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Establishmemt of technology for strawberry forcing

seedling using cool air from an abandoned coal mine
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SUMMARY

I. Title

Establishment of technology for strawberry forcing

seedling using cool air from an abandoned coal mine
II. Objectives and Importance of the Research

Recently, most of strawberry culture type in korea is field culture
and semiforcing culture, However, it is urgent to develop several
types of culture such as forcing-, semiforcing-, field-culture and
retarding culture for establishing cultures system of year around
production, For this reason, it 1is required to develop the
induction of flower bud differentiation and provide nursery cooling
seedling facilities, This study was conducted to develop the most
effective cooling system using cool air water from an abandoned coal
mine and to establish the technological system for hardening

seedling of strawberry.

M. The content and scope of research

This study was conducted to evaluate potentials of abandoned coal

mines located in Kangwon-Do province as an agricultural utilization,
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to develop technology for strawberry forcing seedling using cool air
and water from abandoned coal mine and to explore possibilitics of
practical utilization of this cooling system to accelerate
strawberry flower bud differentiation under developed systems. The

content and scope of research were as follows:

1. Development of cool air and water utilization system fo abandoned
coal mine and investigation of temperature in greenhouse built in
this study.

- Selecting of useful abandoned coal mine by collection of
informations and field survey,

- Framing of basic drawing of cool air utilization system by
industrial and economical consideration, and execution,

- Designing of cooling system and construction, environmental

investigations in greenhouse built in this study,

2. Establishment of strawberry forcing seediing technology by using
cool air,

- Studying on effects of night cooling and short day treatments
on seedling production, flower-bud differentiation, yield and
qualities of strawberry.

- Investigating changes of sugars and organic acid content of

strawberry cultivars by CO, enrichment.
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IV. Research results and suggestions for

utilization of systems developed.

1. Research results.

1) Development of basic model for cool air utilization.

In the first screen, 13 useful abandoned coal mines were selected
by literature review and information survey among about 130 coal
mines of Kangweon-Do abandoned after coal industrial rationalization
arrangement and then of 13 abandoned coal mines was finally selected
for this study through consideration of consideration of geological
location and water quality and environmental conditions within
mines, The selected mine was located in Changri, Mitanmeon,
PychangGun, kangwon-Do, Korea. On the consideration of technological
and economical problems of night cooling system, the single-pipe
greenhouse was manufactured and constructed in abandoned coal
filling lands at 50 meters away from the entrance of mine. The
cooling duct for drawing effectively cool air from coal mine was
extended up to 30 meters in depth of mine and the duct (diameter
50mm) was laid under the ground at the 1 meter deep from the
entrance of mine to the night cooling greenhouse. The portable and
moveable bench type on the rail was constructed for easy operation

of treatments,
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2) Manufacture of <cooling air system and temperature
measuerments in greenhouse built,

Various cooling systems such as evaporative cooling system with

cooling pad, heat exchanger using radiator were manufactured for

searching for optimum cooling system to cool effectively greenhouse

down.

@ Cooling by small radiator.

The 50m® /m capacity fan was  built in front of small
radiator(Sonata automobile 60X 45X 25cm) and the radiator in which
cool water(12-13TC) recycling was used for heat exchanger to cool
down the air temperature of greenhouse. The outside temperature of
seedling greenhouse at daytime ranged from 25-35C and 25-28C at
day and night whereas the air temperature after passing radiator was
cooled down up to 17-18C. These results indicated that the
reduction of air temperature seemed to be due to the loss of air
heat in greenhouse by cooling water passing radiator. The
temperature in the 2.3 meter height of greenhouse ranged from 21-2

3T, compared with the 28-38C of the outside temperature.

@ An evaporative cooling system with cooling pad.

The temperature of cool water drained from cooling pad was 15T at
day and 13-14TC at night. The air temperature before passing cooling
pad was 22T at day and night while the air temperature after

passing cooling pad was cooled down to 17-18C at day and night. The
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reduction of air temperature was caused by the loss of evaporative
heat required of cool water passing cooling pad. The air temperature
at 0.3 and 2.3 meter height of greenhouse was 22-23C, resulted in

5-10TC decrease, compared with the outside temperature.

@ Cooling by using cool air of abandoned mine.

The temperature of seedling greenhouse after forcibly passing 13-1
6T cool air inflowed from abandoned mine through cooling duct was
16-17C at day and 14-15TC at night. The 5-10C lower temperature
than the outside temperature was obtained and the effect of cooling
at night was a little decreased, compared with the daytime which
suggested that there was little difference between the temperature

of inflowed cool air and the temperature of greenhouse at night.

@® Cooling by combined cooling system with small radiator, cool
air and cooling pad.
The temperature measured at the 0.3, 2.3 meter height of the ground
of greenhouse showed the similar distribution of around 20C and the
temperature of greenhouse by cooling system was 5-8°C lower than the
outside temperature, The air temperature at the small radiator and
pad outlet was about 17-18C, resulted in obtaining 3T lower
temperature than the inlet temperature. The water temperature of
temperature. As a result, the greenhouse was cooled down by taking
heat(0.5-2.5C required for increasing water temperature) from air

of greenhouse,
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@® Cooling by using large radiator.

The air temperature of inside greenhouse measured at 0.3 and 2.3
meter height from the groun ranged from 15-17C to 14-15C. The
cooling system with large radiator showed effects cooling down the
temperature of inside greenhouse as much as 15C, compared with the
outside temperature of daytime and the temperature of seedling
greenhouse. The greenhouse temperature at night was cooled down to
8TC. The air tewmperature inflowed to radiator of the greenhouse was
around 20C and the air temperature after passing radiator was 15T,
getting 5C reduction, On the consideration of the effective cooling
system of greenhouse, it can be said that individual cooling systems
such as cooling pad, small radiator, and cooling duct had the same
effect on cooling greenhouse. The combined cooling system had little
better coolin effect than individual cooling system except for the
large radiator. The most effective cooling system for cooling of
greenhouse was obtained by using a large radiator as the heat
exchanger., By using a large radiator, temperature in greenhouse was
dropped into about 15C when outside temperature was 23-24TC during

summer night.

3) Establishment of technology of strawberry forcing seedling
using cool air.

Effects of the duration of night cooling and short day treatment on

seedling production, flower-bud differentiation, yield and quality

of different strawberry cultivars,
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@ Changes of flower-bud differentiation and seeding production by

the night cooling and short day treatment.

Characteristics of flower-bud differentiation based on the night
cooling and short day treatment showed that all cultivars treated
for 10 days before August, 11 did not induce flowering whereas the
flower induction rate in the treatment of August 21 was 20-40% due
to the lower night temperature under condition of high land. Suhong
getting 10-100% flower bud differentiation in 15 day treatment
showed the most sensitive response to the nighr cooling treatment
and all cultivars in the 20 day treatment except for Toyonka had
about as much as 80-100% flower bud differentiation. The most
effective duration of night cooling treatment for accelerating
flower induction in the strawberry seedling production under the
nighr cooling and short day was before and behind 20 days even

though there were differences among cultivars,

@ Effects of the night cooling treatment on leaf number and crown
diameter
Leaf number of the night cooling treatment began to show
significant difference 4 weeks after planting and rapidly increased
especially 6 weeks after planting. Although there was no significant
differences in all cultivars by the night cooling condition..
Bokujosang, Suhong and Yehong increased leaf numbers in 3-4 weeks of
treatment of night cooling. However significant difference in the

sand and soil cultivation of seedling treated for 5 weeks of night
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cooling treatment were observed., There results indicated that the
soil depth seemed to affect the occurance of leaf number. Leaf
number and crown diameter increased as the treatment duration
increased. Leaf number of each cultivars 20 days after treatments
increased 0.8-1.8 times and crown diameter increased up to
0.1-0.6cm. The slowest growth response occurred in Hyaomi of which
leaf numbers an crown diameter increased 0.8 times and 0.1 cm while

the most rapid growth appeared in Toyonoka.

® Effects of the night cooling and short day treatment on petiole

length.

Difference in petiole length began to be observed 6 weeks after
planting. Bokyujosang, Suhong and Yaochong in the treatment of night
cooling promoted the growth of petiole length up to 17cm, compared
with 9.2cm of petiole length untreated. Even though the promotion of
petiole length was observed in the control due to the low
temperature of high land, the treatment of 3 weeks night cooling
showed the most effective petiole length, It was proven that the

night cooling treatment was much better than the control.

@ Effects of the night cooling and short day treatment on leaf
length

The growth of leaf length in Bokyjosang and Suhong was a little

increased more than 3 weeks after treatment of night cooling while

reduction pattern of leaf length growth in Yaehong was shown and the
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increasing Pattern was observed at least 5 weeks treatment of sand
cultivation. As a result, the growth speed in leaf length seemed to
depend on cultivars which showed that genetical characteristics

influenced the growth of leaf length of all cultivars.

® Effects of the night cooling and short day treatment on

elongation of leaf width.

Effects of the night cooling and short day treatment did not appear
until the growth a little progressed after planting. Bokujosang
showed the increasing tendency of leaf width as the duration of
treatment increased but there was no significant difference. Only
the increasement of leaf number under the night cooling treatment
was found from the early growth stage. Effects of the night cooling
treatment on vegetative growh seemed to be very complex and
interrelated and these effects were more apparent in all parts of

growth except for that of leaf width,

® Effects of the night cooling and short day treatment on flower.

When observed 40 days after planting, floworing began, but flower
frequency was different, depending on the duration of night cooling
treatment Flowering frequency was below 65% in the contron while
100% was found in plants under night cooling treatment rogardlcss of
types of cultivars and the treatment duration. The flowering
frequency was tin the order of Suhong, Yaeong, Hyaemi and the

flowering of Toyonoka cultivar was delayed for considering other
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frequency was tin the order of Suhong, Yaeong, Hyaemi and the
flowering of Toyonoka cultivar was delayed for considering other
cultivars. According to the results in this study, the optimum
duration of night cooling treatment for inducing flower-bud
diffentiation was found to be about 20 days. Numbers of flower buds
and fower cluster were higher in treated plants, compared with the
control, Numbers of flower bud and flower cluster of Bokujosang
treated for 3 weeks were 12.3 and 3.8/plant and in case of Yaehong
14.9 and 3.78/plant counted, Numbers of flower bud of Hyami and
Toyonoka treated for 4 weeks were 3.7 and 2.98 and numbers of flower
cluster of above cultivars were 18.01 and 12.43plant. The night
cooling and short day treatment affected the average days to
flowering. As a result, the average days to flowering in all treated
cultivars toock much less., The cooling treatment was contributed to
effects shortening 11-14 days to flowering, compared with the

control,

@ Effects of the night cooling and short day treatment on yield.
The total yield harvested on November and December in the all
treatment levels 4 weeks after night cooling was in the order of 128
pieces/plant(2,143g) of Yaehong, 123 pieces/plant(2,286g) of Hyaeni,
113 pieces/plant(2,143g) of Bkujosang and 101 pieces/plant(2,507g)
of Toyonoka. The total yield of treatment of night cooling increased

6-7 times, compared with the control.
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Characteristics of flower-bud differentiation based on the night
cooling and short day treatment showed that all cultivars treated
for 10 days before August 11 did not induce flower bud
differentiation whereas the flower bud differentiation rate when
treated on August 21 was 20-40% due to the lower night temperature
under nature conditions of high land. Suhong showing 10-100% flower
bud differentiation in 15 days treatment seemed to be most sensitive
to the night cooling treatment and all cultivars in the 20day
treatment except for Toyonoka had about as much as 80-100% flower

bud differentiation.

@Effects of cool water and alternate treatment on the flower-bud
differentiation,

Yu-bong, Su-hong, and Dochinomi gifted from farms, were planted on
May 9. Then runner were continually obtained from the three
cultivars., Simultaneously, alternate and cold water treatments were
performed to investigate the flower bud differentiation, dependent
on each treatment duration. Through theese treatments, the most
effective alternate and <c¢old water treatment periods were

established,

@ Characteristics of photosynthesis and changes of sugars and
organic acid content by C0, enrichment in various strawberry
cultivars.

There was no difference in photosynthetic rate among cultivars and



20C and 800/zmol.m'2.s'l let to light saturation point, CO;
enrichment under low temperature (15TC) and weak light reduced net
photosynthesis rate, but CO; enrichment was considered effective.
Light intensity (more than 800 zmol. m% s™') and CO; concentration
{more than 1,600mg.L4) increased doubly net photosynthesis rate.
Light intensity (800umol. m% s') and CO; concentration (900mg. L")
at 20C rapidly increased photosynthesis rate (60 zmol. CO,. )
and led to CO; saturation point. C0O; saturation point occurred in
700mg.L™"' concentration at 25C. 20C and CO; enrichment (900mg. L")
was considered as optimum conditions appropriate for strawberry
cultivation, C(0; enrichment increased sugar content but decreased
organic acid content. Especially there was little difference in
fructose and glucose among sugars but sucrose content increased

about three times. As a result, CO; enrichment increased yield up

to 30-40% compared with control,

2. Suggestions for utilization of research results.

Since this study was carried out to establish technology of
strawberry night cooling seedling, using cococl air from an abandoned

coal mine, the utilization scope is follows:

@® The world outlook of strawberry night «cooling seedling
technology: contribution to the standard of utilization technology

of forcing and uniform seedling production,
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® Mass production of strawberry forcing seedling by reducing the

production cost with cool air and water from abandoned coal mine.

® Industrial utilization of abandoned coal mine: contribution to
activating economy of abandoned coal mine area and innovating image

of abandoned coal mine area.

® Production of high quality of horticultural crops by developing
economical cooling system led to exploring export market and

expanding export of strawberry.

@® Possibilities to use cooling system as a cool temperature storage
house, mushroom cultivation facilities and softening. cultivation
facilities by developing the effective utilization technology of

cool air from abandoned coal mine.

® Supply of the wuseful and basic informations for cooling

greenhouse during summer time by cooling system,

® Offer of technology of strawberry night cooling system and

economical cool system model developed in this study as sources of

farmer's guidance,
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A A st ZA iRl 23 24 Y FJNE FPAINE= FA o}
(2 16). 28y 2adE FHE HPL2RE WaHEe AstY4(12.8
T - 13.5C)sj&@ol ¥ 17, 18oM &} Fo] FJ] KEBE HAsHA,
Mg Wao] 2 J3AY wEadue W& oHE FIslo E:

Heg ZAA$TE 3to] 3AAFN= S AYsiact

4. £% radiator, ¥ pad 4 PY71E FAlo] ALEY ¥
4% radiator, YUY A (Y pad)F2 q W7 $F FAE FAlel
7} 8t hybrid system& A&3le] op e YAYyPoz Agsidrt
ojm AlEH e WY AE2AL BE T3 x| FHA Y5
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d WM 2§ HAALd, HPdM KEHE o4 12.5%CUd I+E
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th. 24 U " & "ol 3 &5 3.63 n/sE radiator?] U4W
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o F2he 24U XA 0.3m EE 23004 722 Y7 250 H 5 -
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A

15°C 3= ybopd 21 - 23°C Hsloll aalrt.

. ¥z Padg AlL3 2 uyy

¥z =g A8Y FUEG HA NeEHEe 5 FT Y oY
2Ad ¥ A¥ A3st 4z 29 22 9 3% 2300 FojA glrt. 29
7] @ ¥z Ado] v |KEAHL & 25 - 33°C Helo e,
ofZtell= 20 - 30°C Aol Ad AUdrt W¥H H=2XEH KFE2HE ¥+
=& Fol of 15°C oftel o} 13 - 14°C Art. ¥Z =§ T3}
A F7Y 2L FT 9 opTo] ¢ 22°C dog, WY WE=E FAHY F
3718 5= F 9 ofzto] ¢ 17 - 18°CE YAHATE oy ¥ Y
2= ZA4Ee 374 HEE s EFY FUe oy FUEdS 24 U
F7125E wjoly] o Eoln FZhe] 24U XA 0.30 B 2.3nolA V]

22 97 2= v 5 - 10°C F= Yol 22 - 23°C Helol it

..84_



th. R BNE AT ¥

HFe drintg AEsle U & BUAIE S At E 2
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25 - 30°C Helol dden, ofZtel= 18 - 22°C WHol Adrt. F3
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S 2% 2SS B, F7 o 24 U Moz REH 0.30 ¢

-

RojA Y = EEE AAUFE Asle AYoTHEY 2.3 Q1 EoAY
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Eolol ¥%¥& A dsdch. =¥ AY Azt 3td Fol: Yl
A3 Aol 4 - 6°C B YAHA2Y ool WIlo] ¥ Yz A3
b AE AL2E usigen, oy ofE A UE fYHE 929
2o A WY 2x 2ol Fermz Yo 9% 49 P A
A7 HEd Aoz Algdch

2t. £% Radiator, ¥7] % W2 padg FAo] A1 &Y W7
&% 9 radiator, HZe W7 W Pz pad FAEF ALY 24 F
A opte Wz AY AAS A7 oy 25 W 260] Rejxz gt 9
718] 2= YARZA g §EA (breeding room) WH 9 2EE 25 -
28°ce] EelolM HEstdch 24 g x| ¢ 0.3, 2.3, 2.3000 M &FA
H 2ExE o 20Co M AY vy 2 BXE Ueidz glodg, Yz
Aol 2 24 Yo 2= olet FRA ¥aY o &% 5 - 8°CH}
B2E ol Attt £% radiator®} pad 279 F7Y 22L& o 17-18°C
2 g3 2x 20-21°C} vl ¥ of o 3Ce 2% A3 EAE byl
Pad¢} Radiator 272 B¢ 25L& 13-15CE ¢ 12.5°C8 g3 &5}
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Zoltl. B YA oz T HZUFY Co BTt YT H B Y
SEHCTE %71 o Eo(Peterson et al., 1975) A A3l ofYAl T 2
AU $32 of¥AEE 2AUY 05 EE &ol: A4S 2 r
(Marsh et al., 1994). 23 2g 2AY9 RES a3 Yzto] Hojo}
U Zoln CoE A FHE UL HEQA ZPoE cuizAeEe o
Mo ALg=E F& Zojrt. au, wHFY wWaYsHeoezRy 9
He 97 d3e] A3tz dF0B2 €0, 7t2o] iy EAs 2
3] Eol& Zolth. U w2 YFBVLZREY A 4 A Y W
Al iE&dsd Ade] FHof glojol 3, wWaWSsAAA AARAS
Y 5 dx Faol st A o] dUtt. =Y wiE Y4 H Ko uel
B ASE gerng, UL AJE st QNG wiRoE 4}

€3tz 43 tiE B2 YAZAE YA A&t hybrid systeng 2

o SEE ZZEF U Aotk oA 37 HilME HPo=REY Y
].
o ¥

2

[

A34. 2 ¢

dutz oz AFHA 249 LG Aol HEHA u]&F & 15 -
4057} A9 Yol 285 E oy v]gog A4astz gith(Aldrich
and Bartok, 1989). o]¥ Zeog Hol 49 yilwo] AAH o= u
€& Ut HER UMY LS AZAYRY £ 9o oloupE AWY o

ZES Aadd £ g Zojrh. AU YHRAYS £ st
Me A dAgy2Ad] durs o dzA& 33 stojo} ¥, o
ARBAE AAY 24 IYFINE AN Y WA g3
AR ol WEA IRYRY LS AsH QYR Hopy

I'IF
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th. gt og AAY @Y EtEct 1.1 - 1.233 =9 &3¢S HAws}
= Aol Frh. & dFolxe} Lo Lo HolEH UL AT 249
WA Ee AF5HAY A8sle FuE Y AEuE XY £ Yris
ol ot wety dF AKALH + A= Fulo Yo 3y &
Holeta ¥ 4 Urh. olo] EAFM £y wHIFUL PINE ol &F
BgAe 74 AFHY JdAEU] oz HFUY 2RI
F AE A& olf3ld ALHoles IHAAY dYLETE LY £ 9
Tt AP S 712 AE B ohel AP A dEAEE Ay &
38 €Y 4 U= FFE A Arh

2y ARuREY F4o4 wet HIWY AdFHY Cdyxige
radiator, B2 Yo ¥ Y15 Uy el Ygyser
A8 4 oden, Hy3UY PU €0 £E5S LUE £¥AE
U A Fe APAELEE FE3] LY 4 vt wely FAFAR
EEUE LY PP MY YujE ol & gt A 34
Hoh dxot #elst ol s Y % B4E ol&yu¢ ¥ A Ao
HAY Zoln AlAdeY TdYPel ¥ FAYALS AEH YAz2dE 29
stojof & ot}

|+)

—

1y

-1%-



A3 & dI1&EE

2

WINEYHdSRE 7=

A1 E A E

G FHEAMuolA RBP4 J2Z2AL HolEste Ude JeFe
2 oA dgstert, B FHYLS dAF22 oFgA Aojstert 3
= Holl &t HIols ol Lr19 HolEstel Fuo ey A
A ol &3t Ao E ol HE FAAI L FAL et zd4 o
£ Jleol BFHEA welt FdxuY stedeol FuiEn gt

ot s W7 e AF7A LYAZEY} ¢FH 72 HIH ¢
o, Aufate] 23, APGEALE 4, AFAFFLE 1Y FEE
Ha gaste FHoli, 2L ZYEFE o1& AY, EESR, ¥=
SE, A% DA SR, @2 @ FLAFY, FAANES BEY AL2H
ARRT oA 7tA el A=EHI ok fluveldMdE o3 ¥y
& ol &3t dF FItA %I FA dF7 AE Hilz gdoy,
Feuet AufzAe g HolE FUs&o] FHUEH UA o} W2
cHEE WESZ e A= Aot}

2 AE2 dHZY ¥ ¥4 E BEY oYK E AAHY AL S5
& AEST] il oA Ae s W Szt w9 HopEzio A
Soll mAls L FEHA FAlo ofddd AHeeh FYTL AHeE
Z2YAY R A TAE olge AEHUC
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A 23 okdAz 7ol I BKo uAE&

3%

1 A= 9 3y

FANEZL 'Razy’ ' 2ok, ‘%0’ ,'£¥, ? ‘¥ 58%8
THESESVETLAAN EFLot 54 20d ZHo] FAstgdct AU
Z710] 273 12cn?] FMu|d XEo] BE Wol YZAA S8 BE 8
4 4UdFE ofd{E Adeo g3 oA E s, AHAE:
09:00-17:002] 8A| % wrAANe]F o Aelo] ¢Jastdcist ttdd 09:00
of £33l WaAlog 949 11Y471A| 3F, 4F QU 53RO T Uy ofdH
2718 AEE stded, oA AslE 74 309, 8Y 11Y, 8¥ 21
d, 99 2¢d 2 dastden, z AsEE AR 10d, 15¢, 204
2 Aestgcl.

SFEA 2t W A 7o) WpE 7 EFE HolEH B4 IS s
FESRAIMdell 74 30UFE 10d NHog 43 gastd 2z 10, 15
A 20 FHoz 574 st g $2E A 70% alcohol}
30% acetic acido] st {LO7t AAIF wtugo] st sjF W
2= zolEHE FAstdcdl

ofdctd Az FEF BN BEE St ZFddyag widiea
ol 120 x 25cm(22A})2 99 124 FAstAct. 4cAEE ad4,

HYfes, 223, £33 U A5 A2 AE o)

2. Az 9@ 2
7t. ok A e 7o FRoj nmia Gy
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1) of 3N e 7] o] G5of ulAE 4Y

of eIt EFH 59 /& B E 83 ch ofdAAF 4
+E B4 42 FFE AP xolF Ry, 53] 6FFH d49 2
7te wEA ekt 2E FF00A oldA e wE EF d49 A
ol BAAY FYES AdAY, ‘Bazx', ‘+F QL o4F L oy
3-4F AHzloA tAH o2 g4 FIE RAct. o] ofwd 53 e
H R BE AE L EFAIME FFo utel Aotz 2ol st LpElyt
th o2 d42 UAFEE EAY d¥S Yol e Aoz AxdH
th g 4FdA A 5.3ujelN Ha 7.100E R FAAdSFI S
goll wetd g7t 43 F715t] B4 8Fol: 15~23uj2 F7std
ol oA = dEHUE FIANA A3 FUEEe FUH BABE
F7HAIZI B g4 Sl B FHol HSAElmH Ao YW

2) of g el 7)1 o] crownA7]of ulA &= Y

E 9o Lttt of A e crown A F Y xolEF B T A ustH

of 3 A 2o A crown A Fo] A FINGS
7 2 ey uetyrt. ‘Razy’, ‘$£¥, 94¥, ‘¥up 2
EF 3AYF7 F71gel @del crown A Fo] FABA ARH oy 43
AMeld B BY 8FFol crown HFol Hrl 30.5m7tA FItstAR g
Aol nE zoj= ¢lott. Crownd M A3 PAS Holtir} tha A
etA Hed ole ¥I ARG ot AEAN QE Q
T3 EC] BBHLE o] FsAAM crown PFo] AJH Aoz 7N
th. Crown 3 F 2 A EES wol7] ML ok 33 olZY A &
FEHH o] 7AFY 4 BKE A FFE HUste crown A
o2l o] ¥ MY HA 77 asty o Aol uE crownol
Ao gel, 4 " M E HESojo}p ¥ ZHo|r},

Ho]3 9lo] crown AL
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X 8. ofdAzg] 7|to] W ol nlX= B
= F 3A¥ control op i5F
d4+  FHA| ¥zl opi3F o P4F  Soil Sand
(F£) (cm) (cm) (cm) (cm) (cm) (cm)
CEEX] 43  5310.8 4.9%1.1 5.6£0.8 5.5t1.6 6.4+08 7.1%1.2
63 11.9+1.6 10.2+1.6 14.3+2.2 14.6+2.2 16.5t2.0 15.6%1.9
83 19.0%2.5 150%3.3 20.3+4.0 20.5t2.5 21.2%3.5 19.6%+2.0
4 X 43 591+1.0 4.1+0.7 4.4%0.7 50+0.8 57*1.2 56*1.6
63 10.8+2.3 12.3+1.8 12.3%0.7 13.7t1.3 12.1*1.8 155%4.2
83 17.1%3.0 17.5£3.0 17.9+3.1 19.9+2.4 16.6*4.6 23.3%t4.2
o4 £ 43  7.2%1.5 5.2+1.0 4.7%1.1 5.2+1.7 4.8%0.4 6.0+1.4
63 10.8t4.2  8.3%xl.1 9.9+2.8 13.3+2.5 14.5%2.2 12.1%1.1
83 19.5+6.8 15.0%t2.9 16.3+3.7 18.3+1.7 19.9%1.7 18.4%3.0
LA 43 2.5+0.5 3.6+1.0 3.5%1.1 3.0£0.9 6.0%1.2
63 12.2+£2.3  13.6%2.2 12.7+1.7 13.9%2.1 14.2t1.5
8 21.6£1.8 20.7+3.2 20.7+2.8 19.5+2.3 17.4+1.4
504%7} 43 7.1x0.7 5.3t1.5 59*1.0 56%1.3 52+1.3 57%1.1
6% 9.5+3.0 9.1%3.6 13.1+2.8 11.0%2.7 12.1+£3.3 12.1%3.3
83 14.3+4.7 12.6+3.9 17.8+4.1 13.7+2.9 16.5t51 156+3.7
X 9. op3Azg] 7]7to] ©718] crown H o njX= H¥
control op 55
AR
F % A B2 2] ohui3z ohupgz Soil Sand
(F) (xm) (ma) (mm) (um) (mm) (en)
pazA 43 7.4%1.4 7.4%0.9 8.7t1.3 8.5+1.9 8.2+1.3 7.4%1.2
65 26.6+3.7 251%3.5 29.3+1.7 28.1+3.6 30.5t3.8 31.3%3.5
8% 28.414.0 27.2+3.4 31.312.3 29.713.6 32.4+3.7 33.0t3.3
& X% FES 6.9%1.1 7.9+1.5 7.6%1.4 9.3t1.3  7.3%0.8 7.241.7
63 28.7+5.2 28.2+3.5 26.1%2.9 27.9%2.7 25,735 31.6+2.3
8% 31,2452 29.7+3.6 28.1%2.3 30.3%3.0 28.1+3.6 33.6%12.4
q4 % 43 7.35%t1.4 7.0t1.6 7.611.7 7.9%1.2 7.6%1.1 6.911.7
6% 24.6%3.3 23.413.2 23.515.1 26.312.7 26.2+2.4  29.4%+1.7
83 262%3.2 251%3.1 25455 28.2+3.0 28.1t2.3  30.7%1.6
g o 43 7.2%1.2 8.210.8 9.3+1.0 8.0%0.6 6.6x1.1
6% 28.612.9 28.4%+3.9 27.7+2.8 27.9%2.7  30.3%i.1
8 30.0+2.4 30.0x4.0 28.9%3.0 29.1%+2.8 31.4%2.8
=8y} 43 6.5%1.1 4.8%1.6 5.3+1.8 5.8%1.5 4.3+1.4 5.7+1.1
63 27.1%3.0 251%3.7 29.11t4.9 24.3t4.6 22.5+2.8 27.1%29
83 29.7+2.9 26.0+4.8 30.814.5 26.4t4.4 24.2+3.0 29.0+2.9
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3) ok ¥ A7) zto] APl vAE Y

E 102 oA zlo] & AHAY zolE uetylct. dFFL Al
t BAF 63%H ety AFsid ‘Razd, ‘¥ 9 q4FE
ofdAelol A dEA UL FZAsIY FAzlod gH Aol 9.2
3 o 4FHelolM Ho 17.7a7tx] F7sldrt. A FAE
Pt EIF Yol A A AFES HIY ALE AmHAY ofYd 3F A
ol 4 galgol 7t} Fob ofdAelols GEAY £yt JIAH AAE
LN 4=

10, op3Az] 7izto] ©719 A Yol X B

control o354
A .
£ 4 PN x| val op i3 opvf43 Soil Sand
{(F) {cm) (cm) {con) (cm) {cm) (cm)
BI XA 84 9,2+i.1 8.9x1.1 10.3%1.4 10.4%2.1 11.2+1.8 11.0+1.4

84 10.5%x0.8 10.1*1.6 11.3%1.3 11.5%1.5 12.2%1.5 13.4%3.0

%+ ¥ 64 14.5t2 16.8x1.7 14918 17.7£1.0 149124 140%1.6
8% 15,012 16,811 15.8%1.6 18.3%1.2 150%2.8 156%2.0
o 3 64 10,6x1.5 10.113.1 10.6t2.1 11.3%1 4 12417 9.8+1.7
8% 10.9t1.2 11.6%£3.3 11.6%£2.0 12,216 129%1.0 12.5%1.6
LA n| 65 9.4%1.7 10.9%1.2 9.9+0.7 9.5+0.9 10.411.8
84 11,114 123%1,7 11,0+1. 0 12.0%1.6 11,517
X8 ¥7} 65 8916069 106x2.2 13.1%2.4 13,009 11 723 10.8%2 7

84 11.6t1.6 11.0+15 140%3.2 14.6+f1.6 12,5124 11,620
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4) oA 2|7 i %ol AP A= I
2 AN &FE 4% FAAHL FHSEE BE 113 Pt
X BFL ‘BazA W '£E S oY 3F ol AHeldA tia &
Ao, WAoo ‘o F 2o gAelo ] e FHo tiay A =
T THABYES Holw o[ Fo] APzl ofF 5F AN 4 Fiistd
th. 25 g% BBEE= FF wel Ack}t xojst 9don oy
23 X3

A

FRHL S0 71dY Aoz ARH).

fr
i 2

11. oA 2] 7|3to] ©r]e Aol nlX= I8

control o is5F
« My = )
F % A 32 3R] oft3F  ohB4FE  Soil Sand
T
(£)  (cm) (cm) (cm) (cm) (cm) (cm)
Baz4 65 8.1%x0.7 8.5+1.1 8.9*0.5 87x1.0 8705 8.1*0.7
8+ 8.6+x0.9 8.5*0.5 9.1+0.8 9.1x0.7 9.2+0.9 8.3*0.9
¢ ¥ 6% 11.5%0.9 11.5%£1.0 11.2%0.9 11.7%0.7 11.1%0.6 12.3+0.7
83 11.8*1.4 12.1%£0.7 11.5+0.9 11.9%+0.8 11.3%£0.9 12.9+0.8
4 ¥ 6F 9.0x1.8 9.3+2.4 9.2*+1.6 86*1.4 8.2+0.6 8.7*1.5
8% 9.5*1.5 10.0%x2.1 10.0+x1,8 9.1%x1.1 8.9+0.5 10.1+2.3
8 o 6% 8.4*1.2 8.4%0.7 7.9+0.8 8.0%0.5 8.3*0.5
85 9.5+0.8 9.2*0.5 85%0.6 8.6+0.4 8.4%+0.5
£t 65 9.7+1.3 9.7*1.7 10.3*1.9 11.5*1.3 9.9+1.7 10.1+2.7
84 10.1+1.6 10.0%+2.1 10.4+1.5 11,520 10.3*1.8 10.8+2.7
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5) ofdA 27| %ol FFH2o ABe] wA:= Y

E 128 ol Ao wE FF MRS vetd Felvk. FAF 4§
o] WAY uwiztale HFY AFol: opW¥Ae ZAE YetuA gt
T HazA of¥Ae rite] Ao wat gFo] tia F e
Z8S EAAT #9442 Aot AS2U15E 49 XS 54U
Ztste o2 rdTh. oA gl vAE= 9
Yol HJTAFAEo] dlon o= ¥z aQdez H3y 5
obZEEe AE dFE AYY ©E AFle I Aozt yrtuhA 4
k=gt T} E X718 Y Ao AolE Eorh

E 12, ofgAe] 7|zto] B2 HFof njA= ¥

control o5

Al
z 2 Zf R A opd3F ofd4F Sl Sand
() (cm) (cm) (cm) (cm) (cm) (cm)

Razxd 63 7.0x1.0 7.5%£1.2 7.6+0.4 7.6*0.6 7.6*+0.7 6.7+0.9
8% 7.6%f1.1 7.8%0.8 81%0.8 81%0.7 8.0%0.8 7.0%+0.8

+ ¥ 6% 10.5%1.3 10.4%1,0 9.9+0.8 10.3+0.7 9.9*1.1 10.3%+1.1
8+ 10.5*1.5 10.8+0.9 10.5%£0.9 10.3+0.8 9.9%+1.1 10.4*0.9
o ¥ 6% 17.7%0.9 7.0+0.9 6.9+1.0 6.9*1.0 7.0*+1.1 7.0+1.2
8+ 8.0f1.4 7.5%0.4 7.3f1.1 6.9%0.8 7.2+0.7 7.8*1.4
3} o 6% 7.4+0.8 7.1+£0.7 6.5+0.8 7.2+0.6 6.91+0.4
8% 7.4+0.7 7.2+0.6 7.0£0.6 7.6+0.8 7.5%+0.8
E=2k7 6% 9.0£1.8 9.1%£2.4 9.5*1.8 9.6+0.9 8.6+1.4 8.4+2.6
8% 9.3*+1.9 9.1%+2.1 9.6+2.2 9.8+1.2 8.6+1.2 8.4%+2.6
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. op 3 A 27| to] At} viAE Y

1) /& Eof ol B3

&2 BA 40dFols BEE AHelFolA %7t A x| ol
A2l 71tell whel Aoyt xtol & XAt (E 13). HA dizFeMNEe 4
&% 33l 15% olste] AMHES Boled wal, oY@ FoMd L 80%o]
2 AHE&S Bt FAF 55UolE F A FolA MEEo] 50%0 A
oF 3 A 2|2 100x7t2] 7A7t shestdct. 53, FAF 70dolE: B
BHEF 7L 65% 0|3t AHES HA Wwd, PN ZE EF 9 A7
Tol FAQol 100% 4L S Rort. FEFE2E ‘£¥, A%, 'Y
o' eo 2 JHEe] wAUAX, ‘ERx7 FF2 v elEF vl A
#ot Ad"He BRoIArt. mEM & ok AlAHstol Y AL
25 AF7} o]fHolel UTUH AT

£ 13. oP3Az] J13to| W78 gl v 4%

Control o isF
T % AN¥F _
Bz AL 2l OF 3T ofui4F Soil  Sand
(d) (%) (%) (%) (%)
BRazxA 40 10 25 85 75 80 95
55 60 80 90 90 90 97
70 64 78 100 100 100 100
T x 40 5 25 75 100 55 87
55 50 80 100 100 75 95
70 63 86 100 100 100 100
| x 40 0 25 80 100 95 90
55 45 75 95 100 95 100
70 66 88 100 100 100 100
&} oj 40 15 45 95 90 75 80
55 30 75 95 90 85 100
70 58 90 100 100 100 100
Tovnt 40 10 3 85 75 55 60
55 55 65 85 90 85 70
70 65 80 100 100 100 100
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2) 33, A4 Q FIARLS njE Y

of A elo] wE Y L HHSY Aol F 143 Ut EF A A
t, BE FFA thzFol va] opdAels g4 9 g
7b F7tstdct. BEE % AMelazde ‘BazxAd oA ok 3FX e 9
A o 3,870, HF 12,370, ' F’E opd 4FAaolA Y 3,787,
53 14.9702 7t wWodch ‘%79 e ofd 3F A A 3.01
A, BE$Ee 55X ERZAulolA 12.870, ‘30’ ¥ ‘EQowrt o F
< HulsE 43 AelolN 22 3.7, 298712 UEelW3, #HE4s 33
glollA 18.01702} 12.4371 2 71 & R 37 Fokct

o,
fr
o
X
q

L]
i)
I

E 14. oAz 7|to] Wr] 2yt e of ujAL G

Control b3 b op 5%
3L o3 = ol g =
3 HZ(No.) 23Z](No,) (No.)T (No.)T Soil Sand

23z 3y 1102009 2.20+1.87 3.80%1.14 3.40£1.51 3.40%£1.51 3.10%0.88
33 6.60£1.50 7.60%1.83 12.30%+2.22 8.60£2.26 10.90%£2.24 11.10%1.10

4>
ol
=
ox

1.20+0.92 1.80£0.79 3.0110.04 2.55%0.06 2.21x1.10 298+1.37
32l 6.80+1.48 5701208 10.99%2.51 12.00+2.83 8.40%+1.95 12.80%2.49

o ¥ ¥ 2.80+1.93 2204114  3.33%0.94 3.78+1.18 2.70+0.16 3.40%1.35
37 7.60+2.81 7.75%£2.01 10.20+2.82 14.90+3.51 14.10%3.54 11.50%2.37

g o Y 1.08£0.01 1.40+0.78  3.50+1.18  3.70%1.34 3.60%1.43 2.90%0.37
el 5.46+2.31 9.89+1.23 18.01%4.56  14.60%1.96 13.30+3.25 12.80%3.49

vzt 3 1.70%0.96 1.80%1.03  2.80%1.14 2.98+0.84 2.70+0.95 2.71%1.25
2 4.80%£3.70 5.70£3.42 12.43£2.75 9.80X2.74 9.40x2.01 9.29%2.30
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3) BEMHAFol ulxEe Y.
ob¥tdA el FIHATAE F8E vA ‘BRazg 2 dxio
vl 3] 15 AF, ‘¥ 2 7-12¢, '9HF 2 11-149, ‘¥o]'= 8-154¢,
‘ERxTPE 4-108 AE B AE AAE 2 (B 15).

E 15, ofdA 2| 7|3to] W9 FIENHUS nlAe FF

Control opuis

£ F °¥"§3-r opFE  ——

BHz(No.) ZA(No. ) {No. ) {No.} Soil Sand
BazA 47.25 43.88 32.59 32.78 33.17 3131
E R 2 44.80 2.1 3.3 2.2 36.00 34.13
o ¥ 45,47 40,93 34.58 31.15 32.37 33.61
& n 48.23 37.80 29.80 30.40 33.60 31.80
=t 42.50 39.10 35.2 32.20 38.50 33.40

ch. oA o] £ o AUFA nAE= Y

Al e] & 119 W 12€0] F4F2 ‘HazP' L oY 447
7b 11370 (2,143g), ‘¥ & 5FA 7oA 10170 (2,507g), ‘4¥F' & 4
FA el tol A 12870 (2,411g), ‘¥ul’ &= 4FAelolA 1237) (2,2858)2 =
7b% woch, Ao 2 Y cfzof wis ztzte ofdwid A
ol 3ol 6-78l2 WUTH (F 16).

op it Mel Jd FE-HYUL FAF 80U 97dAOlR ‘R
z4’ g ‘o]’ st 3FAelolA 27 86.6d, 80.1Y, ‘¥ W ‘oAF’
2 53 Ao A zZtzh 89.9¢, 86.4U=T A F A wEA el
th. +¥}JLY IV ‘e8] (P, Aol A, HFol 24.2z/ M
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E 16. oAz 7|3%o] Wyl ol nXE= I

ohgAe] 14 124 ¢ A
g & 72
(%) oA A AF A AR
G @ b (@ o (g
BazA Cont. 5 81.8 11 165.3 16 246.6
Cont. 13 206.7 22 312.3 35 519.5
3 38 668.8 68 11,1357 106 1,804.5
4 42 791.4 7 1,362 113 2,142.6
5 37 603.1 59 991.2 96 1,594.3
+ ¥ Cont. 3 62.9 11 259.6 14 322.5
Cont. 9 220.3 15 306.6 24 580.9
3 27 729.5 48 1,238.4 % 1,979
4 31 745.4 56  1,451.2 87  2,196.6
5 42 1.079.4 59 1,427.8 101 2,507.2
q X Cont. 10 157.9 17 294.3 27 452.2
Cont, 17 253.3 21 315.4 38 568.7
3 48 820.8 59 989.8 107 1,810.6
4 47 864.8 81 1,%47.1 128  2,411.9
5 42 745.5 49 870.2 9 1,615.7
3 Cont. 15 238.5 11 169.4 26 407.9
Cont. 21 338.1 24 309. 45 647.7
3 %  1.019.2 61 1,068. 17 2,087.9
4 45 846.4 78 1,439.3 123 2,285.7
5 9 1,132.8 57 972.4 116 2,105.2
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FAEZEZ A Zon, dEL ‘BRaRM'o] 11.2 - 11.7%2 713 &t
T, Mej7l2E 2 dAZE Helr ol A48 2AF, AFol 23 A3
FALU A ol AAR, YEE AT AP gt

3

old AR & u o dAelst Hrlo] ¢ € AAY Ak o

¥e uAe A2 Yeiutrl. wety 2 HBAME 7 ok Ae 4ol
0E BExol7t VAR, 53 4By, IAHYS ©F, sy

B oA Aol F3o| ety oY 3F AHele FEIA et
H ofd 5F AelolE vl @iy HES Bt ol ol F
Fol watq tt2A Yetus ez ARIETHE 17).

-4

-

HE 17. opgAze] 7ol BIIe} 779 FHo njX& 4Y

' % opdAe 4 33 33 3}F Brix(x)
71HF) (mm) (mm) (g)

Bz 3 86.6+7.8 32.814.6 40.6%6.5 16.7+4.8 11.211.1
4 87.818.4 33.8%35 44.5+3.7 18.7+x2.4 11.71.1
5 88.6112.4 32.1%4.4 38.815.4 16.3+4.4 11.3%1.2
F ¥ 3 97.019.08 34.8%2.3 41.5x2.1 24,0%3.2 10.5+0.6
97.3%12.3 35735 40.2+4.9 22.216.0 10.7£1.9
5 89.9+12.2 37.0+6.5 41.5%3.8 24,2193 10.8%1.8
q ¥ 3 93.7+11.2 33.5%53 39.2435 15.8%7.7 11.610.9
89.9%13.8 34.213.1  39.4%5.7 18.015.23 10.7+1.9
5 86.4113.6 33.7t3.6 3B.4%4.8 18.214.2 11.2£1.4
3 o 3 80.1+10.2 31.1+4.9  40.3%6.2 15.915.1 10.910.9
4 81.3t11.6 32.2t44 41.1%6.3 17.5+5.5 10.71.6
5 92.8+13.1 33.8+4.8 42.8%4.6 19.25.5 12.2%1.2
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gt. ok A gl 27|17t ol Ho] n XL Gy

ofdvtd Aelx7] W 7o) wE ol B4 109 Aol 8
4 119 ol Fole Z FF F3] HolEHs HA duont, 8d 214 o
F 20 - 40%8 EHEE EA A2 AAYENY ofT 2o YolxjEZ
A3 ot st HAH Aoz AlgEI, 159 Ao ‘%0 60 -
100%9] & 2E&E 2o oYy AHelof wzat ukg
d AeloAes ‘22=7E AR BE FFol 80 - 100% w2
&8 Bdch webAd ofdwd SEAM oA HolEs HAL 43
op A el 71t FFHol tha Aolrt dAgk 20d AFs APy} R

2 A2 " CH(F18, 1Y 35).

¢

Brodon, 20

fijo

21
o

E 18. opFA 2| 7| W A|7]7} ol o] nAs ¥

BtohF 3HE (%)

po 4

z 2 ofdAelA] 7| ohd A 2]10a opud A 2]15¢ o A 21204
30, 74. 0 60 100

a2z 11, 84, 0 40 80
21, 84, 0 40 80
2, 9%. 40 60 100
30, 74. 0 60 100
11, 84, 0 80 100

¢ %
21, 84. 20 100 100
2, 94 20 100 100
30, 74. 0 40 100
11, 84d. 0 40 80

oq4 ¥
21, 8%. 0 20 80
2, 9. 40 60 100
30, 74. 0 60 80

2 al 11, 84, 0 20 80
21, 84. 20 40 100
2, 9. 40 40 100
30, 74. 0 20 60
11, 84, 0 40 80

/4

=7} 21, 84. 0 20 60

2, 94, 0

20 . 80
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2. 35, op i A elo] 23t 3lolE e &2¥
At RazAd B £F C oF D ¥n E ELAX7}
1. opJxtdAe] 109 2. opulictdAz] 209 3. opviviuAz 304
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¥, 35 of¥TiU A 2lo] o3t 3ojEile] 29
At Baz4 B £% C % D ¥ E: ©8%x7}
1. op il A el 10d 2. o¥uiadAez] 209 3. ofuitialxzl 304
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HPLEREY FEHE Y7 - Y4E o8 SR AdUolM =
sAAE FHstaA of¥TY KB "WYY F5d
L sl A ¥ ol AAYR FHAuA EATL
shet Co. ote] AHUA L HH FA- uvxE o

b, obyvtd Aelalz] ® el wE solRsie] BHLS 109 Xl ol
He B4 2 AA7EE 0 - 40% o 234gS g3, 154 HeolA
20 - 100%, 20¥ Heldde ‘Eox7P'E Ay RE ZTEoA 80 -
100%9] £& B3&2 Barh 42 crown A71E A A sjol vl d st

Z 7} std o},

L. 442 crown AR L AA 6FFEYH FE38) 718t opuinid A

gl 22 B g T 47 14 - 237, crown R ZAo] 24 33, 6mnE =

ZbstR L, @B Y Aol A 6FFFEH UeElkcl. 1en BE EF
ol A obictdAele] Ty AAHAR, dFY WXL ‘Hazxy, ‘=
LEF AN ‘FF 2 4FAE o] FFEH ZIHAcH

th AEE2 FAH T0UF thRFoAM 65%0]3t, okYvtAAMEZTE EF
L A2 o] HAGol 10058 S Bk Y Y HIHLE RE
FFoA hzxFol ulal ofdwtd AelFoA dAF] Fristden, BF

Ned e ofdAelolA 7 - 159 t2FH I ettt

g, 35 W FIFHFL F£F'o] 5F Aol 24.2g/7 (2,507)2 A
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wots, cjRo] vl ofldtiad Az TN F=HI U FFFol 6 -
7d) F718lg R, B £HLLS FAF 80 -97¢ Alo] At

A 2d EF3E 23A L I 23 FEFA
1LAE % P

2 gdel A8 BAEFLS ‘4%, 4% L EAk’ 3FF
NEFEUFUIA LYol 59 209 el F4sach,

23AeE A4 ANstden, HelE 09:00 - 17:008 842 THUA
2% obdAdol Ynstlrizl thed 09:000] ELSHE YHOE 20,
259 % 30¢ BALE WS AAPon, YENelL 1Y 369 Yol
18C T2=& Bol 259, 30U Mg stdvh RN W Y4Ae FE
F ZAdene vdseAdel 120 X 25em(224)E FAste] A%
AE 294, HARES, Ead, % % FA5 A8 EAE sk

ot

%

filo

g, 36. YA BE
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2. Az 2 33

7t. 2 AE 710o] o2 QR BJof nA:= Y

E 19o] vebd 2z AeE crown A F 8 AolE XA 2T A 30d
of ulsld 2L ZA2120,25¢° Aol crown A Fo] BAY F/AUEZ X
ojZ o] crovn BFLHEI i€ Reg YrtFa Q. A%, +F,
Exxu FF B2F AAF A4t F71¢o] ©he}l crown A F o] FHIA
AAE I ANej20d He® B FA 50U Fol= crown FF o] Ho)
1.75cm7t 2] F7bstAAIwt AHejdo] @& @AY Xoj= YeftA] Qlgkrt.
crovn 72 BALEE Eol7]l HMAH 23204 A7t 2FHH o] 7
5d 4 &S B FF5E AUste crown Ao niA = VS
Tz Al wofjN dFEojol & Heg ki ggog aI A wE
crownoll M ], 43¥HA U] iy AEI LYWl
19, 2F A 7|2k ©I12 crownol] njA= B

5% BAF A F A 220 AZFHe25d A Z A 2|30
A4 (cm) (cm) (cm)
30 1.41+0.1 1.24+0.1 1.06+0.1
% 404 1.30+0.1 1.35+0.2 1.161+0.4
50 1.68+0.4 1.69+0.4 1.47+0.5
30d 1.20%0.1 1.21+0.1 1.06+0.1
ES 2 404 1.41%0.5 1.34+0.4 1.33+0.7
50 1.75+0.9 1.63+0.6 1.46+0.8
30 1.16%0.1 1.11+0.1 1.14+0.1
EX] 1) 40 1.26+0.4 1.22+0.6 1.20+0.6
504 1.61+0.8 1.66+0.9 1.47+0.7
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E 20 AZ Ao e GHAY XolE HAFTh ¥ Y Hol:
AAE 40958 UelUr] Asld £33 23 X220¢ Helola g
Ao AR FAd Hcol 9.12co7x] Fistdct. EFHEELE 2 o]
t YEbA] gkt

E 20. AZAN2 7|zto] "I GE Al nA= 4B

Z2 A AT A |20 AT A 2|25 ZIFA230Y
d4 (cm) (cm) (cm)

30 7.30%+0.1 6.50+0.4 6.11+0.3

of & 40 7.70+0.3 6.80%0.4 6.58%+0.3
50d 7.85%+0.3 7.70+0.4 7.30+0.2

30 8.90+0.4 8.65£0.7 7.91+0.9

Tz 40 9.00+0.8 9.01+0.8 8.12+0.7
50d 9.12+0.7 9.18+0.6 8.43%0.4

30 6.98%0.3 7.53%0.5 5.14%1.0

EX 1] 40 7.26x0.6 8.31+0.7 5.94+0.7
50 7.68x0.5 8.51%0.6 7.45%0.9
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F 21 ¥ Az wE
F Ae

=2
fr
b

E 21, A3 AT 7|zto] G718 AFof njH= G

SEB

7) 2ol

Botgol wel ool 2
ool QAT AK271%H A ARols g4

Age vehd otk

ol -3

A%, 4%

F7tste B¥

Uehdch 2N BBl A ¥ o

3r

[}

%_
T HHola B AJGol dlen o A odez HdFY 4+ ¢

Z2% AR AT A 20 ¥ A 25 AZ A 30
o4 (cm) (cm) (cm)

30d 14.401+0.3 14,33+0.4 13.25+0.8

o 40d 15.50+0.4 15.25%0.4 13.92+0.7

50 16.00%0. 2 15.4510.4 14.20x0.5

30d 15.411+0.7 15.41%0.7 13.38%1.0

T 40d 16.44+0.8 15.75%+0.8 14.31+0.8

50d 16.62+0.7 15.87%0.4 15.62x0.9

30d 14.91+0.4 15.31%0.5 13.06%0.2

EXjx0] 40d 15.13£0.5 16.00%0.7 13.50%0.7

504 15.71+0.6 16.37%0.6 13.93%0.7
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E 222 & A¥dA F¥E 4% ZAHYL 3 8E RoFa g
th 4 AL £Fol BT A220U AHeldA ti: FAFHGgeY ¢
Aol oj§, E=EAXxuls AolE UetuA dddch. AF FHoAN AR
&5E FFol wel Aokt Aol glon ojg¥ A FFL HAF
gol 711" AR AmHr}.

f

r
J

E 22. A XAz 7|o] WY Gl nlAE= 3%

% Aaly a¥Azl20d AT A e|25¢ 23¥F A 230d
A (cm) (cm) (cm)

30 8.24+0.3 7.87%£0.4 7.43%10.4

o 404 8.61+0.3 8.35+0.3 7.83+0.5

50 8.68+0.2 8.85+t0.3 7.77%£0.3

30 8.81+0.4 8.55+0.3 7.50%£0.5

+E 40 9.06+0.5 8.98+0.4 7.81+0.4

50 9.4310.4 8.99+0.3 8.31+0.4

304 8.04+0.2 8.63%0.5 6.03%£0.2

X &] &} 40 8.14+0.2 8.75+0.3 6.65+0.4

50d 8.62+0.4 8.93+0.3 6.86+0.3
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AZAE EFE g9 78 2 ¥ 233 b, 2dA e ozl
drol o]l A 404 F FE VAP xol& Bt 53 F4A 508F
FH dse e wiE Aoz Jeidch, RBE FFolA 2z A

€ 3% 4949 Aolve TAAHL KAE S JAAND, A8 234
g]20, 259 AHeolA Yoz J49 F7IE BAcrt. LI ANE &
o] 48 & vAL Aoz Az 49 FUs AF FYHY 9
= F7MAA AAde BB E FMAE AR AsFHA 2y g4 F

3
7te QIR FHo2RE fA3 Elvtd Aeg Mz,

E 23. A3 AzE 7]Zte] ©7j ol A IY

zZ AAl % AT A 2204 I T A ej25d ZIFAe|30d
A4 (71) (71) (71
309 5.50+0.2 5.50%0.2 5.50+0.2
o8 40 6.60+0.3 6.50%+0.2 5.60+0. 4
50 7.50+0.3 8.10+0.3 6.30+0.3
30 5.88+0. 4 5.62+0.2 5.00%0.3
43 409 6.00+0.3 5.75+0. 4 5.62+0.4
509 7.21+0.2 7.54+0.5 7.42+0.6
30 5.50%0. 4 5.50+0.2 5.38+0.2
S X0 40 6.08+0.4 5.75+0.3 5.38+0.3
50 7.12+0.4 7.12+0.4 6.50+0.4
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aEHelo] WE 288 Hol: E 240] Urbiirl. 28-S HA409
ol %, EXxn HdH 27 AAHAD £FL 27 8§ 2
stal ekol Attt ozt Ureiutth. wiwlo] FA50Y o] FREH P glof
A 280 10%elH ZEAolN HI 100572 287 sAsstdct 2
dee 72 Nad Mozt WA uUriEd FFURE AL, Ak
+%¢0% 23 g0 wATH B 4B EFS FAF 50de] INF
oM 100%7tx &8stdct. ¥, EXcuoldt HJE 2320d A2
7 2588 woltu 3 2os AEWTH I LML 238
Bael Ahol dlol VYRE AW By RIAE B Aol gt
A9, Yo Wi EALHS ANA ol SHAN A& A7}
2

4
Bl

d OIE}_

E 24, RZAz] 7)ol Il 23 nAe Y

2  AAXE  control I I A220d 2E A 25Y FIA T30

A4+ (%) (%) (%)
A% 409 10% 80w 60% 50%
50d 10% 100% 100% 100%
2% 404 0% 0% 0% 0%
50¢) 0% 0% 12.5% 12.5%
Exxn]  40Q 0% 12, 5% 50% 12, 5%
509 12. 5% 87. 5% 75% 62. 5%
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a7, 37, 3 Ao gt oiE3te] &8
A: o8 B EXXu C £F¥
.23 A2 209 2. ¥ A2 25¢ 3. a3 Az 30
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U. W42l zto] 3tolst 0 Hof njNE A8

® 25 Ys4Aeld E5de ©E WY E BJETh. g4l ol
B4 40UFRE HASA F7EE e Rgon =3 50dFRY g4
o ZF7l= wE o2 Uetdrn. RE EFA Y4Aele me 2
d42 Aol AA UeubA gatAg, $EoA thE EERT} oA
22 g4 372 2dch wdo] W4 HY SEE BE ZF0A4 o
ZFRT 428 o] kejA: Hoz ueigr.

crown A7 xolE MW EFZ IA Aok ¢AAT, +FoA
cromn Z o]l BASA Fsste A 24 Aok o4, £F, EAkq
£% BEF BAF 447 1% whet crown A RFo] A A AR
WaAele mE d¥ e xolE Hd FAF 40dEH Uehtsl A F
st A%, £%, EXxn £33 2AY HolE UL Yt} o
F, 4% E3492 Ot Mol E Holx YUYW FEoN A A

(1

ALEe 7t wpE Aoz LEYCE.

2 AEY 23 ZE S FFEHE A ol & UEeiUAE Y
gk, 53 %o AojH &= wiE R o8 LlElytc)

YaAelo atE 28 &9 ol E 260 Ueluct. 22 &2 FH4A 40
dFo] BE FFoA 27 AAHALH FFo wel 288 xoj:=
LELLER] Qhotrh. T2ut B A 50U o] FFE FAEoA &8 &0 10%Y
Htdo] YaAelolAdes 2 1004712 &8 7 J7Ms3tdct. 53] =X ko
EF2 BAHF 504 A 100572 & 2 3ttt
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¥ 25. YA e7t U1 BFol nxE= F3
zz AAE |5 &3 = a8 crown
d4= (71) {cm) (cm) (cm) (cm)
304 4.0%0.2 6.6+0.4 12.3%0.8 6.410.7 0.94+0.1
o 404 4.2+0.5 6.7+0.5 12.9+0.7 6.7+0.5 1.0+0.7
504 5.3+0.3 7.2%0.4 13.4£0.7 6.8+0.8 1.4%1.0
309 5.5+0.2 7.310.3 13.8+0.5 6.910.1 1.0+0. 4
Lk 40d 5.7x0.2 7.3%0.5 13.9%0.1 7.1+0.6 1.24+0.4
500 6.5+0.3 8.0+0.3 14.4+0.6 7.9+0.6 1.6+0.9
304 4,3+0,2 6.2+0.3 12.110.4 5.74+0.8 0.9+0.1
X 0] 40 4.4%0.2 6.6+0.2 12.2+0.4 6.5+0.3 1.0+0.3
s0el 5.1+0.1 6.7+0.3 12.6+0.4 6.7+0.4 1.3+0.6
E 26, EsAs €718 28 8ol njxEs 43
=5 AT control a2 2254
4= (%) (%)
A& 40 10% 37.5%
50d 10% 87. 5%
23 409 0% 37.5%
500 0% 87.5%
T X a] 40 0% 25%
50d 12. 5% 100%
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2. 38 WA elol o stojEste] &y
Ar o8 B: EX|xu C: 4%
1. ¥z 259 2. ¥z 304



3. 8¢9

AZAY FFe AelZdel mE D9 FIE¥ (I, dF, 4
B, 2488 % ZeeR)de S KAAE RolA ko, HAHAA(A
Hdg)ols FAZ v IFA PN 3] FAHE FYS el
alch 28y £32 4%, =0 ¥y Zdides 374 £3&
o] Wolxls Ao ueiuttt. FFol uel ofIFA I Aeld £ Qe
T v RE ZUE oAt EE T2 A7l Hopg A
4 4 Qtke & A Ao oiwt A4t ofY¥NeYy FeHc) oA
gl NAFE ZHolZHrtx Y £2d4= Hojrt
YA A7) de] wE D18 FFEBeE A KAAE dGEhEA
dotenut, AZA Aol BN HHo] T3] kol BUS YElUA
oo, £%2 o, EAxuo vH BT &2 &o] oA Reoee

LI b Gte)

- 133 -



2
-8
02
MK
i)
[y
W1
ot
0x
e
Jn
k>
ngt
o
e
]
>

0x
A
gl
X

HEY BYUL E= F2 2E, FE, FE U 0. =0 A W
o
[e]

¥E ¥erh 53 Adzaws EofE, 0] 9 &4 4

2
X

CO, Al go] BAA, FAYY W ouxdet Fol ¥8E v
AFHZ gdrct. B ol o] &3 Ut €O, WHYLZE LPG7EAL o
3t CO, 728 FE ol &3 ded A A& UAlo] L F3dH
el Ttoll A €O, o 2802 PAulFsh, el L VFEE HEF
Al A8 2dsle A9E At J3 ¥ Bao] osid co, &
AgY B 27ole BYE &4, FFEA FHAL, U T A&
g 3 U s € £l a4y sty

A} HFEE EvtEE Auiste2aue €0, v=& 3¢ A &4
ol 500-600ppnd FRISHA T, U&Fol 200ppn o] 3t7tx] = 3} of
2-3A12t B¢ A&Hcoln Bastyct. oy EE PPl Aol A
Co. 7} ABages 24y 4 Qrct. €0, Avlo] WE +FYL ¥ ¥
&3, 2335 U d7e 24 2AEU EufEY LoloA Yol o
Folx gt add "WrlE Ao naAy Zd, ®EA st @7
EZol wet 7Y Aol AW, FRAHFLS 0.5-1klux, FXHH3AH
16-25kluxE ojuw) €0, F4 &4 XL 10-15mg CO, dm’ hr'o]x 7k, co, &
Algste] FYUPFS FFY A 2-3ulE FAINA Fridci 3t

<
g7z 47" A2 FEo wE Co, EHHS FHLE oFoz,

32
mlo
L.

fr

flo
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2= H3lo] wE Co, EHFo] Y dFE B FH dFott. XFo
stLoA IS ANulH of PRI dBFoz

Ad o]F ZEA s AAHLE 715317 wio] 2z & 3}
Co, =2 732 FL&3lctx ¥=Hrh.

2.8 @ %y

FTAEFS ‘Hazxy, ‘¥ 9 'AdF S ol &3idn, AquvRF
F /o2 EE 25/18CE ZAY fe AN 2 EF 1078 F A
stgch. €O, AEE 07:00~12:004 7= 700 @ 1,200mg.L'S Al &3t
ZAufst ot oFE{R Ay te] wE FULEEE B st FAF
Ay ARy SIAINEE FHLE 1MT 3VE ZFstdct. 19
31 dF 4 ¥F}FL chlorophyll meter (model:SPAD-502, Minolta Co.,
Japan)& o] &3 10¥ ¥t& JF A3l FFAE Aitstdct.

BULEEES AT HEALE Fa2AUdA AAZ43, FEY 24
of o] &% AF HAMF 30-50d (F¢ A 3-59) Atolg) 4& 374A
thato] 3EoR2 FH3t FUYL T FIFAE ALstAct. EFT F
E, 2E W Co; a=o wE FUZRE FAHSHI] ddtd FHYUY 2
EE 15 20 9 25T, #YL 1KV tungstenhalogen lamps (Ej$ 2 7
Co., ZF4H)E o] &3 A 200, 500, 800 ¥ 1,200umol. m? .s' FEE =
A}t A et

CO; %X+ 500, 700, 900, 1,600 B 2,000mg. L' 2 ZAY ¥ FTA

g B FHEUA FdstA 1A 5 &HALF Folg UL &3
7] (model:ADC-4, ADC Co., England)2 F¥AX 2 ZFsladct. o, A&

of W& %, T % F7A HHRE HJ) st MuiBAL FH/0p7
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ZEE 25/8CTE 23l 379 EFS NG zz 104Ny FAstyg
th. €Oz A2l 07-12A417bA] 700 W 1,200mg.L'& Al €3t thz o}
a3tk Zze €0, X+ C0; 2 A7 (model : GH250E, SENSONIX Co.,
Japan)® ZH3IAL, 43 CO; JtAE ZTAE F3) UMY 2AYE §¢
st Helstalct. 32 A1zhy e AU AAUS gaoes
10g o] AAE FA Y vadld F5IL Aasigdan, i @
%3 104E 2F3to 0.45u0 membrane filter® of3}dlod 25:18 3 A
stof HPLCE E A3l HPLCY ZA2 5o U SUstA st
T4 EMeo oy Az dAAe: WEMNAEY Fd5A gz,
column ¥4 u-Bondapak Cis (particle size 9um, 30cm x 3.9mm 1.D.
Waters Assoc. )& Al&3tdct. HPLC MR AL column €ELE 25T,
mobile phase 0.2% phosphoric acid, flow rate 0.6ml/min. detector UV

214nmoll A 10n14] 33 WEFUStH HFXE AAsigcl.

3.3 4 2%

7. E3Y 452 ¥ 9 3P 54

op Az 7|zt ME FUY = L AFL FFLS T 270] ey
Th. ol A2 el FART FULEEI F7istdn, ok 43¢
Axe tha Z4ste ¥ B, EFo xlol= A= ot}
dE2 gk 1 8 EF2 o7t gt

9718 «3UYLLTL L= 20T, FE7} 800pmol. mlsoN ‘¥
(26.0umol. COzm?s™), ‘oJ¥F (25.2umol. CO.mZs™), ‘Bazay
(26.1pmol. COzm™.s') €22 713 &A Uttt 5o e &3y
BB 15C % 25CRT} 20T A &3, 25CToAME ‘%' q ‘o ¥’

rlo
R
u
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o] BE 500umol. m?s?, ZE: ‘BaZP L RE 800umol. ml sl
A BERFE YR 2571 oW FEHFL AYYog g Frd
A yetvdes Aoz Qz"Ech 3y 15CHAHE #EJF 1,200z mol.
ot s 7R ERUP Bl AL Fret: A YEbAT (2Y 39).

B71& BESUYAEE FE5l 2E2 Axo TE UYL S ZAY
23 dAAZ, A7 L Fu[chrlole 15C © 20T FE 800z mol.
o’sTol A BE3tdol Ueiytth o Az £¥so AY W eE 1
S5ColA X8 Pel 71% wrie B3 AA% AR eyl
¢ 15TolM Co: 3= L FEF sl UL 3 Ays
38 408 Hrch. FAY €0 ABHEIJE FAY 33 EF RE
2,000mg. L8 Ly EolA 800 X 1,200zmol.n s A o 36umol.
Co.m? s’ vbelLbA oftel 200umol. m2 st B} 3u] BE &Y
Fol wWatrh, A2 9 dHolHE Co 27 o £FUPo] =
e vl E g, PP FAARE JFHATL. HEHEL 230 Co,
g A&t &XULS FFY A AL (15T)olA C0.& A L3 2
2o vl &FUFTL oAt A2 Hri: F§gAgo] o 3
2 (30T )oll A& 28] = Foi¥ctz Rastgct. 23 sl L co,
Al goll mE FYPEZol nAEe A JPa, Bt E3UN ¢
U8 &E7F 60klux7tx] F43tA F71sto Co, Aol Yeldcian sty
th metd AL g dPgdu) AT Co.E ALSIH £FYAFo nA=
Co; A|BHFA VB wiEo] oz U 2o HPAZAoAN FJNE A
WUo T CO: (1,600mg. L™ o] 4)E Al &3td YN FAx}
A& Ao AmHrl.

20TAMNE CO0 55 W F=oAN Y FUYAHL 2 413 g}
A} 34 BEF AR 200umol. nlsT'Y FBelHL 500mg. L’ B}
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1,600mg. L' S=olM ¢@gdPo] 40xmol. Co.um?s™ hol2 26 A
T Z7lstgct. el 800 X 1,200umol. mist FEe Co; HE}
900mg. L' 7t2] F&8HA F7tsto ‘% @ oAF EFoAH FYHEL 60
pmol. CO.m? st ol& &A UElYtzn, ‘BRI ZAM'E €07} 1,600ng. L™
7t2 F718tE ZA8eS UeElyich. Nilsen$ L 324 24U EngE:
350ppm A 2] 7} 15-20ColA &F Y gl 713 &eAgh, 1,000ppne]
EolE 25ColA €0 ExpEo] UELA Co, A& HAYexeta sty
th. ol#jol COE AERE o UK IS Ity HaME 2
X2 #7 Faosiciar A"} 25CAANE ANFHoT AT 1,2004
mol. m? s E CO; HE 700mg.L'old 71 & £FUYdVL 24
2, ol¥Y Tz ZAstE BF o] ety (2Y 42).

500z mol. m s'e] FEoJA L 900mg.L'ol M CO; EEol UEILIA
222 FETL g2 €0, 7Tl A2 A2 Yetuct. 20T w3
25Col N «JUYLFL wA vetRkAg, otddtoEs s thx Fo
e ez Jetyrt. ol ¥ A 229 0 BEV FEFHAE ¥
=7t FE3E FHEe Aol HolAER 7R L4V BEyFHow
Zgsfof FULFES HuHAY £ Qcta Atg"co, 23 o] AEA
2 GrlAfuje] WRY FH 2EE 20C w2, C0; & 900mg. Lo
HAH|A 2ozt HL4Hcl.

BHs "o st 23TolA 4-10klux7tz] 2] oF3to] A& 800ppn
ol 4 CO, E3t¥ol AAHAL, 1,400ppnoll M HAE I Atz &g
th. a2y FE7F 20klux o] dol™  CO: A€ EA7L 1,400ppn7tx] &
gt d ol F&A FoUia BHasdcoh 2 A7 Ae 25CY
22olM C0,& A &3t 500-700mg. L™ Alo]e] S Eold: eFgae

S7t&0] HBSA AYHS & F Aed ZLoAME & ALY B¢

ot
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AEsEE A &3te Aol FAHoletn AR HT].

& 27. o3 z2|7]Zto] ©718] FUY LT A4 UPol njxe Y

= £ oAz Photosynthetic rate Relatve
713t (umol. COz.m? s) chlorophyll
() content
RIazA Cont, 16. 88 45.8
1 21.15 46.7
2 23.76 47.9
3 27.19 45.8
4 24.19 47.4
o &  Cont. 20,12 47.9
1 21.78 46.0
2 21.63 47.8
3 21.81 48.3
4 19.97 48.8
& % Cont. 17.81 42. 4
1 18.81 45.0
2 22.57 42.8
3 24.03 46. 3
4 23.97 44.5

L. COz A]gof 2 A & o {74 g$Fe] w3g

Coz A]-go] AU T N AtHHo] it A2t ® 283 Pt EX
of AQHFFL FAHeFodME 10 Y2 xlol7 gz, dHHEzL
fructose®} glucose7l ZtZ} 5% FEo UL Uehy 2egos zLs}
ol 3 sucrosex 0.5% nj2 o g FHQrl., Charles®} Breen¥o] &) 3lw wty)
8 sucrose ¥FZ AHF 10d 712 Z&HA AW, ol F 2097

7HA] oF 1.3%2 F&31A 7t Fol 25U B REHE & 505 = LAY
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ttal B astgcl.
2 dFo] FA% 3MEF EF sucrose o] 0.5% njuo 2 L}E}
RE 570 £HY adolr] wiFoleln AR HC}.

o

F 28. CO, A]go] AU & R F7)4t HFol njx= ¥

0; con- Sugar (%/ml-juice) Organic acid (%/ml-juice) g/plant
£ £ centration
(mg.L?)  suc fru glu T.8* wmalic citric T.0." (%)

nis

X cont, 0.46 4.63 432 9.47 trace 1.66 1.66 1007
700 1.21 469 452 1042  trace 1,43 1.43 134*
1200 1.56 5.04 4.89 11.49  trace 121 1.2 140

od ¥ cont. 0.48 527 498 1073 0.4 1.5  2.00 100°
700 ° 071 533 504 11.08 0.24 1.48 1.72 130%
1200 1.63 544 447 11.54 027 1.24 1.5 138°

BaZA  cont, 0.38 529 467 1034  0.58 .43 2.01 100°
700 1.46 532 535 1213 0.2 1.73 1.9 127°
1200 1.40 557 411 11.08 0.19 1.17  1.3% 125*

zAverage of 10 plants per each treatment.
*Mean seperation with colums by Duncan’s wmultiple range test at the 5% level,
*T.S.=Total sugar, suc: sucrose, fru: fructose, glu: glucose. 'T.0.=Total organic acids
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|--@--15C —%- 20C —o—25C
O ) ¢ T
30
o5 | Reiko o m e

Net photosynthesis (umol. COz m?2s™)

i

200 500

800

1200

Light intensity (zmol. m2s™)

34, 39, Bx ¥ 257 B9 3Pl vAE %



70 —
60 | 'Suhong' Light intensity (zmol. m2s™)
- o-- 200 --<©--500

—--4- 800 O 1 200

50 r

Net photosynthesis (zmol. COz. m™2s™)

CO. concentration { x 100 mg. L™

3%, 40, HE g oJARi: =Tt WY P nXE 4%
(&% 15C3%)
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Light intensity (umol. m™2s™),
~-0--200 --<--500
-~ 800 —o0— 1200

20
10 +

Net photosynthesis (umol. CO,. m™2s™)

5 7 9 16 20
CO. concentration ( x 100 mg. L™

2. 4l ZE 9 ojiHEiL I WU U A= BB
(&% 20C23)



00 T ) Light intensity (zmol. m2s™

ol ~0--200  --o--500
o . —4-800  —o—1200

60 | "Hokowase’

Net pholosynth

0 ) ' '

5 7 9 16 20
CO, concentration { x 100 mg. L™

3. 42, 3= 9 oJHRiA: It WY FUL nxlE 4B
(2x 25C33)
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28t COE Al-§Y 7S sucrose UL wl¢ wnstA g3l EF
o] Aojzt AAR, FAFo] vz & 3w} = FUsidc. EFF
2EAL CO0 vE7 FUMUSF JUFYE F/SAXAY, ‘Hazg e
1,200mg. Lol Zastodvt. %2 230 CO, 1,000ppm W 1,500ppns
2Ztzh Agste] AW B AT A3 cfxFo] uid g¥Fol Fiisl
A=A gk, 1,500ppnFo A& 1,000ppmt BTt Aot st AyFL
2% njgte g Co, $E7 SIS S AAaste AYS ook, ARE T
dato] Abztat Bt gol AAHAD Wil FAHE 41 EFFE 9F
77t ded olF Attt FdAte] %ol &S ¥ &S A Ui 3}
drt. ZE80l e FIAALL EF T Aozt Addn, BAHF B}
£ C0z A& FolA of 25-40% Fx T4 Ae Kol dFHAUCE
NBLE CoE Al&2A ezt 4558 F+H 247 A3, ¥ U ghaby
of c3 e sHA7o] wet ct2a £¥A7dE Co: A &I &AL,
Folole Ackzt ol gz, TolFoe A Hojxe ZF¥Po] Utian
steth. C0:8& Al &3 YHZSE fructoses} glucose: W7 ¢ x| wt,
sucrose ¥ F713l31, 82 5% = Fo Ui g, 2 dF
AE FAY FYE vetdEd, CE A8Y F$ 3P sol BAs
A FNEAN ZFUYLAES] ol Pl dez dEo AaE A
29 FA7| Y (sink)oll F3tA BAStY FE7 &4 Helvdes Aoz 2
2™, U B 479 Aze £330l 1-32p47tx] ZAH Aoz ¥
718 HEAo] iy AY % A Fo thdtod = 2t o] FojA A o}
ol Zel tidt MY AFE AL FUEojol ¥ Fojr},

ol AAE FUSIY Bd WY FYHo uxE AL €02 ¥
E, 3= 9 &= gl 3Tl oA vetyEE A9 A
Adeld 1g=, FAR4 % F4EHE HllAdE A3 Co; A &3 3
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Al g M E F= W 259 Wie] wel €0, 3EE AFLE
ZAHst A& £ e FAY Yol FL3cta JHH).

4. 9o

2718 L& FF L0 Holvt ddn, edYdES 20C
FE 800umol.n sol ] FE3pFo]l Uelytrt. AL (15C)FH o3
(500 umol. w? s7)8tol ME CO,& A &8t EAe T Brie ¢34
F U, HLAME FE (800umol.mist ojah)e} Co; B E
(1,600mg. L ol 47t o &34 LL 2v) = Fsistddct. g
2 20Col M 800umol. mls'e] FT o} 900me. L' CO; HEMAE
FEA F7tste] FYPdol o 60xmol.Co.Ln s O R CO; E3H0
UEIR 3, 25Col & 700mg.L7'8] sXold C0. EEL Yetwct
whety =rlziejo] W Ay BHRZHAL 20T} COe 900mg. L9
FEE AR} Reg Yeiych, @Y F-o nAe @ W /4
o U2 FAelFol v3f] Co: A EFoM T2 FIetdn, 42 2z
43t ZA¥E UelWcl. 53] 9HF fructose?} glucosed] = Wiy}
A2, sucrose ¥FE C0: Aelo] 243t o 3w F= F78tA
th. 223 FAeo] vl Co; Al&FolA 30-40% Fx= FFH Y}
alglct.
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