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SUMMARY

I. Title

Development of Ceramic Ash Ball Substrate for Hydroponics

II. Objectives and Importance

The purpose of research and development and significance, the
development of low cost. environment-oriented, long-life, and
multi-pore substrate is the main purpose, using coal fly ash from
power plant as by-products.

These substrate can replace high price of imported ones, time
reduce the cost of purchasing the substrates, and increase the
competence among farmers around the world. Recycling by-products
from power plants, also reduce the difficulties of finding dumping
place, and solve the environmental problems.

Relative easiness in air, water flow, and draining of substrates can
control the water content of substrates during culture of vegetable
crops. Also those substrates can permit the growers produce high

quality of vegetable fruits using newly developed ash ball substrates.



.

Research Scopes and Perspectives

1. Development mass production of hydroponic substrate using

C.

d.

coal fly ash

The development of optimized condition in composition and heat
treatment of ash ball.

The establishment of optimized condition for the preparation
of ash ball with spherical shape and sintering process.
Development of auto-granulate technic using fly ash with
non-viscosity

Development of the mass production technic of ash ball.

e. The analysis of economical efficiency of ash ball

. Development of hydroponic culture system for the growth of

tomato using ash ball.

a.

b.

Analysis of ash ball as hydroponic substrate

Analysis of cultural pattern of tomato in ash ball substrate.
Analysis of growth pattern of tomato in ash ball. and ash
ball mixed several substrates.

Establishment of composition and appropriate concentration
of media in ash ball substrate.

Development of the method for increasing sugar content »in

tomato fruits by applying water stress, salt stress, and



the concentration of media.

f.  Analysis of application of ash ball substrate to other

vegetable fruits.

IV. Results and Suggestions

Fly ash-clay bodies were sintered at 1,000~1.200°C and then their
properties were determined. It was found that 90FA10JC(fly ash +
clay(90:10 wt%) specimen sintered at 1,150°C for 10 min. had good
physical and chemical properties. When this composition was
supplement with 10 wt% sawdust, bulk density, water absorption.
apparent porosity, compressive strength and pH after 240 hrs curing
time were 1.14, 54.4%. 59.6%. 54 kegf - ecm™ and 7.1 respectively.
The physical properties of fly ash-quick lime-burnt plaster
system specimens were superior to FAJC systems. However,
this composition are not suitable as a artificial culture media
because of its high pH. In this study, it was shown that
90FA10JC10SD (90FA10JC + 10 wt% sawdust) system exhibited the

best physical properties.

Concentrated experiments were mainly on the application of ash
ball substrate toward vegetable fruits. Researches were to develop the

hydroponic  culture system which were appropriate to the



characteristics of substrate. Important results are as follows:

L.

6.

Particle density. bulk density, solid phase, porosity. and
saturation moisture capacity were 2.3g/cm3, 0.9g/cm3, 40%.
60%, and 55%. respectively.

The pH of ash ball submerged with nutrient solution of
Horticultural Experiment Station in Korean was about 7.5,
which are all most same with rockwool as pH 7.3, and this
made ash ball weak alkaline.

Ash ball showed low water retention power compare to perlite,
but air permeability, and water diffusion were good. and
these strong points made ash ball as high quality substrate.

In yield of tomato fruits, ash ball substrate produced small
qualities compare to perlite when applying small amount of
media, but no difference in yield were sound when applying
large amount of media.

In ash ball substrate 20% of rockwool and capillary mat
improved tomato yield by improving the efficiency of media
supply.

In ash ball substrate culture, small amount and frequent
supply of media can decrease the used media and fruit yields.

In ash ball substrate sugar content can be increased by
water stress, salt stress. and stress by adjusting concentration

of media.



8. pH and EC were constant during the ash ball culture.

9. In ash ball substrate culture, the optimal composition and
concentration of nutrient solution were N 135, K 6.5 Ca
7.0, Mg 4.0 me/l in vegetative stage. and N 125 P 35 K

7.5, Ca 6.0, Mg 3.5 me/] in reproductive stage, respectively.

Compare to perlite substrate which is used by many hydroponic
farmers, Ash ball substrate showed almost same quality with perlite,
and possibilities of ash ball which can replace perlite. Also results of
research and development of ash ball substrate can be applied to

hydroponic growers.

_10_.
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o) whmel g Wi, fARkE: vlAstA ERo] AAvh M X T

—

Hdom o LEDA % 5 gk

A
o

& 23 glol AllEe] E5HA] ball
beaning2h-&-& 3to] Fae| B FFA-E F/HIIA TA APl S8 A
YA FAAA FaseE FAAZ AREE I QIeH(Oh, 1998)] A EhE 2] <
A =&zl wFolvh Eefmel wel ohefsiu, BE 1.0~150pmA 2ol
THAL oF 20~30pmEA AWES] 173} B 5ebek(0h, 1998)1 whetAl =
0.5~6mm=zA m} 2 g WlFe)] KEbrh guwbH o w o] Fefo] x}

wFel MEs|ZE sl Al wiEl) siAbr} st okde] feke] weh
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Table 2.1. Al¥lz] kAl Feo] (5t AE)
= SR
A ) 1994 1995 1996 2000 2005 |®] =
- A1 1 402 368 404 413 430
W | 9 F 154 226 239 4 6
Lf] 9 9| 204 229 - -
L T R N i :
s 4 44 38 39 - -
Ty oa | - - 609 589
% /n s 909 971 1.026 | 1,026
‘ W | 829 874 748 803
A |60 659 699 641 628
N }hl 149 123 185 141 129
g | s - 165 385 529 800
& o | - - 13 784 | 827
Fowoa - - - 493 550
) Ere - - - 880
Algf3h - - - - 70
J:{h | L6238 | 1775 | 2156 | 3390 | 4687
2475 | 2684 | 3127 | 4419 | 5713
2) A

s ae] o] wort whahaoz Y

A AN a0 ghekel wet tlheksiw, vig

T EERE A el

ol

- 27 -

paAel o 2r]7kx] Thepsl

S eHOh, 1998)1.

s

duito] gl

A

T

] S

SERE



kg o) u)Fe 1.9~23024 ofdAwtel A9 194 %,

Y
g

o] ol

e o Agele 2964 ¥o|vh(Shin, 1995). AlMlE ulEFe] oF 2/34 ] st

;‘

o), AMeks] 2e] Adu] AA A zedleldr Aels]e] W g Table 2.2¢] A

o1t} (Oh, 1998)1.

Table 2.2. A&t3z]e] Ww

T > W T(Kg/mh) H] ol

Fly Ash Bulk Density

- Hot 465 ~ 774

- Cold 1,394

- Subbituminous Coal Ash 1,007 ~ 1,317

- Bituminous Coal Ash 929 ~ 1.084

Dry Bottom Ash Bulk Density 620 ~697

Bottom Ash Hopper Design 852

Pyrite(FeS2) 2,091
Ankbd o7 AMers] xAA AAA v 0.88 43
4) ¥dx

qubsle] s 8i0:9] TR} A 2EY BAE Alshs Fad

Qapolv] Eaelze] welde] 2 PFE FACHON 1998)l FRE 27

& A (Sieve)oll 291g whHa wlEwx  =xulwl(Blaine, Particle-size-

analysis, Brunauer-Emmet-Teller)5¢] 12w Aol ¢]gk w2 ®FE 200

=]
[¢»]
w1
=
oC
&
=
=
o
(oS
]
(@3]
=
[e>]
w
=
[y
Ny
=
)
of
X
Mo
o
Ly
5

L 2218 (0h, 1998)1  #diess
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Agks)e] Rmbmi= WE 3000 an/g AFZA AlWESL w]sti(Song E

1996).

v}, B)sba] A
Alers) o) slebAg -2 3o E5el wel Alelslr], dubAEql Ak e 3
SHAI NS Table 2.3¢) Holw 3pskAddte] wh& <3S o33} b (Oh,

19981

Table 2.3. 951X A1¥ks] At (9l & BEA])

- - S ek (F-ed vh) AR (Frol =) 1 -
Si0- 50.5-56.5(52.6) 46.7-69.3(59.9)
Al:O3 30.7-348(33.4) 18.7-24.8(23.3)
Fe,0y 4.3-5.9(4.6) 3.6-9.5(7.3)
Ca0 0.5-1.2(0.7) 1.0-16.0(3.6)
MgO 0.6-1.0€0.7) 0.5-2.2(1.1)
Na,0 0.4-0.8(0.6) 0.1-0.7(0.5)
K20 3.5-5.1(4.5) 0.4-1.3(0.8)
SO 0.1-0.8(0.3) 0.8-3.2(1.7)
Ti0» 1.2-1.4(1.3) 0.6-1.3(1.0)
7]l 1.3-1.7¢1.5) 0.5-1.5(1.1)

1) A2}7H(8i02) + 9wl (ALO3) + A3k A| o] A (Fez03)

(Ca(OM) s} Abe-olla] A A8 sgste] g9 A" FAEF(Cal

Si0s - nH0)& AAAA A7 HEAEE F7HAAeH(Oh 1998)l. F37]
WS A (ALOs Fe0n)7h slowd mox] Aafs] A= mR gA= A

2 A4 Nl Aol ALORTE FeOwt A4 o fasheh KS

- 29 ~



2 ASTMellA= A R3] & A7l 3714 A i HAAXE 70%2 443
a2 9leh(Oh, 1998)1L

2) A3t (Mg0)
Abglet vl gre FagE Wl wb-gsle] FAbEwb [ Mg(OH) 0]

A o} WAS doylmz KSe ASTMelA 5%elsti A3t ol eh(Oh,

1998)1.  FAkstvbadlge A egErt men Abstel o gro Axe] St

ste] Fal& aloqluh

3) 4 (S04)
AMers) 25l A E= 3k (NASOy 10H20 -2 Ca280,.31H20)0] ©}
o FiElel ew AYEBAL W3E nrh AHe) Frkstel AR TS

Qoo g KoM= 5%olsk FAIstaL 2 oh(Oh, 1998)1.

4) 7} (Na20, Kz0)

A Fol A FA(SD RS dFelel whgste] FAje) AL o
7 ddel fdale] HER KSellME 5%°]8H(Nax 05 & AhH & st 3l
t}(Oh, 1998)1.

5) 7y 7teF(Loss on Ignition, LOI)

oh weha, KSolAe 6% olshz rgsha slovh vIRlRat dv)id 4

£ W 3%l ASele 2 AL gk wAa ARaE vdus
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AT Z 3 Table 2400 i<lch(Oh, 1998)1

Table 2.4. WAl A Aubs) i v]olela B-A 43 (19955 1)

T Fly Ash% Bottom AshZ
S e | ) | AR (%) Pl A REA= (%) o
w71 | #®d | 74| 3
o | FL| 22| 260 | 1097 | 1008
T #2200 11.19
g q| FL| 1| 1zon |2l 216
“lowo | 1208 2.15
SRE T 8se | 824 | 767 | 750
(eluhy| @ , ,
Il A #2 | 7.03 7.32
s Ak #1 4.59 - 25.6 -
;]'; W1 1465 | 1247 | 1798 | 17.95
] | #2] 1028 16.52
S A | 1299 - 12.52 -
i [ #1] ss9 2.61
£2 | 4.07 277
o | F3| a0 3.95 6.94 5.84
#4456 8.08
£5 | 3.84 6.87
| #6] 398 7.83
e £1| 816 12.29
el | g | 2] 74 5.83 9.80 9.55
g | | #3] 37 7.68
£4 398 8.41
) #1| 377 3.94 0.64 0.70
S
£2 | 410 0.75
£1 | 528 472 | 2340 | 2160
e}
£2 | 415 19.80
Ak 5f 4.61 - 9.42 -
QA W 8.80 - 10.97 -
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A3A Aets] o] &

L sl Aes] «3g 98

3 3}

o

Table 2.59} #re] Mwhs]s= o]-g-iofrt W& Aol 9% A8-8-&
(Table 2.6 33)> 183%< 490 8o E3bal Al waste] wl-¢ I
£ o 5 oslo, &2 MwhE] AFE AAE Table 2790 XIEH(Oh.
1998)1.

Table 2.5. A %F3] o] &-3of
wep[ & = S S N
AWE 98 [ANELR F AE d4o2 edel 5% A

;1 -AMlE EEa) |-EEWE A EC) 5908 E3 7

L [AREARE el whe) 5~30% E8 7bE

| EEA

ToEmE g8 |- e FIEESAS 0% 35 7%,

°F aEHe B 20~39% 3 7?‘”

A AEAT T [ AdUEer Ae ns 450 A% A%

& |7le Alzby AR dlgoR Ale

M ESEU RS s e

ok |-AmEG AF |-BE YW AF 2§ Az

Col~dEdY |[el~BE FAEe T4 A AEA

LA AN -AllE ok Al 2uk, A1) abA b di A

-2 e A e dofANt g Bl oA

o AES FAEAS]L S4 AeA e me AR E

oF |- =, ) FAA R AR

-Grout A} L e PO Bl 2 B M

L |PHlE AR Y8

% |-Compost s WE we f7)07] 5% B st

Ak EFNFA o] &

T lalela R g A, mdeh 3 4Y me 2@

°F AW E o2 A3
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Table 2.6, "2t Ajeks] &g (19954 %2)

Aleks|ul ek A eksnl Al g | AQg-gek | QgL E
B Co . Hl
(A=) (%) (HE) (%)
x] %] 368 36.6 10 2.8
RS 226 31.4 4 1.6
o] 2] 204 49.8 225 100
W
o Ak 73 43.7 23 31.6
atAk 38 29.9 - -
27 909 37.4 262 28.8
AR 829 10.6 228 275
. AL 3y 658 11.2 0.1 00.2
|l [P - R — ]
A 123 9.8 - -
1= A
) gk 165 13.4 1 0.4
Z7 1,775 11.0 229 12.9
3 2.684 14.4 491 18.3
Table 2.7. -§-x8 A8 A= (19954 %)
T T g | Aes
Ly . = A HE 7] e} Al
o EEA peiia
A ghgek(x3E)| 231 222 18 16 4 491
AR %) 47 45 4 3 1 100
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2. =9 AEE A3

o) W ARl 300 o4 A%A

[e]
2
By
ot
>
ofp
)
o
1o
2
ey
~
i
L

7+ Ak Eokel o) &= glom, o5e] Awks] Ajgg & Table 280

BIck(Oh. 1998)1

. ARbsinbAeF | A Egek e85
S a4 =
(kt/year) (kt/year) (%)

erEdAeol | 7900 800 10 1990
W 7] o 1,090 795 73 1989
s} o ok 5,250 1,575 30 1987
g 2,605 1,300 50 1987 |
= g 11,600 6,465 56 1989 |
oleke) o} 1,435 900 63 1988
S 3,925 1,920 49 1989
o = 12,540 6,120 49 1989
W 65,190 15,895 24 1989
z = 62,500 16,200 % 1989

2E BofNEEA v EYE HAR o] £EHn o]&Ei= oke 10~20%c] A}

Al ol Al A4 Aol wlEatal gl A elth(Shin, 1995). A

it
£
¥°,
o)
w2
=
=

—
[de]
[dw]
NS
i
P
e
1o
o
o
oX,
e
o
£
)
Ao,
ofN
e
2,
s
Il

-2,
94

i
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Aol whel zolr) glow JFAet UvlE AEo] 80% olAte AHFI 3o
FAFed  33-E-(aluminosilicate minerals) 3} FA1gF 5AE w53 Ath(Oh,

1998)]. AJEb3] Folli= Ca. Mg K. Na 5 ool Fe. § 59 € ol

it

)l (Song %, 1996). Awhale] FAE-& sialicld ¥ (Si, Al Ti). caleic(Ca,
Mg, Na., K) 2 ferric(Fe. )28 37-%-5o] A4x o]&d Fa|g et 7]
Z=o} ¥1th(Shin, 1995). Sialica*& Si. Al Ti A&§HA7E 88% ooz o
B ol Aers|sy o] Froll &8t ferrici- Feo] ko] 10% olAkal Al
Fwa] ¥k Fol pyrite(FeSy) kel r]alEle] Feol ko] Et(Shin,
1995).

Aeks| iz AlE ALl AlojrmR ZY3slel o] KAHEe] FfrEel Uk F
8], F-adubs] Folli= K ghaFe] wel Eol alovt vl =
A el WA b WA AR Ao dedx oh(Shin, 1995). A A
Kihake]l wjsle] 5840 g kA KEEFe] wig- ow QXA 2E7F
LE00C7HAl At ¥z Aers) s} §-54 (fluid) &2 £ W K2
d Koz AMe=c) Hubse) e

2lo] 2 (3A1L0y - 28i02) 2} 419 (@ -Si0y) &2 A uks]9} EoF Fo TFHI AL

ofo
X,
itk

Si wm Sio+ Al Ay

st AFSFe(Shin, 1995).
Alerg)e] yald iz EolsA R Eoko] A Al&st= wbyd o] &

b2 Aelete] wli o] &shv] FAA ] A ARE2 MR E

o
<t
H
=

A Al EAS0] 71 ghe hzdshwA vl %= A vk (Shib, 1995).  AstelA Mw
= B3 H4A AE 5 9l s Qo] WFE s Jlek(Oh, 1998)1.
o]i= Alersle] AE £4A = Wolvh ash pond ZAJHIZE A
0 W oollel fEFel o7 sieked A Fw=A =(Shin,

1995). wheka], o]} & wrjubync} vl go] D5 Ao dFE FA
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T

L.

e A
PERS

th = A 2]
3
A

Al

9]

J
ul} 3 7] of] 4]

A] & ol 4]

L.
-
<)
[

ole} 2

3} Hoj A E
10ecm

1=
Az

3

184 41

5

9] 3}
()

X
;{o]' -}.7]

[e]
G377} AlZEr AR 955 2 oh(Shin, 1995)

go g ®ofo| xeld Z-$-+= Ca, Mg, Na, K

3] E-%1t}(Shin, 1995).
wope] pHol we}

x
Z

T K R 9 M )
o o= o B ol ‘
4 — —_
LR X Tw <
e N
B w —t—
el A N — o
o' \m! K 0}
R CC T
I L _
oK g LS T
oE " s
E R o o o
El ~_~ ~ .
o .
joig = X Moo o
£ ® N P 3 3D g
® Q T @ S
= 9 w3
S o o H o4+ 8 g o
g W =z =
o A 5 2
© K , T2 T o
[ &o ™ R o
= 2 R (Lt
2 T N % o< L~ X
= = h—
=N " R (R
Vo T % g J,!
ol @ o a8 o .M||
® o ow o2 B ow 2
~ T m X
X Y @ < 5 B W
R T N m w T
A = Ei o
ol 3 = o
do B X < & N
w % w B W
X 0 i —_— 5 e E
fewind 1y \W, ©
X i e =
~o m — N n
S 1 B SO M is
= T N W x W T
do T T o T

% 8,
] 2+3]
L oﬂ oé]

o

&

A

of 10, 4~54l
skl o), o) e

5

T

S

L

o

1]

b

uj] §

=

1)

Azl 7
oh(Shin, 1995). ¢]sh ¥e] Algks]

7

3l

/\OLX_-}
71
- 36 -

]

I
R84

-

]

15~18xde) FAol o]2A =of A

SERIREER

B}oll ol

2= =2
ST

EOREN

5] o)

=

A A Zbo]
A3

[e]
T

1
o

2= 7]

A% pHE 11122 ot Aol Falsigiom 3~4d
=



QA B Ag ok AEe A S A el2e) A A oA
= pH 44~5.004]3= 70-E/ha®] A3 5 pH7F 2.0~35904 335~1790%&
/ha®l ARFE s Abgstol Qg Buak 4 9%ch(Shin, 1995). o) 2ol A

A3z Ao} wlolgldl ¥lan 53] Pyrite 3raFe] 2 ¢ Awk AukA & Fe

ol

W §e] o ekg wrol pHrl WAl Heh olel e WA U FUgta

FO NP2 e S Bl 109 4 ek Awsle) 44 A

AP 713 Sgstelw kAol k(Yoo . 2000).

3l vl (Shin, 1995). Q1o 4] ¥= 40,000%-/1 AAlE o] $-Ex 3w glov 98
vholl Al qfatzle] n) L] Zibe] o] Folx AL-giAle] olzZyr)l Jrakate]
g A3 Alke) i pgla s sle] gAlEA KOH. KoC0s Mg(OH)» 9

ol gk ot Eghale] 700~800TellAl 45~60E AxAdste] KA E9 A A3HE

K sk 484 Kl dshaele A5y geos Aside] 484 K
6% v®}, -84 K 21~23% 1/2N-HCl 7184 K¥&=e 2392 S84 A
w3l AEA Aol o wiaE wERA e S84 T4k 4 Rol

13~16%, 7184 Mg0 4io] 2% WI3A F& S4E A9 Farze W

o] v}(Shin, 1995).
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Wz psirid Algkel ghx¥l 3Ed B 1400~1.500T 9] 2 Eofx
el g Zbell olA¥ivk(Black 5 1992). olw] m-golA dAstw F2
AbE-itA] f1%ke] oF 15~45%7F 1~150 pmA o] njidz A zlr]e] o]shed
SEAR AE ARbE (fly ash) el gkl Sulellx] Mkl @A 2k 3007
EA L AAbs A g el oy A FF el whE A uhsiepibd 4ne] 7
alsbe] 2,005 004 oF 6001HEe] o] o= FAH (O, 1998)]1 4{&t3]
= o ERe Y S Ak v ER EHEe] A vdRe Aude v
IogdAr Al el viglel gk x| g ofulg) FA8 AR Qs
o 3ARF Aol W wAE HAst e ik

Axabol A3z Alwks] 2] AaFE-go] 30~50%2A A|WMERCE FAl, EE,
AZAA Eol SueleiAl Ale4Ew ITHOh, 1998)] WA 43S o] &

g A @aalls Bmn]FEe] 0.10~0.13 g/em’e WARLAZ, 05°~1.0 g/cm’

&

Ql GFAREA AEN BRI FHE o) R slov, FHITdE AR Y E
Al B F - AR Eofel] AEE-S
g ) i Bolla] &wkelAl A= 9lch(Shin, 1995). ®bH, =49

o

39 AFHSgo]l W0%H =R w5 vinjg AR Aets)e] Ale-gof

e
i

A AAs] & o gl
A3 1= 2539 o] AlEAZNE felEe] ZF FEAH AEE IF
Frf-shar 9lrh(shin, 1995). Alwksle] #FsbA A Ao F7. 4, d=
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¥

AnEA e &ste] A=Y Siol AIEEE oF 80%olA 3t TRALY
(aluminosilicate) #&3} f-AF8k A& vielilvd Ca, Mg, K % Na 59 oF

o} &3} Feel §& 3l sleh(Shin, 1995). “Fsiitolelrle] Awts)e] o]

op

& RS AYT Bl AF sl ek He AEE 2o

WA QA AE el ARkEe] FlfokelA e Fxl o] 4e ko)
MeFA 7 Eofol AA A&l up o] & VI HElsle] wla ofdu) ]
B A RA o] &5tz whe] itk o] F oFAAInlE Q1A A Agha]
oolgsly] SEtele =8 Z1FEY F5E 2 dEALE e vl
Al AMeks)el Aele] w9 BEfste] AghE)e]l 4oy & Algle] gl
(Bacher %5, 1998). ™l xje] Mels]f 4 I8 AREslr] glslols Ao
15%7421 A7 7hgsin] Al Aelgl ARks] e ZS-ole 40%70A] A7}
7}&3lck(Baweja 5, 1988).

whebx, - dgel Az 713ES F

5
o
NE,
z2
o
ol
i
N
-
-0
I
e
o2
[
T
2
ha)
_
o

h=i H
A2 ARs-ads-Ha IAE Azslel AR, 248 2 4w

A9 #Hrbe dxe] 2 wE By - sl BAL 2As A shel
=

A22 A5 ¢ uwhy

1. 239 #] (Ash ball)®] 5
7 @3- EA Qg
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Aebz) 1= FA o]l ALO3eF Si0elv 2 Akl mullite?} quartz®EA] 1=

o3

) sk Bl Bl - sahd Bao] Amel Sl Hme) el

Wiyl galekel W gl el 22 oyl AR AE7F 7hestek(Mori

BelH 5ade] gtastel WAl AR hadd B 4AL Ads] 4
sholiz 71ad MRS ol felA Srad 4 AR 5 AAAAE B

o} Aleklar gl (Bacher . 1988). =Wle] A 7taA AEE A Eel
wisto] sizbolar ARAl Fol AMAl o] &2 AlvlEe AL HAA

o] W-Al7y ¥} mgk Hrhap-e] 2 AFA 5o AHrbes wiAE Ax

2

(=

s1 slak g BRI Aepaslel 2ol EAgel Hek,

v Al eks] A -EJRA (2 AW A ash ball

g)e] o) .gA] s gae] FelA|, QlBA, HdieA A
2 vl f1EAS AviEl Bepiee] anh Asdth(Iwama.
1999). xedk, ks g o184k ash ball®] 7kaA oA A4AE s

glatel vladd AEsh BUF % AR Wrhsel shad 29H 44e 3

t}. A1uk3] 441 3] [Ca(OH)2)-A 52[Ca(S0)4 - 172H201A ash ball

ol Z&Uk(poszalan) Q] A EbElE A3 el E3t REel=(mortar) Tf
#o] ASTMell A we] glom A et3]-Ca(OH) Al e A7) A=z
olcl(Baweja 5, 1988). 29 slag-Ca(OH)2-Ca(S0), - 2H:0A4 EE=2]
ALOgel Aarel whgskel Zy|7msl AR At HaEe oldl ARk
-Ca(OH)»-Ca(80), - 2H,0A o] ¥+ o337} &3] zls= s odck. =& Al

re v Awel AAREFE Bz Astel A

N

opilzs g QA
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ebs] o] J& u|FE o] 43 ZA%A ash balld] kel # A= P2

7} Sl 8

shedr)y. gk, A ErE-Ca(OH)»-Ca(S0), + 1/72H204 ash balls A F3}7] <
ol 244 Ca(OH)(HAFH e} Ca(S0), - 1/2H0(A45eh & o] 1%

o}, odEsleuxise] Meks)e} xFHEe] 383448 Table 3.1 R]Ivh

Table 3.1. Chemical composition of raw materials

(Unit : wt%)

. Ig.
QomP- | s, | ALbOs | FesOs| CaO | MeO | Ti0| MO/ K20 [NasO| P0s|
Sample loss

Clay 57.22 1 16.00 | 8.25 { 2.02 | 2.52 1 0.86 | 0.40 | 2.95]0.51 | 0.19 | 8.84

-200
47.06130.95| 3.89 1 0.58 | 0.69 {1.72]0.04|3.631{0.03]0.23|11.17
Fly | mesh
ash | +200 , ol
mesh 4532129.1314.21 (0651 0.63 1.54]0.03(3.34]|0.04]0.21(12.30

1} Ash ball(ZAAl) A&
Aers]-"E A ash balle] Axe 479 U98E -200 mesh® 23 F,

Aets)el dlste] HEE Table 3.29F el 5~20 wt%A7bste] E/EFE%
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Bl =048 F8g F 10~15 mme PR Adstel Az glo] A
A &g A 60 mm, o] 1.000 mme] Zepe] S (rotary kiln)& ©]-&3}o]

1,000~1.200°C oAl 5~30%7F 4 7hdsle] Agbs]-HEA ash balld A=

A ek -3 2-E3 A ash balle] Az 90 wt% AE3] + 10 wi% HE
of AA Hukell 10 wt%e] Fwhs} AW-& AHr)pstel Aetksl-HEA ash balle}
S IR ER S S

A %EE}-Ca(0H)2-Ca(S0)y - 1/2H2074 ash ball> Table 3.29} #o] 4lvts]
o} Ca(OH)M(wi%)< 70:30. 80:20 2 90:10>2 wWatsla A Ao o
sto] Ca(S0)y - 1/2H203 5, 10 ¥ 15 wi%7t © =8 g ¥, /&gt
M =043 10~15 mm®| ash ball A AE Az F, 75CA 1~747 &

FobAsllrh. ik ash ball AE AT AxAA flo] 2ejelRE e o3

0'1

o] 1.000~1.200CeNA] 1~30472F 5% 7tdsle] A %3] -Ca(OH)2-Ca(S0)y -

1/72H2071 ash ball¥: Alzsigcl,. 2 A FAEE Fig 3.10 Bl

_43_



Table 3.2. The composition of starting materials of ash ball

(unit : wt%)

Comp.

Fly ash| Clay |Sawdust | Starch |Ca(OH):| CaSO, - 1/2H:0 | H20

)

Sample

95FABJC 95 5

90FA104C 90 10

90FA10JC 90 10 10

90FA104C 90 10 10

85FA154C 85 15 W

80FA204C 80 20

5
90FA10Ca 90 10 10

40

15

5
80FA20Ca 80 20 10

15

5

70FA30Ca 70 30 10

15

FA: Fly Ash, JC: Jungsun Clay, Ca: Ca(OH). , CS: Ca(S0), - 1/2H.0
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I'ly Ash
95, 90, 85, 80 wi%

5, 10, 15, 20 wt%

Clay

|

I

[

Ball Milling

|

Sieving

|

TForming

Heat Treatment

1h, Dried Milled

200mesh
added sawdust or starch

40wt% H,0

1000C ~1200C, 5~ 30min

Iy Ash
70, 80, 90 wi%

Ca(OID,
10, 20, 30 wt%

Ca(S0), - 12H,0
5, 10, 15 wt%

I

Ball Milling

1h, Dried Milling

Sieving

200mesh

|

1

Forming

40wi% H,0

|

Preservation Subaqueous

75C, 168h

|

Heat Treatment

l

Heat Treatment

1100, 5~ 30min

1100°C, 5~30min

Iig. 3.1. The procedure of preparation of ash ball
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3. 34U 89 ash ballv#]| 2] EA A
7b A B4
Aers)e} AgREe] AREREAMLS -200 meshe} + 200 meshe 28

XRF(Philips, PW1480, Holland) & ©]8-3}o] &4 3}sich

v} a4
-200 meshe] A1¥r3), AFHE, 90 wt% w3 + 10 wt% HEA 2 (90
wt% A¥r3 + 10 wt% Ca(OH)2) + 5 wt% Ca(S0)y - 1/2H,0A1¢] <2
o] whE gzbHslel FERAE RARY] $lEte] AAEREAZI(TG-DTA,

Rigaku, PTC-10)E& HEFAE o-ALOsE °l83le] 10T/min®| S&4ER

2 ral M, AddEe sz Z7iek IEREE we)A EEA

u

71(SA-CP3, Shimazu, Japan)% o]

oto
—|~
_&
JI}.‘I
oii
ﬁd'
ift
L

2h A 4
dAe] 2xst A whE AAAAS A7) 918k -200 meshe] At
o} HJAHEE X-4138 £ 7] (Philips, Co.. PW 1710)& o]43}4] CuKa,
Ni filter, 30 kV, 20 mA®] 722 &3 sqlr]

u. Eeld Ad 53
QA £xoh 240 e ash bale) FINF, Foe U Aus] 7|

FEL KS L 3114el web A" 5708 Aldsiel 714 & A3

ge 2Ae AL e A& olgate] e AIRE VE
shai e,
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B -A
TrE(%) = %X 100
. B - A
AN 7188 (%) = ————x100
B -C

B: 100°Ce] ol 3412k #<al A9 £A

C: BAHE £F T

A xo} HAle whE ash balle] bE AR KSL 33059 <] sked
10~15 mm=e] F¥AH 515 WH5A871(Universal Testing Machine.
SFM, United Co. U.S.A)E A}&sle] wig)Alel 3tellA 05 mm/min® cross

head speed #Astel 7} w2 FA[I 2 FAZE Adstz 37

d=A18#H2 25 (mm)
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AL vAl G R

i mel a3 dAe] 2ol whE ash balle] vlAlEE BEEy] 9]

sto] Al FA W ash balle] dxlde] Ausielg 3gh S

s} ake

‘53]/\

°-|—'

7 7]
Lol vl Mg FAAAR 2 (SEM, Akashi Co. SS130)& o] &-8fo] w3t

ofd

R

of. Wh-g-Azkell wp-E pH W3e} FF% 42 14
xA3 AAe] 2xel whE ash ballé FF9(ash ball/FHS =1/l A
AAA pH WSS A F. gl S20 AR A 50§45

A& AA(Perkin Elmer 2380)%& o] 4-38lof ¥-4]slgic].
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A3d Az 9 »%

Z L o] ¥ o = 2]
1. = .L 52 ':f’)‘(}

7h. Ebl s 9] shahA] 54

dubgost AukE = Siel AIES 80%°lA sl AR E
(aluminosilicate minerals) ¥ A 54 & vleldiv] Ca, Mg. K, Na. Fe ¥
S %-o] f1Aih f-8kar 9lvh(shin, 1995). B odFela] ARg3E A ks e} A
o] el RAl- Si07)F 57.22 ' 47.06%(w). ALOsE 160 ¥ 30.95%(w) 3

kil e, o] elel] Fe030t o)A wo] Ffrslel AEe A d&

o

AL Aubsle] ARgeo] sbgde o 5 Sl

ASTM R4l Ai= Ababsre] o il Si0 ALO; B FeOy Takoz
ATEES]E Al AREsdl, 3RS AlshEe] AR Sk ulEo] 0%l 7 5o
1= PgRoan Asebvl, 3] AbshEo]l AA|sE wlge] 50~70%°1Y Cal
ghg-ako] 10%0]4al Ag-ol= Cio® BHFFchH(Oh, 1998)]. dwtdgez C
F A)ErE) i Firel wlsked Ca0. MgO. S0:2] §H-fFe] =3 Si09h ALOs2
kol whvl AL AlgelA] ARE-sb: FdEEEY s
% 8i0n ALO; ' FesOy dHfreko] 81.8%2A Fa A%kl e o 5 girh =
gk, NapO¢} MgOe} 7 obzhe] Aol 0.03%. 0.69%= "3 H7F=o] 9lo]
P AlEbe]sz qhgAle] & Aeldlel e A& FAst=d wlksl Ca09 &
freFol - Cyf Al Ag-dFuiAlelde]E AAAE HA L
(Song %, 1996). whebA, vleke] 7w A¥-S i3 CHF ks v]F
W Alglel A AE-gE Fifel cdwsiEid s MuE e 2o Aaghs &

g 4 vk o s1dd A A 98-S e Fe0s7F -200 mesh A

sks] o= 3.89%. +200 mesh#lolli= 4.21% A A= 7] 7F 22 H$ Fe:O3
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>

giol O A Fhde) oes & & Atk el HYYE =
A2 4200 mesh UAFe] ARSI 7L 200 mesh IAhel A RHE wTh Yz

o % Feds A¥E B T Qo] AA olE el §4 QL=

4 2]

TdA RS o] wldukael v]Ql®l Ao vgdukAiEe] gowl Jx
A7t zAEERE ASTMelA 5.0~6.0%°)3k2 432 dch(Oh, 1998)1
Gt AEks|e] Adzbeke +200 mesh PAFPE 12.30%. -200
mesh A7 1117% 24 M wbs)e] ghf-gko] ohekal 2-$-ol= Zxee] FFart
Aol Zhrel sFAaAE F-oldks HEL Hrbrh a7

A eksl el grel U3t =g Table 3.1 b4 Loz el of-§ Al(Song 5.
1996) & o]-&-3fo] AMEEbH AJRbs| = 15927, = 1.258CHE o 4 U

o},

WBRE(C) = 898 + 7.118i02 + 16.8Al0s - 39.45(Ca0 + MgO + K0 + Na:0)

o Y eix 2 244

Mers] e} 2 Ee 33AE A T8 5L JEFEEA A e}
el ggsdAe] fatshd Are] dAdaRA Arks]e] Abge] 7h5st)
(Mori %5, 1994). +200 mesh®} -200 mesh® J&= H-elgt o F3zubdd 19
Murslel o] JriEe) AMesle] videagss SAsel 1 A9E
Fig. 3.29} Table 3.3¢ 2qlel,  AJ%k3]9] -200 mesh YEEEHFL AA 9
83%EA F2 AL AR FAEC e AT 5 gddrh wd M
sle] WY 143pmEA 1~500pme] WL JEREE 7IAY, HAE=

3~50pme] JEFEe} FHFYso] 89xmal vlAE AR o] FolH 9l&
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o

i

b1k 4= gladel AMgkslo] g% vladvtae] gake +200 mesh AF

A% 6.23%, -200 mesh®] ¢ 321%% xk=s)7E & Aeksle] vldvka

=y

Sl

ol ¥l ol gfr¥le] %

100

% 50

00

Particle size (/m)
(a)

100

% 50

Particle size (;m)

(b)

Fig. 3.2. Particle size distribution of fly ash(a) and clay(b).
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Table 3.3. Size distribution and carbon contents of fly ash

Sample Grain size wt% Carbon(wt%)
Youngdong +200 mesh 47 6.23
Fly ash ~200 mesh 53 3.21
L

+200 mesh®} -200 meshs JEWe3h FFspAUA L A3 E FARAA}
A7 (SEM) &2 313gh ix4e] A& Fig. 3.3¢0 xalr) -200 mesh ©]3}
ol M¥rE = & EelojEgl 8 9] cenosphere(Fig.3.3(a)) & A= o] 3l
o, +200 meshol Al AMuhslsz Azt RvlE ol g-dhe] whake] FHefal

graphite(Fig. 3.3(b)) & o]Foix g3 &AL 4= Ut ol vdwta

Ral B3 oAy} AbchA o2 olek ER8l7) wlio] o (CGhosh, 1985). ol
gh QlAb Heje] thekAd e el FF, A 27, 3IY W BAAE el 9

sled AA =k, Ghoshel dTtell &jsld At
FAglel Fdstedch
+200 meshgl %5 x4 Mutslel Hrel X-413d-4S Figd.4o)

dz
)
o
o,
o
o
)~
ﬁn:
rlo
N
=L
A9
Sl
=
o
2

o

Balvk A vb3E] = mullite(3A1:03 + 5102) 2k quartz(Si02) €]

-
ES
nacrite, dickite, halloysite ¥ illite® &H3t3 A& &5 Q). A

9] o)
EE F2 mullite®} quartze] FH2AHA o]l Yo calcite® o] Fo1& gl
& o4 4 gl
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(a) (b)
Fig. 3.3. SEM photographs of fly ash. (a:-200 mesh, b:+200 mesh)
Q @, Quartz; M, Mullite; Ca, Calcite;

Mu, Muscovite; H, Halloysite;
D, Dickite; N, Nacrite; and I, llite.

10 20 30 40 50 60 70
20 (degree)

[fig. 3.4. XRD patterns of fly ash(a) and clay(b).
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=

n
T

e
1 Jq—‘
rz{g
by
lo
12
X
Jm
o

AIAUTG-DTA)E 3 H3E Fig. 3500 melvh A1gE3] 3= 80~2007C ol

A Fddas F0E FHAFaeh 500~800TeA Wl aE FHhd

HEale og Aol (Fig. 3.5(a))(Smith $.1956). H &2l %, 80~15
0ColA Ztas Fe Fda=, 300~700C A Tzt as Fukgh W
Az g §50C oA wedal= 7F kel AApe] St aE Farg

CEERE R LN

\n
—‘1-

o] A7, 300~700C2) FEbat B
el W d s A el FHEe] iz FrlEe] el 2d zlelv] 850°C
o] td vz Si022] A el( @ -quartz > B ~quartz) ol 2I& AUE & 4 vt
(Fig. 3.5(b)). 90 wt%<] Alutz)e} 10 wt% S A% (W0FAL0IC)E &3 A
g5 4§, Awtae] g Aol A x5hg ot Si029 #Held 2gl

840TC H-+o] adasel of 15%° TRV Al (Fis
35(c)). 90 wt%nel AwkE], 10 wt%e] AMESE 5 wi%e

Al
(90FA10Ca5CS)E &313F A8t 100CHLollA] =82 o3} Ettringitedd
o] Ao mE Fdulzmrt 100~130CelA] FabEgl o, oF 15%9] Fukst

2% Yook (Fig. 3.5(d)).
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wt%%
I'GA
f o
el \ 3
HE 5
n
g\ g
3 5
j83] [55]
{ i
10
15 15
200 400 600 800 1000 1200 200 400 600 800 1000 1200
Temperature {C) Temperature (C)
(a) (b)
wils
TGA
1 T 0
g S
| & p
g g 5
m m
i) )
10
15
200 400 600 800 1000 1200 100 200 300 400
Temperature ('C) Temperature (T)

Fig. 3.5. TG-DTA analysis .of fly ash{a), clay(b), 90FA10JC(c)
and 90FA10CabCs(d).
TGA: Thermal Gravity Analysis

D TA: Differential Thermal Analysis

_55_



2. 247 dAe 74 w2 ash ball®] AAA

dxle] &5 EstzAdol uhE wjx| e AARALe] WE S zAbslarxl 1.15
0Cel 4 2082k A xelgt Mats)lel AEE 5 10, 15 2 20 wtw &7t
3 FAJCA A= (90 wt% A3 + 10 wt% Ca(OH)») + dwt %
Ca(80)s - 172H.0( 90FA10CabCS) Al A1¥2 10Ca 1.100~1.200Cel A 10~
204-7F AAegr Alse] X-AlFAWA AIE Figo 3600 Xgloh,  FAJCA
Al &oli= Mullite, Quartz ©1°) Anorthite®] Abe] A= sion Hxe) Hr)ek
o] ZF7kgkel wel Quartze} Mulliter} F7babalom] Mubs|e] <fo] Frlals:
% Anorthite®] ¥ =27} Z718kqiet. oliz Mwhs|e] CaOAd ¥-o] Quartzel
2] 48] ALOyAd H-3 kg8l Anorthitede]l AAE 7] wlitol vt (Hemmings
S, 1988).  L100CTeNA] 20340 dxe] gk 90T A10CabCSelli= Ettringited.

ullite”d, Quartzdd ¥ C-S-HAe] ykabwqlond 1.200°CelA 20352k o 4]

3t9l& ] Ettringite’d el =7k =) ZErbskgicl).

3. x4 dAe x£710 ubE ash ball®] ¥He]x 54

AR w9 FAARe] Zobghel whek AAH felAel g A
o} Aol A gl 2olel wEAh Faske] FolulF oL

Lo AHrhwke] Aol A AL Aol ubate] A AL NofEtr] 9]

@ Qb @ ashgvl.
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Q, Quartz; M, Mullite; A, Anorthite;
Ca, Calcite; E, Ettringite; and
CSH, C-S-H

1,100°C 20 min

w 1,150°C 20 min
A M

95FASJC 1,200°C 20 min

20 40 60 20 40 60
24 (degree) 20 (degree)
() (b)

Fig. 3.6. XRD analysis of FAJC systems heated at 1,150°C for 20
min(a) and 90FA10Ca5Cs system heated at 1,100~1,200C
for 20 min(b).
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Qubd oz Ae e Axe) T glol Aebe)ag Axss] slstelis A
w9 Al gl 30%els AR Aade FAAA7 S8 sha BE
W ARAE ol gshe wel AtHT glev, Ak HEE Brleln AR
A Sel Hrbe ash balel Alzaly] 1% A A8 BN ARl
z4o) FAZE Gk webd, 4REE o) 48 FAJCA MAE A 23]
dstelE £ AR E 10 wi% o149 Frel Frs Basidch

489} Ame] Arhek, dxe £x W §AA7be] W FACaCSH

Aol EwlA BA 9 s AA FEE Table 3.4°) ®altl, FACaCSH
Agel wely AAE AUkR ANE " sdael Si0d el Mb-S-she]

1,100~1,200C A 10~30%-7F A X 2]gk FACaCSA Al o] E2]4 Adde A
7bEl A3 d A e} Si0AHe] Hhgste] XY C-S-Hell ofsle] x4
o] A3t o] Faf AR slFEe] st o Nen g
7w F7he sk L100TelA) 2087 a2} 90FA10Ca5CS W] =

Hylu] o] 1.05 F48 71.3% U A7) 7| FEL 61.9%°] 3o}

N

90 wt%el Awslel 10 wt% HEE H/E F /lFxAARA A
A AEF] 10 wt% 2 FHE H7HE 90FAL0JCI0SD A Al 24
4% Table 3501 ®lrh. 90FA10JCI0SD A& 1150l A 104
2t AR akel Alxg wixE ARk o] wodwtaeh Farel sldA wEA)
2 Agated FuulF 114, F5E 544%, ARV J)1FE 59.6% 2 §HE
A% Sdkef - em™e) g vhEbdle] FAICAGl FibE AUbE miA e ¥

@ 4ol F4s ek
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Table 3.3. The physical properties of the FAJC systems

Heating | Heating | Bulk Water | Apparent|Compressive

Materials temp. time | density | absorption | porosity | strength,

(‘C)_| (min) (%) (%) | (kef - em™)
1.050 20 1.05 52.1 58.5 10
1.100 10 1.11 50.9 57.5 15
1,100 20 1.12 48.3 55.3 17
95FALIC 1,150 10 1.18 48.0 53.2 38
1,150 20 1.20 46.6 51.1 46
1,200 10 1.32 36.4 43.9 98
1,200 20 1.42 33.2 37.3 154
1,050 20 1.10 49.3 54.3 13
1.100 10 1.14 46.6 52.9 23
| 1100 20 1.18 46.2 52.2 26
90FAL0JC | 1150 10 1.19 44.0 50.2 64
1,150 20 1.23 43.5 48.9 74
1,200 10 1.35 35.2 41.1 143
1.200 20 1.45 30.5 34.3 167
1.050 20 1.17 45.3 49.2 16
1.100 10 1.24 36.3 45.6 28
1,100 20 1.29 36.4 42.2 38
8FALSIC | 1,150 10 1.35 32.6 36.5 63
1,150 20 145 27.3 33.1 89
1,200 10 1.53 24.3 26.7 135
1,200 20 1.60 19.4 17.3 183
1,050 20 1.24 37.3 36.3 24
1,100 10 1.38 331 32.5 42
1,100 20 1.43 28.3 30.1 48
80FA20JC | 1,150 10 1.52 25.4 24.3 90
1,150 20 1.68 22.1 22.3 113
1,200 10 1.72 18.5 18.5 155
1,200 20 1.79 15.2 12.4 193
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Table 3.4. The physical properties of the FACaCS systems

. S Heating | Bulk Water Apparent | Compressive
Materials (wt%) temp. density | absorption | porosity st?engt}}‘)
(‘c) (%) (%) (kgf - ecm ™)

. 1.100 1.05 71.3 61.9 83

? 1,150 1.09 69.6 61.2 84

QOFALOCa | 10 1,100 1.03 58.3 52.3 97

1,150 1.15 52.4 48.4 108

. 1.100 1.12 54.3 51.6 103

P | 474 4523 126

. 1,100 1.12 43.5 48.3 121

F‘ 1,150 1.16 38.8 43.2 130

SOPA20Ca | 10 1,100 1.21 39.5 38.5 137

1,150 1.28 34.5 32.6 154

5 1,100 1.31 28.8 275 162

1,150 1.36 22.2 23.5 173

1100 | 121 373 412 126

HS 1,150 1.26 35.6 41.3 132

1,100 1.35 35.7 36.5 145

70FA30Ca | 10

1,150 1.40 33.3 29.6 150

1,100 1.43 26.1 26.4 170

a 1,150 1.54 19.8 25.4 171

Table 3.5. The comparisons of physical properties of several ash ball

Heating Heatingw Bulk Water |Apparent| Compressive
Materials temp. time density | absorption | porosity strength
(c) | (min) (%) (%) | (kef - em™
95FASJC 1,150 10 1.18 48.0 55.3 38
J0FA10JC 1,150 10 1.19 44.0 50.2 04
90FA10JC10SD| 1,150 10 1.14 54.4 59.6 o4
Q0FA10CabCS| 1,150 20 1.05 71.3 61.9 83
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GORAL0JCOE 90FALOJCIOSD Al A1l o] H A A 7kell w}2 pHEl (AW 27
A= 115 volume ratio)$F Fig. 3.7¢] x.alch  1.150CelA] 1057 o2
90FALGICS} 9OFALOJCIOSD Al Alsde] AA A zkel] w2 pHHUSHAIH 75
=115 volume ratio)<= L150°T el 1042 dAelstd 2 o 6.60)9.o4 vk
Alzko] Z7lgkell wluh Al o) <kzhe] AJde] wlEk fEuEe] 240413k A3}
Foll  pll 709 vlehulglel ek, 1100CAA 2087 dxeg

OFA10CabCS Aol 7] pHaz 1003 Al o] winkg odazke] A9 t}
W §Ei Qlsle] 240417 AR Fo] pHyE 10924 skAAulg w2 oF

ak delE A hleln Barslan pHE 7] 913k dAle) FA §le)

41713 mestelel,

12
A s e M T A A
or . YOFA10CE5CS
r B8
B 90FA10JC10SD
——
S B S e ’__,-..__,_.,__‘__,_‘ﬂ./
! B : 90FA10JC
6 |-
4 1 0 | [ |
0 2 4 6 5 L J

Curing time (days)

IMig., 3.7. pH changes of ash ball with curing time.
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4. 22X} dAe =270 o & ash ball?] vl AF=

dxe Sxo 2Ao] wd wjxe) wAFEE Fig 380 Ralrh 95 wt%
o] Mers)el 5 wt%e HE(ISFASIC) MA = A E Fiste FE
H7leFe] Aol wlmd & g Ee] A=Y, AR HulHe] F
7bghel wek AW Est zlgEe] s Fe] AEEAY AV FAaFE
#A 4 Aok (Fig. 3.8(a)~(d)). 90 wt%] MurE e} 10 wi%e HE
ol 10 wt%2 FH(90FA10JC10SD )& A g wiAl= Fibe] dadl 9
ste] AAE 2 7Fe] FAEglon, o]E ylFeg lste] AHe
Fo4ed ARy 71FEol F7rskdeh(Fig. 3.8(e)). 90 wt%el Awb3],
10 wt%e] A3 2 5 wt%e 24 3(90FA10Ca5CS) & A7k wfA 9
735, Avba el A E e whgo]l SEREA ol WrjEHel e AR
3 i A7b A= 9l ek (Fig. 3.8(6).

olabel AlY A, 90 wt%el AwtEel 10 wt%el HE(FALIC) E
10 wt%2] B3H90FA10JC10SD )& A7Fsked 1,150Tel A 10%7F F%
st sted Al gk ehxl e EelH AAe] A FuEddow 24047 A

s Fe) pHE T1EA FAul g QP Alge] sbsaigict.
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(¢) (d)

(e)

Fig. 3.8. SEM photographs of ash ball.
95FA5JC(a), 90FA10JC(b). 85FA15JC(c), 80FA20JC(d)

90T A10JC10SD heated at 1,150°C for 10min(e) and
90FA10Ca5CS heated at 1,100C for 20min(f).
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A4d 7ok

AubE el 5 wt% el A EE AH7Fste] L150TelAl 2042F 2 A ¢ 3
95FASJC A& HIu 5 1.08g/cm’, FF8 46.6%, 715§ 50.7%. s
7% 1256 kgf/em®sA) Eel® o]l $-428k¢l o), ash ball A ¥
A o] A zfe] Zubsle] wleF S sl A& 10 witnel e
H7h7b dastede. Auksle] 10 wi%e Ca(OH).2} 5 wt%e] Ca(S0); -
1/2H:08 A7hstel S3ekA 2 Axsba glo] L150TNA 2587 o3 x)ejdh
90FA10Ca5Cs Aol X-sAuF& 086 g/em®, F5& 722%. 71 %8
624% S5 433 Fed AAE Jep Aot ¥ pHFE SR ash
ball® = A8 ¢kt

Aers]o] 10 wt%e AEE AHrlsle] 1,150Co A 2087 94 e g

A e RuuFe 113 g/em’, F58 43.5%, 71FF 48.9%. EAE
147.0kgf/em” e 2 Helx Aol =A FAHAL. 90 win 43
+10 wt% A X A Aol 10 wt% e Fw& H7Eskel 1,150°C ol A
208-7t @ A2 ¥ 90FA10JC10SD Al He FIu)FL 114 g/em”, 58
45.4%, 71 FE 52.6%. tEZA = 134.3 kef/eme & EHA A Bihe
A7V A9 EeA Ao AR FEsG o, dF A 9%

Aol TA=, ¥ A¥ A3 ash balle] 543 = A4

e
o
ac)

o)

0“"'1 QOFAloJc/‘]j‘iO] 7}_701. o 2 ]_93‘1/]_
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$-v) vheke] okl Alul w2 19924 13 haollA] 19961 275 ha® 4% Alo]
o] 20mvb Z7hate] 2t 518 wix| Al ALEElE AFeIA L] ARgEFe] F

Fabas Qluh(Park %, 1998). w#ix] & o]&-38}r] ¢lsted= uix] Ao
T4, Gl AL x7feln Fgleo] folste]el sha o] Fale] <f

Faho] S=ak k)l felsledol k(Yoo &, 2000). AAIZE ARR-E $]8}ed

loh

Aashal &G E7148 7AW AlE FV]e] AAE WA E] shr] 98t
-3 Abefjelelo) dhrl(Park -, 1998).

w4l - gloldtofel Al vl Az KEY FAA T A, BA
5ol FHA, widslpart pale] REAAE olfe] sigdtri(Iwama,
1999). A= B4 @ Er|Ae] $3ta ofol AFhgFo] ol 7
NLAE wol F3E 4 slolof 3y, HAFel F2FAE FfshA] ¢
ofok @v} whebx], &4], HupolE, Il ke A4 HE F& AwEH
A3t A v FEgstel AFEAue] o]&stx lrh(Koizumi F,
1998). zzv}, HelolE wixl Fgfo] bt HFHEIE ok A
9ol o] Eslo] ekl Frbel Avkat Frel Ha dvk(H 5, 20000 <t
& 2% FaAE 4 9o, shHel e o3e] zHEo] IIHE 3
S 4 qlow] AR F s AR s} EAEe] ykedard el AAdAsE ] gl

r_g_/

x)2] ko] HAIF) 2FEH I gle Al
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Sl sPE A Aol A Awre] Al Alshs AREE = Aol Al A7k 300
whEe] WA, Al Mk gepiaise] AR sl 2,000l o

7007 Eo] AlE o Aolrk(Lee 5, 1966). AurF = ARGV SR EHE

2
ACh
N
-
2
s
by
-z
d
m>~
2
L
o
o,
2
=
o
)
oY,
e
A,
i ‘IAJ
o
o>‘
>,
Ny
R
30,
b

(Black . 1992). #&Al, Auks]= Azlolx] "A|3¢] zpl"2@ Q1A = o]
60%°148-& A&t g9len Aeks] FaelB Algel wgh A4rh g
A& 5 9li= AR ok (McCarth %, 1987). =] #5- Auks]e] A&Hg-
& FaelE y A Akl iokel A 10%4 =(Song 5, 1996) #-4¥] 5 9l
om, AN il o] & wedNRFA A o] &7 ol Alelslar: Fel -
Yo itofo Al o] o] fof thgt A= wlAlgk AAelvl (Yoo 5. 2000).
Aers)i= 05~ 200 il 7 el clEAlEa wEE 0.8~4.0 g/
Si02 ALO3z ¥ Fe037) FAIH-Q) freld 2 A= vk (Hemmings, 1987).
=l Fel= EA4L FA87] A6 05 ~ 1.0 an FFojelok s, A
ghsle] myld Falelnld wAHAAQ fFujAdeR FAEe] gle] Ak

gelRomi gue] waste] AW wvld o83 Py, Aus 4 o

Fe] 71l Ha s Aol
B AdFolAe wxAAgd Mets Bkl 733, Abgst @ ks 9
gt Pand A ¥ 719 Aol ash ball 27185 £248 & 5 gl A 719

Akt wbgAl v oo ofste] Al ash balld AFA el Ax] AA
gk AAA W wak AYake] F5dt 1&g AEstaxt stgvl wgh A
Al AAFE A A A ash ball FAHAl EAHE FHE3le] wtalax) shgl
owf olefl gt AALE At} Bt
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A2d 2AETEAR7E AL

1. A3 87 AA

Fif. 4.1°] Capes®] Pan ¥ Al A¥e]2 =g walrh(Capes, 1980).
Panel -7t A 88 Folsla Fig. 4.1.(a)2} #o] panel Z4E 9utE AAE
= . HAA7N Fig. 41.(b)A¥ FAe E22 AxRzby o wel pan$] ol
AA A ¥k Pan el 3% ¥sheE A wldu 24 G sl B4

im SAE e 2 slAke] @) E Ze W(seed) S AAEA ok dE&H L

FoAE FEshy shstd Fig 41(a)eh (DA™ BoE AApdt oy 9 d
ol 4]z Fuliz 2l& WAsh AR Hol FIACEETHRE) Foll widy

o] o]sto] & gAIslar, A Aol Fig. 4.1.(c)2} ol #e] AR =70 u}b
b S UFT) AR S8 Musy TaAow Pg4€ 2380 =77} 4
Agel, X 3E AA gAddA e AR e FAek R A
Fo 2lste] Mohrsel &8 Axd F2 FA o AYd F¥HE: A
a 3oz GAdAe] sknwe] s ® YA NRSFEERE Y x4
Foll A %, sbdst, FYHEsE st HAY 2dr]9 spAAE w
over-flowdlo] Fig. 41.(d)MH FH3d A& & 5 ok

B qdstoll A= Cape®] Pan¥ A3ol&E& 43l Fig. 429 A¥71E A

Azl
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2. Akal ¢ AErARA7) A%

Pl 430 A1xre]-§ A4 Aakgk 2bg -4 AE e ARlE Hmelch W&

Fig. 4.3. A vt3]8 =5 3 A7)

_ki‘,
2]
-y
A
i
.£
=
i
o
o
2
g
{o
i3
tlo
By
e
o
3
ko]
jor)
=
S
it
1
B
o,
=L,
N
)
ofr

shie s AA ¥l Panel #AA T8 3L e (LGAA Geared Moter,

3 (plunger pump. °3E(F), 13

Do
jund
(o]
i
H;‘
2>
o
ol
b ad
¥
o
o
i}
o
o3l
N
iy
i
rm
2
g\—\
I

kg/em™ek) & AMgskdeh. BF719) iEg HAAR sl midvd FRE

39

N (drop) el & W-FablE ol BF=E 178 ml/min, mist® E5-31E

wfi= 1206.6 ml/mine] vt
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3. Aeks] TYsE A% AEAY TAVE ME
7b. AR
B ool AMSEl FAARE GEstHLAdss] M E AbSeRsivh &

e B 200mesh ©)3te] A= R Al sle] AL&shglch

. 498 zsza

1) Pan® 2Ae] 48 27

® Pan 274 D=08 m

® Pan %°] H=0.16 m]

© Pan 7A@ =43~53°

@ Pan A4 N AdAZAS (DA 2sle] Axkslnl sA5 N 04~
0.75% %],

Nl AAZ g0 BAS] U wpaztet 2 vlehie ohg Al el

)3 A S (LA v = N/Ne
(2) HU(AS=h) ) A4
HU=(D/2)* - f1(8) - tan B
(3) RT(HAFAZH & A4t
Pan W9 ®4% HUIm']st oAb RTIh]9 Aels™d Qli/hle of

A3} 7o),
(RT)=(HU)/Q/ o

o714, ppi= WI[t/H]o]Th
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Fig. 4.4 Auls] 2p5A 875 o] &3t A 2%k ash ballS H.Qlch

Fig. 4.4. A123] 2§83 75 o]&3te] A =23 ash ball

Fig. 449} #o) FFs & A%tz £ pano] AlAMEo R 3)AswA
ARl o3te] w2 wxm, AA AYE FHELS o 465 5
ol ofel) Wake g WojxwA B Zrrt AAstn B2 =27]7F 5~10mm
Jr2 A" 42 135 ° HE P AFHezn ¥rez wE&dch
Table 4.1 pan?] #7 D =08 m
stoll A Azt 08 Foreld s A AR A¥AE §

ek, AYA A g shad dAAF A, AFA FHE: A

=2
do
ok
%

o
?L
;>“—'_.
_O‘
i
N
i
it
o
1_!4
fihg
i)
R
-
I

table 4.13} zre] pan<
AAZE 6 =43 o o, wiF dFAze] M =2 AL vEphyton,

pane] #AA}zbo] Zr71EE pane] WiHFEEHS ZHisisdch AAME =48 A
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@ OFAIZEe] 45 minS® 0 =430 wr) oF ou] wEEe] JuA Bl
L4v] Z7r=Egdch QAR e 27 0 =43 ¢lAE 8~11 mmiE A

I G =48 A= 6~9 mm, 0 =53 oA 5~TmmE pane] ZAAprte] #

N F Sm Y AYA 2] b el ol AAE WA $% ]
27} Aol A B FAlzke] Abastr] wlel 2o ¥R

Table 1. Ash ball & 7]2] 57} 16rpm -5 M| HApdo] 2] Z7]l

REIEE-E13

A3 A) T3

B | g

o
2
o
>,
i
iy
™~
o2t

K5 | AL | Aeley | Al S| g d 5 2
N{rpm) | ¢ (* ) |B(kg/hr) | Clkg) | Wu(% )| 73AM2 AA | =27 ¢ | AN
) (mm)

43 110.88 | 16.4 11.8 22.3 1456 | 8~11 | 0.744

16 48 154.8 13.5 | 10.04 28.9 4.3 6~9 | 0.608

53 61.4 8.7 16.06 36.03 14.04 o~7 | 0.438

Table 2¢] wl&H=3 NFHA 712 Capes?] Ao 23t o]& )¢} 23le) 23t
=4 A E vm stk Pang AAE 430 A o) AF A FA
Zro] 48° 9} 53° o uw] wnx} Ak e} AAl A F o] exr) spA 2

o= vepge,
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Table 2. Capes’ theory¥ 418l =]2] v]i
A =2 a]: % =
§] -/ﬂjr_ /0] /\]- 7 “‘rr °© (HU) H'TTA] 7\1— (RT) ]\’Tc v =N/N
NGpm) | 0 ) | ol#=2 | Alglx | o2 | A& | (rpm) ¢
- - (kg) (kg) (kg) (kg)
43 15.36 16.4 8.3 - 215 0.78
16 48 11.52 13.5 4.5 - 26.3 0.69
53 7.04 8.7 6.9 - 36.5 0.63

Table 29} Fig. 4.3004] R5-0) pand ZglAA L] AAlzte] FrldgE A

sol Nl el hxnwa Y FRAY =)k Aol e ¢

N

o), capes®] o]¥-# e} Alglel olsfo]l Ay Aspael L AL e

Ak Ash balle] #5¢7dis AN we Wela FAZRE ¥ 2 A7

(ka)
=

HAFE

| —e—oi2x -m-Z@ax |
2 T F— e

40 42 44 46 48 50 52 54
Pan2l ZAH(, )

Fig. 4.5. Ash ball 413712 me] 7Aalzbe] o) v|f-gkel] vlx|= 3
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o, Ashao}

B oA pand 2 AHs)E AA 2 Alstele] @AM AL 2
E Py AR e pandl A4l wet 493 39 4YA 2% =
A5 ol S ARsar ATAsE aekaldl B R,

)

(1) Pan®] 7Ab7} 43" & ) o) Fedsd dlFAzbe] b e Ao hehyd

K

pan®] AL S7FEeE difE s wavh Aelsy S 48°
od o A Wk AFAE A #e HeF

(2) WAEE 2o =)= pan] AAF 43° oA §~11 mmE AAHY T,
48" A= 6~9 mm, 53° oA 5~7 mmE 27 AxsA AAE Q)

(3) Mersle] BAgolA panel A 16 rpmel Fzlel= Do) A}
48" o o 7pg A Aow debge

22 MesHE lton/hs AAEH7] fsAe He A4 D& 2mE &
A sgo] He 04mE A2bsle] A3l 7bed Zles Ataxich

A372 Ash ball ¥i3b7)« A

L A%3] FygFatst 34

A= 32 CONVAYOR

CONVAYOR

<%§ o
/’/ £
A7)

ROTARY KILN

) 42!

N

Fig. 4.6. &3] 73 =5 A4 A=
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Ars] 88 A% system Aol ol AR AR 4

AR

l

Spray Pump b 44 Mixer & Grqnwateij:

Bucket Elavater

J

Vibrating Screen

|

Hopper

l

Bucket Elovater

l

Constant Feeder

l

Rotary Kiln

l

Caoling Conveyar

l

Bucket Elavater

t

Vibrating Screen

o5

R oAy S A 2R FAEelof W

Bog Collector

{ |

Cyclon

| I—

i

Silo Tark

!

it Unit
T
t
Buner  |—mmeeee— e -
Woter Ung% ____________ -
UTILITY
C
D uj
< M
of P
= R
= £
= S
A S
- ]
R

Auto Poacker

|

Fig. 4.7. Ash ball ZAFE A
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FAo]l 5% ash balls A7) flsiAi= EgEo) Folokrh ule}

A% 25 WAET, w 34 pand FERIE 2ElA wlmE zA A
8 25 panlSHE AAAZ. o] o] Aksiwl A mv]9

ash balle] A= +=d pan®] ZA}2} pan®] 3 A5 u}e}r] ash balle]l =7]

& del® xHo] slgsirl, AAHE ash balle] %R wlEEiE £y
Hiel vheltl o] $5& A Ao 241719 ash balle] A2 2HE= o
= AA, o] v stk

v Wle Zujo]e]

TRAL e e ghAAL pfel dE] AREE R gliz Twele] WlE A

28 o] -§3ke o] wigHslch. AAH ash balld -2 wigE o £
AR sk b gyl g Shiel Aabe) mlEs-g A Adch A4l

5 vtx 2] "elAl ash balld ¥#ntE Fwole} WEE e ol TAHoR

AA#% ash balle] A1 8 ¢ o] 15 m, /A 1 me el AL 4}
F4th o159 ash ballel s E WAey] AslA S AAbEL wleby

2R Foo] HER AR Aozt 15 m BE F¥eM A& S m

-
r_\|1_‘
=
X
rr
)
P

ol o] FoiAw Al F7h-& F3EA] ash balle] A
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Mol slatol A}, o] w] 2] &% 1100ColA 20-30%-7F o x=a]gic),

2}. Cooling Conveyor

drhpales Al 9FEe Eashs Sbel o%e] WSS Fei
WAelvh whebd, AAld QEADL Ea) o] $HE ko) 1000 ¥
WapEe] AlMAtel S gla) Sulolel & Fal A2 o fEl),

wl. Vibraling Screen

Wksl ash balle HEFH ~zmeloR oldy el ash balle] =717k 3.5, 7.

o

9 mmel AR Bpslua] moEa alel: BlaE ol4£®cl.  ash balld)

717} KA @7 R}l F A9 Azl 3z oldue] Hr|xe o}

v}l. Silo Tank

WAE ash balle- Zzbzhe] =z A= o]ldxo] B0 *AF )

A}, Auto Packer

A A g el Apgaew AR
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2. FArst A A

7k AAEA

Table 4.3. A &ts] -8 3} oFAbst AL 7%

A A} I
LL_O,] G 070
qQuksl | A B | & |3 Q|| D (&R AR
=
] () (&)
1| 85wt.% | 15wt.% 8 Ton 1579w | 1.100%= 15
21 85wt.% | lowt.% |bwt.% | 1 Ton: E | 5.79m | 1.100%= 154
3| 85wt.% | 15wt.% {10wt.%| 1 Ton: & | 57.9m | 1.100%= 15
Table 433 2+& g FAWE 10 tone] AJAEFS AArslslond, ¥ Q-

ol 2 Mg pan¥ A ¥ & o]-83te] FAlsl skslvl. Fig 48.(a)= pan¥

AE71elA 12 33t 3 ash balle] AFxlelwd, Fig. 48.(b)w= 13733 &

AE-E 22 783 A2g ash balle] ARAlelel. A F, R AlR9] wlaA]
12 A & Aol d27) dojuA] WEd o 5 dsdeh AL
S5A1717] $iste] 14 FEE Agela] AR 2 H(seed) & o) F-3}od
AEstd AyAzte]l dsE e, 24 F Fig 48.(0)

)
o
0%
r'>~
)
N
-
N
-

A Z23ZF ash ball®] ¥-I¥]Fe FAA7 2 F58S 7T 938k (a)
A8 £ 10 wt% 2 20 wt% & E3sle] Falst st o) green bodydd

=7} wllg-

2

3 el FAQe] $4E MR EE pand AH71o) Bl

xg 3EstAch. 24 A T X Fig. 4.8.(d), (e)2} 7re] A=kl A

_80_



_81..



(d)

(e)

Fig. 48. &3 73 25 Aat Ay A
(a) 85 wt% AJ&k3] + 15 wt% HE ash ball(1x} A3¥)
(b) 85 wt% A &3] + 15 wt% A% ash ball(2x} A3¥)
(c) seed$& o]&3le] (a)o} o] Ay X F 44
(d) (a)ell £(10 wt%)& H7psle] A F,

PEUolER Zl =

Sl

(e) (D)ol (10 wt%)& A7kslol A8 g &,
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A4 HAAR 4

1. AAr A7} 1A
Table 4.4l AJ&t3]-E o]-88}o] ash ball®] <F4l

Rleh(1d 122417 7FEA] 12ton  AJAF 7]15).

Table 4.4. AJ%kE] & o] 4%} ash ball WA A7} 24
&) U 1 ton AAkA] w7} u] 32
fly ash 0 Fu] A
A v 4
2 % 2,000%)
O L] 1t
efA - lton | 401% 5504 /1 = 22,000
AAFAL 701 2] | 38,5009 /1ton A ARA] L
A (G EEFYA]D
REALEE X 550<1/1
=)
1.000% /1ton A AEA]
20kwh/t X 5091 /kwh

AN At 29 X

e 150721 /2 8.300<1 /ton 3009 7FEE

ﬂjj:;;o y 8,30041 /ton 3009 7hE/d

s 7t 58,1001 /ton (oéggigim
Aeld | AT 10% 5.810%1/ton 41609
ik 63,9109 /ton 45,760
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7b. Al 8 w4

Table 4.5, 4.6¢l 1995 %

3-& ¥.9lch(Oh, 1998).

haw
]

W ek A ebs) Al El s

LEA

Table 4.5. 4 %k3] WAy Zo)
(gl 0 AHE)
bl 2 A 1994 1995 1996 2000 2006 W
A A 402 368 404 413 430
- |9 F 1 226 239 4 6
L;; 9 4 192 204 229 - -
S & 73 60 - -
g7 A 44 38 39 - -
3 s 3 - - 609 589
a0 A | 847 909 971 1,026 | 1,026
R 813 829 874 748 803
AHA E 602 659 699 641 628
AR 123 185 141 129
g | O sk - 165 385 529 800
= - - 13 784 827
g g - - - 493 550
E
4 F % - - - - 880
Al 73 - - - - 70
A A | 1623 | 1775 | 2156 | 3390 | 4.687
2475 | 2684 | 3127 | 4419 | 5713
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Table 4.6. WHalad Axbs] Q3§ 3419956 %)

g TSRS ees Aesy | Avew |
" (A=) (%) (HE) (%)
] am 368 36.6 10 2.8
KT 31.4 4 1.6
S e | o0 49.8 225 100

g e

g | A 73 43.7 23 31.6
B 29.9 - -
A | o 37.4 262 28.8
T wa | s 10.6 228 27.5
R PR 11.2 0.1 00.2
A 1 123 9.8 - -
Flge | e 13.4 1 0.4
e | 1 11.0 229 12.9
a1 | s 14.4 491 18.3

A dFaEbd A 49 19999 el 2264 L Aatslol o), Adg-e

Al 1L6% ek 200151 el A AloFE]|o] A gkE] Aelw)E x| F-3)

-
R
Ht

ARrE & ARG Sl Holeh(Oh, 1998), k3| S o] 43}e] o] A
g AR QR T4 AENE AF 9n A48T ¢ e e

ORI AR eNuZhA FAA tont 10,0088 A4baech,
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Rotary kiln®] w2

e

A 717t AEe] 2}

o] 40 liter7}x] Aok <=

3

T

T

70 liter7}
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2) ZF7FA2)

Pand AJ8l7])3s b Abg-sbr] wlfol Ak 3o whEs) s, B
°) 17}7h AEsto] ZprlAbAn] = vil$- H e rotray kiln®l - W3HE2]
WAlkA, iLe] % AolE AA A FAsA] Felsle o 2o £Ao]

Az} Azl 1.200Ce) ol el w2 10 o] Atelet

2t A4k 7k

g Al A& AbollAli= Table 4.3 %] ash ball lton AJAF3h=dl 64,000¢ ]
¥ Ao BA¥c) Ash balls ek AL A9 24 FAFEA
A4 f5ake] A AanE 4 9lomR lton AAMIE 46.00047FA] U7HE

Ao AR E U

QupAert dAsta AEeds sl AT dA LA

wAs ekerd 4 AT FAL AL T S U Ao AR
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A5 Z=zheof

H71% ol gatel AREE o] gt PAR T Gl AU EE UYL

24 S} @ 4 sl sl AAgh

L= I B o - -6 - T = RS T
3) Pand A¥718) ZtmE ol&sle] ¥ AV|E 2" & 4 Qdrhkb -
10mm)

4) A8 Aelsk Pan® A ¥ 718 zZrjel of&x] 24 & 4 gl

5) A¥rlge] MuE R AFE & & gl Zlwe] MEEA.

6) 2582 <lstel PAn] 23 sict.

7) Rotary kiln®] sld-& x&-&3te] fHue& A3 5 s A7t 2

REEREES
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M 5 & T HHX[Z2A ash ballel §4

Ad A A

Azy, A szhs Gl 23heo] A7 ofs) 9 1~-150mA =2 5
A wisle] sIAAAE watel Aghsle] A RS we AsteE £
szl AlOs Si027F FAG-eR FA¥e] li, viske] dEz] 45 4
Hspae] abeh Gl el slew, ZAALE mullite(3A1:0s - 2810) 9}
quartz(Si0») it “FA = el vk (Lee % 1995 Lee 5,1996).

Ash ball> spubziie] albEcl AxAlE &&3te] vbE §iAo]
5-15mme| ZAE WA 2] B A" os) sl AE oF g 3|
x|z ZiubE 9del. Ash ball B4 vha o By ) At ol
sojibed, wjogele] ofd Aoz} el wiAe vl HYste] FAE FLAIS
1= AR Al A gt AR g b (Kojima &, 1995 Kuriyama
&, 1995: Yoo %, 2000) o] wizle] EAF o] gl g A= obH wIFF
A A o]},

) A WA 928 17ha $ElA] ‘98T 540haZ HleFH Z7}
& stglov, 200417k 2F1,000ha W2 WA o] &djd HAow AT
olth(Seo, 1999). <kNAule] Bgo] =iy FA s wyuiA]o] gt
A3 AP} F7bEel vhekdk wix Q] spwa o]ge] woluba Uth(Lee
%, 1993: Bohme, 1994). )23} #AlL hwle] Abgo wE AREF 57l

g A A=A A-B9o] ARl A A &ksl . %8 sh, A}-g-o] L0)3l 3 AMS-
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F o717 folstAY gl shedt mEulAe] el AHEEa v
(Lee %, 1999). il alatgo) A7)xwlo] Ab4-E S o2} (Jeongdt
Lee, 1987: Jeong %, 1988), 7}A o] ulsi od#tos Q& $wfast FAA
st7F Alste] AAbg-Al o] gt Ao] e m R ofelAu) Frirt AALE-E AR
Lol AAelrh Al ol kiAol AMEE ok LB Aol

sho] whulw A ghol w3 AlW]SAl Fuiel wpAEe] BAAE L gl

P

17
olTH(Kim 5. 2000). webx eFeialul g WA o] SArsie} AI|AE shEd
A8 Aol A gatel.

AR A oA HAE FAse] AT Aol AP wHv)
A7 A AL FHERES THS R, FR0R Adsha BN sl

ghed A Ql ek o] A& Apbste el 2 He] gl

A24 As 2 By
2 AP A g0 AN T Frpatel Soiq myulAe) /)
Mg BAow AA ZAT ash balle] olSUA T D A GF A

a3 Qe 2 Aol es) umste] FRsAT

FA R 2= agh ball, perlite W rockwoold AFE3}el 2™, ash ballfA] &=

A=z o Wl ¥ (Tmm °14h), £ (5~7mm), 2% (3.5~5mm)&2 43}



solvl, g A S halEte] EA 300mE SAZ F owey
o Frdshelvl, vl wldel] el Hdl 500mle] $-71el zFebAEg A&
GopAste] 200 - FE80%2) Al A el 2% R4 AAWES
0, 163 304 1AIZE 2A17F, 12A4) 2, 24A17F, 48417 w2 zabsbgic), w) ]

o] it Ayl glste] 3¢ AT wiAARE H30emx Aol

aeskedvl crogek el 20em ZFA o2 23-7kel] 1.000mle] wioFH S b

Alitas o] -f-aLgkil A A1sle] 80T el Al 72412 ZAFA ZHel, v A o] 3}stA
A2 Brown 2rolifr ARg-ate] Alme] X34 okol o] &A st

mxj ey ofeo] X gH-EF(CEC) 2] HA-2 AOACH & ARgshsich & 80T
%A L Gg2F 100ml 0.5N HCI-E 300ml AbdbEels=e) Yo Zepaze] 5
78 ol oF 2A17kell ) RelazE Akl AlAl Aol Fgdnh 2417 F
Rapid filter paperi: o]-§-8fe] oAz 51, 44 S0ml¥ o]-&-s] Holisde
oo a0 gl (el Eell 1% AgNOsxE A7 725 33 e] oo
LA oS w]7hA]). o] - Filter paper®] obslH-& & H F oF 100ml
of WHlon, Eet

2ze) 0 ban shakerir o8-8 15W-7F AlAl EEC] Folvh HAAAE

X,

0.5N Ba(CHsCOO)pir o]-&3sle] Alig Abzliielrzs

A35 4 100mlel R 33 Aol uiglern EAw g 5ugo

phenol- phthalein -$-9-8% ®eojegl % (0IN NaOH ZFdE o]fs] A=y
o] 1v}& ul7hr] H A sle] oFol-x| g AAkskadTt
Ash ballZ]l#] mlekele] pH. EC 2 o] 2w 3E &43)s] $iste] &3

Bglol 400g2] Al Yol A A e s e 25 9E 2.000mlE ¥
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slof 2 4SOl 20ml Asto] wAlel ALAHl e,
pHE #2434, ECE A on Z4stsrh Nt A95FHo2 54

star, K, Ca, Mge UAMEHE-33EAR, Pe 5012 254715 o] &3

2. AHgelA 9 AFAH 2 A aT
7}, Ao 93 AF-A A &

oA A 120 BE hE 158 AE FAR T olFehs g
AA 108 DY) A DA 2] BOES) o] £ wAEE 243
it ol AFAAALYY A5FFel A @ FA AL

S5 AR F ABANE AASA he ddlel FAFFAaAE S1Ee
of opa] ti4l A5F TR o A A5AA KIS AL
% FATFALYOR 1YL A5 F Fsha ve] ECE A F4s

it

3. AMY F AN MAARAN PFIAED AL AT Evhre
ERERRRL

A

R

F 35 el 6bd Aol Auful =R RE w5 A FH3] AFAAEA
ARE A% A5z FAsK siAe FR5E vE 21w/ R AE

A G UAZL A F Qe AANL Lolsh BrhES] Welg o Abg
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sheleh. 2o] Aeluukee] (§

okr
ofN
kg
P
*‘3
f
}L
Ho
fm
S
.
o‘lo
o
{:n
i
é

sael4o] 50314 Ee R Agstadn, A4 T 4dAZA o Bels g

A3E Az ¢ »@

1. WA 2] o] 5slAd =4
7} EelA BA
Ash balle] 71wl 342 22k 0.9g/em’e}t 40% % perlitert rockwoolel

wel W8 wghort P X

o

482 ash ballel 27 60%<} 55% 2
e} w)x]el] vl WA vhelbdol Ash balle] A8]ES 2.3g/em 2 F perliteX. o}
32} rockwool uli= ekt (Table. 5.1).

Table. 5.1. Physical characteristics of ash ball for application in

hydroponics.
. Saturation

. BUI.k_ Patl?le Solid phase Porosity moisture
Media density density o N .

(g/cm’) (g/cm’) (%) (%) capacity
(%)
AB(L) 0.92 2.29 40.2 59.8 52.9
AB(M) 0.94 /7 41.0 59.0 55.3
AB(S) 0.96 /7 41.9 58.1 57.6
PL 0.19 1.54 12.3 87.7 71.5
RW 0.20 2.73 7.3 92.7 90.3

AB: Ash ball, PL: Perlite. RW: granule Rockwool, L: Large, M: Middle, S: Small
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Fig. 5.1. Classification by ash ball size.

Fig. 5.2. Ash ball and perlite shape
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A 39 F wA e =882 ash balle] 55%= perlite®] 71%t rockwool
o] 90%el wlsl Wx|s] o} AR wr] olHE wiA YL AAbstsdh
1552 FHoll 2)gk wioll 98l ash ball, perlite & rockwool®] F#&-& 7}

b 20.3 29.8, 81.4%E ol o], 1 o] Feollw XE wiA oA FEEo] 7
pashis AgE o Z owshss vhehubAl @bt (Fig. 53). ole
rockwool& Wo] 3] w-2d nl&l], ash ball?} perlitew F54d0] FHolu

segp o T ele] W egh WS sl

91¢) A#iy-e], ash ball ¥ perlitel= B4 ik SAw o149 &

WgtakAl o] §-grsle] oF Ao}zl goldh wiA g HAY 5 sk
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Moisture content (%)

0 174 1/2 1 2 12 24 48

Times after treatment(hr)
Fig. 5.3. Changes of moisture content after draining.

AB: Ash ball{L: Large, M: Middle, S: Small), PL
Perlite, RW1: granule Rockwool, RW2: rockwool.
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0
T
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PL

.
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Fig. 5.4. Moisture distribution chart of cross section after irrigation
AB:Ash ball, PL:Perlite, RW:granule Rockwool.
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||< 30cm
2.45*?11
2.5¢cm
2.5¢cm

A

AB(L)
l[< [ 30cm
—3

T
Zf*im
Z;S*in
2.5¢cm

4

AB(M)
}\ Q 30cm
(]

T
2.‘5*in
2.5¢m
2.5¢cm

g4

AB(S)

Fig. 5.5. Moisture distribution chart of cross section after irrigation in fine

and coarse ash ball. L:large. M:middle, S:small
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Ash ball f&e] TAFELE Si0:9 ALOsZE 70%°) A8 A=A shn], Ao <l
Asta 27} Fele) Usle]l HMe faAQ e £FE Pk AR el

(Table 5.2).

Table 5.2. The chemical composition of clay and fly ash ball. (Unit:wt%)

Comp. g,
I 610, | ALO3 | Fex0s] Ca0 | MgO | Ti0s | MnO| K20 |NasO[Po0s| &
Sample loss
Jungs
“gisy‘m 57921 16.00| 8.25 | 2.02 | 252 | 0.86 | 0.40 | 2.95 | 0.51 | 0.19| 8.84
Youngdong .y . " e , .
Fly aoh | 4706|3095 | 389 | 058 | 0.60 | 172 | 0.04 | 363 |0.03]023|11.17

siarel 10zE HAg miA}RAela] ash balld] pHYe 772 perlited}

|
oiN

rockwoolell ¥ &l )4 A vhebud oF 4714 wix]d & & 5 i) vz 9
oFo]-&x) 3+-8-3F (CEC) < ash balle] 9.24mg/100g2. perlitet} rockwoolel] 1] 3)
20 oAk A vhebytew], FFHAAHP0;) 3 K, Ca, Mg Fridadss

el wlAlell wlE] oA Al vebgtk(Table 5.3).

Table 5.3. Chemical characteristics of ash ball for application in

hydroponics.
. CEC P20s me/100g
Medja pH (mg/100g)  (ppm) K Ca Mg
AB 7.7 9.24 12.04 0.26 1.71 0.43
PL 6.5 2.65 10.51 0.15 0.73 0.12
RW 7.4 4.41 3.36 0.17 1.44 0.18

AB: Ash ball, PL: Perlite, RW: granule Rockwool
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Wz AR wjeee] EC, pH: 944 a EEA(pH 5.4, EC 2.3mS/cm) ¢l
A w2 AAF 55 F9 pHi= ash balle]l 7.5, perlite’} 6.3, rockwoolo] 7.33
vebyel, ECE B8 wiAlolA] 2.3 Wie] & wiA| kel F81gE Aol & vhEtA]
9katr}(Fig. 5.6~5.8).

9

Days after treatment

Fig. 5.6. Changes of pH on the nutrient solution in the precipitated

media.

25

24 |

EC(mS/cm)

23

0 1 7 14 21 28
Days after treatment

Fig. 5.7. Changes of EC on the nutrient solution in the precipitated

media.
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Fig. 5.8. KC and pH of root zone in ash ball and perlite culture.

Ash ball H A meFRe] o] A% Wist: wiA A A vickHeA perliter
Ze]e] Fzbo] Wk, ash balld) rockwools glAke] FAbo] wol 5 Fejli
1.5me/1 A% Fotalcl v} 4o wigh= x| Zkel]l Aol7} wlvlslgich. A A
Ao o]l rx o] Wile perlitert rockwoolell ®lsl ash balle] ti& &2
Holgl ot Aol mfAzg e A & Axe obd Aor fuFH

th(Fig. 59~5.11).
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—&A—AB —-% -~PL ---@- - -RW

PO 4 (me/l)

K (me/l)

0.6

04 | ——AB —-X%--PL---O---RW

oy @"‘"'G ----- G
- * .
3 02 v .. 0.11
E ~'/~ \~% "'G,-o"'()
= o -3¢
®
O
-0.2 . -0.07
1
_04 1. | i 1
0 1 7 14 21 28

Days after treatment
Fig. 5.9. Changes of ion concentration on the nutrient solution in the
precipitated media.
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0.6

—&—AB — - --PL ---0O---RW

Mg (me/l)

0 1 7 14 21 28

Days after treatment

Fig. 5.10. Changes of lon concentration on the nutrient solution in the

precipitated media.

——— NO3 —— PO4 ——K
i —A—Ca ---@- --Mg

0 1 7 14 21 28

Days after treatment

Fig. 5.11. Changes of lon concentration on the nutrient solution in the

precipitated ash ball.
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2. AbgmMA el RFRA D AR EH

A GAlol el ® 7 A 5
Galol whE A ET] FRAA RS oTelur] slshel MAZ 15%7F

5ol AR FoulSehs we 108 AAskel ol Alge] BC

ANl ECHIE: wiA| ol dbAIlo] oFollyeko] A gdwl Al vl
A Al Al Felel BC7F A vieht slFAH o] W e haEgl o)
ash balls} perlite WA A}o]oll3= 2po]7} =] ¢F-& Zl ot vhelyfr), Aol 2]
Bz F-el, Aol 218t perlite®] §1§A17 L7 ash ballel] nls] 7]
o 3= vhAr 3Eghont 83] o]k gAlAlelli= - niA] el 4] 8] EC7F 0.2mS/cm
Ul o1& ol Al B 7)o agh A oem vhepylvl(Fig. 51291 5.13).

oFl gk ksl Al WA d e F Al ele] BECoF #Al vt 4
FAA el W Aoz viepgrl FAlel 2g I FAA RN T FHrn 2
AxFAA A wel AAGe] 108 A=) FAlE Fs] iAEHE RS R

Ao AR 5 sl eh(Fig. 5.14).
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Fig. 5.12. The salt accumulation shape in cropping type of open-surface
beds. A: used ash ball in culture, B: non sued ash ball
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1 2 3 4 5 6 7 8 9 10
Washing times

Fig. 5.13. The salt accumulation and effects of washing out salts with
water in ash ball and perlite. I and S indicate large and small

amount of nutrient solution supply, respectively.

25
5 | —e—1/25 —M— 15 —&—3/2S
§ 15|
a3
£ 1y
Q
L
05 | ’/‘\./‘\‘\.__‘\‘
O i1 k1 1 1 1 - i 1 It

1 2 3 4 5 6 7 8 9 10
Washing times

Fig. 5.14. The salt accumulation and effects of washing out salts with

water as effected by different strength of nutrient solution(S) in

ash ball culture.
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A e o] AN} iR A A gMe] o] 2 HZE N, P, K 9 Mge
perlitee] A wWakil Cae ash ballelA] wakel o] = A 21gk €} o] 2

ash ballell W3} perlitec] 4] ¥l A4g& AlAbstgdel. zelvh x| A 4o o
4 o]-0] A7 mIi= perliter} 9sh ballel w]8] vhi FkZ g en] 103 A

%A e AR AR A ol L4 Be R AAH Ak Fig

200
— ‘L\
é 120 | "S-
2
™
O
=
20
16 & —&—AB —-A—-PL
T
Q 12 '~
8 N
< N
8 08 N
04 .\\:~
00 S}
1 5 10

Washing times

Fig. 5.15. Changes of ion concentration of salt accumulated ash ball

and perlite extract as effected by washing out salts with water.
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Washing times

Fig. 5.16. Changes of ion concentration of salt accumulated ash ball

and perlite extract as effected by washing out salts with water.
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v, oFd Apg Aol Al 2wl AFgFol o AFAARY

-5 2ty F A AE AANA @ A AFTFAsdE e
o] oFdl vjAl 14% Fgshis wpew QHAA wAe AHEHE R}
gk wilx) o] A2 &g dotwr] gsle] wlde] ECE wd =3 Az

A 5

e

e Wl # R0 wWolg o} me] FyEl: 9wt WHE n
gl.om] 109 Folliz BEC7} 05 mS/em olshz Wol g eh(Fig. 517). weba] &

g shw 7 o AE ) A Q5E TFEE A B A Sl

AAAAR Qs Doz AAT S e Ao Ard

20

16 ---0---Supplied solution
—_ —®— Drained solution
£
o 12
~
wn
E o8
O
Wooa §-
00

12 3 4 5 6 7 8 9 10 11 12 13

Days after treatment

Fig. 5.17. Effects of salt washing by water supply using automated

supply system in ash ball culture.
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3. MY F AAR WA ARAANED AA e AP mrhes)
20]¢] Mol

olzlel wAE AT S glodvh. ot A Fe] A4 ol iy nER
N ET(SF) 7k ash ball ¥ perlites] =] FFHol A o] AAZ wjg vha
e AgkS welvl(Table 5.49F Fig. 5.18). ©]i= ash ball ¥ perlite vl 2%

Bl §-3% r|ekibo] wholEatel A&E FAlsly] Wirow Abach

Table 5.4. Germination rate comparison of cucumber and tomato seeds

in the ash ball and perlite extract during culture.

Water Ash ball Perlite Fresh weight
Days (g)

after Germi Germi Germi
planting Tso  p-atio 190 p-atio TO0 p-atic Wate Ash Per-

n rate n rate n rate ;
(day) (%) (day) (%) (day) (%) r ball lite

oo

35 2 90 2 90 92 053 0.66 0.55
92 2 94 2 94  0.62 0.68 0.67

Tomato

Cucum- 35 1 98 1 100 1 98 397 410 3.56
ber 65 1 100 1 98 1 98 3.95 4.85 4.56

* Fresh weight was estimated 50 of secds on the petridish 4days after observation of

germination response
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Wzli,cr Sh hai ‘

Tomalo

Fig. 5.18. Germination shape of cucumber and tomato seeds in the

ash ball and perlite extract.
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=
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h
-l,m
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Aol Boluh 4% - chilm Falo] Bag wAdS stk vAe] =)

2! 12171 2h& % abgo] vha bk A B ABe =
L] '/T\“-} ql Zl\‘jguol'bj"g] FRB¥ = H}J‘?—Zl T '}'04 L}HOO]:QE'\% ‘/1‘\““3”0]'%]:—9—33_

YA LA (pH 5.4, EC 2.3mS/cm) el wixlE A& A5, 55 F ok
4o} pHE AB7F 75 PLel 63, RWr} 7.380 RAem vehygdm, BCE o
M 23 W2 WEbyl Al o] &5 R wislolM PLE #Hu|o F

Zo], ABE <lAke] Fato] wlel.
AelA F ash ball perlite WiA| A E o] ol glolla] W)z e )

TH iAol dedllEe] iAol gk AgeA] Lo} Lol &

Avlel AR WA R FEi Befol =) wlamA 2 Helsl g9
o, 108 A= A= A EH Fa5 AR 80%el4de] AA= )
f19] Ashzel, AB 9 PLE B4HL thi AR Fo14% 8844

o] $5ste] iAol Folq MA L AT 4 AT
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M6Z Ash ball HIX|ZO[AM EDIES| HFHIS

A1 A A

Ash balls- sps bl o] RAMEQl ARl & FUER st 27 5~15mm
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IFig. 6.1. System diagram of this experiment.
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Fig. 6.2. Automated control system {or nutrient solution supply.
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Fig. 6.4. Cropping type on closed-surface beds.
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Fig. 6.6. Shape of root grubbing after final harvest in ash ball

culture of tomato.
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Table 6.1. The effect of two different nutrient feeding methods and
medium on tomato yield and quality.

Amount ~ Soluble Fruit wt. of Total yield Marketable Blossom-
of Medium? solids marketable rate eod rot.
Nutrient (°Brix) (g) (Kg/30pL) (%) n
F80H15C5  5.6a 2021" 96.7 87 5
F8OHI0CI0  5.8a 199b 94.1 86 5
1.4L/plant F80H5HCI5 5.7a 198b 92.5 84 6
Perlite 5.1b 218a 99.0 38 6
FBOH15CS  7.8a 151b 76.5 76 13
F8OHI0C10  8.0a 149b 77.2 77 11
0.7L/plant
F80H5C15  8.2a 143b 70.0 76 12
Perlite 6.8b 173a 81.3 84 3

“F: fly ash, H: hard coal, C: clay
YMean separation within column by DMRT at 5% levels

F8OH10KC10f  pgoHskCis)  F80IC20

Fig. 6.7. Classification by compositions of ash ball.
F:fly ash. H:hard coal, C:clay
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Fig. 6.8. Changes of pH in root zone as affected by suppling of nutrient

solution in different ash ball medium.(F:fly ash. H:hard coal. C:clay)
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Fig. 6.9. Changes of EC in root zone as affected by suppling of nutrient

solution in different ash ball medium.(F:fly ash, H:hard coal, C:clay)
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2 3 o A Ao AR FATIUN D FAAel H AF A

e

Zrbstal om, AAA Sl Afo] WA A e AL

& e oA AE T e £ WA HAT S alE A

& wel Falvh.
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Table 6.2. The effect of two different nutrient feeding methods on

macronutrient content plant organs and medium.

Amount of Nutrient content(%, DW)
nutrients Organs Media®
N P K Ca Mg
FOH15C5 36 043 40 27 0.4
F8OH10C10 4.1 042 47 30 04
Leaf
F8OH5C15 32 042 60 27 04
Perlite 35 040 40 21 0.4
1.4L/plant
F8OH15C5 02 023 13 02 01
F8OH10C10 03 025 14 04 01
Media
FOH5C15 04 021 14 05 02
Perlite 04 020 20 11 0.1
F8OH15C5 35 045 40 18 04
F8OH10C10 35 052 45 17 04
Leaf
FOH5C15 34 046 42 21 0.4
Perlite 35 057 42 20 04
0.7L/plant
plan FROH15C5 03 015 27 08 02
FOH10C10 03 010 27 08 02
Media pgopscis 03 013 24 07 02
Perlite 04 010 24 09 03

*F: fly ash, H: hard coal, C: clay
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AFellA] greFe] Frieta WErl dobA]s= A2 ash ball?] el wpE
Rk Aol wlite s AztEY, dwbdoer qlxrl AefE ] B4
& Frbeks Ao oA glrh

Zb 3y watel A sle] |54 Rk shbel FAlgle]l HHT E FH
b gl vle A, AEAS dAEFS 28T TR AE A
wls) A vlelgek(Fig. 6.11).

AAA 2R wpale] e §fkol whel Aol & meol gl b w4t
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Table 6.3. Effect of fine and coarse ash ball on growth of plants in

substrate culture of tomato at 35days after transplanting.

Plant
hight
(em)

Particle
size®

Leaf  Leaf Stem Dry weight (g/plant)

length width diameter

(em) (cm) (mm) Leaf Stem Root Total

Small 92.5a"

Middle  90.0b

Large 91.3ab

37.0a 43.3a 11.7a  20.2a 8.0a

36.2a 43.0a 11.3ab 17.2b  6.5Db

37.7a 39.3b  11.0b  152¢ 6.2b

3la  3l.3a
2.8b  26.5b
2.1c 23.5¢

*Mean separation within column by DMRT at 5% levels
YSmall: 3~5mm, Middle: 5~7mm, Large: 7~15mm

Table 6.4. Effect of fine and coarse ash ball on yield and quality of

fruits in substrate culture of tomato.

Particle Soluble solid Fruit Fruit weight  Fruit weight
size’ (°Brix) number (g/fruit) (g/plant)
Small 5.5b 15.8a 246a 3886.8a
Middle 5.9a 16.1a 224b 3606.4b
Large 6.1a" 15.7a 208c 3265.6¢

*Mean separation within column by DMRT at 5% levels
YSmall: 3~5mm, Middle: 5~7mm, Large: 7~15mm
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Fig. 6.10. Growth state of roots in fine and coarse ash ball culture of
tomato at 3bdays after transplanting.(Small: 3~5mm, Middle: 5~7mm.

Large: 7~ 15mm)
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Fig. 6.11. Changes of chlorophyll content, area, and dry weight of leaves in

fine and coarse ash ball culture of tomato. (Small: 3~b5mm, Middle: 5~
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EE shel A AB wiAF7F 1A Esheh 2%
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and

Table 6.5. Growth of plants in ash ball mixed with rockwool
capillary mat culture of tomato at 35 days after transplanting.
Plant  Leaf Leaf Stem Dry weight (g/plant)
Media® hight length width diameter T
(em) (cm) (em) (mm) Leaf Stem Root Total
AR 86.3 39.3 33.8 10.70 15.7 6.9 1.9 24.5
*0.6 2.0 +42 X060 X116 x04 =01 =05
P, 93.7 44.8 417 14.56 19.4 8.2 2.6 30.
35 0.8 +25 X200 X055 £03 03 2%£03
AC 93.3 41.7 43.5 12.67 16.7 6.7 1.7 25.1
0.6 *+19 +09 080 £05 £04 =02 =£0.3
AR 91.7 44,3 45.0 14.47 20.8 8.5 1.8 311
*1.1 +0.9 +3.0 *£093 *£31 £06 *03 =X07
“AB:ash ball. PL:perlite. AC:ash ball+capillary mat. AR:ash ball+20%
rockwool.

Table 6.6. Yield and quality of fruits in ash ball mixed with rockwool

and capillary mat culture of tomato.
Blossom-end-rot

Media’ No. .of Fruit weight' Yield
fruit u()gv{fruit) (g/plant) i i%)
AB 21.0a 105.0cd 2205¢ 8.7a
PL 18.8a 129.9b 2443b 9.1a
AC 20.0a 139.6ab 2792a 4.4b
AR 19.0a 144.6a 2748a 3.7b
‘AB: ash ball, PL: perlite, AC: ash ball + capillary ﬁmat, AR: arsh baﬁlii

+ 20% rockwool.
"Fruit weight are means of »50g fruit.
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Fig. 6.12. Changes of soluble solid and titratable acid of fruits in ash ball
mixed with rockwool and capillary mat culture of tomato. AB:ash ball

Pl.:perlite. AC:ash ball+capillary mat. AR:ash ball+20% rockwool
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Fig. 6.13. Changes of soluble solid and acid ratio of fruits in ash ball mixed

with rockwool and capillary mat culture of tomato.

Iig. 6.14. Rooting shape in ash ball and perlite culture of tomato
at 7 days after transplanting.
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Fig. 6.15. Growth state of roots in ash ball(A) and perlite(B)

culture of tomato at 35 days after transplanting.
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AC, AB

Fig. 6.16. Growth state of roots in ash balllAB) and ash ball mixed with

capillary mat(AC) substrate culture of tomato at 35 days after transplanting.
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Fig. 6.17. Root Shape in ash ball culture of tomato at 35 days after
transplanting.

Fig. 6.18. Root Shape in ash ball mixed with rockwool culture of tomato
at 35 days after transplanting.

- 141 -



5. W3t A} "Helo]Eo] ash balle HAslg EFMA A2 ¥wlz
A

o
Wk

Ho

Ash ball(AB), perlite(PL), sz}l A (BERH), sdst4l Aol 30% ash ball
4 7t ZAAHERH+30%AB)® 50% ash ball® %+ Z(ERH+50%AB), v
perliteel 30% ash ball® 7+ ZA(PL+30%AB)¥ 50% ash ballg %t

=

(PL+50%AB) A A 770 Aela-8 AAste] Fqzs 59 1.6LE 3 =4

2,

!

=

&
2

A A ke AAgulga Fal ey 9 EAS A A

24> AB7¢t ERH+50%ABllAl 714 13 ERHe} PL+-, ERH+30%AB
FollAl Apgpeh @4, 9%, A4 aelm 9 7], ¥ejel AE%> PL, ERH,
ERH+30%AB wl#]Folla] 7} %13 AB, ERH+50%AB, PL+50%AB W) =] -l
A 7} A vhebwte)(Table 6751 Fig. 6.19). AulAl A-§27]e] ERH2 PL
R el A gle) U FAslan o] AEr] &Aabe] vieht R Azl el
b A BERHSF PL ml A Foll4] 74a 231 ABTE: e} &zbu)zjel 4] 9}
Al Szsvh v e A S vhebiglew, shbi R Ao 43y g
& Alolstae A9 o R g Frhske A ee vehl sl (Fig. 6.20).

e sz el A Ageke] 1A wokdl ERHT9F PL+
ol 71 A vhehyg o ake ABFE PLTlA s whoke). el sl
7 Al A ABS] HrbawE B ArpA oA gk 3o wodshe)
A Aol mls) dha I Aes meglon) sl Rk 23
7batod ek (Table 6.8). zelvh Hepel B wiAlo A& HrplA7E 35, A5
4 peFdela 2% PLyb-ulz el wla) ghastgleh Aol FAE "elele

rr

A iR B ALRE Ao g A =& B3 AL ash ball# v
23 BAL Zaglel Mrlads) vehla] ke Aoew 2%} 2y gt

HEE A7ARAl §iake] szt Sohste] §r1Adat wigAfo] o3t a A

e

fd

o] A5 Aatgel welAA . weha Heje]Ee] A7|ANEAl ash

- 142 -



ball Mo M avli= Ax A ZAos Algdo)

slAle] wrrzl= AB, ERH+50%AB, PL+50%AB wlx] 7} e} wiz]fo) B
3 Al ei A vhepytbel

AAA oz vhel FazzdoA ash ball wlx] ] A4 FA-L perlite?}
gedstel Aol wal ¥ A2Z el @Atk wiA]el] ash ball A7}
Al eEAdat spale] FA SabElE Zlo® dpebgen, perlite WA oA =

ash ball #7}el ojgh AALA A E7E vheprbx] odgkont ghom Ar] A

S A S A R R A=

Table 6.7. Growth of plants in expanded rice hull and perlite mixed

with ash ball culture of tomato at 35 days after transplanting.

Plant  Leaf Leaf Stem Dry weight (g/plant)
hight length width diameter
(em) (em)  (cm) (mm) Leaf Stem Root Total

Hydropoic
media

ERH+50%AB 109.0  43.0 50.3 13.2 232 93 27 342

ERH+30%AB 103.0 458 92.8 13.8 259 97 28 374

ERH 100.0 443 53.0 14.4 271 102 3.0 403

AB 106.3  43.0 48.0 14.0 254 95 24 373
PL 93.7 43.8 53.3 14.3 269 101 29 399

PL+30%AB  95.0 44.5 52.2 14.2 263 100 27 390

PL+50%AB 1020 427 45.3 13.9 243 94 25 362

PL: perlite, AB: ash ball, ERH: expanded rice hull
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AB, PL+50%AB, PL+30%AB, PL

PL, AB, ERH

Fig. 6.19. Growth state of roots in expanded rice hull(ERH) and perlite
(PL) mixed with ash ball(AB) culture of tomato at 35 days after trans-
planting.
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Table 6.8. Yield and quality of fruits in expanded rice hull (ERH) and
perlite(PL) mixed with ash ball(AB) substrate culture of tomato at 35

days after transplanting.

Hydropoic Soluble solid No. of Fruit weight  Fruit weight
media (°Brix) fruit (g/fruit) (g/plant)
ERH+50%AB 6.4 15.2 | 242.0 3678.4
ERH+30%AB 5.9 15.6 248.6 3878.2
ERH 6.1 14.4 251.2 3617.3
AB 6.4 18.4 235.7 4336.9
PL 6.1 16.4 255.9 4196.8
PL+30%AB 5.9 15.6 238.2 3715.9
PL+50%AB 6.2 15.2 233.9 3555.3
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Fig. 6.20. Changes of leaf area in expanded rice hull(ERH) and perlite
(PL) mixed with ash ball(AB) substrate culture of tomato at 35 days after

transplanting.
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Ash ball> ¥7143 3 wigAe] Hojuta FRAI7 Foldle] A H2

FA A ALl At AR AR 2L Aol Fork(Kojima

i

1995: Kuriyama 5, 1995 Yoo &. 2000)i21}, o] wlz]of] = 3hgh wjofald =
Aol ofehel st lelel gk s A A obA FlEo] glA 9 A
ol

A7 wiA ] E gk ekl systemH 2 olel] A et vhokgh wjoky
ol /kxe] Qlvk. 1E % Hori(1963)7F 7N\ag W89 R A mefd-S
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1. Ash ball W=7 o] A gHat ek
Ash ball iAol A j}gh wvli wjekld s A3lr] 98, 352 U454 E
nREQL CBEKEE T93(Takii FEE)-& ARSSRda, wiofole o Roprixiy]d
(Yamazaki®}), &hargloedFao(KHRY), oA gad(KHEY) 9
S}kl ARl ARG (PBGH) 0] 47FA] E:Awg AlddA) mjfder I
A 8kl el

A1)zl Elal of A Aol A eEglon] AR wiAE sl
oAl 3o A ANASE 1258 stk 19989 69 259 plugE

FH505) o) vhE, S F 87U ash balllA| S 13 A x| 2E(116

19 1034 FEshgdl
ZYRe] BCY pHE 139 7tAo2 2Hsldm, ALxAE A 3 45
ool A, 1A A% AA, AAF AEFE FA s THEY Fa0)

ezl pH  meter(WTW pH 330, Germary)®, A71AEE=E EC

F’l\

meter(NANNA, HI 8033, Singapore)& ©]&-3}e] ZA3ldict. 37 F4-L
3ghpshA] 2] g Ao R FAEIAL, @EE Abbe BEAER 71HEA
a3 A ek(soluble solid content, SSC)& FA3le] °Brix® EAI3 2w,
AFgleke 0.IN NaOH A 2kel] w}2 FodAk sheFo g AArstan). 99 712
# &3 FAME 54> porometer(LI-1600, USA)& AMS-3F3ich.
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v Boteo] of - FRFFEAFN Az 2 F=

Ash ball Wi=|oll A 8] 24E-9] FEFHEAE Aoty S8l $1] AdelA
AkEl gkl Al 25 Y (Standard nutrient solution, SE. 2F) el 1/2, 1, 3/2v)
FES (pEeR vyel ASEANME o - FEFFUE/wE A3
Al Frle]l AR, A%, v W AL RS Aok

BRARR T93 BrEE ARS3le], 1999w 7% 10Yel plugi o] b, 81

T, 8% 259l Ak 55 AR Sehi 9] 298 Wolar A4l skedch

el izl 919 Ags FLdsisid

P
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TI

18- Masuda 5(1990) 3 Roh %-(1997)¢] Wil whe} A4l

sloy elojuie] A%l
stk g8 AlE= 80

Cella] 72417t Azstel R ¥, 0508 Feto]
H0r HoSOsH 22 dellx] ald Ae #4482 A4stgeh A Aae

KeldahlZHF4e2, 212 5042 Detector(720nm)”} #3H%

T

FIAstar 5012
Analyzer(Co. Foss Tecator, Sweden) 3, Zbgr, Ze), vV ¢S QA543
7} (Atomic Absorption Spectrophotometer, Model AA-6701F, Shimadzu,

Japan) & A s}glch. HAIe] BFEE 5712 ShaE AHake] AR

=

E
=

F AANE FHslol SelE A o] 3 N2 0.45um membrane filter®2

oA F 10F HPLCOl F<lste] 2xasich 2 9 @&, A%,

=

C,

pH 59 S4& 99 g3 Fdsisinh
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Weeks after transplantating

Fig. 7.1. Changes of EC and pH in root zone as affected by the
different nutrient solution in ash ball culture of tomato.
KHE: nutrient sclution of Horticultural Experiment Station in Korea.
PBG: nutrient solution of Research Station for Greenhouse Vegetable
and Floriculture on the Netherlands.
KHR: nutrient solution of Horticultural Research Institute in
Korea(Kim -51997).
Yamazaki: Yamazaki's nutrient solution for tomato.
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E7b wlaA - KHERS PBGHe] %27t ¥ Yamazaki?}®t KHR< el
wlsl Egkar, s Y =S KHE ¥ Yamazakif oA &7 vepydch
G, 714§ 9 DA KHES 3 PBGHelA uis ol zhale)
FAE F£& o vhelygoh ol o3RS 2 A S Yamazakivt KHR
o prl PBGrE KHE o] Egkr) o= SdF9] 4F5=rt 243 aF
A gake] UAEo] Frbgehi: d¥e] RI(Kim F. 19990 Adams$t Ho,

1992) 2} 1A%

Ot
—_
.
‘l
N
Ll
X
[e]
s

oft
NE,
i
i
ofrt
2
>
o2
fol
<
s

AAF o KHEMNo] € wefd vl M-S 4

o2 vieht el o] ash ball viA o] A3E wiekd o AokE At

Table 7.1. Effects of different nutrient solution on the growth of tomato
plants in opened growing system at 45 days after transplanting.

Nutrient Plant Stem Leaf Leaf Dry wt.(g/plat)
solutiogs height diameter length width
(cm) {mm) (cm) {cm) Leaf Stem  Total

KHE 121.2a"  12.41a 42.5a 43.8a  30.17a 14.10a 44.27a
PBG 118.2ab  11.82a  43.0a 4252 27.62a 13.79a 4l.4la
Yamazaki 116.7b  10.65b  42.0a 38.5b  23.05b  9.81b  32.86b
KHR 116.2b  10.75b  41.5a 39.0b  21.14b  9.15b  30.29b

" Mean separation within columns by DMRT at 5% level.
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Table 7.2. Effects of different nutrient solution on the yield and
quality of tomato fruits in opened system.

Nutrient SoC - Citric acid Frult o it wt.  Vield BER®
. (°Brix) (%) A/B numbe
solutions A B : (g) (g/plant) (%)

KHE 6.4a" 0.77a 83 122a  20l.1a 2453.4a  3.7a

PBG b.2a 0.76a 8.2 11.9a 173.7¢ 2067.0b  4.2a
Yamazaki 5.4b 0.67b 8.0 11.8a  204.5a 2413.1a  1.2b
KHR 5.6b 0.69b 81 11.6a  185.5b 2161.8b  1.3b

"Mean separation within columns by DMRT at 5% level.
*Soluble solid content
*Blossom-end-rot

2. EvlEe) G5 REFFHAA AT vy L FE

o - gl em/w): 91 Aol AukE 5 A of (N-PK-Ca-Mg=

o o - sFFH ] L2 A= TFAel wsl F7HE, 3202l

= ez ngend, DiddAs FFEEsh mgetA et 1jele] A

13.68me/LZ  AS3F7)9 12.42me/Lell Bl&l 1me/LAE A4 epgdoh
P/waters AJSgAle] wlE zolrt Ao glelonw FFNFe wlsii=

0.4me/LAE =74 FE Ak K/water= A5

o
N

2] mF Bl vl

okizd] A&7 eE 05me/LA%E ¥4, F7lolE Lome/LA%E 54 et

e

U AAgA7le Ko FaEert A3 $71EE o 4 sk Ca/waters=
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Frel  wial ARA - Frlel 22t Ime/Lot 2me/LAE A x
Mg/wateri> 732 A&F-71¢l 0.5me/LA K ZFashs 4 8E B AcHTable 7.3).

WAL P, Ca, Mg®l stelAbe oAl g o @ Choi 5(1998)°] Ev1E
o] 2312 wlepoluAolA EAF < - FEFFHE ] Wstel fAabshal o,
vhit K/watere] 3271l wls)] QA A7 o Fo5mrt dadve A

9z A Aeldr AT ol ¥ AW xjo]F bk,

NEAU Y1 k] e U AgAE da AW
71k AR Aak Ne sil g 49 o2 A - Folel o
EoApoliz vlvlsigl o, FRME RS o2 lufdelA, AL 1720 HellA] of
7k gA vhebskel Pe) sl e g2l s ATl tha ek
e Al N prl e 32l A A el Kol A7 o
vighak> el aliz Aoz flsl e, 172 dell A A5F7]el ‘2“3&51,

3/2me el a3 Frlel ggkov], Fx Juighakd 1w Ao, HAU TS
372m el 4] 71 Egkel. Cadl Wl g ske S 7ok F7]19 dellM =

Kato(1987)e] vliz 544 dulde] wrd8s B4 A3 &
Frola] Caol el wobxlvhs Aibel fabsiglch Mg 3= AAA e
2 Cadh W@ AFE Renw o FREUE s

1720 el A 744 329kl (Fig. 7.2).

#]

T

AR o AR e FrAEgere [l nmE T fFoT F
§e ol adleh N P K g g AsFld iy A%,
Ca9] Mgv_ Al L]LJ_ o/] ] ‘30]—7(]“_& #

7)ol $-2] o]¥-Ad3) Fwde] gliz AL, N, P. K& °]%°] 49 HZAl
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Table 7.3. Calculated n/w value of tomato based on the Yamazaki's formula.

Growth Nutrient L!MS Water Items NOy POs K Ca Mg
stage conc. ;?1(;2(; (L) measured N P _mf/L

a 15.20 X 7.56 143 297 397 206

1728 b 7.28 y 6.34 0.62 182 401 2.04

W 7.92 n/w’ 8.68 217 4.03 393 2.08

a 13.25 X 14.08 297 6.02 785 4.07

Ziieta_ 1S b 62 y 1453 245 535 897 395

w 6.99 n/w 13.68 3.44 6.62 6.85 4.18

a 15.16 y 20,72 457 9.05 12.09 5.834

3/28 b 10.42 Vi 2133 452 981 1270 6.08

w 4.73 n/w 1942 469 739 1077 532

a 9.04 X 756 143 297 397 2.06

1/28 b 4.86 y 9.59 035 0.88 388 218

w 4.55 n/w 965 258 520 406 193

Reprodu a 11.55 X 1403 296 6.08 789 4.06

- 1S b 6.96 y 1509 2.67 520 9.08 4.32

ctive W 4.59 n/w 1242 3.40 741 6.09 3.67

15.63 X 2072 457  9.05 12.09 5.84
3/28 b 11.49 y 2188 502 10.85 1476 6.74
w 4.14 n/w 1750 332 405 4.8 3.34

‘S indicate standard nutrient solution of Horticultural Experiment Station
in Korea.
'n/w indicates the nutrient absorption per volume water consumption
from the plants.
The formula: n/w={ax-by)/(a-b) was used for calculating the minerals
absorbed pre unit volume of water absorbed.
¥, v: ¥ and y indicate the mineral concentration in the solution at the
beginning and at the end of the treatment(me/L).
a, b a and b indicate the volume of the nutrient solution at the
beginning and at the end of the procedure(L).

o
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N O1/28 B1S §3/29

Content(%, DW)

35D,L 56D,L 55D,F

Fig. 7.2. Nutrient content of leaves and fruits of tomato grow under
different nutrient concentrations at 35 and 55 days after transplanting. (D:
Days after transplanting, L Leaf, F: Fruit)
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Table 7.4. Effects of different mineral concentration in the solution on the
growth of tomato plants in opcned growing system at 35 days after

transplanting.

Plant Stem Leaf Leat Dry weight (g/plant)
height diameter length width —

(ecm) (mm) (cm) (em)  Leaf Stem Root Total

Tonic

strength

1728 107.6b 7.2b 44.0a 36.2b  11.9 46 14 179
1S 124.0a 7.8a 40.8b 36.8b 128 48 13 18.9a
3728 123.0a 8.1a 40.6b 38.6a 123 47 12 18.2ab

‘Same as shown in Table 8.
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Table 7.5. Effects of different mineral concentration in the solution on the

yield and quality of tomato fruits in ash ball substrate culture.

Citric Fruit Yield of

Tonic SSC . Fruit . . Blossom-end
strength  ( °Brix) acid number welght fruit ~rot (%)
strength (%) (g/fruit)  (g/plant) g

1/28° 5.6¢" 0.6de 19.4a 192.1a 3726.7a 2.0b

1S 6.4b 0.78b 19.6a 187.4ab 3673.0a 3.6b

3728 7.0a ().86a 19.7a 152.2b 2998.3b 13.7a

“Same as shown in Table 8.

"Mean separation within columns by DMRT at 5% level.

RS 1S RV

Fig. 7.3. Growth state of plants by different mineral concentration of the

solution in ash ball culture of tomato.
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Fig. 7.4. Effects of different mineral concentration in the solution

on the diffusion resistance and transpiration in the leaves.

EC ¥ pH: th¥#9] ldlxtEo] pH 55-6.82] ofilAdella] AKo] efialir).

2 APeA 1A A, A Az ke AA 21 EC7F 1.6~3.2mS/em
Wl wlmA kAo, pHaz 4.7~69 W R A&F7]o ohd & 4
& X (Fig. 7.5).

wegel o] pHE Ao FHelel sfxrt Wale 21 oldArl NOsy ¢
NH;"¢] ¥ && zdste] pHHSHE WAY 4 312 (Takayast lkeda, 1985
Lee 5. 1996), vlek) 2] pHy NOyHb& 591 &eprlan NH, 9] v 8§ FolF
i W#zdoly R31(Donald®} Barker, 1969: Kirkby, 1981)¥e] <Qlv}. Ikeda<}
Osawa(1988)2 wioFejul] NOy/NH,"e] &) mrlee] A&, faf U wlEH
3 Ao g AdeA, N0yl BEAel NOyoF NH, S A »is) sl
Net Pol s FAaA 32y K Ca Mol &3 S7HA13 29 53] Cadhes

o] F77F ARcka stelek. wheba] ek A AS-37] e o] NH," 9
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Weeks after transplanting

Fig. 7.5. Changes of EC and pH in root zone as affected by the different
strength nutrient solution. [EC: 1/25(e@), 1S(W), 3/2S(a): pH: 1/28
(O, 1841, 3728(A)]
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919 APANERZ 2 o, MA(KHE) A < - FEFug0] 7H A
Holgla, A4, 7%, FAS B2 AR vlmy JEegich w1
w2 o] oF - FEFEE(n/w) F AFAAAN(HA] F i) FLed =
N 13.68, P 3.44, K 6.62, Ca 685 Mg 4.18me/ ¢, AAHA7] Falel= N
12.42, P 3.40, K 7.41, Ca 6.09, Mg 3.67me/ ¢ & 7|22, A &AW F7 L7
F AEEA S 28 EntEe AxAwFd(KUTH)E Table 7.6904 ¢}

7ol A sF4d .

Table 7.6. The composition of macronutrinet solution in ash ball

culture of tomato developed by Kangwon University and Kim(1988) in open

growing system.

Nutrlfant Growth stage NH;-N NOs+-N P K Ca Mg
solution
-me/L-~
KUT? Vegetative 1 13.5 3.5 6.5 7 4
Reproductive - 125 3.5 7.5 6 3.5
KHE' - 1 14 3 6 8 4

"Nutrient solution of Kangwon University for Tomato ash ball substrate culture

in opened growing system.

YNutrient solution of Horticultural Experiment Station in Korea(Kim, 1988).
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A%l KHE 2594 172 1 /2022 Yipo] AS7|He A% 4 F2F
FEAE 2T A A%, $% 2 A welA Dol b Eopch 29
172 A7k pldellA EC7F 1.6~32mS/ecm M2 wlmAd kA A
ol e.m. pHiz 47~69 WHR AFF7lol cha delArh 4z Hale ¥

ARTFE AR e e 49U9E 2tk moiEe) of . S

o=

FPUE (/W)L AR AR mF 1Rl A QgHen
Tl wleslont, 1/2mdel e FFdel wEl A, 320 YelME I
Al vhepste.

upeba] KHE 1ufefellA) 2] of - EFF0l-4(n/w) S 7122, A EAY F7]
AR ASEAE a8 EvkRe] AN (KUTY) S FkAx
712 F ) gekelli= N 135, P 35 K 65, Ca 7, Mg 4me/ £, X414
A7) F<kelle N 125 P 35, K 75, Ca 6, Mg 3.5me/ £ o] 3% Aoz %
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MI8ZF Ash ball HIX|HMA DEE EOIE
MA | It

A1 A A

felaliz i S FASE Falom Apdel shout, Hitel:

b e ! Lom L 1 R et - A
chooro#] mefelgredt SpolAvh ARAE W o® AR AEYAE Yo
she] hndt wolis WPIE abelA slect opx 338 AAse] YA 2

Yoo EAlepAE 98 Mefd e E ol vk (Adamset Winsor, 1973:
Masuda %, 1989), ®E(NaCl) =+ ik AH7kxelrl fiEside 2
(Ehret®} Ho, 1986: Mizrahi, 1982: Mizrahi 5, 1988)7} it} Ohta %(1991)
cobize] 7. mjekell NaClE A7ishdd wiok o] AlFslo] olx =

o] WksE AlE a2 Ha Ao gxr)l ol A Hokal st

=

°
o

Lﬂ

el ] alulA ez FR1e] AL kg AY]Y) A 2B Faola

o5 ofllS FSA Hid R Raede] YR =8 AL w43 4

oh 53] nrlme}l 2 AL FoAske AR Al Mg ug
=

Hg 7kl wAle] AR 2 HA 5
Alers] Aol A](ash bal)w= §714, 8344 B wfeAle] Hold wix]

Al wlerale] oA Alelz} e iAol wa) el AL FaAsE 7

A5 Aol # 3 sc}(Kojima %, 1995 Kuriyama %, 1995: Kuriyama,
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1996: Yoo <&, 2000).

HeEde o8 97 2 A28 2 Aedids AW sl w
€ XA E HEdly] §]ste] To] FridchE Ravt glvk(l). 2& Al E
MEN A FR2EH 2 FolMz o] 3wl Hgg tlalsle] & Axy
F& BAEN AFse] TE) 3ATERE FAES Rl Fo] AEYHA
el A7} AalEg 42 R BFsle] Fo(2), Bt A e
glucose®} fructose”} sucroseXtl M =& oz 250 sucrose E3) A

428l acid invertase®] #HZo] ul-$- Fksich(3). B A= Eulg A

it

oA FFEE FAHAY] Aa ANA T SREUNLE ART, o2 <

g ugE BvlE APAbste], sucrosed H83le glucose®} fructose] A)Ad ol

i

3

g
]

acid invertase +H*}+& cloning3lx #413}7] ¢138led ¢DNA library

& ARSI 0% rhgoE ol BAY HAAE ¥ speleh

Pl FREAdel gE fraEds A4, aew vl

- 172 -



A2E A5 L 4y

L. 9=3stressoll 2@k wvhy G520y =4

7. Fdtstress W-ol XAk A FFFA v P
Vel s el st ud e Al FaEgon 4T AL g

>
O

Alepu] 2] Uk o Heltg WA 1672 ok F52 hsA vl
el Cnvvhil TO3(Takil, FER) S FASEe] 1998 6% 159 plugE3H(50
el whE, KL 45 199841 8 7ol ash ballvl#] & %18 AY~HNZE
(116 X 30 % 12ecm) vl 2%ol]l 25cm ZFA 0.2 AAlsbdr). wjoko)e ol Rofnix}y] el
(Yamazakidl) 5 AR8-spsdar, g2 39 0.6L. 0.9L, 1.2L % 1.5L v

SRaled ar, wjrisive pirzals why) 9lEle] Fal ZoladgEos

vh ekl 3Rl 4shrlA| o] EbelE dgiabos ARGl
o] Abslli Al 9jstar 2} mhyke] Dol wisho] homogenizerZ ZF & A

slglvk, wni= Abbe AR 7F4A ¥ EA FEF(soluble solid content,
SSC)-& ZAlshe] “Brix® At ovw, HEES AE5S 100 E 34l s

0.IN-NaoH &9 o A4q % 74t Farom fakste] A4Fsieleh A

Ul AAages AR 8E AVkeiEsstel Kieldahl 574 02 24850
F-A1-2 Ogiwara 5-(1999) 8] Wiloll F3te] A 85 Alstste] HPLCE 2

W) - Yuksiglel. HPLC #4378 column: Shin-pak SCR-101IN(
79mm ¢ X 30cim), mobile phase: distilled water, flow rate: 0.8 m¢/min.
detector: RID-10A(Shimadzu), column temperature: 40CHE 3tom,

injection volumn-2 A& 10 wlE 4343 ch
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vh F¥stress7t EobES =, AL wigkniC 2 AW Anghe) v A

& k& A ®elE]l 630'(Sakada, RS FAIEke] 19989 1249 304
plugB# (50 ) ol 3, FH F, 199991 24 24d el A2k, woflE o
oty N (Yamazaki) & AREshola, Ael7= = (5 09L, 1.35L
2 18L) 35EY FH985(1d 839 163]) 29FS% 2§sle] AA 64wl

2ol 55 AR 53 8] 2998 drlan A4l skl v AR

AE&zAE A 3 459 23, |4, 4F A

ol
o
ioh!
o)
tlo
P

b
=
ot

2,

o o HAle el AN AN st s FAL 55

Ascorbic acid ¥-A1-2 5708 HAHxzA oA 4g¥ A ste] A 20gE 6%
HPO3(metaphosphoric acid) 180ml®} &7 10,000rpmS-& 38-2F whafjgk ¥
3,000rpm o2 1087 Al Eelsle] o1& AR NS 0.45um membrane filter®
o135}, 10uE F9938te] HPLCE A &3l vh(Park 5, 1997). HPLC &4 x7

©

& column: x Bondapak ™ Cis(3.9mm ¢ X 30cm), detector: SPD-10AV(Shimadzu)
UV 254nmellA] 7 Z-3s}d o}

2. ¥ ¥stressoll 27 ErlE Ay 24

EFE2L A5A Erled REELE Q37 (Takil, HE) S A8 20006 7
4 64 plugBIH(501) o =F, SH F, 20000 89 16l A A sksdc). mioF
o2 Joputaty] o (Yamazakio))-& AHE-3}is, NaCld7bs=w 0. 10, 20,

4omM=E AAsto} vl A FFstch 9 AR 3T § 298
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WAl A4 F 45del 24, A4 A7, o
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=
S xASQE St A FAL 3w SaAE dos

[5.4

of)
O!

3. Mgl A% wvie FSAY 24

Fp0 QlarA MEuliEel "RNElR TI3(Takii, FEE)-S TA5te] 19984 12
2] 198 plugB3H(50-F)el whE, 3 F 1999+ 2% 24l AAlshgick oy

o
it
o3
=)

<

i

~O

garslAliefel  mEg=el /29 H(18). DeH(18) o 3/2¢i Y
(3/28) 2.5 F~iatol mloke Frel wmE ¥ 2 FAE zAbegldh b9

Az 53k 9] 2818 1o A4l skdck e el AL ¢e] AYy Fd

shsd et
ALz AL Fos0dell 23, 4F QAF AA 2 AEESE 2AEY

a0 MR T A, der wERC F A dagd 5

& mAslg e, FAPYE slela 71&w wsh 2o,

4. S=Wstressoll 2138 vvly FE213) Fojap #2554 2}E cloning

3t7] 18 ¢DNA Library®] Az 2 34

7} G ¥-stress H-0]3F EvlEo)A] Total ¥ mRNA®] %

Aol AEE kR AlEA o] pRaEHAE 2447 V1 FH OAE A
#skar CTABHE o]83le] total RNAS FE3tvi(4). v ErtEY
o8 AFHE ¥ dAAAE AP W& H {88 o] 83t #A A

vl W28k ¢le] 7}F3= homogenization B3 [2% trimethylammonium bromode
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(CTAB), 0.IM Tris (pH 9.5), 20mM EDTA, 1% polyvinyl pyrolidone, 1.4M
NaCl, 1% mercaptanol] S Al 82| 10w}l sldsle F& P & 4L 5 &
Al 2-2)7] ¢} PCI (phenol:chloroform:isoamyl achol: 25:24:1) % 5 W, z8]x
CI (chloroform:isoamylachol: 24:1)2 & W F&spgdch zejar (.59
sodium acetate®} 25812} b ethanol& tlgh 5 %38} 20TelA AZAA total
RNAE 323} % spectrophotometer® RNA%E ZFHAE%rt. mRNAE
StratageneAl2] Poly(A) Quik mRNA Isolation KitE A-&3tHch 3 500 ¢
9] total RNAE A}&3ted of 1%l sll¥sli= mRNAE 12 7 o]& ¢cDNA

el AHgehsich,

v}, cDNA §4, EcoR I adapter®] ligation?} Xho [.&& Auk

5¢g2] mRNA, 10X first-strand buffer, first-strand methyl nucleotide
mixture, linker-primer, RNase inhibitor, 22|32 MMLV-reverse transcriptase
5 412 5 37CelA & A Fk whgE AFHHG). First-strand ¢cDNAE
4% %, second-strand ¢cDNA+ 10X second-buffer, second-strand dNTP
mixture, RNase H, DNA polymerase & Ale] 16CellA] 2547 &b dh&&
A7t #A4 % double-strand ¢cDNAY blunting dNTP mixture®} Pfu DNA
polymerase® blunt end& %E3., phenol-chloroform &2 A A& ¥ sodium
acetate?} ethanol® #H7FAIZl F 412l 83icl. Blunt end cDNAel EcoR
I adapter® -o]7] #&ted 10X ligase buffer, 10mM rATP, 18]35 T4 DNA
ligase® o]&3slicl. EcoR I Eoll Q48HE A]7]7] ¥3tel= ligase buffer,
10mM rATP, T4 polynucleotide kinase® A}-8-3}ith. alAb#® EcoR 1 site
2 z+7 9lE second-strand ¢cDNA3= Xho 12 A& vl Separose CL-2B

gel filteration mediumg ©]-&3}o] size fractionating & 533} o}
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vl cDNAZ2] size fractionation® & DNA +&]

Al zAre] g kel whel drip columns Z¥ sk, §448 cDNAE ¢F 12709
a7l® B3 8 ¥ o]4% phenol-chloroform e & A3} ethonalg& A
|

zbell o]-2-3l9dv). ¢cDNAQ X+ ethdium bromide plate assayW}bH o= =

2 7d A7) 5, QAR se] 400 base paire] A9 ¢cDNAYH-S ¢cDNA library

2

3-8 skedut. ek 100nge} cDNAE 1xg® Uni-ZAP vectorel ligation Al ZH Tt

2h. §FA18k cDNA$: Uni-ZAP XR WE]o} x4} Packing

100nge] ¢DNA, 10X ligase buffer. 10mM rATP. 1xg2l Uni-ZAP vector,
1238 T4 DNA ligasets 12°CoNA sk F<b vb-3-AZivl -80Ce] A A3}
vl packing extractsell cDNAE gt F 22CelA] 5 AlZF ubg-& A7]2 SM

buffer?] chloroform$- o8-8kl A 4 s}9dch.

v, Plating. titering, ¥ c¢DNA library®] =%
#] A8} lambda phage+= 1:10,000, 1:100,000. 1:1,000,0002.2 3Ag ¥ 7
2} 900 212] host celloll t]gh ¥ 37TCellA] 153 phage’} wlele]o} Az

L

e kgl NZY top agar plateel IPTG®} X-gal& 41-& vh& 315

} 37°Col A incubationA Atk zH 33 plaque®} background plaquest 314
3} e s Aukslelvl chgrolu] kA El high-titer stock library s REE7]
9]5}e]  lambda vectorell =W]¥! libraryE FF-A7]+= Aol H2stth ODew
= 0.59] host cell 60019] ~5 X 10" pfu®] bacteriphage® &3§& ¥ 37C
ol A] 15%- phage”} whelgle} A|Ee) #2sle s 3psdch 6.5mlel top agarE
18 5 a7 CelA] st incubationA 712 plaquert 1-2mm ofulellA ~8-10

mle] SM bufferi- %-¢] phage particled 2]4>3}ich.
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uh, 223 cDNA®] #4l8 $13F In Vivo excision

Mass excision® S33}7] 3}e] 30Col4 &% XL-1Blue MRF'7}
SOLR cell& 0.2% maltose2} 10mM MgSO; A7FF LBeiAjo A 7]9)c}. <=
H3 cell5E ODow = 1001 HEF 34& ¥ 50ml tubeo)A] phages} cell
2] Hlge] 1:100] H =% XL-1Blue MRF'9} %%3) almbda bacteriophage S
37CelA 158 wiekgt H 20mle) LB broth® @i 37Cold 347 o
co-incubationA]Zth. 70CTNA 208 dHe] & ¥ 1419 SOLR cell& 41

#1100 19 cell mixture® LB-ampicilin agar plates] X23F %) 37°C ol A)
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A3 A gl =@

1. 9= ¥stressell 9 ¢F wvpi FEAupy A

7t ¥stress -1 A x2rb ] FFFFA ] vl = A

ek g 0.6, 09, 1.2 2 15LE AHe]sle] FRAEHA Hxo wE
A, ewk ol SRS sk wlaskgich Brlee] 245} o 2 AN
A 5 AT abfeke] gl whet Frbsksivh(Table 8.13% Fig. 8.1).
gl Rk AR wlsdt Aees FARE Gl AT AuAdSE

Zhazslglvl, 58] k] A9 FAHE SR A 06L72F 0.9L7-olA]

3= ovbeE gk 15LARel mis) Ak 45%9) 20%A = ZHAsked b (Fig. 8.2¢9)
Fig. 8.3)

v} (7}8-A An 3 S ghek) = 0.6L2F 09L& 247t 7.8 °Brix® 6.8°Brix®
vleksel gl L5L7-2] 5.5 “Brixel wlsll dA3] A vebboh(Fig. 8.4).
kA glekell glolAl sucroser FERAEIAZ Wol WE (6L 0.9L
TFolAwt #EEa vbek gadd 12079 15LTelxE AEEA eksteh
total sugar§li-2 0.6L72F 0.9L7olA 27 7.66% 6.29% 1.5L7-2 3.87%
w3 A28 A vhebdeh(Table 8.2).
1A o sale] wgekd sy oA R ndsle %7}3};‘5
Rnow viepytrl W3R 3= AR 0.6L7F 0.9LTelA oFEgley
0.6L2] A Feztart 46%old o2 vehd Rt} 20%W A 2

0.9L(4st A A ] el Al ghaaso] eiFs LA FFAlF]A

fvies

1
5

K
oft
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off

i i]o
o().

SAARS gl AgSEe R BRI
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Table 8.1. Effect of amount of nutrient solution supply on growth of

plants in ash ball culture of tomato.

Amount of  Plant Leaf Leaf Stem Dry weight (g/plant)
nutrient hight  length width  diameter
solution (cm) (cm) (cm) (mm)  Leaf Stem  Total

134.8° 33.8 28.5 7.33 32.7 11.6 48.8

0.6L +30  +04  +2] 081 +38 £l  +45
Lol 1668 431 335 882 445 179 635
. 406 440 +34  £043  +46 16 +39
. 1740 420 410 995 533 217 750
: +45 443 +16 040 +41 23 +43
1 5L, 190.6 50.5 47.3 10.73 57.6 22.8 80.4

+5.4 +2.6 +3.8 +0.15 X34 E£45 £79

“Data are means:ESE.
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Amount of nutrient solution

Fig. 8.1. Effect of amount of nutrient solution supply on fresh weight of

leaves in ash ball culture of tomato. Bars are meansZ-SE.
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Fig. 8.2. Bifcels of amount of nutrient solution supply on fresh weight of

fruits in ash ball culture of tomato. Bars are means = SE.
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Fig. 8.3. Effects of amount of nutrient solution supply on yield of

fruits in ash ball culture of tomato. Bars are means®SE.
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Fig. 8.4. Effects of amount of nutrient solution supply on soluble solid of

fruits in ash ball culture of tomato. Bars are means2-Sk.

Table 8.2. Effects of amount of nutrient solution supply on sugar

content of fruits in ash ball culture of tomato.

Amount of Sugar contents (g/100g FW)
nutrient
solution Sucrose Glucose Fructose Total sugar
0.6L 1.02 3.06 3.58 7.66
0.9L 0.72 2.48 3.09 6.29
1.2L - 2.64 3.20 5.84
L5L - 1.85 2.02 3.87
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. Sdtstress7t BvbEe] o A, vleEglC 2 AW A 4gHgke] vl
3= 3 F

s
Fola, FA8Ge) Kxhz FARF et gold P4 nadvu, A=
b AENA 83177 AT WA 1687 Age] FET A
o 2 vJebtul(Table 8.3).

A T
S R R

_r
LJ
N
ol
-(lo
\

A7 z7F Az vl 35~50% A= dobxla, F
N3] Biz ARl Frell A= 83} 1681, Aot Tl e W

i 1637t 83 el spAl vhebskeh ol AskgelA] g B gt Gobd

AN

FFH 183 el Folge] FEAEANAS Mol Yol Wgly] dEom
Vi el g Fesede folAal AolE vhehiA] gt

1SR b AR R A&l vls 5~10% BE =

i
)

¥

AbE IR 34

vhelgte](Table 8.4~8.8).
SA Rl o) A4 2 ARRTVE 2Tl wlE 44

1.5~2 °Brix¢} 1~1.5mg.ml juice’} #=A velsch FAzpEzE F38 2

o] = sl ot Frel galwlel sl Azl A fole 163771 8

of ulal, vzl 9ol Wbl R 837t 163 o) vl oFt w8 AFE

Xolvl(Fig. 8.9~8.11).

wha A e nwl, A 9 el fructose®}t glucoseWt HEE
vl 3kl ukel sucroses= A EEA] G Fite] EHomut EAEgch 4

Alo)slul o i 24 E fructose/glucoser] = 2F7F A7 d-& vrelu il
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Total sugar &= ZFAIAA 713 E9kw, FHA3FHEHEE 53T 2o
E el A dgko)t e} nsdt Ao w AAxTME 163771 83

Tl e, WEgelAe 838 FrF 163l wls) oia E2 AL Hidd

Table 8.3. Effects of suppling frequency and amount of nutrient solution

on growth of plants in ash ball culture of tomato.

Plant Leaf  Leaf Stem Dry weight (g/plant)
Treatment  hight length width diameter

(em) (em) (em) (mm) Leaf Stem Root Total

0.9L 86.3°  39.3 35.8 10.85 15.8 6.9 1.9 24.6
h +06 £20 £42 =*£160 *x16 =*04 =01 =*05

8 1351, 87.7 407 41.7 12.65  18.0 7.0 20 270
times +25 20 56 £060 *£22 08 +04 =07
181 88.0 418 40.5 12.86 18.4 7.2 2.1 27.7

' +33 %09 x66 *£014 09 *£01 =06 06

0.9L 85.0 377 35.5 10.79 169 6.7 1.7 243

h +£35 20 %18 %080 21 =£09 =04 =*08

16 1351, 86.7 387 36.0 12.34 167 6.9 2.1 25.7
times +55 *21 £31 *1.07 £26 =*£12 %03 =X07

181, 89.3 445 41.3 12.71 20.1 8.4 23 308
) +21 09 29 x£1.09 *£07 07 +01 =*04

‘Data are meanstSE of 5 plants.
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vhelsk o) gl xetell Al k- 83|t 167t " A Eed wls
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Table 8.4. Iiffects of suppling frequency and amount of nutrient solution

on the yicld and quality of fruits in ash ball culture of tomato.

Tontmont Yield No.. of  Fruit weight' Blossom-end-rot
(g/plant) fruits (g/fruit) (%)
0.9 L 2352d" 21.0a 112.0¢ 10.7b
8 times 135 L 3079¢ 19.8a 155.5b 4.9¢
1.8 L 3518a 21.0a 167.5a 3.3¢
- 0.9 L 1931e 19.7a 98.0d 12.5a
16 times 1.35 L 3288b 20.0a 164.4ab 3.7¢
1.8 L 3677a 21.5a 171a 2.9¢

“Mean separation within column by DMRT at 5% levels

YFruit weight are means of »50g fruit
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Fig. 8.5. Fruit shape in the water stressed tomato plants.
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P

Non water stressed(1.8L) Water stressed(0.9L)

Fig. 8.6. Fruit shape in the water stressed and non water stressed tomato

plants.
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30 days 20 days 10 days

Fig. 8.7. Fruit shape of tomato as effected by the water stressed(B) and
non water stressed(A) in various developmental stages. The fruits were

harvested at 10. 20. and 30 days after anthesis.
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Water stressed non water stressed

Fig. 8.8. Fruit shape in the water stressed and non water stressed tomato

at various ripening stages.
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Fig. 8.9. Changes of soluble solid content of fruits as effected by the suppling

frequency and amount of nutrient solution in ash ball culture of tomato.
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Fig. 8.10. Changes of titratable acidity of fruits as effected by the suppling

frequency and amount of nutrient solution in ash ball culture of tomato.
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Fig. 11. Changes of soluble solid and acid ratio of fruits as effected by the
suppling frequency and amount of nutrient solution in ash ball culture of

tomato.
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8.13. Changes of nitrogen content of fruits as effected by the suppling
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Fig. 8.14. Changes of ascorbic acid of fruits as effected by the suppling

frequency and amount of nutrient solution in ash ball culture of tomato.
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2. Sl3stressell 9@ tavie gzauby wa)
ofvkxlzv kel (Yamazakiol) o) NaCl& 0. 10. 20. 40mM %3 &H7}sto]
ash ball WA QA AmEE A3k 2248 NaCl 0mM(F-A2]) 7oA 714 7

gtk Aulatel iz glaEkedvl 9 AR geA 9 AEEFS 10mM

b ARl el ot e gietel A A vebgoh 54 e
U NaClAelfvk ARzt el eha A vepga, se]lyrdas

20mM el 4] 714 <E9lek(Table 8.5).
WEe) pllas NaCl AJe]ghell 513k Aol & welA] fhghont AA & 57
ElA s ARA R NaCl A elsrie) f4s] Jolgel, #9 BECE NaCl A

vl Al Al gdel slxgl Koldr Mgdize]l 8 T2l 10mM. 20mM.

40mM el 4] 2 6. 8mS/cmi v-$- A vepygoh ASZEs R gdaE
A EE A9l gE WAR Aol Al T BCEES AA Frlslel AlE

Aol 7dglk Al smriwl it Fan 98-S oF 4 glalvh(Fig. 8.159) 8.16).
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fled
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L
rx
0
r“i r
o}a

RHejo}

m‘o

}
Am M- Al eskass Ze] el f-2lxel Apo] & vielulx] edgkel #5 9
A5 NaCl #u)gxev) 2718kl wbel o3 o s 2F4sbe] 10mM. 20mM,
40mM ol Al 8] - ulfel wls) 2b2h 20%. 30%. 45% A& zdaskedch
AR ex)e)ela] 5.9Brix® dgkont FErE 2heel whel 49 F]

o5t Fvhske]l 10mM. 20mM. 40mM At 2k 0.6, 1. 29Brix * %=

M,Lr

A vhebskel spAlel iS50k NaCl 40mMTolA 6%0)14F o2 e A
2l hell ®AE] SgA) vhebstel (Table 8.69F Fig. 8.17).

ofdel MMy Egksl  w wiekelie] NaCl A7F2 spAle] 2w g &
31].;5»]'_0_;' RS (}

LR TS | i

wlell 4] NaCl 31 /bg2ess 20mM A =rp Ak Aoz ghab=glo)
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Table 8.5. Growth of plants as effected by NaCl supplement into
nutrient solution in ash ball culture of tomato at 40 days after
transplanting.
: ) ) Dry weight(g/plant)
NaCl P.lant No. of 'Stcm Leaf (,hlor‘opy]] g
treatment hight leay diameter area content
en (cm) caves (mm) {(cm®) (SPAD) Lecal Stem Total
0 mM 121a"  21.3a  126b  58Yla 42 .6¢ 3292 14.2a 47.2a
10 mM  117b  221a 134a 6010a 43.4¢ 33.7a  14.1a  47.8a
20 mM 113¢ 21.0a  12.4b  5225b 48.5a 31.2b  135b  44.7b
40 mM 112¢  19.0b 11.3¢ 4409¢ 45.5h 242¢  1l.4c  35.6¢
"Mean separation within column by DMRT at 5% levels
8
—— 10 mM

pH

—&— 0 mM
—d— 20 mM %40 mM

- NaCl treatment

i

Weeks after transplanting

Tig. 8.15. Changes of pH in root zone as effected by NaCl supplement

into nutrient solution in ash ball culture of tomato.
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Fig. 8.16. Changes of EC in root zone as effected by NaCl supplement

into nutrient solution in ash ball culture of tomato.

Table 8.6. Yield and quality of fruits as effected by NaCl supplement

into nutrient solution in ash ball culture of tomato.

NaCl SSC No. of  Fruit weight Yield Blossom~end-rot

treatment  ("Brix) fruits (g/fruit) {g/plant) (%)
0 mM 5.9d" 12.1.0a 281.2a 3402.5a 1.2b
10 mM 6.5¢ 11.9a 226.3b 2693.0b 1.3b
20 mM 7.0b 11.5a 193.1¢ 2220.7¢ 1.7b
40 mM 7.9a 10.1b 158.2d 1597.8d 6.5a

“Mean separation within column by DMRT at 5% levels
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40mM 20mM 10mM OmM

Fig. 8.17. Fruit shape as effected by NaCl supplement into nutrient

solution in ash ball culture of tomato.
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3. ekl s o) o8t wvlE ZExiuby w Al

ilepel nl aevhie] et WisEe LRl sbg wakert 1

S Y S L R P 1 1 e P B o = e s R e V) ) e B B
o] 1/2ufelell wal] 24% A% 2}Asto] @A 2lo] S mojowm Aol wiiFT

A alf e g/oml ool 4] 125% % 1etsk 1/2u el nls 8% ol A v
ehykeh(Table 8.7).
Fpale] b, Abghelst argime] 32 el Fb Egkow. kel Ebe

oA AR Zoehs A%e WA 819). A E A syl

!

el C ek pale] e e Agon Fprrt B AuFdeE, A
9 LS Zr13kslvh(Fig. 8.20). AW A4 rwste} vk 7
gog T} w2 3/ el A A A Gebgeh(Fig. 8.18).

Aga=ihale] ©hxAe fructosedt glucose® YHEMSEAL sucroses AEEHA @
ofch, Aelen Wz dhekS fructose?} glucose 53] F%7F & M
oA Eotm, AEen ZA4E Zrsle S EHch(Fig 821). 53
e 3/2meel A glucoseS F7FEo] fructoseol] wls &3] FA et

1} total sugar ko] Zrlel| tigd glucosed] 7191E7} fructoseol] v]s} AbtH
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Table 8.7. Effects of different mineral concentration in the solution

on
the yield of fruits in ash ball culture of tomato.
Tonic strength Fruit Fruit weight Yield of fruit Blossom-end
8 number (g/fruit) (g/plant) -rot (%)
1/28° 18.3ab" 195a 3569a 3.1b
18 19.0a 174b 3306a 4.3b
3/28 17.2b 158¢ 2718b 12.5a

S indicate standard nutrient solution of Horticultural Experiment Station
Korea.

in

¥ Mean separation within columns by DMRT at 5% level.

2.5
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Fig. 8.18. Changes of nitrogen content of tomato fruits as effected by

different mineral concentration in the solution.
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Fig. 8.19. Changes of soluble solid and titratable acid of tomato fruits as

effected by different mineral concentration in the solution.
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Fig. 8.20. Changes of soluble solid/acid ratio and ascorbic acid of
tomato fruits as effected by different mineral concentration in the

solution.
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Fig. 8.21. Changes of sugar content of tomato fruits as effected by

different mineral concentration in the solution.
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4. FFstressol 23 Evlx =23 gojal I 245 cloning
3}7] 918 ¢cDNA Library®] Az} 9 14

LAl Al AwEE oF 209 Al BvlE AEA] FREAEH2E 2443
g H 9 AFRskw CTABWS ol43ke] total RNAE FE3sich
Poly(A) Quik mRNA isolation kit& AF8-5}¢] 5mge] total RNAZH-¥] Hug
o) mRNAE 2#3te) ¢DNA librarys A=2stgdel.

StratageneAt®] Uni-ZAP vector®} Gigapack III packing extract® ©]-8-3}
o] ¢cDNA libraryZ 943 Az 4 X 10° pfu?] library7} WEel Al o
liibrary 2 2 X 10°/mle % A7 EvtEe] cDNA librarys 3492 &
At Bulgd B AEBEHAE 718 cDNA library®] insert cDNA®
212 In Vivo mass excision® 53e] F2atglc}(Fig. 8.22). In Vivo mass
excision oA F=2kel 2 3%&37F 1270 colony®] plasmidg F%E3}e] sequencedt
% Genebankel] 3% FXAE2] sequence®} WAE 3poich AF 7He]
¢cDNA sequencet ThE Al&EAS HAAES ¥ AFAHE eidle
(Table 8.8). v} 1 F FHL ofA] 7]%o] WaAA ¥ FAAEEA
goz Eute AEFAdr z FAAES] JFs @l Ak Hesi
ool & Avkgk 12702l white colonyell4] plasmidg $%3% % EcoR I# Xho
I Agtasas Aste] insert cDNAS Z7]1E ¥AM A7 06 - 3.5kbel A
A insert cDNAZF P4 E #AoZ Hol acid inertase F4AE F2Y3}7]

A& FL library7} A2FEN S-S & Aok (Fig. 8.23).
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| _¢DNA library Construction Flow Chart

Messenger RNA template (Reverse transcriptase, 5-methyl dCTP
dATP, dGTP, dTTP)

$
First-strand synthesis (RNase H, DNA polymerase I, dNTPs)
$
Second-strand synthesis (EcoR I adaptors, T4 DNA ligase)
$
Adaptor addition (Xho I restriction enzyme)
2
Xho 1 digestion (Completed cDNA)
$
Size fractionation (Sepharose CL-2B)
$
Ligating ¢cDNA into the Uni-ZAP vector (T4 DNA
ligase)
2
Packing (Recombinant DNA, Packing extracts)
$

Plating and Titering : 4 X 10° pfu

$
Amplification of Uni-ZAP XR Library : 2 X 10"/ml
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cDNA library screeningelli= 7]&ol] A4zl ow] FHel A=A acd
invertaseoll Al AFEAl o)l ¥ H-HolaA AzEl degenarated primerE AMgE)
PCR AH&£ probe® AM8-3t¢dc}l. PCR =8 ZA¥ < 375 bpe] DNA W=r}
M=ol probe DNAZ AR8-3}9dch. Primer 1 5-GGATGAACGATCCTAATGG-3
o] 31, primer 2+ 5-AAGTCCTTGACACCAATGCC-3°]¢ith. PCR 718 94C 5
- (denaturation), 94°C 1%, 55C 1%, 72'C 1#o2 30 3] 4=8g ¥ 72°Cell
A 537F o) HEEAIZCh probe Al#HF screenings 3Fo1 positive plaqued
< % Al W screeningg A In vivo excision® F3sle] <F 1.1kbel

cloned sequencingdle] Fig. 8.24¢] Ax&  <dgich

Fig 8.22. Stratagy for the selection of recombinant phage. This is the
result of In Vivo mass excision of ¢cDNA library. Insertion of c¢DNA
into lacZ’" gene inactivates beta-galactosidase. Blue colonies are
non-recombinants. Clear colonies are recombinants. Note that white

colonies are more than 95%.
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Table 8.8. The homology comparison of cloned ¢cDNA nucleotide sequence
with Genebank c¢DNA sequences. Plasmids were extracted from picked
colonies randomly and sequenced. Seven c¢cDNA nucleotide sequences
showed high homology. but some c¢DNAs did not matched with already

resistered DNA sequence.

Gene name Plant source Simility
2-oxoglutarate dehydrogenase A. thaliana 81%
Chloroplast ribosomal protein . tabacum 38%
Michondrial rpoB gene Rapeseed 89%
;;)I;g;e;lAcﬂ : L. esculentum 99%
h[;;;o;l:;nc F (PHYF) gene S. lycopersicum 97%
;;;c;';lﬁdue‘};ydo—B—P dehydrogenase Tobacco 88%
Glycine }Ty;iroxymethyltransferase S. tubersome 98%
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M 12 13 14 15 16 17 18 19 20 21 22 23 24 M

Fig 8.23. Analysis of insert ¢cDNA with Ecor T and Xho I restriction
enzymes. Lanes 15 and 16 maybe lost some nucleotides during tomato
¢cDNA library costruction, and the two enzymes did not cut the
inserts. Other lanes show succesufully inserted ¢DNA fragments except
lane 12. The size of insert ¢cDNA is from 0.6 to 3.5kb. (M= lambda
phage DNA/Hind III).
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taccacaaag gatggtacca tcttttttat caatacaatc ctgattcage
tatttgggga aatatcacat ggggccatge aatatccacg gacttgatee
attggettta cttgeeette gecttggtic ctgatcaatg gtacgatate
aacgglgtegl ggaccgggte cgeaaccttc ctacccgacg gtecagatcat
gatgttatac accggtgata ccaatgatta cgtgcaggtg caaaatcttg
cgatcecege caacttateg gatcecctee tcategactg ggtcaagtac
cgegggeaace cgtecatggtt ccaccacccg geatiggtgt caaggacttt
agagacccaa cgactgette caccggacca caaaacggge agtggetget
taccalcggg tccaagattg gtaaaacggg tattgcaatt gtttatggta
cticcaactt cacaaaactt taagctattg gatggagttt tgeatigegg
ttecgggtac ggtatgtggg agtgtgtgga cttttacceg gtatcaaccg
algaggcaaa cggggttgga cacatcatat aacgggecac gtataaagea
tgtgttaaaa gecaagtttac atgacgataa gcatgattac atgctattgg
gacatatgac ccggtaaaga acaaatggac accagataac ccgcaattgg
atgtgegetat cggegtlgaga ctggactacg ggaaatacta tgegtcaaag
aactttlalg acccgaagga acaaagaaga atattgtggg gatggatigg
ggaaactgac agtgaagetg ctgatetget gaagggatgeg geatetgtac
agaglattcc aaggactglg ctttatgata aggagactag gagacatgtt
cticagtgge cagltaaaga aattgagage ttaagaattg gtgatcectct
agtgaaacag gtcaatcttc aaccaggcetg aattgageta gtccatgttg
acltcageecge acagttggat gtagaageet atttgaagtg acaaagcage
actcgaggga acaattgaag cagatgtlg

Fig. 8.24. Nucleotide sequence of cloned acid invertase
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o) Aol HgA v S ek WA, vleRlC e W B dA%] &

sk AL vheikon, 3/ouleld AL FEA EH7t A £ A

o7 vlepydu)

4. S-Hstressol] ogt vl F5A FAAL B2 -AAE cloning 3]

2% ¢cDNA Library®] A=t € #4

cDNA7} 3*] 22 phage vectorell Atsde] Hde=rtE #HAs7] $13ke
kel Alwbsle] sequenceingdltel ohE FAALEF AEAAE vlasie] &
Al 3 LelA] iz wpel o] FEYE WX FAHAES & A4
bl g}, =ik EvhEe] acid invertase %A= ©l¥] Genebankel] X%
thi A B2 acid invertase FAAET AT FAMIE Mo Fa gt o
% B9, 139  acid beta-fructosidase fAAIelE 86%. EFLE
beta-fructosidase % AF2l=  87%, XEvIE  beta-fructosidase  vacuolar
invertase - xF9}li= 87%. %A} beta-fructosidase FrAxbollA= 86%, ¥
invertase (RIT1) 42kl 81%, W<+ soluble acid beta-fructofuranosidase -

Z A o}z 86%, oFAFEbA A acid invertase R A= 88% el 7oA FA}

{3
Al
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y el B AEAe AR WS GAAE o] Wl FEIE &

X
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A7 AlE-oA]l Aekg Rd)sle] TEY I IS FAIstE acid invertase

2 3H1Y 4 = AZE A F3 e
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M9ZE Ash ball BIXIZOGA E0OHEL| Ef nfxj

£ =27l BY

A1d A A

oA wl ol ulgh Aotz APy, A8], FFAE AdelA F2 o]
O} frho] WlEO] FEA W ko] wlX = o I AT HE
ol tol A 9% shel(Lee 5. 1994).

griz wWEe] FAe] slelx s F ke vixE FEdl(Lester,
1988: Schaffer %, 1987: Shishido 5. 1992). WEelA] AEHE FiHe 52
v} 3¢l ukel sucrose?t el fructose E glucose® A E] gloen, 2
fi?

= Qo

8 womA A Aelg @Heats oz A g

L\"J

sucrose~=
(Miyazaki®} Qokubo, 1989: Lee 5. 1996: Saito®} Watanabe, 1985:
Salunkhe®} Desai, 1984). 1&]v} o]& =572 Wsle] & 7= FELE
w2 Z73el 4] o] o] ol Q1] Wtk

HT Aol o] FAAm) WA o] FR Folde] uet 2AWES =
2 3t AEr) "R 9lovt ofA] EA ] st oA AdE
S kAo 9y o3 AR o]r}(Kagohashi 5, 1978). oFH A wl oA

e
o

dubd oz FHe A& A7) Hal AEe] BoE e g ol

O

J ol <

[e]

Az
f" o
0;4

FaHA Hazdl, mAe] L FEREFH wfed ZHY FEEA]
1]

>

=2

PIAE 41 ook webd) g ZaAshe AR A )
$oA9R FERFAL AR NG At EAT wLT SEEAL F

s o) Foiurh Fasch
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A2d A L by

W AIF 20008 29 NEl 6del AA g
AW vl VIP(SSEH)E TA8 e st 29 749 g535te B
§1 3l EF FQ 39 2090 AAAUG. AA F opeRE 17C oo
FAAL o], Fhe] F7]exE 33CR stk WA E ash ball# perlite?)
g w5 A (perlite 60% + ash ball 40%)E ol-&3tdch A==

AR A RF (116X 30X 12em) & A& S0em ZEA o= AdAste] [d=

folstgom, e wAgA, A3 1289004 gteh WS ofn)
Ao WEAWE AGshe] ME@a PHoR AMstATh FoBE A4

Koz BC 1.6mS/cm, st & 9 1L2LE s, wul 55 27| A 7t
Az BC 1.8-2.0mS/cm, ol @e F9 2LE & unh £ 20494 6¢
1 (03 5 408 FE2EUdLE 7 98] ECE 2.0mS/cm®E st
WA e A 2 040/5), AERFO8L/F) B AR (1.2L/F) 3T=E
Lol skl sklel. Z1el A BEAg ol Estel AASHA T
A3k - w F- 45U A S8R 5Y A SR 35 AA A

ol 3 BN AHste] HA HANE, GE R BEE EAS

o
:.i

AARFEYE dast H99E AAS AHEL 4 BTG 1089 F 0ge A
Hsted -70TCoNA W B4 & HPLC #4AEE ARSI
sl ol F= Abbe HFAA(ATAGO, N1, Japan) & 7184 2P EH T

(soluble solid content, SSC)Y& FA3dle °Brix® ZAI&H9 L

"
S
%

ot

rlo
iy

Ng 3Ag F 01N NaOHE A3t citric acid FF2=2 A8

X

A A% multi hardness meter(KMH-51, Japan) & &4 &}

R oANe) HYTAE $8 AAFUA AERAELS YA
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FRA LA R AFL Ogiwara 5(1999) 9 W& ohad WSt Abgst
Atk YERAS AAFAL 20 AEE AT Hsto] w=o] Y 17]9
A g FHFE st ARAAANA o 18I BE WA s
ok, 29 HYxFo] FHF4E 100ml FA4E 3 homogenizeZ 6000rpmol Al 2
B2 ZobA 42 #HFo AFE FHsto AR 1100gel A 1087 €
ARt doid AANE 0.45um membrane filterel F A1 ¥ HPLC

o st Table 9.100AM AAF EAzdel wel FHE w2 It

Table 9.1. Condition for HPLC analysis of sugars.

Column Shin-pak SCR-10IN. 7.9mm ¢ x 30cm
Mobile phase distilled water

Flow rate 0.8 ml/min

Detector RID-10A(Shimadzu)

Pump LC-10AT(Shimadzu)

Sample load 10 w

Column temperature 40°C

Integrator CS=0.5mm/min, AT =6
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9.29} Fig. 9.1~9.3).
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Table 9.2. Fruit characteristics by ash ball substrate and different
water stress in musk melon at 55 days after anthesis.

Treatment Fruit Fruit Fruit Flesh Flesh
weihgt  length  diameter thickness firmness Net®
stress Media (g) {mm) (mm) (mm) (kg/cm?)

P*  15994° 159de 147be 40ab 0.69b 2.8
PA 1512 157ef 145cd 38b 0.67b 2.9
A 1482¢ 153f 142d 35¢ 0.56¢ 2.6

High water

stress

P 1757b 168ab 147be 41la 0.69b 3.5
Water stress PA 1730be  165be 147bce 40ab 0.68b 3.5
A 1697¢ 163cd 146bc 40ab 0.70ab 3.4

P 1989a 172a 15la 42a 0.70ab 3.7
Control PA 1964a 171a 149ab 4la 0.72a 3.6
A 1950a 170a 150ab 41a 0.72a 3.7

‘P, PA and A represent perlite, perlite60%+ash balld0% and ash ball,
respectively.

¥Mean separation within columns by Duncan's multiple range test at 5%
level.

*Net degree: 5(very good) ~1(very poor).
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Fig. 9.1. Growth shape of plants in different substrate culture of

musk melon.

Control Watcer stress High water stress

Fig. 9.2. External appearance of fruits by water stress in ash ball
culture of musk melon
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Perlite Perlite+Ash ball Ash ball

Fig. 9.3. External appearance of fruits by water stress in different
substrate culture of musk melon. A: water stress, B: control
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[C1Soluble solids

[ Acidity
L2 —&— Soluble solid/acid ratio ~ 10
= Q
% =~ 16 ‘_ﬂ\t 8 ©
© ; b ©
g cd de e e}
© 5 12 - re O

o

8 E 5
g x 8 4@
@ m o
g 4 2 2
S a a a a %)
@ 0 1 1 i T 0

P PA A P

Fig. 9.4. Effects of ash ball and mixtures with perlite as a substrate on soluble
solid, acidity and soluble solid/acidity ratio in musk melon at 55 days after
anthesis. Piperlite. PA:perlite60% +ash ball40%. Atash ball. HWSthigh water
stress(0.4L), WS:water stress(0.8L). Control(1.2L)

ElGlu. EFru. [OSuc.

Sugar content (g/100g FW

P_PA A P PA A P _PA A

HWS WS Control

Fig. 9.5. Effects of ash ball and mixtures with perlite as a substrate on
sugar content In musk melon at 55 days after anthesis. P:perlite,
PA:perlite60%+ash ball40%, A:ash ball. HWS:high water stress(0.4L),
WS water stress(0.8L), Control(1.2L)
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2. A 57 aistressol] oS WEo] FAANbE ) wghagwl st

Ash ballelA] o FHAR] e 4T, wbg, HF U FKHFAE
o2k W) Wlel ez Ul vhehgon], whEe) 4§ vF
Fol) wlal AAETFA 209014 FUTH(Table 92). AR EFo|A] 5

FAR%FI o] tha Aasts A%E w=(Fig 96), ol Heidr $4
e Q8 A Go] FuAon Fukalge] B AYKoR o

A w3E bk Qi Araki(1993)3 #HAle] $EE woppe]l Ful 4
g abe ol 4

Qolub F7le] FEEuAe] AL FRENERT G A

]
ol A dejylrlan »agch

VoA B g eFel 987 i ATl 217t 13.8 °Brixd} 0.7 kg/cm &
7F A Jelbdasd), A A Gr] Sk e ws Eekeke A Sl

7
PR ZFaste AEe Rolvh(Fig. 963 9.7). Lee %-(1996)2
o] AAAEE M F 4045 @AE Fadlazd o]ix ke A o

A Shge) AL Wshs 24 Q8 FA9s7) Wielehn ssieh.
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2200 - - 1.4

Fruit weight Flesh firmness
2000 1.2 o~
o 1800 L 1.0 ?gm
-~ T 1 X
g Y e 2
® 1600 | v , - 08 ©
E c
& ot E
= =
T 1400 L 0.6 ‘E
—8— High water stress i
1200 —7— Water stress L 04 W
—m— Control
1000 ' - L : — 0.2
45 50 55 45 50 55

Days after anthesis

Fig. 9.6. Changes in fruit weight, flesh firmness on musk melon under
different water stress during fruit ripening stage. Vertical Dbar

represent means | SE(n=3).

15 -

—-o— High water stress
14 —— \Water stress
—a— Control

Soluble solid content(°Brix)

9 b e T )
45 50 5

Days after anthesis
Fig. 9.7. Changes in soluble solid on musk melon under different water

stress during fruit ripening stage. Vertical bar represent means™*
SE(n=3).
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F24 TS sucrose, fructose U glucose F3) AFRFolA FpA Eopcl.
Total sugar 32 ZAxT-ollA 8.82/100g f.w.2 dIETol uis) 8 % ol =
S Lee (1990 2] Fri Yorle] Eopiio] @ Aheel
A8 kvt Hasigdct. ey Azl AE5Erlel witeke)
AAb Aanste] #HFSErode HETFRoh Yghoh(Fig 98). ol EwlEe] A
G TELEHAE Y] HEE AA e Fgake] FUMck: Kuriyama(1996)
o) Bl tiA zo]lE R, FAR FHol wal A whEx ofate)

E 9 UHE AAEk Y Mizuno $(1971)2 RBEHA L Hi @& )7}

A sucrose?] #{bel o8] AAdE DR Frl TFo) oste] sy oy

Aul7p dolxlcks B vty B Aol Azl waheke) gbais
Heit pRAEHAR QIR Y] xatEay PSR 8 Y 3FE

<
o] 7t wjEo g FAE} HAAIST] Eob sucrose IS RE pol

oA tha a2}, fructose E glucose W& Fr}skE A RS Hedo)
(Fig. 9.9). ol FEAEHALA =] weh F2uin]$2] o] Wstad 4 9)
+& AlAbsl Foivh A S Ed bl i’ sucrose WS- vl 3 4
dAL] 0% ellA] wul 5 55U A lE 60%NE Frrglon, bz U

o

Q] fructose®} glucose®] total B]&-= 60% W] el A} 40%HNE zAaslelc). o=
AES et A&xrdE G uw, BH 2% 32 fructose?t glucose
E EFe glovt, A5 ool Giduko] mE $52 Zrbste] sucrose
7} 50% °]4& AAsHAl Hlvhe 22 (Bianco®t Pratt, 1977: Hubbard %
1989) ¢} F-AkE A eFS Bl
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e Total sugar .
8 P ;;%‘_4 "
%‘:’_if—/r;‘):.:ﬁzl» ~\§
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2
£ 5l B _ |
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g,
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RS I S O
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1 —— ngh water stress [ 1
—v— Water stress
—a— Control
0 ' - o i : |
45 50 — - )

Days after anthesis

Fig. 9.8. Changes in sugar content on musk melon under different water

stress during {ruit ripening stage. Vertical bar represent means=
SE(n=3).

Suc./(Fru.+Glu)w] iz FRAEH2RT A hEToll nla] 27k wghor,
HAX &7 Fo FA3 Frste] 16 WelR E=A deRgch ey
Fru/Glunliz 58 xelgela FAASG7] F<b 0.9 W2 A FA1=
(Fig. 9.10). ol&y-e} &2 vl F2 sucrosedl &3 #H-5-¢& &g

3131k
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OGlu. OFru. OSuc.

100% q C:? q ﬁ/ Py, ﬁl ﬁ’ P a— ﬁ'ﬂ
@
= 80% R allie [ e o s T
- | © © ©
S 60% - Ul L
*5 . 8 ~ I N y
% 40% |_| ]S I
20% |2 1o
o
O% P! :
HWS WS Con HWS WS Con HWS WS Con
45 50 55

Days after anthesis

Fig. 9.9. Changes in distribution rate of sucrose, glucose and fructose on musk

melon under different water stress during fruit ripening stage. HWS:high
water stress(0.4L,), WS:water stress(0.8L), Con:control

(1.2L).

2.0

1.0

0.5

Suc./(Fru.+Glu.) ratio

0.0

1.5 -

Fig. 9.10. Changes in
melon under

7 r 2.0
Suc./Fuc.+Glu. Fru. /Glu.
F 1.5
e
©
1 L 3
a ! 1.0 9
3
[T
i —e— Highwaterstress | 55
—v— Water stress
—a— Control
T L T T T T 0.0
45 50 55 45 50 55
' Days after anthesis
suc./(fru.+glu.) and flu/glu. ratio on musk
different water stress during fruit ripening stage.

Vertical bar represent means =SE(n=3).
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ikl Qlapgzke] AbE Al lelA], total sugar S FE-AEH AT

ol Al 7184 3 B3, sucrosed® W osuc/fru.tgluv]el mE Ao Abg

)

A Jeldgl o, total T (fru.+glu) E fru/glun]ofs 2o Ak

A vhehlsleH(Table 9.3).

Table 9.3. Correlation coefficient between total sugar content and

characters of sugar in musk melon”.

Sugar
Treat . Sluble
reatment )
solids Sue.  Fru+Glw Suc./Frg.+Glu. Fru./Qlu.
ratio ratio
High water  upa go357 -0.403 0.799" ~0.469
stress
Total . s
Water stress .984 0.968 -0.722* 0.852 -0.519
sugar
Control 0820 0910 -0.592 0.782° 0.027

“Fruit were harvested 45. 50 and 55 days after anthesis.
M*Statistically significant at 5%. 1%, 0.1% level, respectively.
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Ash balls} perlite®] =H& = F-&w2] (perlite60% + ash ball40%) & ¥}
o] N3 F 094 FIFE F9 04LFAET), 08L(AZT). 1L2L(H
)R FFee] FAFFAL w2 A g g FRAUSE 246
Art.

WA SR A, A, A4 E S5 perlite WA 7} E3hulA 9} ash
ballol Al Rel tha A3, HEAE 2L =g Ao FE Aol F
Bolx] ekgir) 744 w8 S ("Briv) @ @ A2 A$- ash ball
mA oA Zh SEghvh AlEEAF g 1.456%0.10me/g fw d $1 2 v x| kel
Apol7b wimlste] ALl AwlE viehlie PAd] Wdtels F 9%

e e e

FAAGTE e Azl g Ak S LY EFFCBrio D 3

o

SEE

l

L
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K

SAEE el F S0LdAAA Az} Az A A= 1
o] Foll e AT ANN FA3%] "ol el
F2A TS gucrose, fructose B glucose 3] AZRTFolA 71A EUT)

gzAde]l Fuln)gHola], 28l 3l sucrose RIS FRAEHATA
thd Ao}, fructose B glucose B8-S Zrlely S nmgcl ol:

SraEdsdnd el grupee dge) WaY 4+ Aee A F

Suc./(Fru.+Glu)wle A S7] Fb F43%] $7181e] 16 WHelz A
vehyton], FAAFHEZE sucrose B EI R AYORE FRAEHAT
ofx eFzb zFasteE AEgE 2otk Fru/Gluv)s FAAS7] 58 0.9 N
2 g9A fAEdeH, Aedztel® Aolr} wwlsiglet. veby WBEe] Arle
F& sucrosedl] o8 #H+HE& & 5 sl
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P B e a4 total sugar FEFI A ¥ B, sucrosed i W
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AAF L ash ball WA= el ¥zl wls] P &
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A AsEA T A S A o] FEEE =
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