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HISTORY

Sugar and cane research in Taiwan was initiated in 1900 with the establish-
ment of the Sugarcane Nursery and Trial Farm at Ta-mu-jiang (Hsinhwa) Tainan
County. In 1906, it was renamed the Sugarcane Experiment Farm. In 1932, due
to the increasing importance of agricultural development and sugar production,
it was moved to Tainan City and expanded as the Taiwan Sugar Experiment Station
under the jurisdiction of the Taiwan Governor's Office. At the same time, a
Sugarcane Crossing Nursery was established at Wantan, Pingtung County.

After the restoration of Taiwan to the Republic of China in 1945, the station
became one of the research institutes of the Taiwan Provincial Government. In
1948, the station was transferred to the Taiwan Sugar Corporation. In 1949, the
Sugar Research Evaluation and Appraisal Committee was set up at the station,
which serves as an initiative in agricultural research management in Taiwan. In
1973, once again the station was renamed, this time the Taiwan Sugar Research
Institute (TSRI). Although many events have transpired in its 95-year history,

its st ive research ts have produced a steady stream of contribu-

tions to the development of the sugar industry in Taiwan.
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OBJECTIVES

. Breeding of new sugarcane and Phalacnopsis varieties to maintain Taiwan's

position as one of the world’s leading sugarcane and Phalaenopsis producers.

Improvement of cultivation techniques to increase cane yield per unit area.

Improvement of the technology of sugar manufacturing efficiency.

Enhancement of biotechnological research to develop new products.

Promoting new research on land utilization commensurate with the TSC

diversification policy.
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. Transfer of research achievements to private industry to upgrade production.

ORGANIZATION
Wantan Breeding
Station
— Department of Plant Breeding District Breeding
Stations
Crossing Nursery
Department of Agronomy —— Meterological Station

Department of Horticulture

Department of Plant Protection —Disease Testing Nursery
Department of Sugar Technology — Pilot Plant

Department of Biotechnology

Information and Extension Center

Industry Safety, Environmental Control, and Chemical
Analysis Center

Farm Management Center

Hsinying Sugarcane Experiment Station

General Affairs
Personnel

Accounting

Government Ethics Office
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STAFF

TSRI has a staff of 238 including (to May 1994):
—Researchers: 92 (38.7%)
—Technicians: 65 (27.3%)
—Managerial staff: 31 (13.0%)
Assistants: 50 (21.0%)

FACILITIES

Collection in the Technical Library: 51,790 volumes
Subscriptions to scientific journals: 590

Research equipment: 2,240 pieces

Land available for experiments: 264 ha.

(including the Hsinying Experiment Station)
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RESEARCH ACHIEVEMENTS

The research achievements made by each department of TSRI have been abundant and

contributory to the development of the sugar industry in Taiwan. Research results and

scientific findings have been reported in publications or periodicals, and most of them are

extended to TSC's sugar factories and farms as well as to sugarcane growers. The significant

accomplishments in recent years are as follows:

Sugarcane Breeding

. In Taiwan, a total of 64 sugarcane varieties,

including F135-F 178 and ROC|-ROC20, have
been released by the TSRI breeding pro-
grams for sugarcane and sugar production
since 1946.

The sugarcane variety census in 1994-95
indicated that ‘ROC’ and 'F' varieties con-
stitute the major sugarcane varieties involv-
ing ROCI0, ROCI, ROCY, ROCI6, ROCIS,
F160, ROC7, ROC5, and ROCI3, which
occupied 49.10%, 12.76%, 9.17%, 8.09%,
5.64%, 4.36%, 4.03%, 2.22%, and 1.57%
of total cane hectarage, respectively. From
1979, the varieties released by TSRl were
prefixed 'ROC’ instead of 'F’. ROCI-ROC4
were released in 1979; ROC| was character-
ized as having high sucrose content and
early maturing. ROC5-ROC |2 were released
between 1980 and 1988. ROC5 was noted
as a variety with heavy tonnage but poor
disease resistance. The adaptability of
ROC6, ROC8, and ROCI| were specific to
gravelly soil. ROC7, ROC9, and ROCI0 were
early maturing and had high sugar content
with heavy tonnage and wide adaptability.

ROCI2 was suited for mechanical harvest-
ing. ROCI3, released in I)990, was only
adapted to the Hualien area in east Taiwan.
In 1991, ROCI4 and ROCI5 were released;
ROCI5 was popular in the gravelly soil of
southern Taiwan. ROCI6 became a widely
grown variety soon after it was released in
1992 due to its early maturation, high sugar
content, and heavy tonnage. ROC|18, ROCI9,
and ROC20, released in 1994, had a common
characteristic of high sugar content. ROCI8
was especially adapted to loam and sandy
loam in the Chianan and Pingtung plains.
ROCI9 was only suited for growing in the
Hualien area. ROC20 matured earlier and
contained higher sugar content than ROCI.
It was considered to have good sugar
content and cane yield in the red highland
soil and coastal plain of western Taiwan.
The cultivation of these three new varieties
is expected to increase in the near future.
TSRI will continue to make sugarcane breed-
ing and the release of new and improved
varieties major goals of its breeding pro-
grams.
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2.In order to

increase TSRI's sugarcane
germplasm collection, more than 200 clones
of Saccharum spontaneum and Miscan-
thus were collected from different localities
in Taiwan. Some of them were selected and
crossed with sugarcane to introduce the
genes for adaptability to sterile soils,
drought resistance, heavy tillering, and
disease resistance into new varieties. Selec-
tion from the nobilized hybrids of Saccha-

rum was very ul.
ROCI6 is a progeny of FI7I and 74-575,

which were derivatives of Saccharum

spontaneum indigenous to Taiwan. It
matures very early and is high in sugar
content. It is resistant to downy mildew,

smut, mosaic and leaf bright diseases. More

Y o Y L
TEXBRBEESE b AT MR
Green buds grown on a cell-pad

w

than 2,000 varieties have been introduced
from 23 countries in order to select desir-
able characteristics for breeding new vari-
eties.

. Continuous research on sugarcane tissue

culture and cell suspension culture has been
done since 1969 to increase the genetic
variation in sugarcane. This has enabled
division and regeneration of sugarcane
protoplast isolated from suspension cells.
After inoculation, the protoplast callus onto
a solid medium. Then the callus disk is
surrounded by callus pieces having small,
green differentiated buds which are trans-
ferred to a differentiation medium where
green buds are produced. The buds then

grow into plantlets.

A B A AR

Protoplast-regenerates planted in the field

B AR R AR A A
Sugarcane plants regenerated from protoplasts
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Improvement of Sugarcane Agronomy

I. Some 2,500 hectares of saline soil of TSC's
farms were reclaimed using a subsurface
tile drainage technique which resulted in
a cane yield increase of more than 30%.
When farmers applied the technique to
about 2,000 hectares there was a 40%
yield which

improvement in their living standards.

increase, resulted in an

™~

Water and fertilizer are applied simultane-
ously to a sugarcane field through an
underground pipe system developed at
TSRI. It facilitates more economical use of
water and decreases labor cost. For each
hectare of land, the cost of water and labor
associated with irrigation and fertilization
can be reduced by NT$2,400 (approximately
US$90) per annum.

3. With the TSRI-developed well water man-
agement system data on qualification, water

pumping efficiency and the economic effi-

E-

v
% Ditch digging

IS

Pipe installation

ciency of a water supply can be analyzed.
The changing tendency of those wells can
also be analyzed as a reference for well
maintenance or renovation. In addition, a
well-log inquiry system has been developed.
It consists of 24 patterns, representing
different soil textures, ranging from clay to
cobble. An aquifer graph can also be re-

ferred to for more detail.

. Soil nitrogen extracted with hot water may

now be used as an index for nitrogen
application in sugarcane fields. It was found
that about 18.7% of TSC's 33,000 ha
contained hot-water-soluble N greater than
34 ppm. It is suggested that N would not
be needed for those soil in that crop year.
Based on the rates of 190 kg N/ha and
NT$14.95/kg N, around NT$17.5 million (or
US$650,000) could be saved per year on
TSC’s cane fields.

Irrigation

b B A R R SR
Furrow irrigation system equipped with underground pipeline
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Quality Agriculture

The Horticulture Department was estab-
lished on April I, 1988 at TSRI to undertake
research and development of Phalaenopsis.
There were 29 wild species and 891 vari-
eties with excellent characteristics being
collected and selected as parental mate-
rials. Their characteristics were computer-
ized for the convenience of the hybridization
programming to produce commercial seed-
lings and to improve the qualities of this
orchid. During the past years, 68 excellent
hybrids were bred at TSRI and registered
with the denomination of 'Taisuco’ (an
abbreviation for Taiwan Sugar Corporation)
at the Royal Horticulture Society (RHS),
England.

. Many excellent clones were awarded prizes

at international orchid shows on several
occasions in 1993. The Phal. Stone Pinto
'TSC20' won the Bronze Medal (BM) in
the Japan Grand Prix International Orchid
At the T7th International Orchid
Show of Taiwan (I0SOT), 17 TSC clones
won 20 prizes, in particular the Phal. Atien
Kaala 'TSC8’ and Phal. Stone Pinto 'TSCI9’
won the Award of Merit (AM) of the Amer-
(R0S). At the 14th
World Orchid Conference and Show in

Festival

ican Orchid Society

Glasgow, 10 TSC clones won 13 prizes,
especially the Phal. Taisuco Kaaladian
‘'TSC27" which won the silver award, the
trophy, and first place in excellence in the
hybrid
Another clone won the prize at the Spring

Orchid Show of Hwa Nan Bank held at

white  Phalaenopsis category.

Taipei, and two clones won the excellent
prize at the National Orchid Show held at

Tainan.

Phal. ~ Taisuco

3. The germination rate of Phalaenopsis

seeds of different crosses sown on common
medium varied a lot, especially seeds de-
rived from hybridization of the wild species
which did not effectively develop on such
medium.

The G7 medium developed by TSRI proved
to be highly effective for seed germination
and protocorm development, especially for
the crosses of wild species. For example,
on G7 medium, the rate of germination and
survival maintained at more than 90% and
lasted for more than six months. The G7
sowing medium could also be used as a
short-term preservative medium for

protocorms in order to shorten the

seedling-raising period.

G HER E3TESFE %l Taisuco Kaaladian 'TSC27"

WIGEES AfE T RRIRATLE - AT ELE ER
SAEIE—IER K H A AT

Kaaladian

‘TSC27" won the silver

award, the trophy, and first place in the excellent

white Phalacnopsis hybrid category at the

14th

World Orchid Conference and Show in Glasgow
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DNA amplification fingerprinting (DAF)
was developed by TSRI. It has been used
to identify varieties of Phalaenopsis and to
protect the patent right of new varieties
bred at TSRI. It could also be a useful tool
for genetic behavior analysis in Phalaenop-
sis.

A simple nutriculture box for growing vege-
tables and flowers was developed at TSRI
and awarded ROC patent no.76379. This
convenient kit can be placed on a rooftop
or terrace for growing greens at home. It
has been transferred to the Extension
Service.

A microclimatic control tunnel with cooling
and heating systems has been developed to
control flowering in Phalaenopsis and has
made the year-round flowering of
Phalaenopsis possible. Use of the facility
in the 1,000 m* greenhouse at Da-lin Sugar
Factory for flowering regulation of
Phalaenopsis was very successful. Some
17,000 plants

produced cut and pot flowers year-around,

under such treatment
producing NT$3 million in revenue. This
facility was awarded ROC patent no. 63590.
For the

Phalaenopsis, a portable bench system was

automation of cultivation in

developed in accord with all cultivation
practices, including watering, fertilizer
application, pesticide spraying, seedling

raising, etc. It has proved to be highly
effective in reducing labor and environmen-
tal pollution and in the recycling of
resources such as water, fertilizer, and

pesticides.

) A R O Bl 3 T A R A 7 R D
D: BIERFFJIEZTEHF

2 : DPERMEIAEF

3 BERRZAAREE

g} B BERIRAS

Mass production of Phalacnopsis
plantlets via micropropagation

: Adventitious shoots induced from flower

stem

: Rapid multiplication of adventitious shoots
: Healthy plantlets rooting on medium
: Protocorm-like-bodies developed from a leaf

explant
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Plant Protection

|. Taiwan is located in the subtropical region
with plenty of rainfall which favors the
development of various sugarcane diseases.
Disease-resistance tests on all new clones
at the Regional Test stage have led to the
release of new varieties resistant to major
diseases of sugarcane such as downy
mildew, mosaic, leaf blight, leaf scald, smut,
leaf scorch, rust, etc. This has reduced the
incidence and damage caused by these
diseases. Furthermore, improvements have
been made on the areas of evaluation,
experimental design, and in choosing check
varieties, and the method of artificial inocu-

lation to obtain more accurate results.

L

The root-knot nematode, root-lesion nem-
atode, and spiral nematode are commonly
found in sandy soil sugarcane fields. For-

»

w

merly, D-D and EDB were used for their
control. Recently, the application of Thimet,
Terracur P, and Counter has been recom-
mended and has resulted in a 20% increase
in sugarcane yield.

. On the average, sugarcane borer infestation

reduced sugar yield in TSC farms by 5,000
tons. Artificial release of T7ichogramma
chilonis in cane fields resulted in more
than 50% decrease in borer infestation on
the internodes of cane stalks. In accordance
with the agricultural policy of converting
from rice cultivation to other crops, the
mass production of Trichogramma
ostriniae was carried out under the aegis
of the ROC Council of Agriculture. The egg
parasitoid has been released to farmers for
the control of corn borers.

TR IR ON B 4 4k By A AR
Release of Tvrichogramma chilonis for control of sugarcane borers
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. Since use of persistant insecticides like

BHC, Aldrin,
banned, nonpersistant insecticides such as
Thimet, P, Counter, and the
controlled-release insecticides such as CR

and Heptachlor has been

Terracur

Terbufos and CR-Chlorpyrifas are recom-
mended for the control of soil insects,
including white grubs, wireworms, and
longhorn beetles. Sugarcane yield of either

planted or ratoon cane increased by 15%

after the application of these insecticides.

) A [ 72 5 8 0 B R 2F SR

A permanent bait station for wild rat control

5. For the mass production of healthy seed
canes devoid of sugarcane mosaic virus
(SCMV) and ratoon-stunting disease, a rapid
multiplication technique was developed by
shoot tip culture at TSRI. One and a half
million two-bud seed canes can be obtained
from a single shoot tip within 27 months,
sufficient to plant 50 hectares. Certified

distributed to

the Puli

Farmers’ Association for cultivation demon-

seed canes have been

farmers through and  Urshui

stration in these areas.

B A L

Five species of wild rats in Taiwan sugarcane fields
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Treatment of wastewater from a pig farm by

a facultative-aerobic system
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Environmental Protection

I. A lagoon and forced-aeration system for the

~

w

treatment of sugar refinery wastewater was

developed and deployed at a TSC sugar

refinery.

In this system, no biological agent was
introduced, and the microorganisms grew
naturally without inoculation. Tests showed

that COD in wastewater as high as 30,000

ppm, after 30 days of hydraulic-retention

time, was reduced to 120 ppm. Percentage
removal of COD in wastewater reached
99.6%. This system has been extended to
many TSC sugar factories, e.g., Huwei,
Chihu, Suantow, Nantsing, Shanhua, Renteh,
Chishan, Pingtung, Nanchow, and Hualien
through the assistance of TSRI.

. Pig waste was separated into two parts: sol-
id and slurry. The solid waste was turned
so that it would compost satisfactorily

through ventilation fermentation. The slurry

waste was biologically treated by lagoon

This

is effective,

and forced-aeration systems.

infrastructure-simple system

convenient, and low-cost in operation. In

terms of construction cost alone, the
pollution-control facilities of all the TSC pig
farms could save NT$269 million (equiva-
lent to US$10 million).

. Based on the hydraulic loading capacity of
soil, alcoholic slops were found able to be
disposed of in sandy loam when 250-300
t/ha of it was applied in cane fields. The
BODs,COD, SS,and transparency of leaching
water can meet EPA standards.

No soil deterioration or groundwater pollu-
tion were found after application. Neither

cane growth nor cane yield were found

suppressed in lysimeter and field experi-
ments.

=

Several strains of photosynthetic bacteria
isolate showed excellent deodorizing activ-
ity in the wastewater of piggeries. These
microbes were selected for the production
of deodorizing microbial agents or clarifying
agents for fishponds. The microbes were
cultivated with diluted alcohol slops (Bx 3°)
medium at 30°C in the fermentor. The cell
growth reached the maximum within two
days. These microbial agents showed good
adaptability to the pig wastewater and are

worthy of development.

5. Bagasse is widely used as an alternative

source of energy in TSC sugar mills. In
order to remove the dense dusts from the
flue gas of bagasse boilers, a double-layer
sieve plate scrubber was developed. The
percentage removal of dust from the flue
gas reached 99%,
standards for exhausted flue gas.

meeting government

SERHI R e AR )
Alcoholic slops sprinkled on a sugarcane field
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Sugar Technology

I. An automatic control system for the entire
crystallization procedure, including pan-
boiling control was developed. It was quite
feasible for use by sugar mill operators. The
software for this system was registered for
30 years, providing copyright protection
from 1991 to 2021.

In this system, one industrial personal
computer handles the complete cycles of
the pans in the boiling station. The operator
need only choose the working massecuite
then the relative sequence and parameters
are automatically set. The boiling curve can
be moved upward or downward together just
by setting one value.

2. An automatic control system for multiple-
effect evaporator set was developed. The

system could adjust the set peints of some
critical loops adequately to handle the
different situations appertaining to milling
and evaporation stations. The system’s
software was registered for 50 years, pro-
viding copyright protection from 1993 to
2043.

It proved that the system could have a
tighter control than the original single-loop
control system. The evaporator-set level
could be maintained at set points + 4%
and the thick juice density of the last effect
could be maintained at set point 62 + 2
Bx, provided that the milling capacity did
not exceed its 20% nominal value nor last

for 2 hours.

Exploration of New Products

|. Using bagasse and wastepaper fiber to
make gypsum fiber fireproof board was
developed. Bending-strength test of the
board required 96 kg/cm?, higher than that
of locally made (51 kg/cm?®) and imported
products (52-59 kg/cm?).

2. Improved particle board of various density
was developed. Using depithed bagasse and
different synthetic resins, the products
produced had superior quality and met
national standards. It could be used for
furniture manufacturing and as construction
material.

3. A planting medium made from bagasse to
replace sphagnum moss and natural fern in
the cultivation of Phalaenopsis was devel-

o

oped. It proved to be very effective and
could be used in large-scale operations.
Moulded eating utensils made from bagasse
pulp and biodegradable waterproofing
agents were developed. The wet-moulding
process produced deeper-shaped utensils
while dry-moulding was used to prepare the
paper boards which could be moulded into
shallow food trays. The products resisted
water permeation up to seven days at room
temperature or more than
100° C.

Nonpolluting, biodegradable padding made

10 minutes at

from bagasse fiber was developed. This
product could replace polystyrene foam
used in (EPS) packing.
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AT B
A completely biodegradable paper meal

box from bleached bagasse pulp

6. Studies on fed-batch fermentation for L-
lysine production by Brevibacterium sp.
PI-13 in a raw sugar medium were complet-
ed. A 10% L-lysine«HCI broth produced
within 37 hr, then increased to |1% within
43 hr, met the international standard.

7. Alcohol distillery stillage, a high BOD waste-
water, was concentrated by vacuum evapo-
rator. The concentrated stillage mixed with
chemical fertilizer could be applied to fields
as organic fertilizer. Solid fertilizer could
also be formulated with the concentrated
stillage. Field experiments indicated that
the effectiveness of this organic fertilizer
was very significant.

8. A powerful new yeast for ethanol fermenta-
tion, T-17, was isolated at TSRI. Being a
rapid fermentation, low pH, and highly
tolerant strain, it produced 2.5%, v/v, more
ethanol than that of the Hualien strain

under the industrial trial

£ 9B 5 W AR BAR
Biodegradable padding materials from bagasse fiber

Moreover, the production of highly concen-
trated ethanol could be achieved at reduced
cost. Results obtained from tests at a pilot
plant by the fed-batch process with a 5-KL
fermentor showed that the fermentation
finished within 60 hr and the ethanol con-
centration reached 14%, v/v, much higher
than that of the batch fermentation (less
than 10%, v/v).

In order to minimize the volume of pro-
cessing water required and the stillage
generated in alcohol fermentation, the recy-
cling of stillage instead of processing water
in the mashing was very promising. Results
obtained from batch experiments showed
that alcohol fermentation remained fairly
constant when up to 40% stillage was
recycled for mashing. Therefore, the cost
of stillage evaporation could be greatly
reduced.
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. The production of B-cyclodextrin and cou-
pling sugar by a cyclodextrin glucanotrans-
ferase (CGTase) produced by an alkalo-
philic  Bacillus sp. mutant No.35 was

developed at TSRI.

CGTase with a multiple-reaction mechanism

10. A simple and inexpensive pretreatment of

the 5-UMP solution was developed to
remove 51% of the total impurities and up
to 98% of the color from a dark-brown
solution. Studies on more economical and

effective methods of producing pure 5'-

is a vital enzyme to generate rins

ate nucleotides at a pilot plant

and coupling sugar.

Fil F IR RN NE T RS AN A A XM R (RS
Production of f-cyclodextrin and coupling
sugar by cyclodextrin glucanotransferase

Rk B4 S B0 B gL R
SR T4%

are underway.

T | T 7 S 2 R A
T-17 is a thermoltolerant yeast with high
yield of ethanol from molasses

BEREARERARERAESE () ¢ 1002 FERFHEK AIER (45)

L-Lysine « HCI crystal (left) :

A scale-up culture with a 100-L fermentor (right)
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MAJOR ASPECTS OF
FUTURE RESEARCH

. Breeding new varieties of sugarcane and

flowers adaptable to the changing environ-
ment and maintaining the international

reputation in plant breeding.

. Automation of seedling production of high-

value crops and quality agriculture in com-
pliance with national policy towards interna-
tional agriculture.

Improvement of the cultivation and manage-
effectiveness to enhance

ment cost-

effective sugar production.

. Development of new products and to expand

total production value by biotechnology.
Automation of the sugar-manufacturing
processes and development of a wide vari-
ety of sugar products.

Strengthening the utilization of by-products
and recycling of resources in order to

develop high-value products.

. Strengthening research on pollution control

and environmental protection.

. Adjustment of the research on sugar and

sugarcane to investigate the scope on land
exploitation and utilization in accord with
TSC's diversification policy.

AR
Sugarcane Farmers Hall
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A view of the front yard at TSR The sugar crystal

is the symbol of our industry
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