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Monitoring of soil fertility and crop productivity in long-term application of silicate fertilizers is necessary to
use fertilizers efficiently. This study was conducted to investigate effects of continuous application of silicate
fertilizer for rice cultivation from 1969 to 2014. The treatments were no silicate fertilizer treatments (N, NC,
NPK, and NPKC) and silicate fertilizer treatments (N+S, NC+S, NPK+S, and NPKC+S). The 46-yr input of
2 ton ha'lyr'l of silicate fertilizer increased pH 0.6 ~ 1.1 and exchangeable Ca 2.0~2.4 cmol. kg'1 in silicate
fertilizer treatments (N+S, NC+S, NPK+S, and NPKC+S) compared with no silicate fertilizer treatments (N,
NC, NPK, and NPKC) because silicate fertilizer included Ca component. Also, available silicate concentrations
of silicate fertilizer treatments (N+S, NC+S, NPK+S, and NPKC+S) increased 169 mg kg'l compared to no
silicate fertilizer treatments. In Period I ’90~’14), the mean annual Si field balance varied from 62 to 175 kg
hayr" in silicate fertilizer treatments, indicating continuous accumulation of soil Si. Silicon uptake and grain
yield of rice had greater differences between N treatment and N+S treatment than other treatments. This
showed that the application of silicate fertilizer had greater effect in nutrient-poor soils than in proper nutrient
soils. Thus the application of silicate fertilizer led to improvement the fertility of soil and increasement of rice
production for the lack of soil nutrients.

Key wonds: Silicate fertilizer, Long-term experiment, Paddy soil, Storage

Soil chemical properties by silicate fertilizer application in long-term fertilization rice fields from 1969 to 2014.

Period Treatment pH Ex. Ca Ex. Mg Av.SiO;
1:5SH,0 e cmol, kg'I ------------------- mg kg'1

N' 52 2.9 0.6 44

N+S 5.8 49 0.5 90

t-test sksksk skeskosk ns skesksk

NC 5.2 3.4 0.6 46

NC+S 5.9 5.8 0.5 115

I t-test skesksk seskeosk ns skeskosk
(69~'89)  NPK 52 29 0.5 35
NPK+S 6.0 49 0.5 81

t-test sksksk skeskosk ns skesksk

NPKC 5.4 3.9 0.73 43

NPKC+S 6.0 6.1 0.64 110

t-test sokok Heokok ns ook

N' 5.7 4.1 0.72 74

N+S 6.8 6.4 0.88 285

t-test sksksk seskeosk skesksk skesksk

NC 5.5 4.2 0.74 65

NC+S 6.5 6.3 0.90 300

H t-test sksksk sksksk sksksk sksksk
(’90~'14)  NPK 5.6 4.0 0.72 47
NPK+S 6.5 6.3 0.91 234

t-test sokok Hokok Hokok Hokok

NPKC 5.7 4.8 0.82 55

NPKC+S 6.5 6.8 1.04 244

t-test sksksk sksksk sksksk sksksk

TN, S, C, P, and K mean nitrogen, silicate, rice straw compost, phosphate, and potassium fertilizer, respectively.
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Introduction

= YoM qHAke B BlEE S0 Fagt aaw
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Materials and Methods

ANEEZ EYEY B Aol A APEY =EY
2 1954 A% 0] A7 %= A AT Aes A Al
skl 327 ol 2A4=Slt) B2 7d41% (Coarse loamy,
Fluvaquentic Eutrudepts) &2 G- aEAL HEo|11 B4
2 w20 w52 koks, Atk el BEA Flddict,
B7IAE 2% A2F A (1954) 9] EF 3> pH 5.2,
G718 (OM) FFE 16 g kg ', FAIAL (Av, P,O;) FF2
120 mg kg ', X34 ZE (Ex. K) §0] 0,08 cmol. kg "2
B FAEIA TS AlQfet AR v S-S Flet =EY A
A HE&&o] 7] (NIAST, 2006)] ]2 A] 38k3iet w2
F51 | 5o} NFAIE A18-3F W2l Fig. 13 2},

SAES H HME|F Y FF2 1954 E 19687t
A= T, 1969 A5E] 197871 = 21, 1979 H-E] 1985
WA7HA]= e 233, 1986WHE] 2003 71A]= T, 2004
WRE] 2014W7HA] = ARG Aufisolch, A et B 32
7N At g E|o] QlaL o] FollA| AR RE A5t

[5¢[55 5657853 6o[ 152 636465 e5[67]6a[ &3 | 70 {71[72[73]74] 5] 75 7|8 | 75[o[ 132634 es| 5] a7]a8]aa| o[ 1[sz[=[s4 o5 57 |98 a[ 0 ot o2 as]e]os os 1011 2] 13 4

Rice cultivar 1
| Paldael | Jinheoung | Milyang 23 | Daechung | Samkwang |
N-P,;0:K,0.Kgha'!
| 75-75-75 | 100-75-75 | 150-86-86 l 110-70-80 ]
Typeof N fertilizer ;
| Ammonium sulphate |
Tvpe of P fertilizer

Double superphosphate ﬁﬁgggma[e Fused phosphate l
Tvpe of K fertilizer
| Murate of potash |
Compost, Lime i
| Fermented Straw (7.5Mgha-"), Calcium hydroxide (Lime requirement equivalent pH 6.5) |
Lime
o | Calcium hydroxide (Lime requirement equivaent pH 6.5) |
Type of Si fertilezer(2Mg ha'l)
L { Calcium silicate silicate fetilizer |

Fig. 1. Chronological changes of fertilizer application and rice cultivars.
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A 9 T2 9 (N), freh+EHE (NO), 8847 (NPK),
392+ E B (NPKO), 7HAFEHIRS A2f3t 24§94t
T (N+S), FHERHE (NCHS), 3844k (NPKHS),
3@+ EH]+5HAE (NPKCHS) S Al ste] 41813Itt.

HISAIRZF U ZHHHRE| BEASSRe AR S50|8
ARSEF (NAAS, 2010)©] Febdol| wfa} Aas= 75~150 kg ha
QlARS 70~86 kg ha ', 7}2]: 75~86 kg ha ', EJH]:= 7.5
kg ha™', FAPAHEE 2 Mg ha 'S AJ85191a, 710 -2
H]—=0]-AlH] o] BAJH]&-2 A4t 50-20-20-10%, 7}
£ 70-0-30-0%= 23], 4k B8], A3, T2|ar 44k A
& 7|u)2 A g5t B E R Al v 80| Al
A 2o 2 HE WA 3 tond A5t Arkelal BS 9
23 v Y-S Jof HulE £21 & 84| R 4~6 kg H7I5}
o] K&k & ARESHYITE ENEAIR] A u Rl B
L B SESH) vhSehes 49 S vjE] Zkzte] A
glotol] Ahst & A2t on, 7| A RE 59 dkkeo]
HstHAl Al 8-Skl WE ositt, ddwe] =8 &
oRQli= Bio] 12 E]7|of Bl 2 Al WA T o B
Az A3k,

EY MF o 2M =iy wisS wUEYs
7] §15F BA1E AR sjuitt 49 ZollA] Fatolo] g
T 0~15 em o) 2 3~THIE AHFSIAL Eqsto] ARg-ot
it} Eok9] pHe} A7 A =% (EC, Electrical conductivity)
£ B SR HIES 158 $E30] S, &
FH71ES Tyurint], FAEQIARS Lancastert &2 353
o] 720 nmof|Al, G- TFAHS- 1 M NaOAc (pH 4,0) 801 0 2 3
Z310] 700 nmof| A B A (U-3000, Hitachi) 2, 2|EH4] %
o] &2 IM NH,0Ac (pH 7.0) 5-gH o2 SE5l0] F=2
3t Zepzu} e (ICP-OES, GBO)C.2 2333t
(NIAST, 2000). FF&AellA] sHibdu|aa WAE )71
199095 7|08 2719) Al71E sl A7) 12 19699
of| A 1989\ 74|, Al7] 1= 1996 A 2014 E7HA] 2 A5}
o] Eokalehd HAstglth

TA (Si) £X| FAREH]E 5 A2]7 (N, NC, NPK, NPKC)
O} FFAFIH| & X 8] Tt (N+S, NC+S, NPK+S, NPKC+S) 9] 7
& PAE 272 ARke7] $ial FAe] YRk 1 -H| =
(439} A v B)oF IR BYEE GO At
AL, viERS BRI St o2 Akletglon
(Eq. 1), THAPER|R9] vigo] A (GFE]aol|A] 74
22 vl A7) 71H o2 A7] 1 (1969~1989)T} A|7] II
(1990~2014) 2 FEste] A=g At Wl
20129 A EQ] HHdo R T F Assz W
3 A]7] (1969~1986)2} T4~ (1987~2014) 2] S=2-& NIAST

(2003) 8] Ak=2E, A2 S 19879 =~20141 3 &=.0] A}
=5 0|85k

T2 (S) 424 (kg ha ' year ) = (F27]4 B|R9] Si + B
Z S FaE) — e AFRE ST Si (Eq. 1)

B RINE B4 Y U Yxe) BUY g
AZ 5 40 mesh2 B a5} A|RE 0.5 g A3} conc,
H,S0:S 10 mLe} 50%2] HCIO, 10 mLE 7}sto] Eaat &
otz of] ‘oSl Eall TAHES 600°CE] 7] =ojlA] 6417t
E3 3lE7 = S o' ARSIl (NIAST, 20000), 4]
=4 S 1987TARE 2009W7HA| 0] oS Ht g
o= A

-

EJ EM mEgolgLSAS IR I (v, 9.2 02 &

ALt =Eoof| FARIH|R Algof w2 EoFs)

sH WSS 7 A481alAl ANOVA B498 AA81aL, A2+t
q

=1 O
T BEFERe Hlals t-Hg o= 45T

Results and Discussion

EQY 3fshd WHal A7) 11 119] qH4kEe s 5 A2+t
(N, NC, NPK, NPKC)®} JFAFIH| = Aa]7t (N+S, NC+S,
NPK+S, NPKC+S) 9] 3}sH4] EAJ-2 Table 13} 2t}

Al7] Tof| Al N A 2]7-ef N+S A 2]+-2] pHi= 242} 5.2, 5.9
2 A27F 7974 Zfo|7h QAL NCLF NC+S A 2]t
NPKQ} NPK+S 2] 2] 5t7te]|, 18] 32 NPKC2} NPKCHS & 2]+
ol fARSE 3RS Jebdleh AP E A2t (N+S,
NC+S, NPK+S, NPKC+S) 9] pH+ 7HAFIH| R F A 2] (N,
NC, NPK, NPKO)o]| H]3]| 0.6~0.89HF & &gh=d], o4
TS 190] 2 ton ha & KM 02 FUT FS pHE
B4t 0.01~0,029HF S7Fek= A 02 YERSIT A7) oA
T A7) T ARHA AR = - A 2] e} g4k Bl & A
2] kol f2JA Q1 Aol 7t 91laL, pHi= 0.8~1.1%2 S7}s}
o, FAEH RS 19e] 2 ton ha & A &H 02 £
739 pH= B4t 0.029HF S71ste] A7) 13} 1= BIsesHA|
LFERSITE

JHAAE)E AT (N+S, NC+S, NPK+S, NPKC+S) 2] A
SHd L TEF e Al7)oll AR R A 2] (N, NC,
NPK, NPKC) 5.t} 2.0~2.4 cmol, kg T @kal, A]7] 1o} A]
L 284 nfadle o] 0.2 cmole kg THE S A0

2 UERdTh A7) 110f 2ol b iR 2 Aol
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Table 1. Soil chemical properties by silicate fertilizer application in long-term fertilization rice fields from 1969 to 2014. N, S, C,
P, and K mean nitrogen, silicate, rice straw compost, phosphate, and potassium fertilizer, respectively.

Period Treatment pH Ex. Ca Ex. Mg Av.SiO,
I:SH O e cmol. kg'I -------------------- mg kg'I

N 52 2.9 0.6 44

N+S 5.8 4.9 0.5 90

t-test skkok skokk ns kkok

NC 52 3.4 0.6 46

NC+S 5.9 5.8 0.5 115

I t_test skesksk skeskosk ns sk
(’69~'89) NPK 52 2.9 0.5 35
NPK+S 6.0 4.9 0.5 81

t-test sksksk sk ns ek

NPKC 5.4 3.9 0.73 43

NPKC+S 6.0 6.1 0.64 110

t-test sksksk skeskosk ns ek

N’ 5.7 4.1 0.72 74

N+S 6.8 6.4 0.88 285

t_test sksksk skesksk skesksk skeskosk

NC 5.5 4.2 0.74 65

NC+S 6.5 6.3 0.90 300

H t_test sksksk sksksk skesksk skesksk
(’90~"14) NPK 5.6 4.0 0.72 47
NPK+S 6.5 6.3 0.91 234

t-test sksksk sksksk sksksk skesksk

NPKC 5.7 4.8 0.82 55

NPKC+S 6.5 6.8 1.04 244

t-test sksksk sksksk sksksk skesksk

N, S, C, P, and K mean nitrogen, silicate, rice straw compost, phosphate, and potassium fertilizer, respectively.

et AR R sZ3HE nhdlg AR (LR 2~4%)°] &
ol FUE AR FETh Chang et al, (2006)2} Joo
and Lee (2011) %= HAFAH| R0 25HE M3l E2l0] gafo =
ESF9] pH, X|$Hd Zgol F7Feithal WaEselrt,
fFaTHAE T A7) 19 AR R FA S (N, NC,
NPK, NPKC)Q} JFAFAHIE A 2|3t (N+S, NC+S, NPK+S,
NPKC+8) )| 4] Z+2F 385~46 mg kg ', 81~115 mg kg 'O.& A
2ol 914 Q1 Zpo)7F UL, B o) AT S-S fItt A
9] (157~180 mg kg ) Hrh e gafFolglet, A7) 11¢]
a4 S AR R FA]2]5E (N, NC, NPK, NPKC)
o} AR E 22t (N+S, NC+S, NPK+S, NPKC+S)o]| 4]
Z¥ZF 47~T4 mg kg ', 234~300 mg kg ' O.2 A @] 7to]| 30 A
ol zfol7} QIQlar, AR R X 2]t (N+S, NC+S, NPK+S,
NPKC+S)o]| QlolA] f-atAl S v o] S-S igt 24
9] (157~180 mg kg )R} 1.68) A= & T2 el
), E3E AR 22l (N+S, NC+S, NPK+S, NPKC+S)
o] AEFAR] Fat ke A17] 1 (98 mg kg )R A]7] 11

(287 mg kg ol Fat 2. 74l B wek=d], oA A7) 119
THAREFO] W2 134 (T8 GFAE 10%) ol A AR RO
2 AN R (7184 AL 25%) 2 HAE S 7] wj o),

THAHE B E]St (N, NC, NPK, NPKC)¢}F 4R A2+t
(N+S, NC+S, NPK+S, NPKC+S) Alo]9] §-a Ak §hef 2} o]
£ d=EE AmE Auh 71879 gho] A7) 1614 0,31~
1.20 mg kg yr & F F718H= ARl AAR A7 9
A 1.15~8.36 mg kg ' yr 0.2 F23] S7514c} (Fig. 2).
A7) Tof| A A dEshgo] 2 FA R & HlFo] ¥
H|9T, Bope] faTFAF TPl HARS o4 (19904
B 180 mg kg) &% EobX| WA WHEH THAke] ofo] wol
A7) mEo g YE), olelgt Alehw A A
T (N, NC, NPK, NPKC)@} 7FAH2 #] 2]t (N+S, NC+S,
NPK+S, NPKC+S) Afo]9] fafal ghef 2jol= ¢ro & o
S A7 Flolw, Efol] HAF JRe] o] Tl 71e
o] oS},
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Fig. 2. Changes of Av.SiO; difference between silicate fertilizer application treatment (N+S, NC+S, NPK+S, and NPKC+S) and
no treatment (N, NC, NPK, NPK and NPKC) from 1969 to 2014. N, S, C, P, and K mean nitrogen, silicate, rice straw compost,

phosphate, and potassium fertilizer, respectively.

Table 2. Input and output in no silicate fertilizer treatment (N, NC, NPK, and NPKC) and silicate fertilizer application treatments

(NS, NC+S, NPK+S, and NPKC+S).

. 4 Treatment
Period (kg ha” yr) T
N N+S NC NC+S NPK NPK+S  NPKC  NPKC+S
Fertilizer - 94 123 94 - 94 123 217
Input :
I Irrigated water 69
(‘69~’89)  Output Crop 192 278 271 346 198 336 312 381
Balance -123 -115 -719 -60 -129 -173 -120 -95
Fertilizer 310 123 433 - 310 123 433
Input :
il Irrigated water 88
(‘90~’14)  Output Crop 192 278 271 346 198 336 312 381
Balance -104 120 -60 175 -110 62 -101 140

N, S, C, P, and K mean nitrogen, silicate, rice straw compost, phosphate, and potassium fertilizer, respectively.

T FX| oA HAPEHIE FAESE (N, NC, NPK,
NPKC)Oll QlofA] Al7] 1k A7) TTe|A] 242} ~79~-129 kg
ha'yr !, =60~-110 kg ha 'yr ' 2.2 S| ZFS LEPNAL, I
AHE| g A 2]FE (N+S, NC+S, NPK+S, NPKC+S)= A]7] 1
I} A)7] A 242 —60~-173 kg ha 'yr ', 62~175 kg ha '
yr O A7) 12 &9 grolglont, A)7] ofl= ko) ke
ERAC) AR R FR]2]5E (N+S, NC+S, NPK+S, NPKC+S)
O] FapAl= A7) 13k A7) o)l 9] 4 wf fratak o
T sl ghofl Bkl oKt S7tsks A EFel ek
Jian and Eiichi (2002)¢]] W2 4 $X|7} 22 7+ A2

o
o Aol T Ho] 38 4= ek skl & A

N = FARSHAl bt AR R 2] 2]t (N+S, NC+S,

NPK+S, NPKC+S)+= A|7] T19]| %F9] grolSl=dl, o] &
FO] FAAF ] FAT TS 7P = dlle] =9l
t}. o] AI71¢] AR E APt (S, NS, NPKS)9 f4 4=
A5 GAFALOZ v 9 132~ 372 mg kg ' O & AALE]
3L, o5 Foll AA| FraTALe 2 HShE 9L 0,02~0,04%
of Easto], Um Al faHA =540 NaOAcE &5
7] ol FElE EASaL glekar Az



824 Long-term Application Effect of Silicate Fertilizer on Soil Silicate Storage and Rice Yield

Table 3. T-N, P, K, Si, and Ca uptake of rice under continuous application of silicate fertilizer from 1969 to 2014.

Treatment T-N P K Si Ca
kg ha

N 75(100)i 18(100) 61(100) 191(100) 24(100)
N+S 69(92) 18(100) 63(103) 277(145) 25(104)
t-test ns ns ns ok ns
NC 93(100) 26(100) 102(100) 268(100) 28(100)
NC+S 81(87) 21(81) 105(103) 349(130) 25(89)
t-test ns ns ns ok ns
NPK 93(100) 24(100) 100(100) 197(100) 30(100)
NPK+S 93(100) 24(100) 111(111) 338(172) 30(100)
t-test ns ns ns Hokk ns
NPKC 110(100) 29(100) 138(100) 313(100) 31(100)
NPKC+S 106(96) 28(97) 138(100) 385(123) 29(94)
t-test ns ns ns Hokk ns

N, S, C, P, and K mean nitrogen, silicate, rice straw compost, phosphate, and potassium fertilizer, respectively.

*Relative inorganic uptake of rice.

TO] FIVE FES AAR Aegho =z ALkl
H O] ARG NASTERF NPR+STRof|A] 242} 145, 1710191
a1, NC+S2} NPKCH+STof|A] 130, 12302 §-2]51A| =9k o L,

< 7717 (N, P, K, Ca)> -2t 2}o|7} §131Tt (Table
3). Kim and Choi (2002)9] ¢tol|lA] F&AH| =] A8
A, QAL A3]9] Mol ik st £ A

T o] o] Forauke Bk

e

WO FIIE S At A2 Aoloe g
e FoU), AV A2 T70] J2AFE 10002 4
ShL olol) dhet AT Aelpe Bxus AHel
Aoz AR Aak A7) 104 N+S A 2]+l 114, NC+S
A 2]= 108, NPK+S A 2] 7= 112, NPKC+S #]2] 7= 108
B UEREAL, A7) Tl A N+S A 2= 111, NC+S A 2=
97, NPK+S &&= 105, NPKCHS A 2]4t= 100011t} 4
T 7 E= N+S7F 7 Z1al, 71 the-2 NPK+ST,
NPKC+S7.9} NOT-9] o]0, AR Aeiel 4
& S7HEE A7) TET A7) 194 B ok YoflA] 7]
K Fan Aol 2 NSTS) NPRISTOIMIE H2de)
9] 2}olE T A 7FA4 Yt 18]31 Lee and Park (2010)2] &4
TolA =R A RS A8 A9 384t vl 3
Ao Z 7~12% AL o] £85I, Kim et al,
(2002)2 2710\ 9} FAVINI RS 264 ALBAIAS 1)
Aol tzTtol| Hlsf| 10~19% S7F5F 2™, Chang et
al. (2006)-> Y-} Bl sto] 8~13% =7 ST A7} 9
v wEslel FAVANIRS] ALGOR Slgh 4o 7ha)

Table 4. Periodic change of rice grain yield under continuous
application of silicate fertilizer from 1969 to 2014.

Rice type Grain yield of rice (ton ha'])
Treatment Period 1 (°69~’89) Period II (’90~15)
N’ 5.9(100) 4.7(100)
N+S 6.7(114) 52(111)
t-test sksksk skeskosk
NC 6.5(100) 6.2(100)
NC+S 7.0(108) 6.0(97)
t-test ns ns
NPK 6.0(100) 6.2(100)
NPK+S 6.7(112) 6.5(105)
t-test *x ns
NPKC 6.6(100) 6.9(100)
NPKC+S 7.1(108) 6.9(100)
t-test ns ns

TN, S, C, P, and K mean nitrogen, silicate, rice straw compost,
phosphate, and potassium fertilizer, respectively.
‘Relative grain yield of rice.

SAREE R0 & vk,
|2 AL E) 2] WA A2l (NC+S, NPKC+)
o) S4ETHE AR AT (N+S, NPK+S) BT 4]
Hoz Holon wgox THH At JFos wrkd
o RAEE R Bul 4o) e 199 oF 123 kg ha
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A = ef ok 2 F7) 2B 5.9 WA P (N+S, NPK+S)
7h AP RS thE f- 1AM RS WA ] (NCHS,
NPKCHS) X.th B 9] Al Seedal A 2dpegd ool & JF
& 901, 53] EoFe] FEsteko] KT 790l tHAREH]

2| W Aol S4ant g A

Conclusions

TAPAHIRE A7 A83 W Aol A EQF 3tst
/33 v ] Agabgof| m x| FFE FrEskaLAl =35, 42
W 5] AgoA] qHAPEHIRS] 9] (N+S, NC+S, NPK+S,
NPKC+S)> B4k pH, 2|8Hd Z<, f-atAte] e A7)
of ZEIALL, HAagAl= A7 1T (90~'14)]| 312~365 kg
ha ' yr 9] Fo) ho R okl AR E] A8 ZFASk
o}, E3E F71EHE (N, NPK)oF AP R W3l A2 A
H O] Al F4ego] §-F7]1-H R (NC, NPKC)2} H4HH]
7 Y3 A7 A] B} 15~49% = S71819 0, B2 Ak
AE 5~14% HEZ AT o|ZEE AU R A}
|2 EMISEE AL, =E] HI= (XL, 2,
71| R) 9] FQlo] o]l e 9l wf AE AAIES
A A7 AR wEct
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