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The objectives of this study were to monitor the changes in soil solution nutrients and to evaluate their effect
on rice uptake and yield. The changes of chemical characteristics of paddy soil solution were examined from
the S8th fertilization experiment in which the continuous rice cropping experiment started in 1954 at the
National Academy of Agricultural Science. The treatments were no fertilization (No fert.), inorganic fertilization
(NPK), inorganic fertilizer plus rice straw compost (NPKC) and inorganic fertilizer plus silicate and lime
fertilizer as a soil amendment (NPKCLS). The fertilizers were added at rates of standard fertilizer application
rate in which nitrogen (N), phosphate (P,Os), potassium (K;QO), and sililcate (SiO,) were applied at rates of
75~150 kg ha™, 70~86 kg ha™, 75~86 kg ha, and 7.5 Mg ha™ respectively and lime was applied to neutralize
soil acidity until 6.5. Average Electrical Conductivity (EC) of soil solution in NPKCLS and NPKC ranged
from 1.16 to 2.00 dS m™. The NH," and K" levels in NPKCLS and NPKC were higher than that of the other
treatments, due to high supply power of rice straw compost. The content of H3;SiO4 was higher in NPKCLS
because of silicate application. The dominant ions in soil solution were Ca’*, Mg”" and Na" among cations and
HCOs, SO~ and CI among anions in all treatments. The continuous application of inorganic fertilizers plus
rice straw compost (NPKC) and silicate fertilizer (NPKCLS) led to the changes of various chemical
composition in soil solutions. Also, they had a significant impact on the improvement of rice inorganic uptake
and grain yield. Especially, inorganic uptake by rice in NPKC and NPKCLS significantly increased than those
in NPK plot; 14~46% for T-N, 32~36% for P, 43~57% for K, and 45~77% for Si. Therefore, the combined
application of inorganic fertilizers with organic compost as a soil amendment is considered as the best
fertilization practice in the continuous rice cropping for the improvement of crop productivity and soil fertility.
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Changes of cation (NH4+, K, Caz+, Mg2+, Na', and Fe2+i) and anion (CT, SO42', HCO;s, and H3SiOy) in the top soil solution
during rice cropping after the continuous fertilization for 58 years.
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Introduction
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Materials and Methods

AMRZE EAEY 2 Aol ARE AREY =5
G2 1954 o] A7 A PG A A = HEE
=t (A SAlete) = Wofl 2A4E, A%
Aoz sHdexlof YRRITh =EY BAeR faEa
Hgo|a B3 wan vi-5gS o o, B A
ok 7 7FAE (Coarse loamy, Fluvaquentic Eutrudepts)?] &
A& 7HTh 1954 B 9] BSF 3 pH 5.2, 71E
(OM) 32 16 g kg ', AT (Avail, P,05) TS 120
mg kg ', A8 ZHE (Exch. K) F%0] 0,08 cmol. kg ">
2 fFaih e AlRe AR W e At =EY
A7 H)Eteof| 7]% (NIAST, 2010)0f ]2 A] Zshict,
o] FF H|=o} NFAIE A8T W2 Fig, 13 Zth

Year
Pl e e s o e 2 e e e ) e o s e R A
Rice cultivar
I Paldael Jinhecung Milyang 23 Daechung I
N-P,0:K,0.Kg ha'l
I 75-15-15 100-75-75 150-86-86 I 110-70-80 I
N fertilizer . E
l Ammonium sulphate |
K fertilizer ‘
| Murate of potash |
P fertilizer
S
Double superphosphate D#O")S';Late

Compost, Lime

I Fermented Straw (7.5 Mg ha™!), Calcium hydroxide (Lime requirement equivalent pH 6.5) I

SiQ, fertilezer(2Mg ha')

I Calcium silicate

Silicate fetilizer |

Fig. 1. Rice cultivar and chronogical application of chemical fertilizers, rice straw compost, and soil amendments.
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SA7= & AESERlaL, 7H]-Egu]-geu]-Au]e] &
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e, W@HH Az B $87)0] NYPAT B R
on 45 7ielo] Aeksla B #yon] v]
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e e R R
:zqm_ Y BT} SR wHSHlES 49 &
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EQ W B 8 BA  Eopel pel HHEL
(EC, Electrical conductivity)‘—‘- Eof} =x20] HleS
152 ZEo0] 2B, EPIIEE Tyurindl, &
14k Lancaster] ©. &2 —T—%ﬁ}oﬂ 720 nmof| A, FETFAR
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Results and Discussion

HE ¥ EAJNHA 58 Fst £ EYO| 35N
Ed  AINE 2FY B K4 EAJ2 Table 13
Atk A EQFe] pHe No fert, N, NPK, NPKC,
NPKCLST= 72} 6.6, 6.3, 5.8, 5.9, 7.5% NPKCLSTL7}

Table 1. Mean pH, OM, available phosphate, exchangeable cation, and available silicate after the continuous fertilization for 58

years.
Treatiments pH EC OM  Available P:0s  Available SiO; Exch. cation (cmolc kg™
(1:5  @Sm) (gkg) (mg kg") (mg kg") Ca Mg K

No fert. 6.6+0.1 0404004 1741 2043 69+3 61203  09+0.0  0.05+0.01

N 63£03 0.64+0.08 16+l 111 6142 76412 09+0.0  0.08+0.01

NPK 58:0.1  0.63+0.03 1940 136£11 3541 64+0.1  09+0.0  0.07+0.00

NPKC 59+0.1 0.78£0.03  26+2 167413 5345 71203 1.020.0  0.09+£0.02

NPKCLS  7.5+0.1 0.99+0.15 301 169+6 26146 117408 1.740.1  0.15+0.02
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N

P 9kl 1 kol No fert, 79109, NP7} 714
WOkth NPKCLST+= pHE Y = 9= &43]e} 1040
H 25 £t mitol ok Aej4tEX ) 0.9~1.7 A&
9L, No fert, 7= W] A&Fo] AXE sl B Fof
GFol2o] wol gol 913lem, N, NPK, NPKC A 2]
714 H= (T EH|e] {4 e, HY] S TR
EFEN F o9 g 7HHL} No fert, HH = T
o pHE YeRlth E9Fe] ECE No fert (0,40 dSm ) )
NPK (0,63 dSm™) = N (0,64 dSm™) » NPKC (0,78 dSm ™)
> NPKCLS (0,99 dSm )2 =02 £33} v|5o] H771 @
oG F7Fsh= AFOIUL, No fert, 7= $-2Ue} =8
oFo] W4 EC (0,51 dS m ) EC} (RDA, 2011) WoroL} o=
AYTES =2 7S YR

F71E T2 71849 £ AR, He aFEr|et
FERE BQlEs ol wet zolE vt fr1EEo]
Q1% NPKCT-9} NPKCLST-= 7+ 26, 30 g kg o] 1AL,
F71E-] BUEA] o8> A2l No fert, N, NPK+-o]|
M Z42H 17, 16, 19 g kg ol9lem, f71E o] e
7F 3R] k2 St gl 1,4~1, 84 FEFo] wWolHt, 1
21 f71EHo] BYEA] 2 AEE FollA NPK+7}
No fert, 72} NTHL}F 2~3 g kg 0] %2 O]f-= #]Q] 1%
Bl7]+8e] 2 =QJEl= oFo] NPKT (2,469 kg ha )7} No
fert, 7 (801 kg ha )@} NTL (1,409 kg ha ) ET} o W)

FREJAES QA v|Ee} RAEM]7}F FQ]H Fol|A 7H
=L, o]E0] FYEA] o2 NFe} No fert, 7= AT S
2wk} ko] 35 AEtel NPK, NPKC, NPKCLS
T 7k7) 136, 167, 169 mg kg 0.2 W EH] (14 kg ha )
2} QIAFA W] R (T0~86 kg ha )7} o] F1E A2 Fof 4]
Tl =0Tk Ak o] FYEA] 92 A2+ F No fert,
Tk N 212} 20, 11 g ke 'Ol HRE QIF) Bl
sllEo] wha} QAR FePO,ollA 8-3f517] 412 Feu(PO)s 3
2 Elo] EQRgol o & mhA] W20} (Ponnamperuma, 1972),
E3] foto] Agd = FaQAk dao] ohE Aelqtect
o Yot o]AL et 5 At Lo] ko
2 Qilolo] EQRgHOR wo] 8EEQ]7] ufiEo|zkal
3} tHYeon et al,, 2007).

FHE AR AP B E7F Q1 NPKCLS7} 261 mg
kg 0|3, A BRI} BYER] ok A2t 5 NPKC
= 53 mg kg |, NPKE= 35 mg kg, No fert, 7-= 69
mg kg, NT-= 61 mg kg ' ©. 2 J1AHA v R7} £91E 7o)
Hlaf Ao o & gko] uoptt w7k 74 who] Fashs oF
B2 A ARCR EoFoA I QG Tt =2 AJEol
NPKC®} NPKF-E No fert, 7+ U NGLETE S-S54 AR &
o) ol woredl, W7t EokolA Sthe qHAke] <ol
No fert, 5% (264 kg ha )@} N7 (378 kg ha )Xt} NPKCT:

(600 kg ha )2} NPKT (413 kg ha )ollA] o Wk7] wizo]c),

23 ZE2 EPNEA (AAE)E FUT 2] NPKCLS
Fol A 11.7 cmole kg ' 08 7P E9kal, a9A] ok A
= 6.1~7.6 cmol kg 2 @It 2|3 XA vl
e EYNFAIE FUT 790 NPKCLSTof|A] 1.7 cmol,
kg 08 7P &9k, a%A] ¢k 22T 0.9~1.0 cmol.
kg 2 Wth ENEAIS Aelshd 29 gk FEch
1.7~1.84 =301, ETRFAIE A2stA] o2 tolA X|&
A 2t ool deke Al & zfo|7t $islch

28] e Fr1dn| st HA N7 FA FYE A
2]t (NPKC, NPKCKS)ol A= #=3kaL, ZE Adwo] T+
2] k2 A2t (No fert., N, NPK)o|| A= 0.05~0,08 cmol,
kg = Wkrh oleidt off= F71HH|R (75~86 kg ha )2}
HIZER] (47 kg ha ol FFEE= 259 o] T At
Ko} @oly] ufiolr,

Figure 2= HE Aulidl= 7|7kl £ 84 59 pHel EC
o] ASLE YEhd Aolth pHe B 27]0) A= I
A319l=t] 6.7~8.09] WLlo U S $U|2 DF
7.2~17.59] ¥R =sk= 7k YERHSITE. Ponnamperuma
(1962)0f] TEH, pH @ F 1~2¢Y ol dAHo = 3
AT} 2~3 Qhofl 6.5~7. 52 At o= [FAHTh
= Haeb AR ©4 7] pHE Fras 009 YA
1= Ao] Yelolakal 3133l (Ponnamperuma, 1962), Motomura
(1962)+= F714ke] Aol Ylelakar shaith.

—&—No. fert. 8N —+“-NPK ——NPKC -8-NPKCLS

—&—No. fert. = NPK —#-N —&—NPKC &-NPKCLS

EC (dSm™)

0.00 - . . . . . . . .
6/1 6/9 6/17 625 73 711 719 727 8/4 8/12 8/20 8/28

Date (mm-dd)

Fig. 2. pH and EC in soil solution during rice cropping after
the continuous fertilization for 58 years.
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EC:= NPKCLSTOllA &2 27]0] 1.44 dS m 'of|A] 2,22
ds m M4 F71sHAEE S F7)0fl= 2,00 dS m 2 7F
A3k}t 183 o A2t (N, NPK, NPKC, No fert,)
T o9t FARE AFS B T Z27]0= 0.56~1,02 dS
m oA A 7)o 0,92~1.12 dS m 9] el A] s}
Fom AHulggbol 2 2tol= glgicth, B9k Felo] zIgHo
et BE A2 el BECe S7Iehe Aao|sitt (Ponnam -
peruma, 1962). 2|77t EC gk A& Z7]o] £ H|=
o] ofzt nlg|ate] 2polE VERHQLAL, S 7)ol B &
ofo ZHE] Bjo] R ST Q] Ae]gt7tol| 2jo|7}t Fo
E9l0m, NPKCLSTol|Aqte] th2 Azt v 2
& A8}, Ponnamperma (1962)0f] W2H EC7} 5
7Vehe ol olex)gh SO & Ca’ 1} Mg’ o] X3l
7] wjgolgkal gk v Qlck

NH, &= 7717 v &} HAEm]7F F91% 7 (NPK, NPKC,
NPKCLS)7} Th2 A 2|7 (No fert,, N)ET} £9k3l, = &
12970 FA8H| adhs 3ol det (Fig. 3). NPKC2}
NPKCLST-2] EoF 4o 2 NH," %= %4 0,021, 0,013
mmol L& NPKC7} NPKCLSY.t} 1,68 2l no fert, 7-
o1 —=~No fert. N —-“NPK -4« NPKC -=+NPKCLS
0.12
0.10
0.08

0.06

NH,* (mmol L)

0.04

0.02 ¢

0.00
6.0

-=-No fert. N =-NPK -4 NPKC -=-NPKCLS

50 -

40 /
30 =

2.0 4

N,

Ca?** (mmol L)

0.0 -

5.0
—=-No fert. =N —“~NPK -&NPKC -5-NPKCLS

4.0

Na*(mmol L")

0.0

6/1 6/15 6/29 713 7127 8/10 8/24
Date(mm-dd)

0.085 mmol L', NT} NPKJ-= 0,012~0,013 mmol L™
FARIATE EoF &9 S NI e BN E, &
714 vlg, Wel AE, W, 3 Soll sl detAl=
o], NPKCLS®} NPKC= HAEH|oA] FH5== 4718 N
o] FHO R olHal, NPKe £7] Fu|ge} v A& (1
FE7] 9 #a]), N} No fert. = 2] IA|E2] oI5t J&F
o2 B ol F NH,'9| sr} AAEIcE 18]al o] A
2 w7} Segtol] ulek S-SR 245 0.007~0,009
mmol L& Hg]F7to]| Zo]7h FolEQITh EF &8 &
ool ke ZHEo A da FaS 517] wioll B
Aol 71 Fadt 4R HAEHZE £ B4
= EY 8 F9 A4 Fg-o] =Tt Litaor et al,
(2005)2] A8lo| A 85~75 um=7]2] porous cup2] PO,> 2]
F2o] EAVE 9kl sted], 2 AgoMe SAHA
Fk oot A2 ghE HG7] diiel] I35l Bk AlRH
ol A7k Bash Aos wekEc)

K38k NPKCLS > NPKC » NPK ) N= No fert, 9] 4
ME Eor, NH, o fARBH B 3 19714 F25H
Hadhs 43S YERTE NPKCLS2E NPKCE B E[H] <]

bu i

—5-No fert. —-N —4-NPK -4&NPKC -8-NPKCLS

K* (mmol L")

0.00 ®

5.0
--No fert. N —4-NPK -&NPKC -B-NPKCLS

Mg?* (mmol L)

—=-No fert. N —-=-NPK & NPKC -&NPKCLS

Fe?* (mmol L)

0.0002 j7ﬁ

6/1 6/15 6/29 713 7127 8/10 8/24
Date(mm-dd)

Fig. 3. Changes of NH", K', Ca”, Mg2+, Na', and Fe*'in the top soil solution during rice cropping after the continuous

fertilization for 58 years.
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K 3522 71 30| #9413l NPK= F7|&e| =8l v %+
A& (LFE7] 9 Ha]), NeF No fert, 7H= B 9] XHA{E2]
O3t QJRFS W9tk Ca” T Mg” TS vl o] A%zt W
U S71sk9.0m, £3) Mg”" 3k APKCLST7} tf2 A2
Fol| vl sul) FwE Egkh £9F YaF FHOA L K, Ca”,
Mg"' & 28k Wk-gof| oJal EoF ooz Zajlo] Lhoa,
H 9] S0t BQF guko] ofsl| EFE-HoA] Hadrtar st
At} (Ponnamperuma, 1962). & A3 o] A= NPKCLST-2]
ECE oFol % Mg” 3} wis} oFibo] H]S=sto] Mg™ o] &k
o] 7}&+ #AT} (Boivin et al., 2002). Na'= NPKCLST=
o AE7IZF Wl dFskalar, o= A2t (No fert., N,
NPK, NPKO)O|A Zradh= 2415 vehdict, T2)ar Fe™ o
T 57 ok Aol lar, HAEM7F FQlE FollA o
o] &7 UehgEdl, #7184 EFoaiE Fe'lo] 29
gjE AT B a1E v 91t} (Ponnamperuma 1962).
o

Cl 2 Hs #2|rolld He} P2 AL, NPKCLS

H

32 rlo

O

3.0

-=-No fert. N —=-NPK -&«NPKC -5-NPKCLS

CI- (mmol L)

40.0
-=-No fert. =N —--NPK -&NPKC -5-NPKCLS

HCO, (mmol L)

T 4 NPKol|A] Ol §ego] o2 A2t Wttt (Fig,
4), 80,2 %714 vEgk £E T (N, NPK)oJA B4 5
S D7kA] AL, Gohe FQgE Nl T2 At
of wlsl Fat 58i7HA] SO,” 7T EA GAIE Tk Hasio, &
RS NPKCLS » N ) No, fert, » NPKC > NPK <=0 & A
A E7F FYE 1 NPKCLSTFo| A 7F &9k a1, 4k
H| 79| FQo] §lal o] Ago] eHd3h 7131 NPKCe} NPK
TollAl= Rk

EoF gol Fof|A ooz Ca¥ol Mg”, Zoleor
HCOs, SO:™, Cl'o] Wkl o5 7} who] F31] ¢F
2 JEERE BEY &N Ho] zHFstelrt

H7} Sohs thFAg] ok At 7t BAF R
I3t 2pol7} QI E| ST} (Table 2). T-N T NPKCE
95 kg ha !, NPKCLS®} NPK:= 77} 95, 83 kg ha ', N-=
55 kg ha ', no fert, 7= 31 kg ha 'Qt}. ©]= NPKT- 7|&

)

O JATE ANkt A3 NPKCH+= 146%, E{H|<} 4f

35 4

—=-No fert. 4N —4-NPK —4&NPKC —+—+NPKCLS

SO,> (mmol L")

0.20

0.15

H,;Si0 (mmol L)

6/1 6/15 6/29 7/13 7/27 8/10 8/24
Date(mm-dd)

Fig. 4. Changes of CI, SO,*, HCOy, and H;SiOy in the top soil solution rice cropping after the continuous fertilization for 58

years.

Table 2. Macro-element uptake in above-ground rice from the 58th long-term experiment fields.

Treatments T-N P K Ca Mg Na Si
kg ha
No fert. 31(37)d’ 20(33)c 42(39)c 20(39)d 4(29)d 13(38)c 264(64)b
N 55(66)c 30(50)c 61(61)bc 31(61)c 9(63)c 21(60)c 378(91)b
NPK 83(100)b 60(100)b 101(100)b 50(100)b 15(100)b 35(100)ab 413(100)b
NPKC 121(146)a 82(136)a 144(143)a 60(119)ab 21(140)a 42(122)a 600(145)a
NPKCLS 95(114)b 80(132)a 158(157)a 69(138)a 19(131)a 31(90)b 730(177)a

( ): relative index.

"Means with the same letter are not significnatly different at 5% level of LSD.
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Table 3. Micro-element uptake in rice shoot from the 58th long-term experiment fields.

Treatments Cl S Fe Mn Cu Zn
kg ha
No fert. 7(35)c 5(55)d 1(27)c 1(33)c 0.02(9)a 0.16(42)b
N 14(75)b 7(76)d 1(60)bc 2(67)ab 0.03(15_a 0.22(57)b
NPK 19(100)b 9(100)c 2(100)ab 3(100)a 0.24(100)a 0.39(100)a
NPKC 28(147)a 14(167)a 4(158)ab 2(67)ab 0.10(42)a 0.27(70)ab
NPKCLS 28(147)a 11(126)b 3(145)a 2(67)ab 0.04(15)a 0.32(82)ab

( ): relative index.

"Means with the same letter are not significantly different at 5% level of LSD.

Table 4. Average grain yield of rice by treatments after the continuous fertilization for 58 years.

Treatments No fert. N NPK NPKC NPKCLS
Mg ha
Grain yield 2.45(41)dT 4.15(70)c 5.94(100)b 7.76(131)a 7.21(121)a

( ): relative index

"Means with the same letter are not significantly different at 5% level of LSD.

A HE7E SAle] FYE ARGt (NPKHCLS)+= 114%% &
AsHA HAEH|7} BYEete FAH BlRo] Yo
Qlsto] Ao Fasfo] AAE|QIT o)A oA B
| = NH, %%=7} NPKCT7} NPKCLS TR T} =8 Aa}
UA|ol= Aok HEhdct

P ZE 394 B9 + WPK) Eof Y ER7F &=
¥ ++ (NPKC, NPKCLS)f| A= 32~36%7} B S5,

29F A2jE S ()2 FHAE (No fert,)= ZH2F 50, 67%
AA S5=9eh WOl K S5 = pef Hs=gh kol it
H 9] Ca S5 HAHER7F T - (NPKC, NPKCLS)]|
Al 19~38% 5718k, Al (NLF FH|SE (No fert, )Rl A]
= 39~61% AT}, B9 Mg S5 HAER7F FH
T (NPKC, NPKCLS)o||A] 81~40% B3kar, Zd (N2} FH] 7
(No fert,)7olA= 37~71% 2 QUe}. H2] Na F=> NPKC
Mgt 2718} 1, NPKCLSO| A= 10%, N 2 No fert, -]
A= 19~87% A QITh, WO Si S5+ NPKC= 45%,
NPKCLSTLE 77% Z7VE9a, NToA= 9%, No fert, -
of| A= 36% HAE|GlTt, Bo) S e A Hlm A=
I8l Fashlal, £38] NPK-1eF N A2t EoF 8o &
3}o] FFgo] z+z} 0,004~1.77, 0.4~2.6 mmol L& Bt 2
v EWokA|eE B9 SRR NPK A2|4tiot N A2+l
24% Ak,

W7} Sohe vlgdad] o2 Aelaigte] FAAoR
+oJgt ZFo|7k Aiet (Table 3). H2| Cl -2 NPKCLS
9} NPKCT-= 28 kg ha ', NPKT= 19 kg ha ', N 14
kg ha ', No fert, 7-= 7 kg ha '3t} 0|2 NPKILE 7|&20
B AR5 ALkeE Ak NPKCH-2} NPKCLS o]l 4] NPKC
TR 47% F= Wol 7t F3AL, o]E Foll WA E R

Z8o] Fon Ak H|E7} A FFEel v
G Ut Feo] T HA A8 o] FAH
o= QIFER] 3k, Cuts ATt 2lo|7} §it Zne
NPK7-2} N 2 No fert, 7-2}0] 2jo|7} QI =GO}, T2 A
2]t (NPKC, NPKCLS)&k= #tol7h flis 2 o= yelgtt
N, P, K, Ca, Mg, Cl, S, Fe 5> HAEH|E A[&3 +
ol A =okar, HAEH] AA| Wof| 23 AJEa} Bk f o]
£ AR UEe 2] wjEe)] Hel ok gkl 5
7yatdekal ket
EQF 8 F EAe= SR ¥ S S Y
2712 o]oJFt} (Table 4). NPKTO] 48k 10002 7]
ato] AR 45Fo] AJiR]4=5 H7IeE A3} No fert, 7+
L 41%, NF-= 70%, NPKCT-= 131%, NPKCLST-= 121%2
Uehton ZEFo] 27} Hrl NPKLECTH NPKC (3199}
NPKCLS (21%)1ol A 7H8 =3koL, 452 N+ (30%)2t
No fert, (59%)7-oll A= Roket, H4AH vl Rl BRI EH|7}
FAl BUE ATl NPKCLSFoF HAEH] FQl12l
NPKC = =55 7hol] BAIH 02 {23t 2ol= it o7
off TAA] A= AAISHA] LAINE AR 2 24d (1954)
FE 5511 2007 E7FA k= NPKCLST-2] 4=5f0] NPKCHTH
QO 11 o] HE = HIT 2 NPKCT-2] =] NPKCKLS
THETE =2 S UEhaL et SollA Aus EEH
Z 83l1E A AJEo] NPKCLST7F NPKCHETF A Q=]
O|AL- EFE F pH7l 8,002 Ak5alHA AA AJEQl
U o] 9] Fjato] EHH Ao wehEc) el )
2 vzt HAER|7E FAlo] FYE GHINPKC, NPKCLS)2t
JR] ¢F2 - (No fert., N, NPK) 7= BAKCE 2]
gk zfo|7k Qlglom, o] 2 Hr)du|Rel HAEME &



Myung Sook Kim, Yoo Hak Kim, Seong Jin Park, Chang Hoon Lee, Sun Gang Yun, and Yeon Kyu Sonn 29

Conclusion

FUSH v B} EPIFAIE A7 H o2 FQJstHA] H
S Aiek=s A7) AlE 2 ol|A Al A12teE Z] 58EA) &
£ 9] BEoF 89 Fo] wish= v U EoilEA Ao
e} 24 gEbglon, WMol ok S 9 bl 2 G
e v AAav R kS Eok AEgt 49 S0,
o] A F7Fsl L, EGUNEFAR] AR Rl A4 3 E
E0l3} A9 EC, Ca”', Mg”™', Fe*', HsSiOs , HCOs 9] &2
o] AA Z7slth. HAFHRE F9e N, K, Ca”’,
Mg”', HsSiOs 9] EoF 89 % oFE 3ol &olHal, o]
7} T3le] 7145 (N, P, K, Ca, Mg, Na, Si, Cl, S,
Fe)9| FHfo] sty om, 5= F714 vlaqt 22
i E T} 21~31% F = FFE AT 714 vE E Bl
Aol 71430 £ w2l gl Ak} =Eeke] H
S Al QlolA 7Y Fadh AlujRel Ao = wt

=
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