and timber production. Remote
sensing can provide high efficiency, large scale and accuracy
for mapping stand attributes. It has the capacity to characterize
forest information to reduce cost of labor, money and time. In
recent years, the Landsat 8 satellite images and the small un-
manned aircraft system (UAS) are providing innovative quality
and ultra-high resolution images of remote sensing. However,
use of the new remote sensing technologies to apply to forest
management and mapping is limited in Taiwan.

The goals of the project are to analyze the stand characteristics,
structure and to mapping volume distribution for sustainable
plantation management. To achieve the goals, one mountainous
and 2 farm plantations in central (the Lienhuachih Research
Center), eastern (the forest park in Hualien County) and western
(the plantation in Yunlin County) in Taiwan were selected to in-
vestigate the stand DBH, tree height, and volume. The relation-
ship between stand properties and remote sensing index (NDVI,
SAVI and spectral mixed analysis) were analyzed then, in order
to mapping varying stand properties. The main results are as
follows: (1) For the central site (Lienhuachih Research Center),
the mean plantation stand volume from field surveys data is
209.1m’ha™ (sd = 96.5). Choosing the best regression model by

using the shadow endmember of spectral mixed analysis with
Landsat 8 image for estimating the mean plantation stand vol-
ume from field surveys data gives 192.7m’ha” (sd = 119.6). It
underestimates about 7.8% from satellite remote sensing data;
(2) For the eastern site (the forest park in Hualien County), it is
a mix broadleaves species plantation about 1,000 ha, the mean
plantation stand volume from field surveys data is 21.7m’ha™ (sd
= 6.3). Choosing the best regression model by using the vegeta-
tion endmember of spectral mixed analysis with Landsat 8 im-
age for estimating the mean plantation stand volume from field
surveys data is 24.3m’ha” (sd = 8.3). It overestimates about
11.9% from satellite remote sensing data; (3) For the western
site (the Elaeocarpus sylvestris plantation in Yunlin County),
the mean plantation stand volume from thinning plot data is
126.5m’ha’ (sd = 3.1). Choosing the best regression model by
using the canopy height model for UAS for estimating the mean
plantation stand volume from field surveys data is 122.5m’ha’
(sd = 5.3). It underestimates about 3.2% from UAS data. Map-
ping of stand volume using satellite or UAS remote sensing data
thus may result in over- and underestimation, but it can provide
advantageous in forest of large area. Then the map can provide
important information for sustainable management of plantation
ecosystem.
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Study on the Organizations and Operations of Small Scale Private Forestland

Owners
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Pei-jung Wang
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Small scale forestland owners only have small areas to work with,
which makes it hard to operate.
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The private-held forestland area in Taiwan is 500,000 hectares,
which makes up 24.1% of the total forestland in Taiwan. Given
the eco-friendly trend and decreasing sources of timber, the
private woodlots have an important role in timber production.
A majority of Taiwan’s private woodlot holdings are less than 2
hectares, which makes it difficult to draw up a long-term, sound
management plan. Only through collective management or or-
ganization can we expand the scale of production or operation
and lower the management cost and risks.

Forestry cooperatives can integrate small-scale farmers to pro-
mote their co-operation in information, equipment, finance and
management. A review of the actual practices indicates two
trends in how forest cooperatives work: more emphasis on the
cooperation in management and finance before 1940s; more
emphasis on the cooperation in information and equipment af-
ter 1990s. Based on the analysis from the agriculture, forestry,
fishery, and animal husbandry censuses, this study conducted
a survey on the willingness for collaborative forestry manage-
ment. The survey results indicate the following findings. Indi-
vidual forest farmers without participating in any organization
account for 99.2%. Among them, more than 70% of the forest
farmers have never made their income from forestry. Due to
an overwhelming population and small size of woodlots, the
heterogeneity of forestry farmers is high. In addition, the big
capital investment in forestry management does not guarantee
any returns. Furthermore, despite there is a need for organiza-
tion, individual farmers find it hard to collaborate with different
goals in mind. The research also points out it is indispensable
to enhance professional assistance because less than 60% of the
questionnaire respondents are willing to join a forestry cooper-
ative as a result of lack of exchanges in the industry and lack of
professional consulting channels.

To promote the effectiveness in private forestland management
and organization, this study draws upon the guidelines for
plantation management by FAO, Japanese forestry subsidizing
system, and forestry financing with reference to international
concepts and practices to provide advice for private forestland
assistance.
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Establishment and Capacity Building of National Forestry Standards
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Tree-cut method for reduction cut from trunk (diameter < 10cm)

This project aims to establish rules or assessment standards,
and to build capacities for not only plantation thinning and
pruning, but urban forest transplanting and pruning. A further
goal is to evaluate the assessment methods of tree health/risks
and ecosystem service functions (carbon sink) within the next
two years. Based on article 7 of current Regulation Standard
Act which stipulates the procedures of the national standard
establishment, this project will use forestry research results to
conduct data collecting and analyses for drafting a proposal.
Following that, we will draw on experts and scholars in related
fields for discussion and revision to finally establish rules for
forestry-related techniques as well as assessment standards. It is
hoped to extend these practices to local governments and if ac-
cepted, then to private trades. An advanced assessment will be
undertaken if there’s a need to make them standards for either
the entire nation or private trades only.
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Study on Establishing Sustainable Certification System for Forests in

Taiwan

MR
Yu-Jen Lin
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To promote the effects of forest management and to increase
competitiveness for timber and non-timber products, the objects
of this study are to first draw up a standard with criteria and in-
dictors of forest certification for forest management, and second
gradually to develop forest certification of forest management
using the standards. However, the process during the standards
drawing has to simultaneously follow the spirit and regulation
of international forest certification system; the final standards
shall be feasibly to the current forest status in Taiwan and can
be carried out in practice. The works of this project during the
term had assisted 2 private forest companies successfully get-
ting the FSC™ FM certification. Furthermore, based on the suc-
cessful assistant experiences to the two private forest companies
obtaining the FSC™ FM certifications and under many efforts
of this project implement, the Lienhuachih Research Center, the
Taiwan Forestry Research Institute, also successfully obtained
the FSC™ FM certification, which is the first ESC™ FM certi-
fication for state-owned forests in Taiwan. This first FSC™ FM
certification will become a benchmark of state-owned forests
management. The certificate ceremony was held on Nov. &,
2016. To promote more state owned forests to apply for the
certification, to pass the auditing smoothly, and to enhance its
forest management efficiency, a conference with the title: “Forest
certification for state-owned forests” was held on the same day.
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Standard Operating Procedure of Urban Hazard Tree Inspection and
Diagnosis for Tree Risk Assessment

MIE=T ~ MRS
Po-Hun Ling, Cheng-Jung Lin

ATEEWNEBRATE R ANREENEAGRHRETE The purpose of this project was to investigate the seven hazard
B A BAERNEN - WE T BEREE SR items from different tree species by visual tree assessment. Tree

trunk was inspected by stress wave and drilling resistance non-

BIARMSRLRRERRE - @EhEdI B - Fi8 destructive techniques (NDTs) for understanding its wood decay
1 E P At 9 A B Ky 24 o status. The tree hazard grades and risk assessment grades are

built by a reference method. Moreover, to educate tree doctors

SEE R R BB AL B S0EEET1,270%k - LIEAER for detecting tree health grades by standard operating procedure.
BIASNEGRE R ERSANBERE  BUMASIESE The tress wave 2D tomography was used for understanding the

~ o g 2 2= g1 tree trunk health grades and the drilling resistance method was
#82% - REHAB2AEER  REARERBLE used to understand the decayed position and degree. Thus the

@ R1Z o LR 1 0FERI T E iR A B - BT standard operating procedure for assessing tree health grades
BB AT SEEHPBCBR BB g -V oswdlished

The project completed a total of 50 species and 1,270 trees and
established visual shortcomings of the seven major tree struc-
tures by visual tree assessment (VTA). A total of 700 trees were
detected by 2D stress wave nondestructive technique (NDT).
The plan has been completed to check the trees’ objectives by
VTA and NDT. For the most serious risk level, it is recommend-
ed to reduce the risk by tree treatments. Termites and decay
are the main causes of tree damages, for which prevention and
management is recommended.
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The SOP flow of tree hazardous detection and assessment in living tree by visual tree assessment and nondestructive techniques.
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The HPLC chromatogram of wild Antrodia cinnamomea basidiome, the eight indicating components are indicated.
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Utilization and Cultural Preservation of Edible and Medicinal Mushrooms

from Forests

Tun-Tschu Chang, Chuen-Hsu Fu

Antrodia cinnamomea is an endemic and medicinal mushroom
in Taiwan. So far more than 500 master/PhD thesis and 300
international journal papers studying 4. cinnamomea were
published. Many studies tested bioactivities of A. cinnamomea
presented positive results indicating that products of 4. cinna-
momea possess higher potential and have international com-
petitiveness in biotechnology. Because 4. cinnamomea only
inhibits on Cinnamomum kanehirae which is an endemic tree
in Taiwan. It is said that the fruiting bodies of 4. cinnamomea
living on C. kanehirae are more effective than those on other
host woods. However, there is no evidence to proof this saying.
The aims of this study were to produce fruiting bodies of A.
cinnamomea on different wood substrates and to analyze the
different of the eight indication components present in natural
fruiting body of the fungus among different wood substrates.
The eight indicating components in 4. cinnamomea included
Antcin A, B, C, H, K (that only present in basidiomes of the
fungus); and dehydrosulphurenic acid, dehydroeburicoic acid
and 4, 7-dimethoxy-5-methyl-1, 3-benzodioxole(these three
components present in both basidiomes and mycelia of the fun-

gus). The six fruiting bodies of 4. cinnamomea produced from
six woods (Cinnamomum camphor, Ci. kanehirae, Ci. micran-
thora, Cryptomeria japonica, Cunninghamia lanceolate and
Cu. lanceolate var konishii ) were used for the comparisons.
The HPLC chromatograms of the six basidiomes from the six
woods were similar and the eight indicating components were
all presented in the six basidiomes. The ethanolic extract of the
six basidiomes were all more than 24% and the quality order
of the six woods were Ci. camphor= Ci. kanehirae>Cu. lan-
ceolate var konishii > Ci. micranthora >Cu. lanceolate > Cry.
Jjaponica. This results indicated that the biosynthetic pathway of
triterpenoids in A. cinnamomea basidiomes are similar among
different growth substrates. If there is any different pathway
among different growth substrates needs further studies. In the
surveys and cultural preservation of other mushrooms, some
potential mushrooms were collected, such as Ganoderma spp.,
Phellinus spp. and Cordyceps spp.
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Study on the Naturalized Plants and Restoration of Disaster Damaged

Forests

Fu-Shan Chou, Chau-Chin Lin

The purpose of this study was to set up a model that predicts
geographical distribution of naturalized plants of Taiwan, and
monitor vegetation dynamics on a landslide site of Duona forest
road for exploring forest succession. We found 420 naturalized
plant species, belonging to 71 families and 265 genera, at 4,879
inventory plots in Taiwan Island. The most abundant species
included 54 species of Fabaceae, 53 species of Asteraceae, and
47 species of Poaceae. Among the 420 alien species, Bidens pi-
losa had the highest frequency, appearing in 89.92% of our in-
ventory plots. Results show that there are 19 tree species in the
permanent plot (50m X 50m), which was dominated by pioneer
trees such as Mallotus paniculatus (45.61%), Trema orientalis
(41.2%), Litsea cubeba (3.58%), Rhus javanica (2.12%) and
Tetradium glabrifolium (1.95%), especially. Their importance
values yielded a total IV of 94.46%. The landslide site is obvi-
ously in an early succession stage.
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Coptotermes formosanus is an important tree boring pest in Taiwan.
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The Establishment of Techniques of Monitoring, Identification and Control for

Wood Boring Pests

Liang-Jong Wang

The species richness of wood boring insects is diverse. They
mainly feed on the cellulose from the stems and roots of woods.
Wood decomposition should be a part of forest metabolism. The
wood boring insects would be considered as pests if they are
harmful to trees around human buildings and roads. The fanua
of wood boring pests will be altered by global climate change
and artificial transformation of planted tree species. The fol-
lowing studies were carried out in the present project. Twelve
species of termites were collected and identified in Taiwan
(Coptotermes formosanus, Coptotermes gestroi, Reticuliter-
mes flaviceps, Cryptotermes domesticus,Glyptotermes fuscus,
Glyptotermes satsumensis, Incisitermes inamurae, Neotermes
koshunensis, Odontotermes formosanus, Nasutitermes parvona-
sutus, Pericapretermes nitobei and Sinocapritermes mushae).
DNA database (COII and 16S) of the above 12 species of ter-
mites was established. The technique of rapid molecular identi-
fication for 3 important termite species (Coptotermes formosa-
nus, Coptotermes gestroi and Odontotermes formosanus) was
developed. A DNA database (COI gene) including 40 species of
Lepidoptera and Coleoptera was constructed. The monitoring

technique of bark beetles was developed. Population monitoring
of bark beetles in three tree species of afforestation (Elacocarpus
sylvestris, Koelreuteria henryi, Cinnamomum randiaiense) had
proceeded. Experiment of termite control using Fipronil was
conducted. It was focused on trees attacked by Odontotermes
formosanus, and the populations would not invade chemically
treated areas in seven months. We also carried out a compilation
of the checklist and ecological information of 108 species of
Taiwanese borer pests. The database of those borer pests could
be used for pest management in the future. It was confirmed
that Termatrac™ T3i could be used to detect at least 3 species
of termites (Neotermes koshunensis, Coptotermes formosanus
and Reticulitermes flaviceps) in tree trunks of < 32cm diameter
nondestructively.
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The treatment group was enclosed by PVC pipes and nylon net
with a mesh size of 2 X 2cm.




MEETEHEB KRR

Study on Bird's Potential to Prevent Insect Damages to Plantations at Low

Elevations

Chao-Nien Koh

Some birds prey on insects, so they may contribute to the de-
cline of pest populations. In order to provide pest control strat-
egies which cope with a policy of farmland plantation by the
government, we evaluated (1) damages of trees at plantation by
pests, (2) effects of birds preying on pests, and (3) the potential
of birds as tools to prevent trees from damages by insect pests.
Among the seven plantation species, insect orders and numbers
collected on Fraxinus formosana and Alnus formosana were
more than the other species. Damaging insects on Liquidambar
formosana or Bischofia javanica were more visible than those
on other tree species. Therefore, we evaluated the amounts of
insects removed by birds in the way of excluding birds from
trees of the four species in the following years. The main cause
of the difference on Fraxinus griffithii was the significantly
increased of carnivores (spiders). On the other hand, both the
amount of carnivores and herbivore were higher on the Bis-
chofia javanica treatment group, suggesting a significant effect
of bird preying on pests at plantation. The results showed that

EREREREALNEYRE R 2 ZIBEE

Observing the arthropods and leaf damage area on the target tree.

there’s no significant difference in the amount of insects and the
damages of leaf area between treatment and control group on
Alnus formosana. It has to be mentioned that the treatment trees
and control trees of Alnus formosana were seriously damaged
by Linaeidea formosana during the investigation interval. The
damaged trees withered and most leaves fell from the trees, so
the insect numbers and leaf damaged areas were counted and
calculated on very few leaves. The under estimated quantities
might affect the results of the comparison between treatment
and control groups. The amount of insects on the treatment
group was significantly higher than the control group on Lig-
uidambar formosana. However, few damaged leaves were
observed on Liquidambar formosana. Herbivore insects such
as larvae of Lepidoptera or Coleoptera which chewed on leaves
were hardly found in the Liguidambar formosana plantation.
Liquidambar formosana might not be valuable enough to eval-
uate the bird’s potential on preventing insect’s damage to tree
leaves.
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Bacterial crown gall on banyan.
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Study on the Common Tree Diseases

MEETEHEB KRR

Chuen-Hsu Fu, Tun-Tschu Chang, Cheng-Fong Chen, Chieh-Lung Lin

We have examined nurseries and afforestation area where crow
gall disease had taken place in Taiwan during 2006-2007. There
is no infected plant found on those places. Agrobacterium tumefa-
ceins were isolated, purified with slices of carrot and PDA plates
from banyan, rose, poonga-oil tree, China berry, and flamegold
tree. At present, only the bacteria isolated from rose and banyan
could produce galls on the seedlings in the field after inoculation.
The tissue fluid from pestling gall of paperbark, flamboyant tree
and some poonga-oil tree was inoculated on slices of carrot and
PDA plates, and there was no gall induced on the carrot slices
and no colonies on the PDA plates. It is sure that the bacteria are
not the factor to induce gall on these host trees. The galls on the
trunk of these trees are not induced by culturable microorganism,
and these galls on trunk maybe physiological tumors. Study on
the seed-borne pathogens of green maple, giant-leaved Marking-
nut, China Berry, Indian almond, Formosan michelia, Honduran
mahogany, Formosan alder, Taiwan zelkova, flamegold tree, beef

wood, lemon scented-gum, Australian laurel, paperbark, sea let-
tuce, red cedar, looking glass tree, poonga-oil tree ,ring-cupped
oak, and wasabi were examined. Fungi were isolated, purified
and indentified on those seeds. We made sure the pathogenicity of
these fungi, and study the control of important seed-borne diseas-
es. Seeds polluted by fungi and bacteria during collecting could be
controlled by washing and surface sterilization. Seeds were often
polluted by Aspergillus niger, Penicillium chrysogenum, Rhizopus
sp. When interiors of seeds were infected by pathogens, they could
neither be controlled by washing, surface sterilization, nor system-
ic fungicides. Pestalotia sp., Phyllostica sp., and Collectotrichum
gloeosporioides were more often found in the seeds. The result of
seed disinfection research show disinfection chemical only could
do surface sterilization and there was no effect on pathogens in
deep-infected seeds. Healthy seeds should not be acquired only by
disinfection, and the tree health management should be carried out
before seed trees yield blossoms and bear fruit.
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Villages’ conventional products, such as Makino Bamboo shoots, had become wildlife’s food sources.

—OhFE F&
TBIRRXZE G RAT

)~ B NE(LRDFEE - s R EtERor36%&
RABFHEHLU LR 1BER - ZEBE - BiEHEE
HEEIBITHISSIEKER S - £~ B~ TRENZEMR
BER  BEEADFREZN TR HEMAERED
BREEE - WO D ILRRTE Y $atokKiE ~ JBEKE » W2
g1 tEE  BHMFR - KIaSwaYE  BEREE
EFEINELR - LR LMBE TR AL - R mir
BRYAITI - B ~ RIFKERIETZEM  kEE
RE—FRBIFEBRIBIS » ARIBEETN22EE6R
BEER  REBIEMRILEE HREFESTER
B - FOIRIEEN A S E T B EAMRE © IR ER
ARV ERIET ©

s e

g
: 59PM  CAMERAS




MEETEHEB KRR

Evaluation on Benefits of Biodiversity to Ecosystems of the Farmland and Its

Surroundings

Yi-Ming Chen, Chao-Nien Koh

The bird assemblages among three types of habitat (forest,
farm/forest, and farm/forest-patch) were significantly different.
The farm/forest-patch type had the significant higher diversity
than the other two types. We presume that agricultural activi-
ties may influence avifauna with different extent. Overall, bird
communities showed no obvious variations in the forest close
to farmland. The mammal survey was conducted in three broad
areas including Jinshan Lianghu, Shimen Jienshanhu,and
Wanli Daping. The survey recorded mammal species including
Formosan macaque, muntjac, wild boar, Sambar deer, ferret
badger, gem-faced civet, lesser Indian civet, pangolin and wild
hare. The ratios of mammal species composition differ greatly
between each area. Herbivores including Formosan macaque,
muntjac, and wild boar tended to stay away from villages, with
a particular significance tendency for wild boar. On the other
hand, carnivores such as ferret badger and gem-faced civet
had contrary tendency, with a significant tendency for Ferret
Badger. The results showed that differnt mammals might have
different responses to the agricultural development. Arthropods’
survey was done separately in paddies of upper reaches (mon-
tane villages), meddle reaches and lower reaches (foothill). We
recorded 36 species of dragonflies belonging to nine families.
The average number of species detected each plot were signifi-
cantly higher in upper reaches which was 9.1 in average. The

average number of individuals recorded in upper reaches area
was also higher with no significant difference. For a netting
survey, we had archived aquatic insects of 9 orders, 37 families,
and 85 species. There were no significant differences for aquatic
insects’ diversity among upper, middle, and lower reaches of
the terrace. The average number of individuals was significantly
higher in upper reaches.It also had a distinct negative relation
with the level of applied pesticide. We found some montane
villages of the area which preserve rare species including
Plumbeous Water Snake, Chinese Rice Paddy Snake, Banded
Krait, Asiatic snakehead (Channa asiatica), paradise fish(Mac-
ropodus opercularis), and dark diving beetle(Hydrophilus
acuminatus).The finding suggests that rural ecosystems may
have served as an important role on species conservation. We
chose three rare species in order to test in-situ conservation by
reinforcing their local populations. We built up a technique of
harvesting and preserving the seeds of Ottelia alismoides. The
germination rate is more than 95% after a year of preservation
in low-temperature or dry environment by desiccant. Among
22 seed dispersal sites, seeds at six sites germinated and seeds
at three sites eventually flowered and fruited. The following
population build-up needs further investigations. Macropodus
opercularis and Channa asiatica bred successfully in the lab,
yet the survival rates were difficult to obtain after released.
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Investigation of Volatile Organic Compounds Emission from Important

Plantation Tree Species in Taiwan

BRZRAN
Ying-Ju Chen
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Seasonal variations of emission rates and compositions from
leaf of Cinnamomum camphora were measured under con-
trolled conditions using a vegetation enclosure method. Sam-
ples were analyzed for BVOC by auto-thermal desorption and
gas chromatography coupled to a mass spectrometer (GC/MS).
Total emission rates and compositions of terpene compounds in
different seasons were compared. It was found that contribution
of trans-B-ocimene emission rates was predominant among
the total terpene emission rates both during summer and fall,
the relative content were 97.84+0.47% and 96.70+2.70%,
respectively. Significantly higher emissions were found during
summer (69.68+38.59 pg hr'g™") than in fall (7.02+1.95 g
hr'g"). Standard emission factors that were measured from
all sampling data, total normalized terpene emissions from C.
camphora in summer (2.360.47 pg hr'g") was similar to that
in fall (2.48=+1.94 pg hr'g™), and the B coefficient of total ter-
pene emission rate in summer and in fall were 0.2012°C™" and
0.1901°C™", respectively. The in situ sampling established in this
study could increase our knowledge on the BVOCs emission
in the field and obtain coefficients for the estimation of BVOCs
emission.
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BEibAEFEMR 9 Syringin g Caryophyllene z#f 5%

The Active Ingredient Research of Syringin and Caryophyllene from

Magnolia kachirachirai

HES
/:/H\:J:b// \

Kun-Yuan Hong
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In genus Magnolia the most common active ingredients are
magnolol and its isomers honokiol, which have medicinal
applications in many international instances. The leaf por-
tion of what? from Taimali site had MeOH crude extracts
with better DPPH radical scavenging capacity, inhibition was
57.20%£0.58%. For the branch portion, sample from Shouka
area had MeOH crude extract with better DPPH radical scav-
enging ability, the inhibition rate was 42.55+1.35%. Essential
oil from Magnolia kachirachirai increased cell survival, and
conferred higher anti-inflammatory response and cell viability
than did both B-caryophyllene and caryophyllene oxide. The
leaf parts of MeOH crude extract and essential oil extracts have
significant inhibition of IL-1f proinflammatory cytokine re-
sponse, reducing the generation of proinflammatory cytokines.
In antioxidant analysis, yield of 75% ethanol crude extract
fraction of Magnolia kachirachirai heartwood parts had the
highest syringin content; crude extracts of MeOH branch parts
extraction had higher yields in 1-14 r fractions, with a yield
of 46.515%. Essential oils of Dawu Mountain and Nan-Ren
Mountain samples analyzed in thin-layer chromatography found
caryophyllene and caryophyllene oxide in compositions. In
the Nan-Ren Mountain essential oils contained higher amount
of caryophyllene, whereas the Dawu Mountain essential oil
contained higher concentration of caryophyllene oxide. All 15
isolates of Magnolia kachirachirai parts gave good cell survival
rate and ability of repairing inflammation reaction. In M. kachi-
rachirai essential oils there were higher trans-B-ocimene, (-)
- B-elemene, B-caryophyllene and a-bisabolene content which
were all used in the analysis of components in the gas chro-
matographic mass spectrometer, and these components were
used in the fragrance industry. Syringin content in was higher in
Taimali sample number four, fraction three. The content of sy-
ringin was analyzed by thin layer chromatographic method. The
content of syringin was higher than those of the two species of
M. lotungensis and M. yunnanensis in China. Essential oil was
subjected to column chromatography study found compositions
of pinene, limonene, caryophyllene, alloaromadendrene, cadi-
na-1,4-diene etc., each of the essential oils composition having
bactericidal, anti-inflammatory and other effects.
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Bioconversion Technologies on the Pretreatment and Saccharification of
Lignocellulosic Materials from Forest Biomass

Chen-Lung Ho

In this study, we evaluated treatments of Eucalyptus camaldu-
lensis wood chips using various conditions of steam explosion
pulping method. The resulting pulp chemical composition,
handsheet physical properties, and enzymatic hydrolysis sac-
charification were evaluated. The results indicated that along
with increase in steam explosion strength, pulp yield tended
to decrease. As for the pulp compositions, higher explosion
strength also caused decreases in various compositions, with
loss of hemicelluloses most pronounced, lignin reduction was
the second, and cellulose loss was the least. With respect to pulp
strength, at reaction temperature of 180°C and reaction time of

35
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8 min, the pulp had the best properties, hence was deemed as
an ideal steam explosion condition. On the aspect of enzymatic
hydrolysis saccharification, steam exploded pretreated pulp was
inductive to significant enhancement of saccharification, from
the original rate of 34.9% for E. camaldulensis wood chip to
73.8% saccharification, a 2.11-fold increase. This was thought
that in steam explosion, the instantaneous high temperature and
pressure caused lignin and hemicelluloses to degrade, leading
to increased contact areas of cellulose with the enzyme, hence
the significant increase in saccharification rate. We deem it an
effective pretreatment method.

A AR B B R AR
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Comparisons of sugar compositions from steam explosion pretreated pulp of E. camuldulensis after enzymatic hydrolysis.
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The 15"-day NIR spectroscopies of samples aged with different accelerated aging methods.
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MEETEHEB KRR

Studies on the Correlation between Natural and Accelerated Aging of Paper-

based Cultural Relics

Jiann-Gwo Shyu

Based on the near-infrared (NIR) spectroscopy of naturally
aged paper specimen, we found that the greater the degree of
aging, the less absorbency is shown, which tends to matching
traditional methods of assessing paper aging. Although there
are often reports using folding endurance and tear resistance
as indicators of paper aging, however, there are much nuanced
differences due to aging which are not manifested in physical
properties as those in chemical analyses. Thus, when evaluating
indicators of paper aging, viscosity changes can better show-
ing degree of paper aging than can folding endurance or tear
strength do. QUV and dry-heat aging treatments render greater
damages to paper sheets, hence their NIR spectroscopy have

lower absorbency, the method presents itself as an ideal acceler-
ated aging evaluating tool.

Upon comparing the overall accelerated aged paper specimens
with respects to their post-aging physical properties, viscosities,
and NIR spectroscopy, the results indicated that NIR can indi-
cate the aging trend very well. In addition, the method does not
damage the test specimens and shows good repeatability. There-
fore, NIR can be considered to be an effective non-destructive
method of evaluating paper aging trend. At present, we use the
method to compare relative degree of paper aging, as for quan-
tification of aging degree, further studies are needed.
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The MOR, MOE and compression strength increased with increasing treatment temperature, it show that increasing treatment temperature

benefited the bamboo culm stiffness.
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MEETEHEB KRR

Evaluation of the Properties of Moso Bamboo Culms for Construction Use

San-Hsien Tu, Gwo-Shyong Hwang

In this study, Moso bamboo culms were used as test specimens,
we took different diameter specimens to evaluate their specific
gravity and shrinkage. Then the bamboo culms were naturally
dried (NAD), traditional kiln dried (TKD), or high temperature
dried (HTD), and their bending and compression strength deter-
mined after drying treatments.

The three kinds of dried bamboos have moisture content that
decreased with increasing treatment temperature. The MC of
natural dried bamboo was 11.78%, traditional kiln dried one
was 8.91% and the high temperature dried one was 5.72%. We
also find that specific gravity decreased with increasing culm
thickness, and thickness shrinkage decreased with increasing
thickness, otherwise, the culm diameter shrinkage increased
with increasing culm diameter. Besides, the MOR, MOE and

compression strengths increased with increasing treatment tem-
perature, it show that increasing treatment temperature benefit-
ed the bamboo culm stiffness.

The result also showed that the colors for the two parts of bam-
boo, bamboo green and bamboo yellow became darker using
TKD and HTD than NAD, particularly, HTD had higher color
difference value than TKD. The moisture content on the culm
ends, which were coated using expoxy resin, decreased sig-
nificantly with the HTD than did the treatments of NAD and
TKD. On these three drying treatments, HTD had best effects of
anti-decay to difference bacteria. The other physical test values
of NAD were: compression strength 769+ 57kgf/cm’, shear
strength 186+ 20kgf/cm’, MOR 1528 +239kgf/cm’, and MOE
10.4X10*+2.9 X 10*kgf/cm’.
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Survey on manufacturers of bamboo products regarding their current production and management as well as their

perceived task difficulty in the industry.
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MEETEHEB KRR

The Establishment of a Production-to-consumption Platform of Communal

and Private Wood/Bamboo Resources

Jiunn-Cheng Lin

In this project, the foundation investigation includes an analysis
of communal and private forest resources, as well as the current
market operation of the bamboo products. The investigation
includes analyzing domestic wood and bamboo demands as
well as trade flows, and assessing the domestic bamboo frame-
work of the production-to-consumption system via a market
survey. The study results show that the average annual bamboo
consumption in Taiwan was 11,000tons between the years 2003
and 2012. The total production was only 65.8% of what was
consumed. Between the years 1995 and 2012, with regard to
the volume of wood harvested in Taiwan, the year 2003 ranked
highest with a log volume of 85,542m’, yet the volume declined
by the year while the volume of wood harvested in private
forests appeared to increase. A questionnaire was mailed to
wood- and bamboo-based product manufacturers in Taiwan to
understand what affected their choices of sources of supplies for
materials and how much they knew about the domestic timber
and its competitiveness. The results from 147 valid respondents
showed that the main purchase pathways of logs, lumber, ve-

neer, plywood, and fiberboard were directly through importers
and agents, the pathway of charcoal and particle board was
self-purchased domestic raw materials, and pathways of chips
were mainly by middlemen and retailers. When determining
the raw wood material supply, factors of “stability of supply”,
“reasonable price” and “sufficient supply quantities” were
important concerns. That means a stable material source is a
ubiquitous concern of manufacturers. However, the main rea-
sons that manufacturers produce items using domestic timber
as material sources were to meet consumers’special needs and
customization. Most respondents thought that significant obsta-
cles to promoting domestic timber use were supply sources and
a serious shortage of timber. Therefore, to increase the domestic
timber use, most manufacturers considered feasible strategies
were“promoting timber as green products and taking them to
the governmental green procurement priorities”, “building a do-
mestic timber industry chain”, “promoting wood product certifi-
cation” and “developing diverse uses of the domestic timber”.
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Website on trade statistics of major forest products in Taiwan.
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MEETEHEB KRR

Consumption Flow and Carbon Footprint in Wood Products

Yi-hong Chen

This research includes collecting and organizing the data of
the following three studies: (1) analyzing import/export quan-
tity and sources of import of main processed forest products
to establish an information inquiry system; (2) compiling the
commodity classification documents of the carbon footprint of
wood products along with case analyses of the carbon footprint
of wood and bamboo sheets, and a comparative analysis of the
changes in wood and bamboo products imports; (3) analyzing
the carbon footprint of wood import and trade statistics of major
forest products in Taiwan.

There are three results. First, the import value of solid wood
products of 2003-2014 was NT$ 23,713-37,092 X 10° per an-
num, among which wood composite panels ranked the highest,
making up 43% of the total import value. On the other hand, the
export value of solid wood products was NT$ 2,578-4,418 X 10°,
among which wood composite panels topped the list, making
up 51% of the total export value. As is seen from the figures,
imports were higher than exports in both quantities and value.
Therefore, a domestic market-oriented trend in the demands for
solid wood products will be gaining more significance. Second,
According to CF-PCR (Carbon Footprint- Product Category
Rules), the case studies of wood and bamboo sheets estimated

the carbon footprint of wooden flooring, the total emissions of
which were 5.21266 KG-CO,e. Third, as Taiwan relies heavily
on wood imports as much as 99%, between domestic timber
and imported timber, the most significant difference in the
carbon footprint lies in the carbon emissions resulted by the
transportation of obtaining raw materials. Hence, basing on the
data of major solid wood products import of 2005~2014, this
study estimated the CO, emissions from the transportation. The
results indicated that the average CO, emitted annually from the
transportation of Taiwan’s imported solid wood products was
67,000 tonnes from bulk carriers and 309,000 tonnes from con-
tainer ships, respectively. The amounts of CO, emitted during
the transportation for every cubic meter of solid wood products
are decided mainly by the shipping distance and types of car-
riers. Transporting every cubic meter of solid wood products
resulted in 3.18kg/m’ to 47.69kg/m’> CO, emissions by bulk
carriers and 14.52kg/m’ to 212.22kg/m’ emissions by container
ships. As this paper estimates the carbon emissions produced
during the transportation of solid wood products, its results can
contribute to the estimations of the carbon footprint of products.
This study also lays the groundwork on which the efficacy of
minimizing CO, emission levels is
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MEETEHEB KRR

Strategic Planning on Economic Revitalization of Forest Products Industry

Chyi-Rong Chiou

In light of the development of international green economy
awareness, and to revive the long-standing domestic forest in-
dustry, the Council of Agriculture (COA) has entrusted Taiwan
Forestry Research Institute (TFRI) to execute The Plan for Eco-
nomic Development of Forest Products of 2016, to make inven-
tory on the existing national public and private forest industry
resources, and to investigate the 5 aspects of situation and di-
lemma that current forest industry is facing; resources, produc-
tion, manufacturing, supply and marketing, market. Compare
and analyze experiences from other countries, adopt the plan
that best fit our forest industry, and propose strategic plan that
could make a breakthrough to revive domestic forest industry.

After checking and understanding the existing national public
and private forest industry resources, the domestic forest indus-
try resources with economic value will be planned for different
locations of productive forest plantations. The research team has
designated 6 wood forest resources production potential areas,
and 4 bamboo forest resources production potential areas based
on the geographical areas, as the future forestry production lo-
cations. As for the range of public and private productive forest
plantations with economic values, forests with wood resources
are about 32,000 hectares, forests with both wood and bamboo
resources are about 40,000 hectares, and forests with bamboo
resources are about 65,000 hectares, the total of productive for-
est plantations with resources are about 137,000 hectares.

As for the industry part, the research team will conduct in-
ter-view with the Industrial Development Bureau and Depart-
ment of Commerce of the Ministry of Economic Affairs, and
owners of wood and bamboo industry which has registered to
related industrial guilds, visit 132 processing factories, and do
research on 1,400 or more manufacturers using questionnaire,
to under- stand the current operational status and difficulties in
the indus- try, and to provide specific strategy. Continuously
revitalize the development of traditional domestic forest indus-
try by combin- ing the industry with government and school
academia in places with developing potentials, such as Yilan,
Hsinchu, Taichung, Jiayi, Kaohsiung and Pingtung, and through
expansion, un- derstanding the supply and demand, reducing
production cost, combining research resources and reinforce
basic management

This research also proposes “Single Wood Economy’ model for
innovative forest and refined forestry, which means consumers
can choose specific wood from the forest, and combine with
“train service” styled production, fine-cutting, designing, man-
ufacturing, an integration of production-oriented aspects and
improve profit margins. Meanwhile, this research also proposes
to adopt innovative consumer-oriented strategy, to provide cus-
tomized consumer experience, instead of the traditional pro-
ducer-oriented market model, with goals to promote high-value
management of “exquisite private forestry,” to further achieve
high-yield, high-quality and healthy domestic forestry industry
development.
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The technique of sap flow sensor is developed in this project.
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MEETEHEB KRR

The Development and Application of Tree Medical Techniques

Meng-ling Wu, Tse-Yen Liu

Taiwan Forestry Research Institute (TFRI) has organized an
unprecedented official “Arboricultural Medicine Center(AMC)”
in 2012 so as to correctly execute the tree management and
ecological environment protection as well as to efficiently uti-
lize tree resources. The center provides a series of information
and knowledge of the tree protection and services; which allow
tree managers to accordingly manage trees in their maximum
of ecosystem services and values, analyze trees based on their
features, utilize tree resources and promote related industrial
developments. Although there are many tree protection profes-
sionals and technologies, there is a lack of holistic studies on
the integration of technologies and resources to allow profes-
sional tree health diagnoses, tree resource development and ap-
plication as well as personnel training. In this project, we plan

to purchase and utilize inverted fluorescence microscope, sap
flow sensor, strain transducer and sensor, CTC automatic servo
system, vacuum cleaner and pipe arrangement for sawdust and
dust, and medium-sized table top concentrator. Our research
team will establish the standard procedures of inspection and
analysis techniques, which aim to monitor the physical and
chemical reaction, and assist in judging tree’s health conditions.
The application of the devices and establishment of the pro-
cesses will provide various aspects of tree information, enhance
health control, offer strategies of resource development and
increase operation efficiency. Furthermore, it will contribute to
maintaining urban tree health, promote resource application,
develop industry, and heave country’s vitality.
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A. Fruits (left) and leaves (right) of Litsea cubeba. B. ISSR profiles of Litsea cubeba samples amplified using UBC-846 and UBC-874 primers. C.
Compounds of Litsea cubeba fruit essential oils identified by GC-MS analysis.
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Germplasm Collection, Molecular Genotyping and Identification of Essential
Oil Composition of Litsea cubeba (Lour.) Persoon

Yi-Chiann Chen

Litsea cubeba Pers. (LC) is a deciduous bush or small tree most-
ly distributed in the East Asia region. It is a precious aromatic
plant with multiple functions. In this study, leaves and fruits of
LC were collected from different regions of Taiwan. Essential
oils (EOs) of collected sample were obtained by hydro-distilla-
tion method and the oil yield was calculated. The compounds of
EOs were identified by gas chromatography-mass spectrometry
(GC-MS) to assess the differences in EO compositions of LC
collected from different parts of Taiwan. In addition to ana-
lyzing the essential oil components, ISSR DNA marker were
used to estimate the genetic diversity among populations of
LC. The results of analysis indicated the yields of EOs in both
fruits and leaves were significantly different between regions.
Yield of LC leaf EOs from different regions ranged from 0.17 to
3.99%, meanwhile, yield of LC fruit EOs ranged from 3.48 to

7.57%. Although EOs yields and relative content of EOs chem-
ical components varied on origins of LC leaves and fruits, the
dominant components of LC leaf and fruit EOs from different
areas were the same. LC fruit EOs were mainly represented by
citral (sum of geranial and neral, 56.64~83.93%) and Limonene
(4.11~17.08%).The sum of the two main components (citral and
limonene) accounted for 73.73~88.71% of the total EO of LC
fruits. The dominant components of LC leaf EOs were eucalyp-
tol (44.25~58.32%) and sabinene (11.67~14.72%). The sum of
the two main components (eucalyptol and sabinene) accounted
for 73.73~88.71% of the total EO of LC leaves. The results of
this study indicated the potential of Taiwan’s native LC for fur-
ther industrial development. These investigations would provide
information for future breeding programs and industrial appli-
cation of LC.
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Establishment of Test Guidelines for Tree Varieties and New Variety Research

and Development

fRTEIER
Cheng-Kuen Ho
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Tree variety is the developmental foundation of forest indus-
try. At present, only 7axus species was announced to be a tree
species with guidelines to apply for new variety by authority
(Council of Agriculture). There are many potential valuable
tree species to be applied for plant variety. Cinnamomum os-
mophloeum ct. cinnamon and linalool are two chemical races
have valuable used in commercial market. There are many
commercial products made from cinnamon races, however,
beverage and animal feed industries want the races without cou-
marin. Linalool race contains unique pure S form linalool with
biological activity function in the world. The guidelines for C.
osmophloeum was applied to announce an official plant variety
right in June and was accepted on 2 Nov. with minor revision.
Taxus sumatrana ‘Taiyew no.3” was applied to be a new variety
in June; it was accepted with minor revision on 2 Nov. Witches’
broom resistant Paulownia hybrids has been confirmed in field
test. It is very important to establish the guidelines for Paulow-
nia varieties. To test varieties of Paulownia trees in greenhouse,
the flower spikes were grafted onto seedlings to observe the
morphological characters of flowers, fruits, seeds, and leave
veins of seedlings by using man-made pollination. We found
some characters could be identified among hybrids and become
the major items of guidelines.
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Identification from differences of leaf characters among chemical races of Cinnamomum osmophloeum.
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The Study on Technology of Standard Trees Transplanting

S

Shu-Lin Deng
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With rapid development of national economy, people’s stan-
dard of living is gradually uplifted, and level of appreciating
environmental greening is promoted as well. For example, city
street greening, landscape planting in recreational areas, and
planting in schools are all highlighted. Hence, to raise both the
survival rate of big trees and landscape effect, and to avoid the
destruction of tree form, the tree seedlings in our nursery were
used to investigate the following issues: transplanting seasons
of various tree species, the technology of root pruning, and the
norm of trimming. The results in our study could provide refer-
ence to other related projects.

The study investigates the adults tree transplanting procedure for
Garcinia subelliptica, Podocarpus costalis, Michelia compressa
and Fraxinus formosana. The growth situation of Garcinia subel-
liptica and Podocarpus costalis is individually observed after eight
months when their transplanting has been done during the spring
and fall seasons. We found that only Garcinia subelliptica is not fit
to transplant without root pruning (the survival rate is 33.3%), but
these two tree species are both fit to transplant during the spring
and fall seasons if root pruning is employed. As for the growth sit-
uation of Michelia compressa and Fraxinus formosana after eight
months of transplanting in spring, we found that only Michelia
compressa is not fit to transplant without root pruning in spring (the
survival rate is 28.6%), but these two species are both fit to trans-
plant and reach a 100% survival rate if root pruning is employed.

The ball depth relates to the root distribution of tree species.
Hence, the ball depth can be adjusted through root analysis. Final-
ly, through root analysis, the results show that for these tree species
without root pruning, the amount of the fine roots is far lower than
that through the procedures of one-time or two-time root pruning.
In addition, by examining the variation in fine root amounts of the
above tree species when transplanting was done during different
seasons, the root pruning procedure was found to certainly and
effectively increase the amount of the fine roots which take place at
about 0-50cm on the upper layer of the root ball.

The adult transplanting procedure for Garcinia subelliptica, Podocarpus costalis, Michelia compressa and Fraxinus formosana.
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A: The vector of the American laurel wilt disease, Xyleborus glabratus. B: The colony of Raffaelea lauricola, which is the pathogen
of the laurel wilt disease, on malt extract agar medium (MEA medium). C: The fungal morphology of R. lauricola. D: The sapwood
of Machilus zuihoensis developed a light pale gray discoloration following inoculation of R. lauricola.
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The Study and Management of Ophiostomatoid Fungi in Taiwan

Hsin-Hui Shih, Yu-Ting Lin, Chi-Yu Chen, Ching-Shan Lin, Sheng-Shan Lu

Ophiostomatoid fungi are omnipresent in the forest and they
could be carried to dispersal by ambrosia or bark beetles. Some
species of ophiostomatoid fungi could cause vascular wilt, blue
stain or diseases of stems or roots in the forest. Besides, they
also lower the use quality of wood. Among the ophiostomatoid
fungi, the genus, Ambrosiella and Raffaelea, belong to the am-
brosia fungi and are carried by ambrosia beetles. The pathogen,
Raffaelea lauricola, of laurel wilt, that outbreak seriously in
USA also belonged to the ophiostomatoid fungi. In the project,
we set traps in Liouguei (Kaohsiung), Lienhuachih (Nantou),
Xinxian (Taipei) and Fushan (Ilan) to trap Scolytinae beetles in
the forest and monitor for the population of Xyleborus glabra-
tus, the vector of American laurel wilt. The result showed that
X. glabratus was only trapped in Xinxian and Fushan and the
trapped numbers of X. glabratus were few (0~10per month).

Then, we isolated 3 Raffaelea species from the mycangia of
X. glabratus and one of them was R. lauricola. The isolated R.
lauriocla was used as inoculum, and four laurel species, Cin-
namomum camphora, C. osmophloeum, Machilus zuihoensis, M.
thunbergii native to Taiwan were inoculated. After 8 months,
these inoculated seedlings developed only a light pale gray dis-
coloration in the sapwood, but no wilt symptom was observed.
The results showed that the four laurel species are more resis-
tant to laurel wilt. On the other hand, we also isolated symbiotic
fungi from the ambrosia beetles with mesothoracic mycangium
and identified them based on fungal morphology and the DNA
sequence analysis. Five Ambrosiella species including Ambrosi-
ella nakashimae, A. beaveri, A. roeperi, A. grosmanniae and
A. catenulata were identified, among them A. catenulata was a
new species found in the study.
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Research on Forest Epidemic Diseases Monitoring and Prevention System
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Meng-Ling Wu, Ling-Mu Jaung
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Tree injection demonstration.
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This project purposes to maintain and update the web systems
of “Forest Epidemic Diseases Monitoring and Prevention Sys-
tem”. According to the work division, the Forest Bureau on will
be continuously supported to maintain “Forest disease & pests
control, planning and prevention center”, extend and upgrade
the services of “Diagnosis and information center of forest dis-
eases and pests”. Extra functions will be added including search
inquires with maps, searching individual cases by counties,
checking affected tree categories, and a virtual host to back up
all web data and increase the safety of the web The integra-
tion of different resources is also addressed in this project. An
integrative service will make the forest monitoring system a
connected hub and raise the efficiency of disease control. The
“Brown root rot investigation system” and “Fern trees disease
monitoring system” were embedded in “Forest disease & pests
control, planning and prevention center”. Their data were stored
in same data base so users can have higher efficiency in search-
ing, analyzing and monitoring diseases. The services of brown
root rot detection and non-destructive detection of trees were
also added into the center. Besides, the services provided by
the tree medical center are integrated too. From January 1* to
December 31% in 2016, a total of 1,646 cases were accepted and
consulted by the “Diagnosis and information center of forest
diseases and pests”. Furthermore, six tree medical symposiums
and eight tree medical work are scheduled to promote the im-
portance of tree health inspection and treatmen.
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Effectiveness Monitoring on Ecological Silvicultural Practices of Taimali

Research Center, TFRI

B

I-Hsin Liu
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This study proceeded in a hardwood mixed stand established
in 1998 at Taimalii Research Center, TFRI. Camera traps were
used to monitor the population dynamics of Formosan sambar
(Rusa unicolor Swinhoii) during July, 2012 to September, 2015.
After 12 continuing monitoring season of 39 months, 410 ef-
fective picture records were identified and composed converted
to occurrence index (OI) to analyze the distribution and sea-
sonal fluctuation of sambar’s population at different monitoring
points. According to the results, the effective records of male
sambar was much higher than female’s with an occurrence ratio
of (2:4=1:2.7). Extreme significant variation occurred between
both monitoring points and seasons on the OI of sambar’s pop-
ulation, showed that the distribution of sambar’s population was
uneven in the stand and inclined to group at some “hot spot.”
Meanwhile, the relative abundance of sambar’s population was
fluctuating and growing stably during the monitoring period.
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Pods and seeds of Maackia taiwanensis.
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Collection and Preservation of Rare Tree Species with Planting Potential

Jeng-Chuann Yang

This study focuses on the seed storability and germination
mechanism of the following 12 rare tree species with planting
potential: Cephalotaxus wilsoniana Hay., Acer buergerianum
Miq. var. formosanum (Hay.) Sasaki, Bretschneidera sinensis
Hemsl., Benthamidia japonica (Sieb. & Zucc.) Hara var. chin-
ensis (Osborn) Hara, Diospyros vaccinioides Lindl., Fagraea
ceilanica Thumb., Maackia taiwanensis Hoshi & Ohashi, Mag-
nolia kachirachirai (Kanehira & Yamamoto) Dandy, Gleditsia
rolfei Vidal, Malus hupehensis (Pamp.) Rehd., Pasania glabra
(Thunb. & Murray) Oerst., and Ormosia formosana Kaneh.
The two objectives of this project were: 1) to investigate the
germination mechanism and conditions of each species. The
result will be a database for restoration and preservation of
these endangered species; and 2) to identify the seed storage
behavior of these endangered species. If seeds are orthodox,
they show long-term seed storability. The results can provide
recommendations for conservation strategy of these endangered
species. In the study, seeds of B. sinensis, M. taiwanensis, O.
formosana, and M. kachirachirai are non-dormant while seeds
of C. wilsoniana, B. japonica, P. glabra, and M. hupehensis
exhibit dormancy. Among them, seeds of C. wilsoniana and
M. hupehensis have deep dormancy. Seeds of M. taiwanensis

still maintained viability when dried to 2.5~11.2% MC (on a
fresh-weight basis) after 2-yr storage at -20, 4, and 15°C. Thus,
seeds of M. taiwanensis can tolerate desiccation and sub-zero
temperatures, which is qualified as orthodox. In other words,
seeds of M. taiwanensis can be stored over a long-term period
in the hope of seed supply in the future. When seed storage of
M. taiwanensis is used for plant germplasm collection and long-
term conservation, we recommend that it should be dehydrated
to 3~7% moisture content and then hermetically sealed before
storage at -20°C. The fresh mature seeds of B. sinensis and P.
glabra were sensitive to desiccation and low temperatures. Most
of the seeds lost viability in moisture content below 25%, and
seed germinability decreased rapidly at storage temperatures
of -20°C. However, seeds of B. sinensis and P. glabra main-
tained their initial germinability when stored at 4°C with moist
sphagnum. Thus, seeds of B. sinensis and P. glabra are defined
as having temperate-recalcitrant storage behavior. Additionally,
for fresh mature seeds of B. sinensis and P. glabra, the optimal
seed storage condition is wet storage at 4°C, and the initially
germinable seeds still had germinability after 2 years. However,
seeds of M. kachirachirai and O. formosana probably represent
intermediate seed storage behavior.
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Tree ring profiles in different trees by x-ray tree scanning technique.
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Nondestructive Detection and Database Creation of Urban Tree Age and Risk

Assessment

Po-Hung Lin, Cheng-Jung Lin

The purpose of this year was to investigate the tree health
grades by visual tree assessment under refer to? with reference
to international tree management practices. Firstly, the tree
medical center of Taiwan Forestry Research Institute provided
the tree health service for understanding the tree health grade
status by visual tree assessment. The objectives of this project
were 27 different tree species and a total of 433 tees. We visual-
ly inspected different species of trees and their dangerous short-
comings in appearance characteristics to establish the visual tree
inspection database. Secondly, the tree health grades and trunk
health were evaluation by different nondestructive techniques,
in order to establish a standard database of different species; the
evaluation standard parameters of the new technologies that de-

21006

tect tree defects were established. Finally, tree hazard and risk
assessment were built and database creation for understanding
health grades of tree species based on different levels of stan-
dard specification and databases with visual tree assessment and
nondestructive techniques. The main purpose of the other proj-
ect is to detect tree rings and evaluate tree age. For which, 15
different trees were selected and sampled with increment core
to produce drill core specimens. Then tree-ring density profile
by x-ray scanning technology for tree annual ring. An assistance
artificial tree rings software designed professionally was useful
in analyzing characteristics of tree rings, and help confirming
the age of tree rings.
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Production of Forest-Based Essential Oils from Foliar Matters of Trees.
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Production of Forest-based Essential Oils from Foliar Matters of Trees

Ruo-Yun Yeh

During the course of forest tree maturation, for the purposes of
maintaining forest health and creating desirable tree forms, mul-
tiple tending practices of pruning and thinning must be carried
out. Due to the long rotational period of forest trees, these pro-
vide opportunities of extracting essential oils from foliages of
the tending operations to create additional incomes and incen-
tives for foresters to carry out tending operations. The so called
“forest shower” has the capacity to improve human health. As
the phytocid released by forest trees comes from moisture, an-
ions, and essential oils diffused from foliage. The same can be
achieved by placing fresh forest foliages in home for the effect
of forest shower. However, consumption of essential oils is not
singly determined by their therapeutic quality. The scents of
essential oils in association with culture, memory, and spatial
elements are probably the critical link to consumption. In this
study, we propose to link the essential oil derived from forest
tending operations to forest culture to create products with
green concept and memories of forest and mountain.

The essential oil yield of Japan cedar (Cryptomeria japonica),
which was 1.54% higher than that of the other four kinds of
coniferous trees. In Lauraceae, the essential oil yield of stout
camphor tree (Cinnamomum micranthum) twigs was about 0.3-
0.9%. Linalool type Indigenous cinnamon tree (Cinnamomum
osmophloeum) essential oil yield was 1.23%. That of may
chang (Litsea cubeba) was 1.15%. In Myrtaceae, Cajuput Tree
(Melaleuca leucadendra) is currently in the reforestation tree
species of coastal afforestation and security forest. The essential
oil yield was about 0.37-0.54%. In the process, the essential oils
so produced shall not only contribute to human health but also
the forests where they came from as well. The positive feedback
might thus become a carrier to convey the concept of sustain-
ably managed forests to the end users of the forest products.
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An exposure field was constructed at TFRI Chungpu Research Center for study on the durability of

Taiwan commercial wood.
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Research on Durability of Taiwan Commercial Wood

Fu-Lan Hsu

Wood possesses excellent quality and is prized for a multitude
of uses. While after exposed to outdoors, wood deteriorate and
some problems such as safety concerns may happen. Therefore,
it is needed to understand the durability property of the wood in
use. Most commercial wood in Taiwan are imported. Due to the
reduction of wood export from the wood-exporting countries,
new wood sources or domestic plantation wood are urgently
needed. However, durability properties of these wood in Taiwan
are not well known. Therefore, an exposure field was construct-
ed at TFRI Chungpu Research Center (Fig. 1). Wood stakes
with known specific gravity and anatomical properties were in-
stalled in the ground, and retrieved periodically to evaluate their
mass loss rate, color change, grading decay and termite damage
etc.

The results of the mass loss rate for one-year exposure of
Acacia confusa, Cryptomeria japonica, Swietenia macrophyl-
la, Pinus spp., Bagassa guianensis, Dialium platysepalum,

Eusideroxylon spp., Intsia spp., and Shorea spp. showed that
Eusideroxylon spp., Intsia spp., and Shorea spp were the least
(< 1%), followed by B. guianensis (2~3%); D. platysepalum,
C. japonica, and Pinus spp. (8~10%); A. confusa and S. mac-
rophylla (20~30%). Wood stacks were impregnated with ACQ
preservatives were also installed in the ground as mentioned
above. The results of the mass loss rate for one-year exposure
for these treated wood: Eusideroxylon spp., Intsia spp., and
Shorea spp were the least (< 1%), followed by 4. confusa and S.
macrophylla (3% and 6%) and C. japonica and Pinus spp. were
the most (2%). Results from one-year exposure test showed
that Eusideroxylon spp., Intsia spp., and Shorea spp. possess
good durability, while poor natural durability can be effectively
improved by preservatives. The stacks in the field can offer 10
years of inspection, as accumulating these data is a must for
understanding the durability properties of Taiwan commercial
wood.
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Wrap the girdled section of limb with moist peat moss covered with a black plastic sheet. After 3 months, treated
shoots had already produced roots by air-layering.
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Ex situ Gene Conservation of Fagus hayatae in Lankan Mountain Area

Jeng-Der Chung

Taiwan beech (Fagus hayatae Palib. ex Hayata) is an indige-
nous native tree, which grow only as a few isolated fragments
on ridge tops (1,340-2,125m) in northern Taiwan. The Lankan
Mountain and Daibai Mountain are known as the most east-
ern and the lowest elevation habitat of the species. In Lankan
Mountain and Daibai Mountain area the tree exist in 0.43 and
34.29 hectares, respectively. According to a survey, there are
only 38 Taiwan beech mother trees in Lankan Mountain area,
however, there are over 1,000 trees grown in Daibai Mountain.
Due to the scarcity of its populations and low rate of seed pro-
duction, we try to preserve them through ex situ gene conser-
vation. The major methods of asexual propagation are cutting,
grafting and air-layering. The objectives of the research are to
propagate 38 mother trees in Lankan Mountain and 11 mother
trees in Daibai Mountain. For the cutting experiment, we select-
ed new growth shoots from the mother tree for stem cuttings.
The result showed that the rooting percentage are 0% in the two
areas. It indicates that mature Taiwan beech is hard to clonally
propagate by cutting. In some respects the method of cutting
proved unsatisfactory, cleft grafting is another method to over-
come difficulties. We had been tried this grafting experiment

for 3 times. Firstly, cleft grafting was done in late winter when
both the rootstock and the scion were in a dormant condition.
The result indicated that the survival percentage of grafting was
only 1.7%. In the second time, grafting was experimented with
budburst scion wood in early June. The survival percentage
of grafting was 17.6%. At last, when grafting was done in late
July, the survival percentage of grafting went up to 66.7%. The
graft survival rates have significantly improved and propagation
of Taiwan beech in late July. Of all the experiments we tried,
only air-layering was satisfactory. Air-layering was carried out
on 12 April. After 3 months, most of treated shoots had already
produced roots by air-layering. Using air-layering, the mean
rooting percentage of mother trees was from 0% to 100%. Thus,
the average rooting percentage of air-layering in Lankan Moun-
tain and Daibai Mountain area was 56.5% and 48% respec-
tively. To sum up, through the experiment, we had found that
94.7% of mother trees in Lankan Mountain area were success-
fully propagated. In addition to propagating Taiwan beech by
grafting, air-layering was satisfactory, but not by cutting. It is
recommended that Taiwan beech can be propagated from either
grafting or air-layering.
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Classes are held to demonstrate molecular detection technology for brown root disease.
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Inspection and Treatment of the Brown Root Disease Infection of Trees in

Hsinchu Science Park

Meng-ling Wu

The brown root disease infection of the trees in Hsin-chu Sci-
ence Park is prevalent in recent ten years and has not been
effectively controlled. In this project, the tree medicine team of
Taiwan Forestry Research Institute (TFRI) was invited to con-
duct disease investigation, tracking and prevention detection for
the brown root disease in Hsin-chu Science Park. The purpose
of this study is to assist in the establishment of molecular detec-
tion technology, and to provide the advice of management and
control strategy of brown tree root disease in this park. Three
critical parts of this project include: 1. the detection of brown
root disease in the park; 2. the treatment of control chemicals;
and 3. the assistance in the establishment of rapid molecular
detection technology of brown root disease. The objectives of
the work include the sample areas positioning, sample trees
numbering and signage, completion of sampling, cultivation
and molecular test for 2 times and completion of chemical con-
trol treatments and growth situation records before and after
treatments for two times. In addition, our tree medicine research
team has arranged two molecular detection technology classes

and one root pressure perfusion technology demonstration for
brown root disease, to help assist the park organization to build
related technology and pharmaceutical treatment procedures.
Finally, our team provided individual control recommenda-
tions according to the tree infection status, growth situation
and environmental condition (six areas, 100 trees in total). The
seriously infected trees of the park should be removed as soon
as possible. The soil needs to be sterilized; The trees with early
symptoms and those adjacent to infection zones should receive
chemical treatments and be periodically follow-up detected, and
observed for the recovery. We suggested four main actions that
need to be done in the future. Action 1: a general survey of trees
in the park. Action 2: flagging the disease hot spots in the park,
rating high, medium and lowing risk areas, and setting up differ-
ent control methods and strategies. Action 3: training monitor-
ing and control team of Hsin-chu Science Park for brown root
disease. Action 4: exing control operations in Hsin-chu Science
Park against brown root disease.
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The systematic framework of forest products and license-issuing management information system.
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Evaluation of Domestic Wood Production, Establishment of Information
System and Analysis of Production and Marketing

Shyh-Chian Tang, Han-Ching Hsieh

The issues of forest certification for implementing sustainable
forest management and suppressing illegal cutting are getting
more attention internationally. So, it is important to grasp the
domestic wood information correctly to make sure the legal
sources and enhance the competitiveness. The purpose of this
project was to establish the domestic wood and bamboo pro-
duction information system. It can be combined with the “Log-
ging plans management system” and “Forest primary products
and by-products system” developed by the Forestry Bureau,
Council of Agriculture, to switch data automatically and gen-
erate quarterly reports. The licenses of harvesting and wood
transportation could be connected to be issued automatically. In
order to assort the printing and data importing for the system,
the present related forms should be revised and the QR code
(Quick Response code) be fitted to read the data. The related
units were requested to provide suggestions and pre-operate the

system. The geographic information system was included in the
system this year, and the geospatial information of preordaining
logging plans can be provided. The annual wood and bamboo
production information for forest management units could be
analyzed by species, units and years. The total wood and bam-
boo productions for the Forest District office of Forestry Bureau
and the agriculture—forest departments of county governments
were organized. The “Warehouse management information
system of driftwood” was built also. Management units can use
the system to fill in the volume and size of driftwood and issue
the transportation licenses. The system developed by the project
can be used to information sorting and statistical analysis. On
the other hand, the contractors who bade the domestic wood of
Forestry Bureau in recent years were interviewed by question-
naires. The demand of wood industry and the utilization situa-
tion of domestic wood could be realized and analyzed.
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The manual {Tree Pests and Diseases Control Manual in Kinmen) was published.
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Pests and Diseases Survey and Control Recommendations for the Trees of

Kinmen County

Meng-ling Wu

The ecosystem resource of urban forest in Kinmen County is
rich and characteristic; however, it suffers from various pests
and diseases, which affect tree health and induce the fear of en-
vironmental deterioration. Therefore, developing an appropriate
tree health management strategy is necessary. In this project,
a total of 155 precious trees, as well as trees on the 18 major
roads, 40 secondary roads, 19 parks and 29 schools in Kin-
men were surveyed. According to the location and the degree
of damage, specific control recommendations were provided,
including non-pesticide control methods and the proposed
pesticides. The health conditions of 155 precious trees were as-
sessed by the assessment form established by the research team.

Following that, the risk assessment and treatment recommenda-
tions were provided. Based on the results of survey, a total of 22
critical diseases and pests in Kinmen were selected, including
brown root disease, termites, leaf borer and gall wasps. The
team then collected the information about the main host plants,
morphology, symptom, life cycle and control methods of these
species, and published a manual {Tree Pests and Diseases
Control Manual in Kinmen) . In addition, two training cours-
es were scheduled and the survey database was established to
enhance the effectiveness of the tree health management in Kin-
men.
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The eld Ficus microcarpus infected with brown root rot at Chuen-Yuen park
in Taichung.
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Detection of the Effect in Disease Control of Brown Root Rot Caused by
Phellinus noxius on an Old Ficus microcarpus Tree in Taichung City

Tun-Tschu Chang, Chuen-Hsu Fu

An old Ficus microcarpus tree, which was infected with brown
root rot caused by Phellinus noxius at Chuen-Yuen park in
Taichung, was treated with some kinds of biological control
solutions and health improvement ingredients. However, the
condition of the diseased tree has not improved. The city
gov-ernment therefore initiated a detection project to Taiwan
Forest-ry Research Institute. The aims of the project were to
evaluate the safety of the tree by non-damaging equipment, to
collect the soil and root samples and detect the activity of the
pathogen, to test the biological control solutions on the effect
of the patho-gen in growth and survival. The results and con-
clusions were as follow: The disease on the Ficus microcar-
pus tree was so server, that there was no need to carry out the
non-damaging test. The detection rates of P. noxius in infected

roots did not decrease in four separative collections from June
to September, 2016; and the tree was dead by September, 2016,
indicated that the treatment had no effect on inhibiting activity
of the pathogen and on im-proving resistance of the tree. In the
petri-dish test, the biologi-cal control solutions number 1, 2 and
6 did not inhibited but im-proved the growth of the pathogen.
Other two solutions (number 5 and 7) had slightly inhibited
the growth of the pathogen at higher concentrations. In the lab
tests, all biological control solutions did not decrease the sur-
vival rates of the pathogen. Because the old tree was dead and
was infected by P. noxius, it is suggested that the tree should be
removed completely and followed the SOP treatment for tree
infected by P. noxius.
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The bucking operation of plantations thinning in Guanshan working circle, Taitung Forest District office, Forestry Bureau.
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Work Study on the Logging Operations for Thinning Plantations of Different

Factors

Shyh-Chian Tang, Chih-Ming Chiu

In order to realize the operational efficiency of plantation thin-
ning and provide the reference basis for standard outputs, this
project was undertaken in 19 operations areas of eight districts
of Forestry Bureau, Council of Agriculture. The work study for
the felling-bucking and logging of thinning was applied to in-
vestigate the operational time and percentage of work unit. The
preliminary analysis results were as follows:

For the felling-bucking operations, the average operational
time for each stand tree was 218~1,178 sec, average 527 sec;
the proportions for preparation packing, practical operation,
and allowance were 1.3~32.3%, 52.4~90.2% and 3.4~29.8%,
respectively. On the aspect of logging, the average operational
time for each logging cycle was 373.1~1,502.7 sec, average
827.2 sec, the proportions for preparation packing, practical
operation, and allowance were 5.0~38.4%, 33.4~76.3% and
6.6~55.9% respectively. The average unit operational cost for
the No.2 compartment of Zhudong circle, No.90 compartment

ERRERGEAREDETEMEE - JRERLEE -

of Luanda circle, No.5-6 compartments of Guanshan circle
and No.87 compartment of Zhudong circle were 2,721.2 NT/
m’, 2,905.7 NT/m’, 3,185.2 NT/m" and 3,296.8 NT/m’ respec-
tively. On the other hand, by the “principle of discontinuous
difference for weighted index,” the weights of factors affecting
felling- bucking and logging operations were estimated. For the
felling-bucking, the most important factors were “slope” and
“average volume of stand.” On the aspect of logging, the most
important factor was “average volume of stand.” The standard
output formula here was obtained by averaging the productivity
and weight indices of factors. The equations were as follows.

The felling-bucking operations: Di=0.129 Xi (1-0%)
The logging operations: Di=0.048 Xi (1-0%)

Where, Di: daily standard output (m*/day/man); Xi: summation
of indices; and a: allowance rate

The usage of skyline to lift the woods for logging can reduce the impact of forest land.
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The healthy examination of defended tree.
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Health Examination and Protection Plan of Hsinchu City Precious Old Trees

Chuen-Hsu Fu, Wen-Wei Lin, Fang-Tzu Liu, Chih-Li Chen, Fang-Yu Lin

One hundred and three precious old trees were announced ac-
cording to “Hsinchu city autonomous regulations of old trees
and green resources protection” on 2004. Twelve precious
old trees are cancelled one after another from the list due to
pests and diseases, typhoon as well as public safety concerns.
Ninety-one old trees were examined in this project. Of these,
4 precious old trees (No.16, No.17, No.43, and No.39) were
dead; No.16 and No.17 died due to the transplantation; No.39
and No.43 died due to the brown root disease. Whereas No.52
and No.107 could not been examined because the door to the
premise was locked and the obstacle of wastes. There are 2 old
trees are on the verge of brown root disease infection because of
the disease debris nearby. Control measures of brown root dis-
ease have to be done to avoid infection. Four old trees have to
be surgically treated to control the infection of Ganoderma sp.

No.7 red pine need to be treated with pesticide to control pine
nematode every year. Four old trees are damaged by incorrect
pruning. Most of the old trees are rotten in the trunk according
to the analysis of trunk ring, and may pose danger to the nearby
inhabitants. Damage by termites is so prevalent and need to be
controlled. In order to maintain the health of India coral trees, a
pest, Quadrastichus erythrinae Kim, needs to be actively con-
trol,. Dead or broken branches hang on the crowns are liable to
cause public hazard and is recommended to be removed imme-
diately. The surrounding environment of some old trees is dirty,
and there are debris and garbage accumulation and even stench
in the air nearby. It is recommended that the management unit
should strengthen the environmental management so that the
people can get close to the old trees.
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The old pines with serious rotten trunk were support by steel frame.
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Non-destructive Detection on the Trunk of Old Pine Trees in the Pine Garden

Chuen Hsu Fu,Tun-Tschu Chang, Wen-Wei Lin, Fang-Tzu Liu

Pine trees (Pinus Luchuensis) PG better care on these treasured
old pine trees, Hualian Government ask TFRI to be a contract
research organization and to proceed with non-destructive in-
spection of the trunks of old pine trees and a pest and disease
investigation. The results of research show that every old pine
tree is rotten in the trunk and there are only 8 old pine trees (No.
07, 11, 16, 17, 29, 35, 39 and 50) has little rotten in the trunk.
Trunk ring analysis shows there are serious decay in trunk in
most of old pine trees. According to the data of trunk ring anal-
ysis, the wood samples in the trunk were taken with a sampling
drill. Checking of these wood core samples indicate the decay
may be caused by termites. There was no suspicious wood de-
cay fungus cultured on a selective medium. In addition, there
was other evidence that there were serious damage by termite
in the earlier trunks of typhoon felled and cut wilt old pine trees

by the pests. Thus, major damages in the old pine tree trunks
are due to feeding of termites. Control of termites and intrinsic
strength of old pine trunks are the most important consider-
ations in protecting these treasured old pine trees. Pine nema-
tode and Ganoderma buttery? control is also important. Due to
an annual defending plan against pine nematode disease, there
is no such problem in the Pine Garden. There are fruiting bodies
of Ganoderma australe (Fr.) Pat. on the residual roots between
No.9 and No.10 old pine trees. The infected residual roots have
to be removed and infected soil be fumigated in order to protect
other healthy old pine trees. Soil hardness test (2~4kg/cm?)
shows there is not much solidification in the soil around the
pine trees, and it could be due to good management of the Pine
Garden to avoid treading of people and cars.
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The street tree (Casuarina equisetifalia, no.183) was evaluated by VTA (A) and NDE for two cross section (1.0&1.8 m) of trunk
(B) and the 3D tomograph of within trunk C. (blue color display serious decay, red color display deterioration, green color display

the health)
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Non-destructive Evaluation of Street Trees in Kinmen

Chin-Ming Chiu

Urban trees moderate climate, provide purified clean air, land-
scape views, ecological functions and many other benefits.
Hence, street trees and urban trees interact in public safety and
tree risk management is an important issue for the modern soci-
ety. Tree risk assessment is the process of evaluating the likeli-
hood that part or all of a tree will fail and cause damage and/or
injury to humans and/or properties. Tree health and tree hazard
assessment are based on Visual Tree Assessment (VTA) and
Non-destructive Evaluation (NDE).

When evaluating a tree, we must first diagnose the tree’s ex-
terior appearance, such as tree crown, trunk, roots and growth
environmental conditions. However, when defects within tree
trunk are suspected and we can’t judge by visual inspection, we
have to use NDE assessment. Kinmen forestry bureau pay much
attention to tree health and the street trees in Kinmen County,
and entrusted TFRI to evaluate the street trees year by year.

We evaluated the trees with DBH more than 30cm and the
results showed that there are 100, 335, 100, and 156 trees re-
spectively on Jingwu Rd. , Qiongan Rd. , Shuanggiong Rd. and
Baoshan Rd. in Kinmen county this year. A total of 691 trees
belonging to 13 species are examined. The main species, Casu-
arina equisetifalia comprises 583 trees; the next are 62 trees of
Eucalyptus robusta, 12 trees of Araucaria cunninghamii, and all

the rest of species are less than 10 trees. Through VTA survey,
the results indicated that 13 trees (1.9%) were extremely dan-
gerous, need to be cut imminently and 378 trees (54.7%) were
moderately dangerous. There were 300 trees suspected of hav-
ing defects need to be identified by NDE, accounting for 43.3%
of the total.

VTA of the common shortcomings are: 1) pruning wound or
decay; 2) ants; 3).decay cavity; 4) bark damage; 5) trunk split;
6) fungal fruiting body; 7) leaning trunks or wind-fallen; and 8)
lifting of root plates and so on. Of the trees that had completed
NDE evaluation suggest that 84 were safe (39.3%), 61 some-
what danger (28.5%), 31 probably dangerous (14.5%), and 38
having imminent danger (17.8%). Of the trees evaluated by
VTA and NDE, a total of 48 trees were recommended to be cut,
which accounted for 7% of 687 trees examined by VTA.

Invasion of Kinmen by Typhoons Moranti in September 15,
2015, provided us an opportunity to verify the results. Typhoons
Moranti resulted in 585 (85.2%) cases of canopy damages, 57
(8.3%) cases of trunk damages and 45 (6.5%) cases of trunk
leans. Compared to the VTA and NDE, the accuracy of the as-
sessment was 100% for trunk damage of trees with < 3m trunks,
76% for trees with > 3m trunks, and 53.3% for trunk leans.

AiETEMEEBIANDERRIA) - R BEZEB)MEMERRRIEE - fIEHBZMNC) - #RiE129) -
The street tree (no.129) was evaluated by NDE (A), showing the tomograph (B) and then trunk was damaged by Moranti

typhoons(C).
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Inspection of Periodic Tree Structural Safety at National Chiang Kai-shek

Memorial Hall in 2016

MIRZT ~ MIRE
Po-Hun Lin, Cheng-Jung Lin

RerErokEE BRI EILL5008k - & BREIAG
BERETARIR - ER2DEDRIEREIEERABATR
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o BREFLETHREBARREE - ABRLBHEEA
EENERRA > BRETHANERE -

The purpose of this project was to investigate the tree hazards
assessment of living trees in the National Chiang Kai-shek Me-
morial Hall to provide tree management guidelines. The project
completed a total of 1,500 trees in the park and visual shortcom-
ings of the seven major tree structures by visual tree assessment
(VTA). A total of 205 trees were inspected by 2D stress wave
nondestructive technique (NDT). The plan has been completed
to check for the trees' objectives by VTA and NDT. For the most
serious risk levels, it is recommended to reduce the risk with
tree treatments. Termites and decay are the main causes of tree
damage, prevention and management is recommended.

BREARTHEH
RIS -

. The hazardous
grades in living
trees by visual tree
assessment.
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Inspection and Evaluation of Tree Hazards in National Dr. Sun Yat-Sen

Memorial Hall

MIE=T ~ MRS
Po-Hun Lin, Cheng-Jung Lin

AetBEHCERHAEERATERAAIHTEE - BRR
BRI - BEMAGERIETAIE - EREDK2D
IEFRB B AR ISIFR(B TR 129%k ~ REMF228K) -
ERRATEZIAE BRI EIFRRIDE R ERA
MEENRBR -

REECRSS  ERLETREBSARAREE - A%
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@ T (b)
FE RS MR TR RIBI R N ERE A ZE R » ()fEDE2DEE ~ (0)BFLETVEK (o) EMFTBHEIRE -

The detection and assessment of decay and cave in living tree by nondestructive techniques. (a) tree detection by stress wave 2D technique, (b) tree
detection by drilling resistance technique, and (c) tree detection by lateral impact vibration method.

The purpose of this project was to investigate the tree hazards
assessment of living trees in National Dr. Sun Yat-sen Memo-
rial Hall for providing tree management policy. The project
com—pleted a total of 151 trees (Melaleuca leucadendra and
Roy—stonea regia) in the park and visual shortcomings of the
seven major tree structures by visual tree assessment (VTA). A
total of 151 trees were detected by 2D stress wave nondestruc-
tive technique (NDT). The plan has been completed to check
for the trees’ objectives by VTA and NDT. For the most serious
risk level, it is recommended to reduce the risk with tree treat-
ment. Termites and decay are the main causes of tree damage,
preven-tion and management is recommended.

(©) ’ (d)
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Assessment of standard values (reference) in sound trees by different nondestructive techniques for tree hazard assessment

Item Methods

1 Visual tree inspection

2 Acoustic device 2D tomogram

3 Lateral impact vibration

4 Increment borer

5 Fractometer

6 X-ray wood density profile
—OL%FE F#
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Evaluated parameter

Tree inspection form

Transversal acoustic velocity (m/sec)
Diameter X Frequency (m-Hz)
Visual observation of core

Crushing strength (green, MPa)

Density (air dried, g/cm’)
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Inspection and Assessment of Tree Hazardous Risks in Xiaping Nature

Education Area

Po-Hun Lin, Cheng-Jung Lin

The purpose of this project was to investigate the tree hazards
assessment of living trees in Xiaping Nature Education Area
to provide tree management guidelines. The results that can be
used visually inspect living trees according to condition and
inspection purposes, to assess the health of the trees and the
risk of the appearance of indicators by visual tree assessment.
Using different nondestructive techniques such as lateral impact
vibration method, stress wave velocity 2D tomography, drilling
resistance method, increment borer sampling, fractometer meth-
od, X-ray ring density profile etc. and evaluation index, to es-

tablish and improve standard reference values of the living trees
for checking the internal material conditions of trees. Different
nondestructive evaluated parameters could serve as the index of
the diagnosis value. A table of standard values for the future use
of these nondestructive methods for testing trees with and with-
out decay-damage is presented. The proposed method can be
combined with visual tree inspection and other non-destructive
techniques to better examine and confirm the situations of trees
for tree risk assessment.

1794|1790/1780/1770/1721

1875(1819/1783|1843|1800|1723|1747

1844|/186111817/1826(1796|1719|15681409

1817/1847/1868/1812|1756|17351694|1541|1328

1886(1901/1888|1818/1755/1694|1691|1568/1429

1812]1895/1928/1876/1815/1770|1677/1496/1283

1899(195111922/1928/1867|1731|1534|1357

1976/1930/1914/1962|1894|17891796

1912]1914/1914/1886/1821

Stress wave velocity tomogram and the corresponding stress wave velocity map grids (3 X 3cm) of a damaged tree (no.CF27-1, velocity range, 734-
2095 m/sec).
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FBHR(PHE S (KOLEH] = 3:2 - BFPAFSE © M = kg DNA ladder, 1 = &AKS » 2-11=7#5H
A gel of DNA electrophoresis pattern of 10 offspring derived from maternal plant of (P. kawakamii X P. fortunei = Pk X Pf =Kf) crossed with paternal
plant (P. fortunei = Pf), where DNA fragments were amplified using specific SSR primer (PT 12FR). The ratio of DNA fragments derived from Pf to
Pk was 3:2. In the gel, M = 1kg DNA ladder, No.1 = Kf, No.2-11 = offspring, and No.12=Pf.

—OhFE F&
TBIRRXZE G RAT

DFIREE LR

RemPW =L EE RS - MRE T RFKRIE60-90%MF °
ERFRSRERNERAERN  MRETEEXRAY
8K - 2014FFEM M RBRMIETEE IR XN
1K > 2015 DU AT ETERERY - ENBRRE
FRE—ERARE  BENIIFIEREEREK - XEE
#2,000mEHHRI AR - FEIERIIRAE - HAEREL20144F
AEIEBENESRERAER - BRDFREEIZEZ/AT
B AEEZEERRNNE IR LERETERER
BAMER S - 55T S048SSR5|F » AI&KPCREY)
AOS|FLL Bl £82% » HAFE#) 2 BB E Al R 2 UMK
SITA10HE - AIMEREEBAS| T EHR DM
TSR BN EAREITSSRD FIREE DT ©

+

12 = QAPf o




MFRET SN KR

Study on Selective Breeding of Paulownia Hybrids Resistant to Witches’
Broom Disease and Their Relative Molecular Markers

Cheng-Kuen Ho, Yi-Chiann Chen, Shu-Hwa Chang

Paulownia X taiwanian, a hybrid of P. kawakamii x P. fortunei
in Taiwan, is famous as a “golden tree” in 1977. At that time,
nearly 20,000ha was planted. However, witches’ broom disease,
a fatal disease caused by phytoplasma, destroyed the wood
industry. Since then many efforts on selection and breeding dis-
ease resistant varieties of this trees have carried out. Recently
the techs of infection and detection of phytoplasma coupling
with the improvement of control pollination by grafting flower
spikes onto stocks were established. Diagnosis of susceptible
P. X taiwaniana and resistant P. fortunei introduced from China
were proven. The hybrids between P. x taiwaniana/ P. kawaka-
mii cross with P. fortunei showed resistant to witches’ broom
disease, when they were infected with phytoplasma. They grew
fast and showed not symptom of witches’ broom disease after
been planted for 8.5 years in infection area. This fact has excit-
ed us to find out putative DNA molecular marker linked with
witches’” broom disease resistant gene. In October 2014, seeds
were obtained by using control pollination between Paulownia
kawakamii (coded as K), Pitaiwaniana (coded as T), P. fortunei
(introduced from Guizhou, China, coded as G), and hybrids

of KX G (coded as Kg) in Feb. According to seed qualities in-
cluding seeds per fruit, seed weight, and seed germination rate,
pollination at Shinshiang nursery (400m in elevation) was better
than at Taipei nursery (6m in elevation). Seed germination rates
of hybrids ranged between 60% and 90%, indicating that hy-
bridization barrier do not exist between Paulownia species. We
found that seed weight of hybrids was related to paternal trees
when it had the same maternal tree. Due to failure of grafting
spikes of G and Kg in 2014, we grafted on January earlier one
month in this year. Successful flowering rates and fruit setting
were obtained. However, P. kawakamii flowers that collected
from trees grown at 2,000m in elevation failed for dramatic
climate changes in spring this year, similar the result tested at
Taipei nursery in 2014. We designed 50 primer sets of SSR ac-
cording to the published research paper and gene bank on web.
Out of them, 82% products of PCR were obtained. In the pri-
mary test, 10 primer sets could produce polymorphism of DNA
fragments (Fig.1), which will be used to be a genetic markers to
identify the genetic relationship of hybrid seedlings.
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Cinnamomum Kkanehirae

chloroplast genome
152,700 bp
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Chloroplst geome of Cinnamomum kanehirae.
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Biochemical and Molecular Markers Used in Natural and Breeding Population
of Cinnamomum kanehirae for Healthy Clonal Forestry and Seed Production

Shu-Hwa Chang, Cheng-Kuen Ho, Chia-Chen Wu

Cinnamomum kanehirae, an endemic tree species in Taiwan,
is valuable for its logs growing Antrodia cinnamomea fungal
fruiting bodies, a high value pharmaceutical herb. A great risk
is occurring in future plantation that they have a great possi-
bility of came from few clones with high rooting ability, and
inbreeding seedlings from few parents. The hybrids between C.
kanehirae and C. camphora were found and proven by DNA
markers by our lab. We found that hybrids contained high level
of camphor and linalool. Investigating essential oils and lignans
in leaves, twigs and woods of C. kanehirae, we found 4-terpin-
eol, sesamin, and 7-hydroxy sesamin are special high in this
species. Those chemicals could be good indices of biochemical
markers to distinguish it from other species and might show a
great variation between clones. Recently genic-SSR, targeting
the transcribed region of the genome and potentially linking
to loci with key phenotypes, has been addressed. C. kanahirae
was identified as the synoym species of C. microanthum by

taxonomist of China, this view was accepted by the world. Us-
ing complete chloroplast genome and chemical components of
leaves between both species, we confirmed that C. kanehirae is
quite different from C. microanthum. The complete chloroplast
genome of C. kanehirae was revealed. The total genome size
is152,700bp, with a typical circular structure including a pair
of inverted repeats (IRa/b) of 20,107bp of length separated by a
large single-copy region (LSC) and a small single-copy region
(SSC) of 93,642bp and 18,844bp of length, respectively. The
overall GC content of the genome is 39.1%. The total length
of the C. micranthum cp genome is 152,675bp, which is 25bp
shorter than that of C. kanehirae. A total of 19 simple sequence
repeats (SSRs) and 72 insertions and deletions (InDels) were
identified between the two species. Six validated InDels can be
used to practically distinguish between two species. The chem-
ical analyses revealed high levels of linalool and sesamin were
present in C. kanehirae but not in C. micranthum.
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2015 International Year of the Soil - Below Ground Respiration

F155%
Chiao-Ping Wang
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The instructor teaches the students how to test the soil
physical texture.
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In order to improve the awareness of the deterioration of the
global soil, to avoid the catastrophes caused by soil degrada-
tion, the 68th United Nations General Assembly announced in
December 2013 that it will designate the year 2015 designated
as “International Year of the Soil.” The program hoped that by
the implementation of the curriculum activities, the students
can find the interest in soil science and ecology, and develop
the habit of environmental observation and scientific thinking.
Hoping to improve the scientific literacy of students and stim-
ulate the attention to conservation of soil resources. The plan
took the following two ways: (1) for primary and secondary
schools to promote soil science education activities; (2) the use
of Facebook page of the fan site to continue promoting soil sci-
ence related information. A total of 684 students and 37 teachers
participated in the course of “Who’re breathing underground?”
There were 2,168 visitors during the implementation of the pro-
gram, with a maximum of 30,072 people learning our program.
The future is expected to be based on the experience of this
year’s activities, based on a series of curriculum planning and
development.

BAK B E BATRIGHATREN DRESEBER -

The students pick up the soil invertebrates samples from their own pit fall traps.
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Establish Ethnobotanical Gardens with Traditional Ecological Knowledge by

Participatory Citizen Science

R

Gene-Sheng Tung

Rt EMWERFE R BRI ER A RRAB (traditional
ecological knowledge, TEK) ' &£ & 25N EIEBEY E
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YITEK » W EEIBFE S R o HARRF AL RC 8RB0 & B4R IE
Yo BREE - FE - BRX - REBEYHIE - MK
BAEBARIE S ANIER - FABHERA - THERRE
BB R SEA T - IUMITIRTEK - BESRIERR -
B KZE e RE - RY - E - NESEY K&
3678 - BAETEFTLUB A G B/ ILMRESEMBERY
B BENESHEY A RSN ESEEBNARH - AT
ERHRNAXCRENEY @ Ba2HEEE - A
RS EH IE E 2 R i (public participation GIS, PPGIS)F;
flv - FESEREAMNBESRRKEY - RAEHENK
17 o BEWMEARAH - REMEHE - BENESE
s REFEMREBEENEERE - RNHEE%EE
KBERNEY  BEEREEENERS -

L

HZHESE - L2EXNARMEETHITREZWEEREREE -

This project aims to collect the Traditional Ecological Knowl-
edge (TEK) of the indigenous areas, combine the ethnobotany
industry of the tribe, and display them at the botanical garden so
that the public can better understand the relevance of the plant
and life, establish the connection between TEK and modern life.
This ongoing project focuses on the study of the female farm-
ing and male hunting culture of Wang-hsiang Bunun tribe in
Nantou County. The ethnobotanical knowledge and TEK were
recorded, and the relevant historical literatures were gathered.
So far, 30 kinds of traditional crops such as legumes, grains,
wild vegetables and rhizomes related to cultivation methods
and cultivation calendar were recorded for the women’s wis-
dom related to traditional crop types. A total of 36 kinds of male
forest hunting-related plant resources, such as the production
of traps and hunting gears, gunpowder, firewood, food, equip-
ment, medicinal and hunting bait plants were recorded as well.
The subsequent plan is expected to use the local hunting trail to
display the traditional hunting culture, and the ethnic farming
crops are displayed in the public fields chosen by the tribe or
planted in the public space of the household. The public partic-
ipatory methods such as screening out the representative ethnic
plants with local people, participatory drawing, Public Partici-
pation GIS (PPGIS) involved in the citizen science will be used
in this project, and the ethnic plants on the trail, farmland, or
the corresponding microenvironment will be labeled. The goal
of this project is to produce information boards and self-guid-
ed brochures of local in-depth travel by means of democratic
knowledge, and to help local people to cultivate the potential
economic plants which can produce the products combined with
the depth of ethnic culture as well.

The project applied the citizen scientific method to interview elders for collecting the traditional ecological wisdom in Wang-hsiang village.
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Embryos are not well developed when the seed mature and shed.
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Study of Embryo Development and Seed Dormancy in Amentotaxus

formosana

Jeng-Der Chung

Amentotaxus formosana, an indigenous tree, is native only in
the southern areas of Taiwan. It is listed as a protected species
by the Taiwan government due to the scarcity of populations
and low seed production. For the last two years we have been
working to achieve the goal of enhancing flowering bud ini-
tiation and accomplishing the anatomical survey of reproduc-
tive system of A. formosana. By using a girdling device to
remove a 1.0cm wide ring, the flower bud differentiation was
consistent, with all container-grown cultivars achieving 100%
induction. Furthermore, the survey of reproductive system
counted approximately 128 individuals including pollen and
ovule development, pollination, fertilization as well as embryo
development. Pollen cones ended dormancy in middle-March,
microsporogenesis occurred in late March. Mature dry pollen
was about 25um in diameter. The seed cones ended dormancy
at the end of March, opened to expose the ovules, and soon

b SEBIELBFETRENET.SomREK7T-9@EA -

Seedlings of A. formosana were grown in plastic pots (7.5cm diameter ) for 7 to 9 months.

after secreted pollination drops. Pollination occurred for about
1-2 week in early April. Megasporogenesis occurred in late
March but female gametophytes did not mature and fertilization
did not occur until early June. Embryos are not well developed
when the seed mature and shed. Thus, we found that the timing
of seed maturity is probably from March to August of next year,
even at the same time by hand-pollination. 4. formosana seeds
have deep dormancy. Warm stratification followed by cold strat-
ification and then warm-temperature incubation are required
for germination to occur. Therefore, the following topic is ded-
icated to doing a research on seed physiology and embryo dor-
mancy. Understanding the metabolic changes in phytohormones
(including GAs, cytokinin, ABA, IAA etc.) of breaking embryo
dormancy is one of the goals of this project. To sum up, the goal
of this study is to provide methods to increase cone and filled
seed production.
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Fig. 1 The 2D image and acoustic velocity profile of Taiwania cryptomerioides living tree (No.56).
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Relationship Between the Plantation Ecology Management and Tree Health in

Medium Elevation Area

Po-Hung Lin, Cheng-Jung Lin

The purpose of this project was to explore the relationship be-
tween an ecologically sustainably managed plantation and tree
health in Xitou Nature Education Area for tree management
policy reference. The results suggest that visually inspection
of Japanese cedar, Taiwania, and red cypress trees according to
conditions and inspection purposes, to assess the health of the
trees and the risk of the appearance of indicators. Using differ-
ent nondestructive techniques such as lateral impact vibration
method, stress wave velocity 2D tomography, drilling resistance
method, increment borer sampling, fractometer method, X-ray
ring density profile etc. and evaluation index to establish and
improve standard reference values of Japanese cedar, Taiwa-
nia, and red cypress trees for checking the internal material
conditions of the trees. Different nondestructive evaluated pa-
rameters could serve as the index of diagnosis value. A table of

standard values for future use of these nondestructive methods
of testing Japanese cedar, Taiwania, and red cypress trees with
and without decay-damage is presented. The V tomogram and
corresponding stress wave velocity maps of decay-damaged and
undamaged Japanese cedar, Taiwania, and red cypress trees can
detect the general location and area of wood deterioration. The
proposed method can be combined with visual tree inspection
and other non-destructive techniques to better examine and
confirm the situations of trees for tree health assessment. Pre-
liminary results show that the tree health was affected by forest
management intensity and frequency, and human disturbance
factors. To foster better tree health, we propose that forest man-
agement objectives and targets should be clearly defined so that
both tree health and public function of forest can be attained.

16871697(16481617

173417411768/174316821700

168317371810/1816/1789177917261676

1722]177418191781|1758/178917711737

11692/18001818/1764/1768181117961712

1652(176618171796|1791/179417451641

177717371775174716721721

1663164316191605

&2 f2 2 ATHE (No.82) I RAVHR [ & DR 2 DB S & R IB (= B) »
Fig. 2 The 2D image and acoustic velocity profile of Chamaecyparis formosensis living tree (No.82).

Annual Report 2016

105

Taiwan Forestry Research Institute




RERF Z AN EER M EME R E MR B R T 7

Study on Application of Environmental Friendly Timber Harvesting Machines
and Planning Technology of Operational Road

MR
Yu-Jen Lin
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The purposes of this project are to increase production of do-
mestic logs and to revitalize forest industry in Taiwan by train-
ing forest operators to learn from foreign successful experiences
in the fields of forest operation mechanizing and their training
mechanism, promoting international exchanges on environ-
mental friendly technologies of log harvesting and networks
planning of forest operational paths, enhancing domestic log
harvesting efficiency and strengthening technical training of log
production to forest operators. According to the initial project
contents, this project has performed the following: 1) invited
Japanese forest experts to Taiwan and gave 2 lectures and of-
fered 1 workshop on professional technologies and practices;
2) fulfilled one visit plan on mechanical harvest technologies of
logs production to Finland; 3) visited twice the training mech-
anism of forest operators and mechanical harvest technologies
of log production in Japan ; 4) held a training course on logging
operation with small machineries for young forest students in
Nanzhuang Township, Miaoli County; 5) drew up a draft on
“basic principles on forest operational path construction.” All
these works were smoothly implemented based on the project
processes and reached expected results. These fruitful results
can provide some reference to forestry authority for strategy
modulation.
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Major Events JANUARY—DECEMBER 2016

JANUARY

.

Hosted by the Director General Dr. Star Huang, the TFRI held a media event of “Managing mountains and
have forests on the focus—in the occasion of TFRI technical film presentations” on 5th of January. Four
short films of general science interests: “A little secret of Taiwan barbets living in the city;” “Sustainable
management of agroforest in mountainous areas;” “Bamboo mountains, bamboo talks;” and “Let us taking
care of tree health together.” The presentation aims to instill in people how to engaging in ecological
conservation practices in addition to concerning with the forestry developments.

On January 21°%, at the TFRI headquarter, a “Third ISA international tree doctors certification and
completion of tree tending workshop” was held and hosted by the Director General Dr. Star Huang. In the
event, a total of 40 tree doctor certificates were granted, including three passing the English test and 37
passing the first time Chinese test. In the meantime, 49 students were given the graduation certificate of the
tree tending workshop. These represent a giant step in establishing a tree doctor system and promoting tree
tending education.

From Jan. 27 to Feb. 1, the Division of Technical Services held “2015 end of term experimental forest
demonstration management business review and 2017 preplanned case evaluation.” The event was led by
Director General Dr. Star Huang with the members of experimental forest management team and visited
Lienhwachih, Liukuei, Taimalee, and Fushan Research Centers for on-site inspection.

On Jan. 30, TFRI co-hosted with the Dept. of Horticulture and Landscape, National Taiwan University,
Taiwan Horticultural Welfare Promotional Society, and the Human and Plants Society of Republic of China
an event at the TFRI “the 2016 Taiwan-Japan Gardens and Forests Healing and Environmental Welfares
Symposium.” In the meeting, President of Tokyo Agricultural University and Japanese Horticultural
Practices Welfare Association, Dr. Ishiya Shibuya; Japanese Horticultural Practices Welfare Association
and Grade 1 architect Ms. Kumiko Sumido and Yoko Kimura met with domestic scholars and starting from
each perspective and experience the importance of gardens and forests healing effect on modern human and
natural landscapes.

FEBRUARY
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Three experts, Tokyo University Professor Hideo Sakai; President of Shimane Prefecture Log Transportation
Association Mr. Shinohara; and Kagoshima Prefecture Log Production Association Bureau Chief Mr.
Kamizono visited TFRI on Feb. 22, and presented respectively lectures on “Wire rope logging setup in
steep slopes of Japan,” “Practical aspects of setting up logging wire ropes,” and “Bamboo collection and
transportation in Kagoshima Prefecture, Kyushu.” Director General Dr. Star Huang personally hosted the
visitors and listened to the latest logging techniques together with more than 80 attendants.

TFRI and a juridical association, Urban Forest Health and Beautification Association of Taiwan co-hosted at
the TFRI an event on Feb. 24 “2016 tree risks assessment class,” with Mr. Kevin K. Eckert of Arbor Global
Inc. of USA, who is also a grand master with ISA tree art association certification presented the course
personally. The contents include: an overview of risk management, evaluation of risk degree, evaluation
of target objects, possibility of tree-falling, data analysis and risk classification etc. More than 50 persons
attended the course.

Teachers and students of Dashin Elementary School, Fushing Township, Changhua County visited Lienhuashih
Research Center on Feb. 26 for a whole day of ecological exploration activities in their “Visiting a low




MARCH

APRIL

elevation Noah’s Ark—Lienhuachih” program. Four of center’s volunteer teachers took the task of interpreting
to the visitors.

In order for the staff to understand certification of forest management (FM) objectives, scopes, and process, on
March 2 and 7, the Lienhuachih Research Center undertook a three-hour staff training entitled “Understanding
FSC™ FM system operations and establishment of management system complying with the FSC™ standard.”

TFRI in a bid to support the “Taking seedling to travel” activity of Arbor Day, on March 12, hosted by the head of
Technical Service Division, Yan-chang Chen and Wutong Environmental Integration Foundation, simultaneously
distributed seedlings of 15 endemic tree species of Taiwan Aglaia, podocarpus, small-leaf elm etc., a total of
5,000 plants at Taichung, Hsinchu, and Taoyuan stations of Taiwan High Speed Rail, and providing planting
information inquiry. Passengers eagerly took up the seedlings and planted them everywhere. Thus effectively
promoting greening and environmental protection concepts

On March 14", the Lienhuachih Research Center held “First season ecological study for volunteer workers”
activity. Dr. Wen-long Lin of Taichung City Wild Bird Rescue Association was invited to lecture on ecological
diversity and methods of surveying for fish and aquatic insects. The participants responded with enthusiasm.

From April first to August 30, the Hengchun Research Center and Pingtung Forest Management District of
Taiwan Forestry Bureau co-hosted a “Special exhibition of small diameter log crafts” at the tourist center of
Kenting National Forest Recreational Area. The contents included 27 sets of wooden crafts and other cultural
creative merchandises produced by the TFRI and the teachers and students of the Dept. of Traditional Crafts
and Creative Designs of National Kaohsiung University. In the interim, special topics lectures on tree pruning,
legality of lumber, and links in forest management and green consumption were provided by the Divisions of
Forest Management and Forestry Economics. There were several community directed DIY courses as well,
receiving tremendous reverberation.

On April 7, the TFRI together with the Forestry Section of Miaoli Senior Agricultural and Industrial School
held at Beishih Li of Nanchuang Township, Miaoli County a “2016 logging technology training class,” inviting
Mr. Chunjong Wu, a logging expert with the Forest Conservation Business Department of Retired Servicemen
Council, Executive Yuan to preside over the class. The course contents included “introduction, usage and

ELNT3

maintenance of chain saws,” “practical operations of chain saws,” “logging and reforestation operational
practices” etc. The students were left with the professional lecture and hand-on experience with the chain saws

with indelible impressions.

In a bid to apply for the Forest management (FM) certification of the Forest Stewardship Council (FSC™), the
Lienhuachih Research Center was visited by Senior Auditor Mr. Kaojun Chao of the Certification Department,
Bureau Veritas Group, a third-party certification company, during April 13 to 15 and conducted the pre-
review of the certification processes. The pre-review meeting was hosted by the Deputy Director General Dr.
Chyi-rong Chiou and the Center Director Dr. Yuan-juei Hsu led various staff in charge of different aspects to
illustrate their work on-site. The review items included documentary check, nursery management, management
of various experimental plots, habitat monitoring and management of high conservation value species, natural
and plantation forests survey management etc. In the meantime, units adjacent to the Research Center and
stakeholders groups were interviewed to understand the operations of forest management on various aspects.
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MAY

Assistant Researcher Ms. Chia-chun Hsu of the Division of Botanical Garden in her bid to study “Forest health
and ecological management of Pacific Northwest of the USA,” went to the World Forestry Center, Portland,
Oregon, USA from April 18 to October 19 for a study stint of half-a-year.

A famous paper fiber identification expert of Mainland China, also a senior engineer Ms. Chiu-hwa Wang;
Company Director Mr. Bing Gung, Chen-teh Kung Co. of Beijing, China; and Ms. San Wang of Chinese
Cultural Relics Research Institute was accompanied by a domestic handmade paper expert, Mr. Kuo-tsai Wang
visited the Division of Wood Cellulose on April 22 to the Paper Exhibition Room. They were received by
Assistant Researcher Mr. Jiann-Gwo Shyu, who introduced to the guests the achievements of the institute in
handmade paper art and mounting and restoration of Chinese painting and calligraphic artworks.

On April 22 to 29, the TFRI held a “Theory and practices training class of industrial technology strategic
planning,” inviting Dr. Yi-ying Lee of Taiwan Agricultural Technological Resources Operation and Planning
Association to lecture on how to strength systematic thinking of research staff, how to familiarize with
strategic planning tools, and how to enhance quality of scientific research projects, so as to provide the “target
clients” with creative and competitive research proposals.

From May 3 to June 26, the TFRI invited Seeds Platform of Hualien County to hold a “People hide dreams,
dream hide seeds, and seeds hide people” special exhibition at 323 Nanmending of Taipei Botanical Garden
with three sessions of taste trial activities. Traditional crop seeds of Amy aboriginal people were shown and
through imagery, the tribal elder’s respective handling of old seeds was presented. Plant ashes, smoking and
planting and harvesting generations by generations and changes in agricultural environments were also shown.
In addition to provide people with localized traditional crops and their special gist, the exhibition also pays
homage to seed hoarders and the tastes they protect.

On May 5, the Deputy Director General, Dr. Chyi-rong Chiou led staff members of Divisions of Silviculture,
Forest management, Watershed management, and Liukuei Research Center to the 13th Stand of the Liukuei
Experimental forest in a bid to formulate removal of inferior trees and reforestation operations. The project
was expected to cut squirrel-damaged Japanese cedar and replant with indigenous species of stout camphor,
Taiwan camellia etc. to enhance timber production, and enrich the understory economic byproducts while
taking care of the multiple management goals of good forest ecological development.

From May 6 to June 15, the TFRI, together with the Wutong Environmental Integration Foundation exhibited
research achievement of the Divisions of Forest Utilization, Forest Chemistry, and Wood Cellulose at the
Youth Hall, Hsin-chu City government, entitled “Trees in our live,” a 4-D experience exhibition. The Director
General Dr. Star Huang also presented on the opening day a copy of “Tree risk assessment” to Hsinchu Mayor
Mr. Chih-jian Lin and wished that citizens upon visiting the exhibition will be able to understand functions of
trees, and to join in the volunteers of tree doctor work.

From May 27 to August 31, the TFRI held a “Delicate wood with unique sheens—lathed wooden artworks and
wooden lighting fixtures exhibition” at the Imperial Envoy’s Lodging, Taipei Botanical Garden. The creative
works of wood craftsmen Messrs. Chia-jian Chao and Chih-kuang Lue were displayed. Regardless whether
lathing techniques endowed mill wood wastes or wind-felled wood with new life of delicate wooden craft, or
engaging ingenious design to turn unremarkable contorted wood into fashionable lighting arts, these works
repeatedly demonstrated the tender loving care of the creator to each piece of wood scraps, as well as the
natural beauty of the woody materials. Three DIY activities were held during the exhibition and garnered great
praises from the visiting people.
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JUNE

JULY

The volunteer corps of Liukuei Research Center assisted the Division of Forest Protection in carried out an
“I-tree urban forest benefits evaluation and analysis project.” During the period from May to October, members
were dispatched each weekend to various urban parks to partake in tree survey work for a total of more than
80 man-times and voluntary service time of 545 hours. They have completed more than 1000 entries to the I-tree
survey information with rich results.

On June 6 and 7, the Fushan Research Center held a “Training course of aquatic plant management,” initiated
by the Director General Dr. Star Huang. The course included: An overview of aquatic plants, management
of aquatic plants, fishery management and practices in aquatic ponds, monitoring and practices in aquatic
plant ponds, hydrology and water quality management of aquatic plant ponds and on-site aquatic plant pond
threading and practices etc. Through the course, students were instilled with knowledge of forest hydrological
environment and management of aquatic plant ponds.

On June 16, at the TFRI headquarter, a “Turning of luck starts with reading—the 6th book exchange
activity” was held which display 1200 volumes of donated books. Through a second-hand book exchange
mechanism, good books are endowed with a second life; and spread of knowledge shines again. At the same
scene, mosquito-repellent products technical transfer events were on display as well, much like a carnival of
intellectual properties with more than 70 persons attending.

On June 16 and 17, the TFRI held a “First garden and forest healing bases promotional team working
meeting” at the Lienhuachih Research Center. The event was hosted by the Director General Dr. Star Huang
and invited 21 TFRI specialists with expertise on horticulture and landscape, plant essential oils, phytocids,
animal resources appreciation, and wood working to partake. The meeting has ascertained the themes and
methodology of setting Lienhuachih Research Center as a hub of forest healing worthy of further development.
The path survey and preliminary planning of viewpoints were completed.

The application of Lienhuachih Research Center to be certified with Forest management (FM) aspect of
Forest Stewardship Council (FSC™) has received visitation of two auditors dispatched by Bureau Veritas
Taiwan to handle the main review procedure of certification. The review items included: whether the deficits
outlined in the pre-review stage were all corrected? And whether the Center’s forest management operations
comply with the 10 principles and all indicators of FSC™ FM? In the main review summary meeting, the
two auditors provided only three minor defects needing correction and were agreeable on the rest of items. In
other words, the FM of the center has already complied with the stringent certification standard of the FSC™.
This represented all the efforts over the years by the Center’s staff and also an important milestone in the
management of national forests of Taiwan.

A strong typhoon, Nepartak, hit Taitung County on July 8th, causing many precious trees in the county to
suffer severe damages. The TFRI coordinated urgently on July 11th with Taiwan Urban Forest Health and
Beautification Association and mustered 38 volunteers, including 12 tree doctors and 5 heavy-lifters, 2
bulldozers and 1 water spray vehicle, together with 45 drivers rushed to the site to rescue trees. The TFRI
dispatched 3 internationally certified tree doctor colleagues to the task, in a bid to combine official and private
sector forces to hasten the rescue of precious trees.
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On August 3 to 5 and 8", the TFRI held “2016 mid-term reviews of experimental forest demonstrative
management plans.” The experimental forest management team members focused specifically with regard to:
the garden and forest healing base planning of the Lienhuachih Research Center; the software facility upgrade
of Shanping Scientific Zone; the pegging of Kaoshifo Experimental Forest, Hengchun Research Center as
an important basis of special rare animals and plants; monitoring and damage prevention of sambar deer in
Hengchun Research Center; and the aquatic plant pond management practices in Fushan Research Center. On-
site inspection and improvement suggestions were provided.

The president of the World Bamboo Organization (WBO), Dr. Michel Abadie was accompanied by retired
honorary professor Dr. Shun-chao Wu and bamboo specialist Dr. Jing-ming Lue visited TFRI on August 5.
They were met by the Deputy Director General Dr. Chyi-rong Chiou with senior researcher Tsai-hui Chen and
associate researcher Yu-jen Lin. Bilateral exchanges on wide range topics of bamboo resources conservation,
bamboo conversion and utilization and bamboo culture were made. Afterward the group visited Taipei
Botanical Garden. The foreign visitor was much impressed by the garden providing neighborhood people with
recreational space and rich educational functions.

On August 22, directors of Japanese Water Resources Environmental Association Messrs. Tkujiro Wakai
and Katsumi Nomura accompanied by a domestic bamboo specialist Dr. Jing-ming Lue visited the TFRI.
They were received by the heads of Divisions of Technical Services and Watershed Management, Mr. Yan-
chang Chen and Han-ming You with a senior research of the Division of Silviculture, Tsai-hui Chen. Bilateral
exchanges on the topics of history and present status of management of Taipei Botanical Garden; development
of protective forests for fishery in Taiwan; water nurturing function of forests etc. Afterward, the party toured
special featured plants in Taipei Botanical Garden and the Chinese and Japanese buildings of Imperial Envoy’s
Lodging and 323 Nanmending.

From August 22 to 24, at a 14-year-old Taiwan zelkova plantation of Kenjiao Farm, Gukeng Township,
Yunlin County, the Division of Forest Management and Chungpu Research Center held a “Pruning and
tending of plantation to protect the forest workshop.” Twenty-two participants from Tse-sing Organic Farming
Development Foundation, Wildness Protection Association, and students of National Taiwan and Chiayi
Universities took parts.

SEPTEMBER
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Chief of Control Yuan, Bo-ya Chang and Convener of Financial and Economic Subcommittee, Mei-ling Yang,
together with 8 other Control yuan officials accompanied by Deputy Minister Chang-liang Ong arrived in the
morning of September 1 at the Lienhuachih Research Center for an inspection tour. The Director General Dr.
Star Huang led Chief of the Center Yuan-juei Hsu received the party. After listening to a briefing and watching
a wildlife monitoring film, they went to the nursery, natural forest, plantation and giant bamboo garden of the
center for on-site inspection. The officials were impressed with the camellia tea oil experiments, management
of the forest resources, bamboo conservation and maintenance and monitoring of biodiversity issues with
much praises.

On September 13, the Director General Dr. Star Huang attended the “2016 international wetland conference”
of Construction and Planning Agency, Ministry of the Interior. On behalf of TFRI, he signed a “2016-2021
Inter-ministry wetland conservation cooperation agreement” together with the Construction and Planning
Agency, MOI; Environmental Protection Administration, Executive Yuan; Forestry Bureau, Council of
Agriculture; Water Resources Agency, Minister of the Economic Affairs; and Endemic Species Research




Institute, Council of Agriculture. The agreement aims to strengthen inter-ministry cooperation, coordination
and sharing of wetland ecosystem knowledge and technology.

From September 23 and October 2, the TFRI together with Taiwan Urban Forest Health and Beautification
Foundation, and Wutong Environmental Integration Foundation held at Daan Forest station of metropolitan
rapid transit an ecological exhibition entitled “Trees in our life.” Through simply understood words and
precious tree specimens, the exhibition conveyed to the visitor the benefits of planting trees and afforestation
which importantly abate global warming. Endemic seed packs were distributed on the site, free guided tour
and health inspection of bonsais were also provided, so that people can enjoy breath of the forest even in the
rapid transit station.

OCTOBER

.

From October 5 to 9, the TFRI together with Taiwan Plant and Tree Medicine Association, and Taipei City
Bonsai Association held a “2016 Chinese-style bonsai show.” In the interim, in addition to display some
graceful bonsais, Japanese bonsai master Messrs. Taiga Urushibata and Masahiro Sasaki were invited to
personally demonstrate the preparation of black pine and juniper. These not only deepen the exchange of
Taiwan-Japan bonsai arts, but also led people in the world of bonsai art.

A group of 7, led by chief of environment and forest of Miyazaki Prefecture Mr. Atsushi Otsubo, and a group
of 6 from National Taiwan Technical University led by professor Hui-ping Wu visited the TFRI on October
11th in the afternoon. They were received by the Deputy Director General Dr. Chyi-rong Chiou, Head of
Technical Services Division Mr. Yan-chang Chen, and senior researcher of the Division of Silviculture, Dr.
Tsai-hui Chen etc. In addition to exchanges pertaining to the present status and future planning of forestry
development, Taiwan timber and forest products import and export situations, logging information and
technical support, and Japanese forest resources and logging and utilization issues. The guests were provided
with a guided tour of 323 Nanmending in the Taipei Botanical Garden on its architecture, landscaping and
management model.

NOVEMBER

On November 5, the TFRI held an “One-hundred-and-twenty anniversary international symposium of the
Taipei Botanical Garden.” The event was presided personally by the minister of Council of Agriculture,
Mr. Chih-hong Tsao for the opening ceremony. The symposium was based on the theme of “History of the
botanical garden and future outlooks.” In addition, the tight knitting of botany and history, social science,
culture and environments were stressed. In the event, East Asian botanical gardens belonging to the
Federation of Botanical Conservation were invited also, including Koishikawa Garden of Japan, Singapore
Botanical Garden and National Arboretum of South Korea all dispatched persons to attend. The event with
240 attendants was grandiose.

On November 5, on behalf of the TFRI, the Director General Dr. Star Huang signed a “Memorandum of
technical cooperation on ecological monitoring and bio-meteorological observations.” Bilateral agreement
to share meteorological prediction, ecological monitoring, and information related to bio-meteorological
observations, technical and research resources in the future. The agreement shall allow cooperative
researches on ecological monitoring, bio-meteorological observations, and ecological environmental
applications.

The Lienhuachih Research Center applied for a Forest Management (FM) international certification system
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by the Forest Stewardship Council (FSC™). After completing pre-review, main review procedures, finally
a FSC™ FM system certificate, the first for a national forest in Taiwan, was granted. The center chief Dr.
Yuan-juei Hsu came to the “Lienhuachih Research Center, Taiwan Forestry Research Institute FSC™
FM system certification granting ceremony and symposium on national forest certification” at the TFRI
headquarter and officially received the certificate. The granting ceremony was hosted by the Director
General Dr. Star Huang, and Bureau Veritas Taiwan Deputy President Mr. Chiu-long Tan presented the
certificate. Minister of Council of Agriculture, Mr. Chih-hong Tsao, Examination Yuan member Dr. Ya-nan
Wang, Taiwan Forestry Bureau Chief Hua-ching Lin, President of Taiwan Forest Certification Development
Association Jon-shi Liu etc. A total of 113 honorable guests were present at the ceremony which transpired
smoothly.

On November 12, the TFRI and Chinese Forestry Association held at the TFRI headquarter a “2016
capacity enhancing workshop for forestry researchers.” The event was chaired by the Director General Dr.
Star Huang and the participants included TFRI staff and graduate students from the pertinent departments
in universities. The course contents encompassed “a new paragon of forestry research: application of

29 29

information technology;” “systematic research thinking;” “experimental design and analysis in forestry
research;” “writing techniques of drafting a forestry research paper;” and “trends and positioning of forestry

researches” etc. Research capacity of the participants was expected to be enhanced through the effort.

From November 18 to 27, The TFRI and Chinese Floral Arts Foundation, Wutong Environmental
Integration Foundation held a floral show entitled “Exclamation of flowers present at the 323-botanical
garden,” at 323 Nanmending, Taipei Botanical Garden. Materials from the plants of the botanical garden
were used for the floral show so as to instill in people different perspectives of viewing plants. The themes
of the display included: turning food into floral art “food is paramount for people;” graceful aquatic plants
“in a corner of water;” floral arts using ferns to create the unique “elegance of ferns” etc. Regardless of the
floral art designs or the spatial arrangement, visitors piled praises on the event.

On November 22, at the TFRI headquarter the Division of Technical Services held a “2016 Introduction to
simplified evaluation table and seed person training course.” The event invited lecturers from Agricultural
Technology Research Institute Foundation to provide evaluation of technical values and the detailed use of
simplified evaluation tables, so as to elevate the self-evaluation capability of the researchers. A total of 52
persons attended the training.

DECEMBER
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On December 12", the Lienhuachih Research Center held a “2016 fourth season research and volunteer
annual meeting” at the center and invited nursing specialist Chien-wen Chen of Tsaotun Sanitarium, Ministry
of Health and Welfare to lecture on “introduction and training to emergency medicine.” During the talk, the
treatments of bee sting, snake bite, broken bone, external laceration etc. were described. Mr. Chih-tsong Wang,
proprietor of Fong-sheng Bee Farm was also invited to talk about “secrets of bees,” sharing with the audience
apiary techniques, habits of bees and meaning of bee behaviors etc. These enabled the staff and volunteers to
gain natural knowledge and wildness defense capability.

The TFRI together with the Experimental Forest Administration of Chung-Hsing University, and Tea Research
and Extension Station, Council of Agriculture held a “2017 tree of hope and tea cultural festival” on December
17 and 18th at the Hui-sun Forest, Nantou County. The TFRI was responsible to provide displays of camellia
tea oil ecology, including posters, commodities show, on-site oil pressing, oil tasting and bonus questions etc.
The contents were rich and interesting. The aroma emanating during the oil pressing attracted tourists to taste
tea oil, attaining great educational value in the amusing activities.




On December 20, the Division of Forest Management held with Lienhuachih Research Center a “Forest
thinning operation workshop” at the center. The opening was hosted by the Director General Dr. Star Huang.
In the event, the objectives, methodology of forest certification, and the experience of Lienhuachih Research
Center in the application process were shared. In addition, standard work load and environmental friendly
logging techniques for plantation forest thinning operation were lectured on to allow participants to advance
their practical capability and to arrive at the goal of sustainable plantation management earlier.
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268 seeds of the economically important woody plants ~ Ben S.P. Wang "
in Taiwan Ching-Te Chien .

269 =iEYEI20EELAIE BRAE - MATF 115

SRR ~ EELH
270 20165 F s iR & BRI T &R f;;; REH 127

Annudl Report

Proceedings of Symposium on
2016 Forest Watershed Management

SEEDS

OF THE ECONOMICALLY IMPORTANT TREES

IN TAIWAN

ISTASAEED  ERARSHEMMA
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Evaluation of Recreation Motivation and

IS~ JEKIE Activity Involvement in Affecting Place
Attachment by Hikers
Using Allometric Models to Predict the
TER - M Aboveground Biomass of Thorny Bamboo
EENBE (Bambusa stenostachya) and Estimate Its
Carbon Storage
s Study of Rainfall Characteristics and Their

Changes on the Hengchun Peninsula

The Trend of Growth Characteristics of Moso
BREAYE ~ JERIE bamboo (Phyllostachys pubescens) Forests

F{Z under an unmanaged Condition in Central
Taiwan

SEd  @E= Carex echinata Murray (section Stellula.tae:

wEY Cyperaceae), a Newly Recorded Sedge in

8 Taiwan

Insect Diversity Survey of True Bugs
EHN ~ SEEW (Hemipera: Heteroptera) in the Lienhuachih

Area

5y N Sexual Differences in Plumage Color and
KA ~ 2EE
i%ikﬁ i Body Size of the Taiwan Barbet (Psilopogon
el .
= nuchalis)
—— Feasibility Analysis of Wood Bioenergy on

PRALC ~ B o C oenergy

the Current Energy Supply in Taiwan
SEIRAE  SHTT Eﬁ'ez;:ts (?f Cro(sis }l:olllit;latipn on Siedhl 1
R roduction and the Inheritance of Chloroplast
=T DNA in Keteleeria davidiana var. formosana
BREES ~ RSE Studies of Seed Germination and Dormancy
=RE ~ [Bes of the Tree Species Michelia compressa and
s Pachylarnax sinica (Magnoliaceae)

The Influence of Temperature on the

Photochemical Efficiency of Photosystem II
GUZEN =S y f

in Podocarpaceae Seedlings from Different
Regions

ERT - EE A Case Study of Bamboo Forest Resources
MG ~ PREATF and Land Management on Slopeland in Tainan

P3ER

BRI TE SRS REDRENS AH
B N2 A

RITT(Bambusa stenostachya)ith_&F
EERRN LR EECHEHS

;%EP EBMEE&Z?%&%%E’J%%’[’IM

SEFKEESENEBEY R

EEENM R EPECEER - P
BRE&ZHRMHAE

SESAZ AT IR EHBEY A EWNE
AT REDNAE &

AR S/ OAHEEZARE TR
iR H5E

AR E D MR
MERPSIRAEZ FE

AEEZE}DL

BE

31(1): 1-17
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Effects of Carbonization Temperatures in an
Earthen Kiln on the Properties of Bamboo
Charcoal

Metathelypteris flaccida (Blume) Ching
(Thelypteridaceae; Polypodiales), a Newly
Recorded Fern in Taiwan

Federation of Ecological Data Repository of
EAP-ILTER

Liba:1= BE

g

TERCBEHTREE 2 31(4): 285-291

SERTACHRE | EE R 31(4): 323-330

DARRMERIEMR £ REER B

N 31(4): 337-342
aBH @
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Chien-Chang Shen, it &R
Jenifer Chen, Li-Jie Zhang
Zhi-Hu Lin, Hung-Tse Huang
Hui-Ling Cheng, Yao-Haur Kuo

Li Yaung Kuo, Cheng Wei Chen
‘Wataru Shinohara, Astushi Ebihara
&= 2%, Hiroshi Kudoh, Hirotoshi Sato
Wen Liang Chiou

RES - HE -
BOET KB -

PR

Eric Schuettpelz, Wen-Liang Chiou
Harald Schneider, Alan R. Smith
Peter Hovenkamp, jRZ5&)
Li-Yaung Kuo, Ho-Ming Chang
Yi-Shan Chao, Cheng-Wei Chen

Chih-Da Wu, Chi-Chuan Cheng
55#5%7, Chinsu Lin, Kun-Cheng Chang
Yung-Chung Chuang

Yutaka Notsu, Junsuke Yamasako

1EE

M
KD
[

FH//
>i_
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HRE R - RIES

3
=
&
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I
i
I
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Antioxidant and Anti-nitric
Oxide Components from
Quercus glauca

Not only in the temperate
zone: independent
gametophytes of two
vittarioid ferns (Pteridaceae,
Polypodiales) in East Asian
subtropics

DIZE A BEDNAGRISEIT R
R BMADRETE M

A community-derived
classification for extant
lycophytes and ferns

BERZREBHIES
EHHBE)REE L

Gap Shape Classification
using Landscape Indices and
Multivariate Statistics

Biological Notes on
Curculionini Weevils Known
from Taiwan (Coleoptera:

Curculionidae)

TR~ BE RN
K2R AR h 8

RIRE 54

Evaluation of Recreation
Motivation and Activity
Involvement in Affecting
Place Attachment by Hikers

@m&%ﬁrﬁiﬁﬁﬁ
BRI EEERRESR
BB 2 A BERIR

Federation of ecological data
repository of EAP-ILTER

ZRHT

Chem.Pham.Bull

Journal of Plant
Research

Journal of Systematics
and Evolution

SCIENTIFIC
REPORTS

Japanese Journal
of Systematic
Entomology

Taiwan Journal of
Forest Science

Journal of Plant
Medicine

Taiwan Journal of
Forest Science

EE) 55 ;/  TCCCISCl
EiRGE El
60(7): 924-929 SCI
DOT: 10.1007/
$10265-016- HE
0897-x
81: 83-98 He
DOL: 10.1111/
ise.12229 e
26(2): 28-40 HE
DOT: 10.1111/
ise.12229 Scl

49(1): 23-32 HE
31(1): 1-17 El
58(1): 39-44 HE
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EiwoR El
Shun Kobayashi, Tetsuo Denda Squirrel pollination of
. . N Journal of
Chi-Cheng Liao, {fi{{2 Mucuna macrocarpa Mammalo 97(7): 1-9 SCI
Yu-Hsiu Lin, Masako I[zawa (Fabaceae) in Taiwan &y

e e BT S B
g%% R - WER TEENELEOEEE SEAMSEMRE  1801)2949  HE

HEEYERT
TR BAR - AR EEERERESE L L. N
EE T EREEAREEI R et 49845 HE

ol | MY | 1 S k5 7S 2

PSR B0 - AR DEMESENHERE 0 - -
_:Eiué ﬁ*ﬁ

215 ~ BB E T RIEE K
I HEES ~ BFE B MEIE B R N DEMREST 49(2): 117-130 He

AR e
Study of organosolv pulping

AR of non-wood fiber for Taiwan TAPPI Journal HE
making dissolving pulp

The complete mitochondrial

Chia-Hsuan Sung, Chen-Te Tseng genome of Babylonia Mitochondrial DNA )

SF327%, Yu-Chi Li, Jenn-Kan Lu borneensis (Gastropoda: Part A 27:5,3534-3535  SCI
Neogastropoda: Buccinidae)

. . - WFRHEHEARBER

=0 N H AT =

PN e ERPE—LETERY BRET STy s-102  HE

SIRTF ~ HEIE ~ BIES & 2

HRFE - EAMERITE
FrgER2tEYREER ZSRERMIERRE  30(4)259-276 HE

EHEE BT
BRIASE ~ MEE ~ BREMN Mg = R LAY - R EE
o e - - - Hr=EEYEET 69(2): 1-14 HE
BB B ETES BLERIBREIN 60
Effect of 40 and 80 Years of
Ed-Haun Chang, (8118 anifer. Regro.wltl.l on Soil
. . fenpyrgrey Microbial Activities and DOI: 10.3390/
Tsai-Huei Chen, 3725 . . forests SCI
Chih-Yu Chi — Community Structure in £7100244
th-yu Subtropical Low Mountain
Forests

ARBEEEEN TN
REF

TBIRRXZE G RAT
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FUNZ ~ EEK - WMER

Yu-Chang Su, fR15F
AR

B =& SRR T

sRE8, Hui Wang, Ho-Yi Liu
Pi-Fong Lu, i35, Z2=8

Hsueh-Ching Wang, Chiao-Ying Chou
B#745, Guanglong Tian
Chih-Yu Chiu

FBATZE, AR, Tsung-Wei Liu
Wan-Yu Liu

Yi-Ching Lin, Liza S. Comita
Daniel J. Johnson, Mei-Ru Chen
=

Kuo, Li-Yaung, Huang, Yi-Jia
Chang, Jen-Yu, Chiou, Wen-Liang

BT~ BRAESR ~ BREN
BREEX

Jyh-Min Chiang, Ryan W. McEwan

Marko J. Spasojevic, Helene C.

Muller-Landau, I-Fang Sun
ERZZ R, Yiching Lin
Zueng-Sang Chen, Chien-Teh Chen

Nathan G. Swenson

=l=|

R AR ETE M B T AT Y
BRASRALERSEL
a1

Composition, in vitro Anti-
inflammatory, Antioxidant and
Antimicrobial Activities of the
Leaf Essential Oil of Machilus
konishii from Taiwan

Metathelypteris

flaccida (Blume) Ching
(Thelypteridaceac;
Polypodiales), A Newly
Recorded Fern in Taiwan

Humic Acid Composition
and Characteristics of Soil
Organic Matter in Relation
to the Elevation Gradient of
Moso Bamboo Plantations

Assessing the recreational
value of protective forests
at Taitung Forest Park in
Taiwan

Biotic vs. Abiotic Drivers
of Seedling Persistence in a
Tropical Karst Forest

Evaluating spore genome
sizes of fern and lycophyte:
a flow cytometry approach

Identity of a problematic
Menispermaceae in Taiwan,
Cissampelos pareir 5a L.
var. hirsuta (Buch. ex DC.)
Forman

Functional composition
drives ecosystem

function through multiple
mechanisms in a broadleaved
subtropical forest

ZRHT

EmER

Natural Product
Communications

Taiwan Journal of
Forest Science

PLOS ONE

Journal of Vegetation

Science

Taiwania

Oecologia

O B F
EimIt

doi.org/10.1371/
journal.
pone.0162193

DOI: 10.1111/
nph.14291

DOI: 10.6165/
tai.2016.61.27

182(3): 829-840

TCCC/ISCl
El

SCI

SCI
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Composition of the Leaf
Essential Oil of Phoebe
Yu-Chang Su, {15 fornpse}na from Talwag Natural P.rodl.lct e
e and its in vitro Cytotoxic, Communications
Antibacterial, and Antifungal
Activities
Fiber Morphology and
- Pulping Potentials of Date P -
- D |
[AifR[E, Yo-Chang Su Palm (Phoenix dactylifera) MBI ET e
Leaf Parts from Iran
. Two species of beetle-
I\ e EFA . e .
11@& . Eﬁ?g% =HA associated Geosmithia in fungal science 31 H=E
& Taiwan
Ching-Jie Lin, I-Wen Lo, Yu-Chi Lin  Tetranortriterpenes and
FR5F o, fEE1=, Ya-Ching Shen Limonoids from the Roots of Molecules SCI
Yao-Haur Kuo Aphanamixis polystachya
TJung, 3559 4%, J.Bakonyi Dive.rsit.y of Phytophthora
D.Seress, {57 /8, A.Perez-Sierra species in natural ecosystems plant pathology(2016) SCI

of Taiwan and association
with disease symptoms

X.Yang, C.Hong, B.Scanu

Tourists' Motivation,

FFE AR, PRE AL, Wan-Yu Liu Satisfaction and Cognition Journal of Forest 21(6): 261-270 SCI
Chi-Chwen Lin, Shu-Hsin Ko on Urban Forest Parks in Research ’
Taiwan

Two new combinations in
Tlan-Chuan Hsu, 8553 Polygonaceae for the Flora Phytotaxa Vol 270, No 1 SCI
of Taiwan

The confirmation of
three Dryopteris species SRERMATRE  30(4): 293-302 HE
(Dryopteridaceae) in Taiwan

Wei-Ting Liou, Pi-Fong Lu,
= EEE, Chih-Kai Yang

FRE XM HFEE (GEIPayCh =V agipy v ,
3 Zo . _ =
[ AT S T A ) MR T 38(2): 73-82 HE

Tuo Yang, Li Lin, Li-Min Lu
$855 X, Hong-Lei Li
Zhi-Duan Chen, Miao Sun
Bing Liu, Min Chen
Yan-Ting Niu

Tree of life for the genera of ~ Journal of Systematics

Chinese vascular plants and Evolution S4(4): 277-306 SCl

EEMM R ERECEE
BN ~ SEEW B EPDERE&ERE ZEMENE
HE

31%555387149-
1598
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R ~ FHET - BEE
ERA - mHE - T

2B37E (Li-Yaung Kuo)

Jennifer M. O. Glowienka

Victor B. Amoroso

ZE{+E (Shi-Yong Dong)

REH « ®EMR (Tzu-Tong Kao)
F %8 (Chun-Neng Wang)
BB B (Wen-Liang Chiou)

ERF - 5Tl RIB
AHRE ~ AT

MEFHE ~ (B  FF R
iR E8E

Chun-Lin Huang, Jui-Hung Chen
Chung-Te Chang, $E{R{=

Pei- Chun Liao, Jenn-Che Wang
Shih-Ying Hwang

=l=|

HTEATBIMIE1948F2015

A revised framework

of Dryopteris subg.
Nothoperanema
(Dryopteridaceae) inferred
from phylogenetic evidence,
with descriptions of two new
sections

Propagation and bioreactor
technology of medicinal plants
- case studies on paclitaxel,
10-deacetylbaccatin 111, and
camptothecin

hEeSMmMEEPRELER
FHERE

At E(Psilopogon nuchalis)
EEARE I RAEE
B

Applying NIR Spectroscopy
to the Analysis of Syringyl

/ Guaiacyl Ratio (S/G) in
Lignin Monomers

The Trend of Growth
Characteristics of Moso
bamboo (Phyllostacchys
pubescens) Forests under
an unmanaged Condition in
Central Taiwan

Piper sarmentosum
(Piperaceae), a Newly
Naturalized Plant in Taiwan

A TR ZE RAR B AT A TR
ZEAREER T NEETR
AR

Disentangling the effects of
isolation-by-distance and
isolation-by-environment on
genetic differentiation among
Rhododendron lineages in
the subgenus Tsutsusi

EE) E=E ¥ TCCCISCl

= |

=2 AT e £
BRAEZR 26:31-45 b=
Systematic Botany SCI
Medicinal Plants -
Recent Advances
in Research and 257272
Development
SEMERE 31(3): 161-168 El
BXRAEZR 26:1-8 He
Taiwan TAPPI Journal HE
Taiwan Journal of
Forest Science 31(2): 75-87 EI
RERTTET! 38(1): 1-3 H=HE
FREME ST 49(2): 151-164  HT

Tree Genetics &
Genomes

12:53: 00 PM SCI
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Carex echinata Murray
Chun-Kuei Liao, &= (section Stellulatae: Taiwan Journal of
— . : - ElI
Tsai-Wen Hsu Cyperaceae), a Newly Forest Science 31(2): 143-147
Recorded Sedge in Taiwan
/7 (Bambusa stenostachya)
TER ~ AL~ EAHA i ERAEMERN LR ZENERE 31(1): 37-47 El
FE
] ) ) ) Biogeographical
Xiao-Guo Xiang, Xiao-Hua Jin diversification of mainland
Xiang-Cheng Mi, Hai-Lang Zhou Asian Dendrobium I lof
Jian-Wu Li, $8553Z, De-Zhu Li (Orchidaceae) and its om0 43(7): 1310-1323  SCI
. . . DR L Biogeography
Wei-Chang Huang, Wei-Tao Jin implications for the historical
Zhen-Yu Li dynamics of evergreen
broad-leaved forests
s&f& X, Bing-Hong Huang Changes of diet and dominant
Si-Min Lin, Chia-Lung Huang intestinal microbes in farmland ~ BMC Microbiology 201616: 33 SCI
Pei-Chun Liao frogs
Essential Oil Compositions
) — and Antimicrobial Activities ~ Natural Product Csqe
Su, Yu-Chang, {35 of Various Parts of Litsea Communications 11(4): 515-518 SCl
cubeba from Taiwan
YUAN-SHING PERNG
[-CHEN WANG Effects of hot dispersion on the ~ Cellulose chemistry 50(1-2)53-60 SCI
WU-HUNG CHUNG properties of deinked pulp and technology
CHIH-PING CHANG, {al#fz[&
Chun Hsien Lu, Yo Ching Liu Enhancing Flower Stalk Ameri J lof
Yuan Ting Hsu, Heng Long Wang Emergence in Phalaenopsis by Pl?firlsczzng:sma © HE
EiRTE Red Light Supplementation
Systematics of Adiantum
RE, FREHE philippense complex
— . . : - 1
WEN-LIANG CHIOU (Pteridaceae, Polypodiales) Phytotaxa 263(2): 113-121 SC
in Taiwan
Both phosphorus fertilizers
T.Y. Lin, C.C. Wei, C.W. Huang and indigenous Bacteria Journal of agricultural
C.H. Chang, 7= ¢4, V.H.C. Liao Enhance Arsenic Release and food chemistry SCl
o PALEES T into Groundwater in Arsenic-
Contaminated aquifers
BELVIT  SEADAT ~ MAE = I + KREJRTH
S5 < SR ~ R ERTILRTAERE o T

BET B

MAT
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== =287
== B HHT EEs El
Phylogenetic Analysis of
Chao Hu, Huaizhen Tian a ‘Jewel Orchid’” Genus
Hongging Li,Aiqun Hu, Fuwu Xing  Goodyera (Orchidaceae)

. . . : 1
$855 3, Avishek Bhattacharjee Based on DNA Sequence PLOS ONE 11(2): €0150366  SC
Tianchuan Hsu, Pankaj Kumar Data from Nuclear and

Plastid Regions

Density-dependent mortality
EREHR, #5242, Gordon Nigh in Taiwania cryptqmerlmdes ngent Environmental HE
—_— = and Chamaecyparis Science

formosensis stands in Taiwan

Climate and height growth
EREHR, #4242, Gordon Nigh of talwanla} (Ta1wan1a .
B cryptomerioides) and Taiwan  Forestry SCI
=87 incense-cedar (Calocedrus

formosana) in Taiwan

BB ARt E A
BREASS ~ BREB RAERABE KPS AE  EEMERE 31(3) ~ 215226 EI

a7 -

=

Tian-Chuan Hsu, Hsin-Chieh Hung ~ New additions to the fern Taiwan Journal of EI
SREE flora of Taiwan (4) Biodiversity

3 (Spergularia marina
BRI~ FTRE (L.) Griseb.) : ZE AR =EAEYPLEMR 18(1): 1-5 HE

The Arabidopsis glutamate

receptor-like gene GLR3.6 Journal of Experimental

Singh S.K., #§E=1=, Chang L.F. controls root development 67(6): 1853-1869  SCI
. . Botany
by repressing the Kip-related
protein gene KRP4
EHRE - BEE  RAER Detection of decay damage Journal of Wood
= L . . SCI
RIREE in iron-wood living trees Science
Detection of Termite Damage
EWE, SHE, RE, TH Yang H09p PmeEAmucarza. Journal of Tropical
o Cunninghamii) Trees Using Forest Science SCI
- Nondestructive Evaluation
Techniques
Study of rainfall characteristics Taiwan Journal of
ERK and their changes on the 31(1): 49-60 He

. F i
Hengchun Peninsula orest Science
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Nien-Chih Hsiao
Tzu-Cheng Chang, 2 &5
Shang-Tzen Chang

JHED &, Su-Feng Roan

Tsu-Liang Chang, Hen-Biau King

Iou-Zen Chen

Fay-Wei Li, Li-Yaung Kuo,
oRZ8Eg, Tian-Chuan Hsu,
Hsin-Chie Hung, s=f2:E

Wen-Liang Chiou, Carl J. Rothfels

Xugao Wang, I-Fang Sun, Amy T. Wolf

Thorsten Wiegand

Nathan Jared Boardman Kraft
Nathan Garrick Swenson
EREZ IR, Stuart J. Davies

Zhanging Hao, Robert W. Howe

Yiching Lin, Keping Ma
Xiangcheng Mi

Z=5hEf, Shyuan-Wu Chen
Wen-Liang Chiou, =52
Ho-Yih Liu

—OhFE F3R

TERRFRRE S MEAEA

=l=|

AR S OLAREZARE
TR 2T

Environmentally benign
treatments for inhibiting the
release of aqueous extracts
from merbau heartwood

RiunBXEEFEER
TR BEHE

Analysis of aroma
compounds and nutrient
contents of mabolo
(Diospyros blancoi A. DC.),
an ethnobotanical fruit of
Austronesian Taiwan

Asplenium pifongiae
(Aspleniaceae: Polypodiales),
a New Species from Taiwan

Stochastic dilution effects
weaken deterministic effects
of niche-based processes in
species rich forests

SEme AT EnHETE
e A BEDNAE &

Phenology of 13 fern species
in a tropical monsoon forest
of southern Taiwan

RNERIRNBEAEERA A
Z ST

ZRHT

EHER S

Journal of Food and
Drug Analysis

Ecology

The International
Journal of Plant
Reproductive Biology

BE) BB
BERR El

31(3): 199-213 EI

24(1): 83-89

41(1): SCI

97(2): 347-360 SCI

TCCC/ISCl
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ommem sRmmeEIEAREE e
SR R RIS e

BUER - RIE KELERFRBERMCENER 23(4): 66-71
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