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Summary

To establish a stable tomato cultivation in scoria culture, mineral
adsorption characteristics from scoria medium was analysed and several
nutrient solutions were investigated to select the fittest one for growing
tomato plants, especially focused on yield and quality of tomato fruit.

The results were as follows ;

1. POs was adsorbed by 80% of the supplied solution concentration
at the beginning of the experiment. However, the adsorption rate

was slowly decreased by 40% from 30days to 120 days after supply.

2. Fe, Mn, Zn, Cu, Mo and B were adsorbed at the beginning, but with
the time elapsed B, Fe, Mn and Zn were released from scoria
medium from the 25, 35, 40 and 95 days, respectively. Mo and Cu
were adsorbed through the whole period of the experiment by 20%
and 50% level.

3. In the changes of pH and EC level, the pH of 5.7 increased to 6.8
at the beginning after then slowly decreased by 4.6 at the 120 days.
The EC leve of 2.3 dS/m was lowered to 220 dS/m, and then slowly
increased by 2.45 dS/m at the 120 days.

4. Compared with new and used scoria medium, the used contained
more NO;, HoPO4 and K than the new by 4.08 mM, 1.58 mM and
5.39 mM respectively. Trace element, Fe also had the same trend by

102 £ M, however, the other trace elements show little changes.



5. Among the solutions or the cultivars, there were not different between
growth and development of tomato plants compared on May 1. and
July 6.

6. Comparing with mineral content in leaves between the solutions, the
more added PQOs the higher leaf contained P20s but the other

components were similar to between the solutions.

7. Comparing with total yields of tomato in Cheju Nongjin A solution,
the marketable yield was the highest in House Momotaro as
4573kg/10a and in Maeva as 9,760kg/10a and there were
remarkable differences in marketable fruit number and yield between

solutions PQO4 added and not, Yamasaki solution, in Maeva cv.

8. Cheju Nongjin A solution contained the highest free-sugar level for
both of two cvs. and there was significant between solutions PQ.
added in maeva. Major organic acid content was higher in Yamasaki

solution, not added PQO4 in House momotaro cv.

From the above results, it is considered that there are needed to add
some elements adsorbed in scoria medium for better growing tomatoes
and the solution, Cheju nongjin A, which is added 100% of adsorbed
components in PTG solution showed the highest quality and yield

in both cultivars.
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FAA e Azl % EFAAAY B AHE Foln 4HH
2 FA FS FAES AU At ALFE FH2E AL JgEH
ek 93 d@elde FHe zAFALHR FUES] &Y =¥ A=
'90d o] 10haol Al '96del] 275ha® F7isldy &2 F43 F71e9
'98 AW dA 533hacl olExm UYvHE &, 1999). o] Z-E YA WA
& F7te W LT o)A ol x FhAjulel] Hag A=A,
A, FAuig, AdREE H2F 7eNAE ABEE 2dE £
FUEY AP EE B2 3yt YHlHL Y AAelnh

sl HTo HelFEe |FY 4, wix L @] AE3 Ao
MEEA(L %, 1998), EnlE ¢34 1y w7 Fdo] s,
19905 = § 38 FA4A8 71&S FFA I uA} o gt gdAT
71N FARANA R o] WE Ael Al v Agsta 3ok

AAA BAZ AAHL 90% FEE HFstn gl & WAZL A
45 H71EA7 AGstn FEFolnz Agu] Ro] Fof, 1980 F
RERE] FUlel e HiEtol E(perlite)d 714& Md3te 71 Auizt EolE
3 JThGeh, 1996 5 <, 1997) A RE Helo|EnjA] gA] Y87t YT A
FAHO F7re] A8 o] F B ol HAAY FYfr gz=d
M Z uFE ANFL Q17] W& FUHY RERLEG o1 §F Fhel A
"e WA a7 %St F;obA 7t Sl

AT FEI}A A= e AARLEY F0)(Scoria)= 3t EEA
FF718 7t2E A2 Ae vt (Magma)®] wE ¥Zhe] a2 A
§49 YAstg 3EAR Scoria, £ Tuffel o] A4 o) EelA
Jds2 Yog eV AU @& E BEgdAen A=



olo.m (R. Wallach &, 1992 ; &K %, 1992 ; <, 1993), ‘80t 4% ¥
Aol o]-& FheAe] dESY] AR Fol(Scoria)d] &EHH S4&
oA Y Fd P FEE AL

g 24¢ A% PdE o 7EX7E QAT Sachs(1860)7F A7
AME A7) 98 Hzxe AN wMFYE MLt TRE olF
Hoagland(1919)= E%uel E3=Ho e &9 H&S 7IEL=2 HY
4 metatg o, o] HEE 7]FELRZ Amondt Hoagland (1940)¢ &4
F7oz EviEE AWE O ¢E Fridd 4 A5E EUE E5
A9 &S A vgdS JLaAT. 2 F A8 FgEe] MNLHA
ed 2ol Wiist 19766 ARIAEY drE Frddd ¥ &4
st ZABEE AT Wik, 19817, 3] 2HZLEATAAA
MLd PTGY Fol ®Wol o831 o, Fdudre §FUNEE
AL v Edte] HITo e FEER o FAEo MEHn

Fol& YA FAA el o]& 7 gl F, HWF, BT F
233 540 5 AoRZ HagUATCER F, 1992) o] 4AYE
o7l Hsle Fel7t AV e ey EA4E 1T 4y o]
ot foluRe FEERE A4S 4¥EIL od wE ErE Aujd
A F4& Asual € AYEE s
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BHEE S8R B3oz X AR AMgS 19299 A Xy}
K89 W.G.Gerick® i, 19400z 23] ABe] Kiplingerel 2|34
A7t A83 GA o2}t 1955dd v FAH ELgEHR AT
189 IWGSC( International Working Group on Soilless Culture)?t 24
Hol dg@zo AMR3E FA HUL, 19763 108 239 Fhve
of TxolA A43 A AN HEAZE JHHTH, 95U Allen
Cooper?] NFTA| 2], dul3a Grodan3| A7} ¥ 3}% Rockwool”, o€
o}2] Vertical hydroponicg°] HXEHU L, 9=9 Rheinbergt NFTS7 9]
29 2 WA FY Mg Aus A8 AT BasHTHE, 1992).

B o) ol 4 Al 19417] 24 J. Sack®} Knops 5°¢] &9 7|
Z 994 AEE AAF g BE A7 o|FoA AINA FELS
A7t 270 BB S0l ¥ kTh(Fh, 1996).

Bt ABRE 73 Wol AMRE EENE mHEL A#Gock wool),
deto| E(perlite, BHE)E T doH, oY Ag, 24, $°] T KR
MRIE A AMSSEAY TR AFo] AME-E I ATk, 1996 5 2, 1997).

AR BBy pHE Eolddl mE Zele 300ppm We2 & Ao
7 deu #Eme pH 6%E 38ppmoldE Wolx|tirt pH 8¥HE
15ppm °|&t2 F43] wolA 3 Car: pH 6%F 170ppm °l&tz HojA|t}
7} pH 89l X 120ppm2 2 F43] wWolx|7] "ol pH £3o] et
I (S, 1987).

Wilsonell €3] 19864EHAS-H BB B2 ALEE7] AAR "e)
o|E (%, 1997) pH 6.9, CEC 05, RIE 0.15 FLERZEKe] 93.0%°]™ F&E
¥ gFol A 176% TFQH, pH7E Fobdel mE #Zel= 200~
320ppm Wel® pHel= & d#o] glov #mst e pH 8% FH F3
3] Gojoha A H(&H, 1987).



WIFF(1981) s BifEe) 2Ee $#RAY ¥ BF Iy ¥=& 05~1.54
FE0R ZAYR L ASVN FU¢ 1~2F RHF 22 n/wEKSBRKR)E
ZAstd Qo] Ju2 Fu FFAY] Hold FLFEE me/L 2 YE
Wded, x5S B, BE, RE, Bk A29, 485944 w2
7 AR EHY S FH, £FBREA oA e FxEgs
AL fEkolE Wt AAHA g ReE Bel AE uf-o Rl
Jet B = ow, ol fgolo] A T BELE FHEM,
o) F4 ZAHL mew$E ¥ THW NO; -N = K'+ Ca”, PO -P = Mg”,
NOs -N : PO& -P=3~4:1 A=z o},

WA(1986)°] <3 R HEHpe] AFeol ARAHLE o|FoX7] MM HE
YEaol 2 ge] ok HE EHEE JIA L Sl st=d EW
maE% H 6, C 45, 0 45, N 1.5 K 1.0, Ca 05, Mg 02, P 0.2, S 0.1, Cl
0.01, B 0.002, Fe 0.01, Mn 0.005, Zn 0.002, Cu 0.0006, Mo 0.00001% =39
HAstvtn st

HEWRBERKAE 4% o2k 9% HE HXE ZFoor FEFU F
7t o]Fo] Al EntE EA 4950 HERREEES NO; 10.20me/ ¢,
NH, 1.80, Ca*? 415, Na' 170, POs® 270, SO4% 1.25me/ ¢ 5ol
stgen, uduixd AujA BEiEZ wddeS 2AAE S 4F 49
¥ pHe ECE=+E pHE 50~80, EC 05 dS/m, Ca 40, Mg 15, Na 30,
Cl 30, SO4 40, HCO; 100, Fe 0.5, Mn 06, Zn 05, B 0.1 ppm ¢l 8] &
olg}lal &t tH(Satoshi 4, 1991 ; ZF £, 1995).

Z&o] A= H M F2F 849 N3 P, K & & A&7 #A
= EvtEE 200ppmal A Pg K9 &5 &< vXA o} Ha1+4FE
ettt s th(Tsikalas 4, 1984, 1985).

Ak HEA FHFE 15~20%NA 319 £FE Vetlen 53] A&
719 BAoMNE 15%5EdM HnsHe deio st 4EAY



AAGEol A Jd¥¢& ¥ Y& B HH(Bartkowski, 1987).

Aa7y #opste 4ol vdetvdAY fZe] dojue FEdM e 4
3 AERAE 29, FAe Fe &L wolzoy e H4iEde a4
AL v A FAttn 2.9 (Andreu, 1987), Lo|FHEks 300ppm7HA| =
ERES HESERECT BnsAqdtn 3o (Sahaf, 1990).

Conde(1987)% Z#H HZR; P RKEL Hinx AL Fe : Mn, NOs
PO.”, 17} ol : 27} ol RS W Aty dxE e vk

N, P, K 5% 715t 4259 48 AW #¥& 7 445, EvtES
H71A] FEA A NOs:POs: SOH &2 65:15: 2004 NOs:POs= 4:1
&l POs: Mg 1:1, NOz:K+Ca¥Al 1:15EdA 717 i
st oG, 1987 5 FEF, 1987, ; WH %, 1989 ; Hohjo %, 1995 ; James
%, 1990). E3§ Po} vigasote] FA(Saur ¥, 1995), € &3€ ion9
F4 Y E(Satoshi %, 1991), &4 FAEW F/)%E TFE(EE, 1981) 534
K/Cageol 713t HFHSHER T4 ALV FokA L K/Cagol 05914
2022 F7Hd W Ca¥#d 238 1832 Zadfides Raxz o
(Nonami 4, 1995 ; Nukaya &, 1995).

AFAGe] dFoez #HFEH T Fole FHGY I FUEEA
e dEdME Folu Y dE Ee A4 AuE $EEZ ol&HI=
=, v dAwm-E, 98 71§ ol 4% 203 jley,
olE dAAulE wiRE ML o] FeA HE FtAF 71T FAejdn
st vhGR %, 1993 ; 3R, 1996)

AF Fo] nFuiAol e B BHitE FolL FFS AFAH] AYFZ
o] B4 A AGA AF JEA gl L $ol9 4AVt
Zhe Aol & xR Zw, vavle 2 ZEe §Fel vi Eou,
Rock wool® wj@ald w4 HJTD 3%t 2z Fo] WA= &,
w2t Bapidol thE viA| o Hldte It Tk 2y H-EERLE



Aul Aol 23 FE( “Brix)T FolwlA 77 & ujR] 9t o]t
MANH (R %, 1992), $018 EEL 24T 43 F5&0] T038%=E
FET FHE R F UL EKEL 3321%E FEE Bl FiHdtn
EF BEES 05322 7MYtz s ThGE 4, 1992).

R(1994) = WEEVE REEFAAM Folu FIRAK #¢ AlA
WIEES A Fo| HEAT A7 BERS T FETRE 4% 21
SolHiE ol A gt ZE BEST deoladn st

ol el KRN Fol(Scoria)E EUTHKSH #HHE FIHTN QoA
Hergel AALE =RV fAAT Folge] BEHRE e wIn
o) we WMl Y83t Hol £ AFE YA



m. ##8 R 5k

3B 1. $o|(Scoria)g) EHBRFE K

2 AgoA B3 AL 7HE7] A5t AHEE Fole AF:
#YR 24AAAAN AZE A 3mmel A 1lmm7tA & A7|E2 A A3
of A3ty FEEZ AFstA FAAMA AE-SA T

Fold Fd BEKS 2XEF WEIERKR( 30cm 4 o] X 26cm3%©] X 120cm
dol)g AHESIAL FolufAle] FHo] FuF A2WF §F YRS A
e FAEE € O 1 A2 939t

ol ALEF FAUYNL FiF o] P PTG(Proefstation voor
Tuinbouw onder Glas te Naaldwijk)sJd+49 BEulE XTEEHE A4
3] ECE 2.30dS/m, pHE 5782 ZA3to] Algdgen 1Y 408 48
A B 632 o] 1209 7 Rl HA#EoE FHsta WY
AFEpote] T4 8E A3

Table 1. PTG standard soluiton for tomato plants.

Macro element Conc.(mM) Micro element Conc.( #M)

NH,4 1.25 Fe 15
NOs 13.75 Mn 10
H2PO4 1.25 Zn 5
S04 375 B 30

K 8.75 Cu 0.75
Ca 4.25 Mo 0.5
Mg 2.00

EC(dS/m, 25T) : 2.30




Fole] X@A Fold FFE Yol AEFAWNHOAC pH 70022 F
&3l ddE EXANEE AR F0l9 7HEY FEESEFL 0IN
HCIZ &3 qdg EHNERE AlEsgon, nFdie TPARE
H(pH 7.3+005)22 &Y A& EHARZ AL

Tol #4L o)2azwE# ¥ (Dionex 500, USA)Z #A3iger,
Yol T FIAHE BAL ICPE#EA7|(JSA, JY-70C, France)® ¥4
3t ot

Ale 2. BRI b2 EviEs KEI HE

B AEE AF1eA B8R $0|(Scoria)d] FEFH BN we @
7FA gz ALoA EntEL @ FAL HJES BomH 4o
AR FAAEY FAHAE FH}nA P

MY Fae BAFT AEE LA AFEFG7Ied Jledg
2 AFYEe} 288 2(F75mX £013.8m X A )36m)N A F3argl ).

TAEEL FU9A T2 2R HF, FEAZE Tlonl (Maeva)
FFE TAE 973 149 309 72FEH 1S BAAR ] FAE dFeHT
% 5047 SEF(EY 5~61) 39 239 Holg WAZ F FYAujate]
FAZAY SA(R 2, B )& ALY o7 A5}
FolujA FAAQu)de] WA FE BEntE 19 65~7.0L 2 3t 90cm X
30cm +Ho 2 FH3tor FYFTFIHL FAdx9d HJEGS L ¥ &S
dAZA FRE7] Aste] v FAIFYYPer FFet

Aepd FIdzAHPL LiKAE 7Fos AFFAIZIO)IEFAH|
POs-P& 100%, K& 25% 71, AFF28 R &S Ay PO-PE
150%, K2 375% ¥71), AF5A33 4 (7)1 ES Ay PO,-Pe 100%, K&
26% &7}, Mn, Zng 100%, FeZ 50%, Cu, Mox 25% <=7} 34-&3

_10_



& %(1997)°] Fol9 FEEH FAS nY WLEUE FIMY AY
ol st PTGHE 7|E22 A ALy AFFIAAGHEPTGY
the] POs—P 100%, K 256% 27hH& ZA43ACH(R 2, ¥ 3)

Table 2. Macro elements in the various standard nutrient solutions
used for the experiment.

NHs NO3 POs SO4 K Ca Mg

Nutrient solution

mmol/ £
T1” 132 1270 132 150 599 350 15
T2 132 1270 264 150 749 350 15
T3 132 1270 330 150 824 350 15
T4 132 1270 264 150 749 350 15
TS 125 1375 250 375 1057 425 20

271 : Yamasaki(Control), T2 : Cheju nongjin No.1, T3 : Cheju nongjin No.2,
T4 : Cheju nongjin No.3, TH : Cheju nongjin A

Table 3. Micro elements in the various standard nutrient solutions
used for the experiment.

Fe Mn Zn Cu Mo

Nutrient solution

pmol/ 4
T1¥ 194 37.2 3.7 0.31 0.16 0.05
T2 194 37.2 3.7 031 0.16 0.05
T3 194 37.2 3.7 0.31 0.16 0.05
T4 194 bh5.b 74 0.62 0.20 0.06
T5 30.0 22.5 2.0 10.0 0.93 0.63

YSee the table 2.

-11 -



AE 92 FFRAE FANTAT ZAPIE(EEAEH, 19953)9 A
ghE g 55N ASEAL TALSIE I 695U E 7¥18U @A +&
o] AL ZAEE R, Fdd M F 9%E v 7T, Frlat
S A B4
A gA FIIAAE £4& 4300 23] 541Y 3 938 FEr|9d 7¥6d
23 NEE AHAsd E4F0cd, H4EA AAE €FH0x F FHAd=
MAnet A EEetY FiaF H4L oS 4 058 S ATF W S04 7ml
2 7% g B3 ERAAKS0, : CuS0s = 91 1 ww)E 5g M F
360TCoNA 2417t A= E3A1F) 2 Whatman No. 6 QFHA 2 ojhsjA A4
vt AT KieldahlH (&8 $971=974 EYHSHENY,
1988)e2 24U, e FIIE £4L ICPTHE47I(ISA, JY-70C,
France)= 4|3} $t},
fF87d 2 74 BAL EviEE HEF oS 944 EEs9 Cl18
Sep-Pak cartridges(millipore)& S3A1Z] ¥ 0.45m membrane filter
(millipore)2 AE f(E Evtegdd zes FHTE IHHNE s
HPLC(waters 510, USA)& AM&8lY, #7]14k2 UV detector(waters 486),
f2l32 RI deterctor(Differential refractometer, waters 410)2 &4 3}t

T, f71 R AT BE AL Sigma AFE ol 8Eo, 449
EZEAN Q@ 2=neaYge) JFAE /AT NEgg S,
3% E4% F Wt Qg FAvh HPLC ¥4 ¢9%3 & &
E39 X9 Retention time ¥ 4, 52 WYel iU, e I 82nEd
He a9 149

_12_



Table 4. HPLC conditions for analysis of organic acids and free sugars.

Parameter Organic acids Free Sugas

Column Alltech I0A-1000 Supelco LC-NHz
(300%7.8mm) (25X 4.6mm, 5¢m)

Mobile phase 0.01N Hz50q4 CH3CN : waters =80: 20
Detector UV 210nm(waters 486) | RI(waters 410)
Injection volume 2048 2048
Flow rate 0.4mé/min 1.5mé/min
Column temperature | ambient(20~22C) 3BT

Table 5. Concentration and Retention time of organic acids and free

sugars in HPLC analysis.

Compound Concentration Retention time

oxalic 0.5 ppm 11.20

citric 50 ppm 13.88

tartaric 70 ppm 14.98

Organic malic 25 ppm 16.83
Acids succinic 25 ppm 21.65
formic 25 ppm 23.54

glutaric 50 ppm 27.26

fumalic 0.2 ppm 31.10

Free fructose 2500 ppm 6.38
sugars glucose 2500 ppm 7.84

-13 -
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6.38

1.84

L .
é 2.67 2.87
f

Fig. 1. HPLC chromatogram of standard free sugars mixture.

14.48

Fig. 2. HPLC chromatogram of free sugars in cv. House momotaro.
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: —_ 11.20

- = — 13.69

8.60

Fig. 3. HPLC chromatogram of standard organic acid mixture,

14.98

Fig. 4. HPLC chromatogram of organic acid in cv. House momotaro.
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V. 51 R %
B 1. 401 (Scoria)®) BABHE Frik

FA FYL Folufxe] FAd F e HJEES vAsGARE I
Yool B uis} go] Nat Lol F9%F9 291 100% F7H=
e FEE FHoUt IF HA ol Y 5UAFEE 20% el
S7lgate BRyen, NO:E 9 10% W9 #2718 2ok 23y PO
Kt 238 $olujAjdl F3Eo] Fagtged], K& A& oF 40% 7171¢]
Fastaevt AR gobAA 209F REHE AAFHUAAT, PO A Sole
80%7H A ZraHthrt 0 A7ZA = AAF wobHA T 30Y o] F 1209 74A
E %40%7F A&H o2 FAEE AL RA
s Ee] HEE gJ32E AlOH); ¥+ Fe(OH):9 71Ew417F 3
stz oA A= e FAY HEFZ(allophane)ol oA A4te] 1A
THo) o s, 1974 ¢ B, 1987 : f£ %, 1999), ¥ °](Scoria)
oA A3 E B3 M7 2 kil BEEgel 7] Wi ite 1A%
o] Fold FFFo] B Hoeg Azrgr
B o= Asker wkgw AHF FA UM, e HEA @RMA
W BmrEAd A&sta Qla, Y HBe A4S BEWH M%) T8
Ao, Mo B S4Bel BEA e Fa¢ #AS JeEBz
Y AR 2 4 e gFHE FETHE T g s
(R, 1987 : Young, 1993). wWatA Fol& BRA BRI K= o8&
T o= #Epe] HiEe] 83 Ao AlEHRI

kel Ee] nuFP4¢l Fe, Mn, Zn, Cu, Mo, BE #6014 B upel 2o
BT Z7)de Folikio] RAES BRBES BN =A% 7]
to] a9 REEE BREBES F7142 W4, B 254, Fed 354,
Mne 404, Znd 954Ye°] A#saMEE R#EICZN Fd9 FEE F
7HA R,

Iiy Cugk Mo2 AFHE A RAEHAUSH, Cux 10d 7AAE BF
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Bol 43 Zolguyt 104F FHE A&Ho=2 20% W7t REHN
onj, Mo& HYZMAE Bk BB ASHATIL O olFE 0% FE9
FTEZ BEANAC.

——NQ; —=—PO, 80, =K —=Ca —=-Mg ——Na

_1m i 1 1 1 1 I i 1 1 1 1 1 1 1 1 1 1 1 i i ) 1 1
0 10 20 0 40 5 6 70 8 90 100 110 120

Days

Fig. 5. Adsorption of some macro elements and Na in scoria material over time

0 10 20 30 40 50 60 70 80 90 100 110 120
Days
Fig. 6. Adsorption of some micro elements in scoria material over time
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Foluj oA wjdsE FHe pH ¢ EC ¥izle IH79M B e
Zo] pH 572 ZHd ¥4 z7|dE pH7} 682 &} AT/t A ¥
o4 1204 M= pH 4.6° HAth iE(1981)E pHW e FFHEEL Hol&
T ol WUk e ERG dJoH, #KS pHE EFcvl A
(HsPO4), AAHHNO3), #2HH:S04) Fo] AHSHEZ(RE %, 1991) Folui=]
A e pH ETFE Kol #iRe A& BFe 8 FRLZ 4%
Hen, ECe 230 dS/mE 2EE FddA Z7]¢& EC7 220 dS/m
7hA Eol A7t HAF #EobA 1204 A= 245 dS/me] HAsdl AR R
BIR F9 A& BAFY A R £MA VIdsle Aoz AU

124

123
EC
122

pH
| ——EC The- 121

4 1 i L L ), 1 1 1] 1 1 1 1 1 - j — 1 L 1 ] 1 L 1 1 2
0O 10 20 30 4 50 6 70 8 9 100 110 120
Days

Fig 7. Changes of pH and EC in scoria materials.

T8 120U B HESIY BHOBRE B Agd ALEHY $o)
Hj R o X)) EHiE ROEEES A7) A FoluiR o] HjEA NOs:
4.08 mM, HPOs= 1.58 mM, K& 539 mMe] © Bo] gidtz ggen
g4 Fele Feol 102oME 743 ®o) 43t 31 ¥ 7e Y&
ES & Aol gl o] At # Appelt9t Schalscha(1970)7} Chile®] K1l
Kb BE AFA e A dREL gifide Al-PE g}



Azko] ZAgel Wl Fe-PE BITETHE #EZ vlFo] & 0 Folujxd
M2l AN FHE Fest 72 AP FRHPoTA A4y HE3E 2
dote Roz 2T

2 NO, PO. Na K Ca Mg
Macro elements

1201
100 |

a0
60 |
401 =

20

Mn Zn B Cu Mo

Micro elements

Fig. 8. Extractive mineral contents in scoria material at 120 days
after treated.
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AB 2. BEMEA 9& EvtEY KEN WE

dAzAo] mE PEEAHL 431 F3rid 54 143 95 3|
7€ 6l ‘G922 ElF EEH ‘vloul EF &L Aol HL3}
of ¥6 ~ F9ol Vel 434 Z3slr)e] Sig-2xHF AKE 2F,
9, 13h FAeA s K7 ded, AL AFEAAY A
FEA2871 47 421ns 428mE M A JdeEbgz AFERA1E7F 7t
A ggron] JdZ& 237 420cmE M EA YERT o w F
(1996)°] +EErE A FAFY ARoA ‘=dE FF& 7R
HelolEgt MERE EFMAAN 717G S48 AHE & omialy] EF
dx2 e d4 389cm, FF 426} HlF AKS Ho|L glojH & A
e EntE Afe] ARHLE AFHFE & & AWT. E7)FHAL ofq)
217), AFER2E, AFFA3E7E AFFN1IE 9 AFFAAY 2o} ¥
g4 vElRn, 484 FFAHE AFFH3E7 dL 22 AFE UE
WA 2 QAR B 9@ FARA A e FRE FFL
Fere uven, 43p #s7)9) ‘wldlup AKqME FAZzAY Aol

€ 59 Aozt gAt

AE F71Q0 93k F3719 A3 %E By 2y y EFe F
2w QAAAEFH v FLAa7A RAT AFFA3Z A g4(40ul)
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Table 6. Comparison with the growth of House momotaro cv. by the
various solutions treated (May. 1).

Plant No. of Leaf Leaf 1st truss Stem  Chlorophyll
Lt height Leaf length width set node dia. content
solutions (cm) (ea) (cm) (cm) (mm) (mg/100cx)

T1 100a”’ 22.0a 41.0ab 386bc 11.7a 11.6a 50.2ab

Nutrient

T2 98 215 2b 371 119 48.3b
2 a 39.2 c a 10.9ab

T3 1222 21.7a 428a 42.0a 11.7a 11.8a 49.6ab

T4 97a 216a 396b 4l.lab 11.8a 11.3a 5lba

T5 102a 215a 421a 405ab 120a 10.3b 486b

“See the table 2.
YMean separation within column by DMRT at 5% levels.

Table 7. Comparison with the growth of Maeva cv. by the various
solutions treated (May. 1).

Plant No. of Leaf Leaf 1st truss Stem  Chlorophyll

NOUEN! pcight Leal length width sotnode dia. content
50 (cm) (ea) (cm) (cm) (mm) (mg/100cu)
T1”?  867ab” 199a 436a 44.8a 10.1a  10.8b 46.9¢
T2 92.3a 20.1a 437a 4552  102a  10.7b 49.5a

T3 86.8ab 20.la 428a 44.1a 9,7a 11.4ab 48.9ab
T4 81.7b 196a 406a 43.5a 9.7a 11.1b 47.3bc
TH 85.8ab 197a 436a 449a 9.9a 12.1a 50.5a

ISee the table 2.

YMean separation within column by DMRT at 5% levels.
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Table 8. Comparison with the growth of House momotaro cv. by the

various solutions treated (July 6).

Nutrient Pl‘a nt  No. of Stem dia. Leaf length Leaf width Internode
Solutions height  Leaf (mm) (cm) (cm) length
(cm) (ea) m (cm)

T1”  249.3a” 37.7ab 1lb5ab  34.9ab 34.7a 21.9a
T2 256.2a 372b 1lld4ab  34.5ab 36.1a 23.0a
T3 2464a 39.3ab 11.0b 32.9b 37.4a 21.5a
T4 24652 40.0a 124a 31.7b 37.9a 21.1a
T5 2473a 383ab 1ll3ab 37.1a 354a 22.9a

2See the table 2.
YMean separation within column by DMRT at 5% levels.

Table 9. Comparison with the growth of Maeva cv. by the various
solutions treated (July 6).

Nutrient 120t No.of g i 18l 1 ot wigu Iterode
Solutions height Leaf (mm) length (cm) length
(cm) (ea) (cm) (cm)
T1” 2426ab” 349 10.9¢ 38.4a 44.4a 22.5b
T2 250.7a 36.0a 112bc  37.2a 445a 23.8a
T3 239.6bc 37.0a 11.9b 38.9a 457a 21.8b
T4 231.8¢ 35.6a 11.4bc  40.7a 44.1a 21.2bc
T5 236.0bc 34.4a 13.1a 39.5a 434a 20.3¢

“See the table 2.
"Mean separation within column by DMRT at 5% levels.
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Table 10. Comparison with some macro ionic concentration in leaf between
May 1 and July 6 of House mornotaro cv. by the various solutions treated.

Date of  Nytrient T-N  P,Os K Ca M
%Zig'n solutions (%) (%) (%) (%) (%%
May 1 T1 3.39 0.94 2.45 2.16 0.42
T2 3.45 1.52 241 2.39 0.45
T3 4.10 1.66 2.59 1.39 0.41
T4 3.91 1.84 3.26 2.501 0.58
T5 3.6 1.51 2.8 2.37 0.47
July 6 T1” 3.30 1.34 3.21 3.02 0.66
T2 297 1.76 3.11 2.37 0.76
T3 3.20 1.59 3.82 2.54 0.57
T4 3.77 1.80 2.99 2.55 0.57
T5 3.36 1.33 3.50 3.05 0.64

2See the table 2.

Table 11. Comparison with some macro ionic concentration in leaf between
May 1 and July 6 of Maeva cv. by the various solutions treated.

lggg% Of Nutrient  T-N P:0s K Ca Mg
vation  Solutions (%) (%) (%) (%) (%)
May 1 T1? 435 1.34 2.80 2.50 0.46
T2 441 1.98 275 2.82 0.50
T3 455 2.18 2.62 2.80 0.47
T4 361 1.36 2.44 2.26 0.45
T5 445 1.71 3.03 2.32 0.53
Jujy 6 T17 354 151 490 1.78 0.23
T2 3.35 1.65 3.73 2.36 0.26
T3 3.33 1.65 3.02 2.03 041
T4 3.21 1.31 3.28 2.58 0.47
T5 3,57 1.64 448 1.67 0.25

“See the table 2.
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Table 12. Comparison with macro and micro ionic concentration in fruit of
House momotaro cv. by the various solutions treated(July 6).

Macro elements

Nutrient N 550 X c v
solutions (%) (%) (%) (%) (%)
T1% 1.82 1.03 2.70 0.13 0.10
T2 1.80 1.25 258 0.15 0.10
T3 1.84 1.19 2.87 0.07 0.11
T4 1.73 1.10 2.78 0.08 0.11
TH 1.93 1.00 2.85 0.05 0.11
Nutrient . . Micro elgments . =
solutions (DDrrln) (ppm) (DDlrJn) (DD?n) (Dm?ﬂ
T1? 24.3 15.8 54 68.2 8.5
T2 24.6 21.6 6.1 87.3 89
T3 22.1 22.7 49 Hh2.5 85
T4 20.7 11.5 5.8 70.1 10.2
5 232 395 60 592 99

“See the table 2.

Table 13. Comparison with macro and micro ionic concentration in fruit of
Maeva cv. by the various solutions treated(July 6).

Nutrient - Macro elements

solutions o) G 3%) & 55
T1? 1.69 112 3.35 0.09 0.09
T2 1.88 1.20 312 0.09 0.09
T3 1.79 1.13 2.80 0.09 0.09
T4 1.90 1.07 2.99 0.09 0.09
TS 1.87 1,31 3.33 0.08 0.10

Nutrient Micro elements

solutions (ppm) (ppm) (ppm) (ppm) (DDrrll'l)
T1% 20.2 20.6 38 53.1 13.7
T2 20.7 309 4.6 53.5 14.9
T3 204 415 33 131.0 10.8
T4 21.7 334 3.3 62.6 125
TH 22.3 46.8 5.2 63.1 20.7

YSee the table 2.
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Table 14. Comparison with yield capacity of House momotaro cv. by
the various solutions treated.

(ea/plant)
Nutrient Total MarkeFable Sma.ill Malfor:med Blossom Cracl.(ed
solutions fruit fruit fruit end rot  fruit
T17 21.4b" 12.0b 6.5a l.1la 0.lb 17ab
T2 21.1b  13.5ab 4.5bc 1.3a 01b 09
T3 200b 11.7b 3.9¢c 1.8a ¢2b  2.3ab
T4 184b 12.1b 2.9¢c 1.6a 0lb 12b
T5 251la 14.3a 5.8ab 0.9a 04a 32a

“See the table 2.
"Mean separation within column by DMRT at 5% levels.

Table 15. Comparison of yield components of House momotaro cv. by

the various solutions treated.

Nutrient Mean fruit Marketable Marketable fruit

solutions wt.(g) fruit No. wt.(kg/10a) Index
T1” 976 a” 120 b 3513 ¢ 100
T2 1012 a 135 ab 4,088 ab 116
T3 1122 a 117 b 3,939 be 112
T4 1123 a 121 b 4073 b 116
T5 1065 a 143 a 4573 a 130

“'See the table 2.
YMean separation within column by DMRT at 5% levels.
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Table 16. Comparison with yield capacity of Maeva cv. by the various
solutions treated.

(ea/plant)

Nutrient Total Marke.table sz_ﬂl Mdfomed Blossom Cracl.(ed
solutions fruit fruit fruit end rot fruit
T1” 25.5b" 18.1c 4.3ab 1.2a 0.2a 1.3a
T2 28.9ab 21.7ab 4.0ab 1.6a 0.2a 1.2a
T3 28.2ab 21.4ab 3.9ab 0.8a 0.0a 1.8a
T4 27.9ab 19.3bc 5.la 12a 0.la 2.1a
TS 29.5a 23.8a 3.3b 1.6a 0.1a 0.6a

“See the table 2.
YMean separation within column by DMRT at 5% levels.

Table 17. Comparison of yield components of Maeva cv. by the
various solutions treated.

Nutrient Mean fruit Marketable  Marketable fruit

solutions wt.(g) fruit no. wt.(kg/10a) Index
T1 1469 a” 181 ¢ 7,928 ¢ 100
T2 1273 a 21.7 ab 8,233 bc 104
T3 1417 a 214 ab 9,079 ab 115
T4 1470 a 193 be 8503 be 107
T5 1358 a 238 a 9,687 a 122

“See the table 2 for explanations of solutions

YMean separation within column by DMRT at 5% levels.
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Table 18. Fructose and glucose content in cv. House momotaro and

Maeva treated.
(g/100g/Fw)
Nutrient House momotaro Maeva
solutions Fructose Glucose Fructose Glucose
T1Y 1.70a" 1.34a 1.28¢ 1.08c
T2 1.74a 1.45a 1.33bc 1.16bc
T3 1.78a 144a 1.50a 1.34ab
T4 1.71a 1.42a 1.3%b 1.21bc
T5 1.78a 153a 1.59a 1.46a

“See the table 2.
YMean separation within column by DMRT at 5% levels.

Table 19. Organic acids content in cv. House momotaro and Maeva

treated.
(mg/100g/Fw)
Nutrient House momotaro Maeva
solutions

Citric Malic Succinic Formic Citric Malic Succinic Formic

T17 705.6a" 868ab 364a 858a 509.2ab 76.1ab 290a  34.0b
2 66b.6a 69.9b 374a 805ab 449.7b 630b 17.7b  40.0ab
T3 591.0b 76.lab 24.3b 79.1ab 540.7ab 934a 25.6ab 40.3ab
T4 6151b 94.0a 26.7ab 73.8ab 491.7ab 63.7b 21.2ab  33.6b

T5 9309¢ 823ab 272ab 651b 5843a 638b 198ab 49.7a

?See the table 2.
YMean separation within column by DMRT at 5% levels,
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