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Monitoring of soil fertility and crop productivity in long-term application of fertilizers is necessary to use
fertilizers efficiently. This study was conducted to investigate effects of continuous application of lime forrice
cultivation from 1969 to 2014. The treatments were no lime treatments (N, NPK, NPKC, and NPKS) and lime
treatments (N+L, NPK+L, NPKC+L, and NPKS+L). The application of lime in addition to N, NPK, and
NPKC tended to increase pH, exchangeable Ca, and available SiO,. The input of mean annual 1,170 Mg
ha'yr' of lime increased pH 0.0042 yr', 0.0062 yr', 0.0127 yr', and 0.0041 yr" in lime treatments (N+L,
NPK+L, NPKS+L, and NPKC+L) compared with no treatments (N, NPK, NPKS, and NPKC), respectively.
The mean annual Ca field balance varied from 169 to 561 kg ha’ yr ' in no treatments, from 871 to 1,263 kg
ha’ yr ' in lime treatments, indicating that Ca was accumulated in the soils. The mean annual Ca field balance
in silicate fertilizer treatments (NPKS, NPKS+L) were higher than that of other treatments because silicate
fertilizerincluded Ca component. Grain yield of rice had no significant differences between no lime treatments
and lime treatments. Thus the application of lime led to changes in soil chemical properties but had no impact
on the production of rice.

Key words: Lime, Long-term experiment, Paddy soil, Chemical properties

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

Period Treatment pH OM Av.P>Os Av.SiO, Ex. cation (cmol. kg!)
Ti T 1 . R .
(1:5H:0) (gkeh (mg ke  (mg ke K Ca Mg
It NF 52 21 56 47 0.12 29 0.6
e s N+L 5.7 22 61 116 0.11 5.0 0.5
(169-"95year) t-test HkE ns ns HHE ns HkE ns
1 N 5.8 19 16 79 0.10 4.3 0.8
s N+L 6.1 19 15 306 0.10 6.8 0.9
( 96N 14year) t_test sdokk ns ns kkck ns seskosk seskosk
I NPK 5.2 21 211 37 0.13 2.9 0.5
NPK+L 5.8 22 207 55 0.14 4.7 0.6
’69~"95
( year) t-test HEE ns ns HkE ns Hokk ns
I NPK 5.7 21 176 52 0.11 4.2 0.8
(9614 ) NPK+L 6.4 22 176 60 0.12 5.2 1.2
~ I
Jears t-test HoHE ns ns * ns Ak HoHE
I NPKS 6.2 22 211 109 0.13 5.2 0.5
NPKS+L 6.4 22 214 120 0.13 5.5 0.6
(°69~"95year)
t-test * ns ns ns ns ** ns
I NPKC 5.4 28 278 47 0.16 39 0.7
e NPKC+L 5.8 27 257 66 0.17 5.8 0.7
( 69N gsyear) t_test skoksk ns k% ko ns dkok ns
I NPK 5.8 30 231 57 0.13 49 0.9
NPK+L 6.3 30 220 32 0.15 6.3 13
(’96~’14year)
t_test seskosk ns ns kK ns sfeskesk sfesfesk

"The lime for period [ (69~'95 year) was applied in N+L, NPK+L, NPKC+L and NPKS+L and the lime for period II (*96~14year) in
treatments (N+L, NPK+L, NPKC+L) except for NPKS+L.
™, P, K, C, S, and L mean nitrogen, phosphate, potassium, rice straw compost, silicate, and lime, respectively.
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Introduction

N

o] 259 ZAFHE AAst] AEo] Fdte PR
o] fakol FF ot 1A AgH AEE =EYY
HS =S H7Peks B4 A (quality)of] Eolsh= #|3#<1
A=A H7EEAL Rl (Yoon et al., 2004). ==9FolA
Ca’'& CO.2| o] Z71EHA Fehato] 23] CaC0s2]
o] Wbyt EoF gl Yo&= ca” Fejrt 7P g
11, Ca(OH)*, CaHSIO,, CaCl’ 59| g2 o5 =3}
1 4 A QJch(Lindsay, 1979).

23] AR A2 AMJES (pH 5.4)° A3=4
S Ajstal 7he] o] Bolge 2R S7IZIE faqt
4k gheo] Asato] v Q] AR (Park, 1975; Cheong
et al., 1977) W o] Z7}13k (Oh et al,, 1972; Oh and
Kim, 1975) ®117} glglom, BoliMdEo] A3 YW #3]4
S FUSH A TjsiE FolHA He| gAabdo] JtET
a1 3}T) (Park et al., 1972; Hwang et al,, 1983; Kang
and Ha, 1985; Sadiq and Babagana, 2012). &3t Na2} Mg
FeFo] W2 AFoll F44E =ol7] 8l A 3E AlE
SHH Ho| AA== o] digh A+ Aate 2 v 9l
t} (Oh, 1990; 1991), 3€]o] A2 F=ollA &7} 327
A AFE =EeFE W A4 (0~54, 6~154, 16~ 30
, 31~504, 51~100)HE B HES ARG A
oA 4x43]0] X8-S EOFO| pHE} Ex, Ca, Ex, Mg 3
o] S7Ftkal HuskGIrl (Zhang and He, 2004).

S-2|uete] =EQF pHe} Ex, Ca T '90Wo]| 5.7, 4.3

Year

cmol, kg oA '11d 5.9, 5.1 cmol, kg ' O.& X|LHH o =
7Vsh= ZdaFolth (NAAS, 2012). =EFollA pHE} Ex, Ca

Shapol Aahs g FllA AAH R A Ushs 7
AV w57k Al SRR 9, AR s ARl

g
HEOE Ca, Mg 59| ZgElo] 9171 thole} (Kim et
al., 2010), 19 olf2 WA Egel Wiwe] £XalE
S5k 2ol wet RGN B HOR £4BE F
U u) MY =S4T AE A% whgol et
7k Basi

webAl, 2 ATl FUTE seh| Rt §711 v,
Pl A4slE B A4How RelstuA
B2 AulhEe o) dolubs Eope] sebye HAsh,
ool ABe| S nlAE FeS BrSHIA Shck

e

Materials and Methods
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Z\NE 2 ARF A1) BESF B2 pH 5.2, 1=
(OM) ke 16 g kg ', S-ESIAL (Av, P,0s) TS 120 mg
kg ', A2 ZE (Ex, K) $0] 0.08 cmol. kg ' O& F&
At FeFS A Qg S ¥ S-S Y3 =B FA ¥
L9 7|5 (NAAS, 2010)0f B2 A] Zstqict, vie] 531}
vlEe}l MgAES AT WEe Fig 17 2tk

|54[ 55 5657 56[5a 60|61 62 53164 es[66] 57| 6] 69 | 70 [71|72]7a 74| 751 76| 77[7 3] 0[31 62|63 [aaes | 6] 67| as|aa] a1 [a2] 9] 4|as|%e{a7 | a8{as[on o1 02]as] 4 as fos 101 1 |12[13]14

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

Double superphosphate | Super phosphate l
Type of K fertilizer

| Murate of potash |

Compost, Lime

l Fermented Straw (7.5Mg ha-'), Calcium hydroxide (Lime requirement e quivalent pH 6.5) I

Type of Si fertilezer(2Mg ha'l)

Calcium silicate

| Silicate fetilizer |

Fig. 1. Chronological application of fertilizers and rice cultivated.
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SAES H M2 HY F52 54dRE 68 a7
691+

£ o 69d e TsdAE XJ%, T9ANE 857
£ U 235, '86WNE '03W7IA= i, ‘04d e 14
TS A s Aelrs eageAos

HIR = QoL B 327)0] Ae|atsE o] glov &2

TollA 2425 AH2stA] 2 A= f3 (N), SB_L—TL
(NPK=HA—M4E-71e]), EH]- (NPKC), AR (NPKS)
g, &35 A3t = AN ST (N+D), 3840 +4
A 3]t (NPKHL), EJH]+2AA3]5E (NPKCHL), FfAHA4]3]
T (NPKS+L)E H]asto] BA5IGIT A4 3]+to] B
2 '951 O|FHE] pH 6,55 Z8to] 27]9] A7 2 FE
ato] Ah2E BASHTE Al7] 12 699 ellA] '95W7HA], Al
711 96O A "T4A7ERA = AFBFaL, [k, fk+a
A 3ol 3R A, 3R A+, I EH]+ A4 A=
A7 T 3 T7F BAEQAL, AR} AR A S A
71 T ol tsfAlet £A48k=dl, A= FHAHAA 3ot
22 A710l| vlastr] Sl Al7] T of tiafjAfqt w4151t

HIEAISE X RHHHE2|  B|EARSS A7|HEE %
FH| AR (NAAS, 2010)0] Dapgle] upaba] A= 75~
150 kg ha ', QAR 70~86 kg ha ', 7}g]= 75~86 kg
ha ', EJH|:= 7.5 kg ha ', THAPAH|EE 2 Mg ha &, 43
£ pH 6.57H] A5A171= & Al8StAaL, 7|8 -EdH]-
ZaH]-Aln]o] HAH|&L A 50-20-20-10%, 7}E]=
70-0-30-0%= 23], ¢lAk E|B], A3, 11 AR A=
7|82 A3tk A4S AEeE ¢+ (N+L, NPK+L,
NPKS+L, NPKC+L)= Al3l@eks BAsle] 44312
0.39~1.17 Mg ha 'S £3l%ich HAE| o] Alze ¥ 5
ol Al AT 2o 2HE HA 3 tong AT Aok
Shal B2 Be|al Hd S Hol RuE £ F 84| R 4~
6 kg H7Foto] Fagh & ARESHGTE B
/'“Hh“l 2A3]9} BlH|= B} 55k

<ol mlg] Zkzke] Aejate] At & AHLstglon, H
]X‘Hlih 59 dfseof| HralHAl AlESkL HE o|Yst
Aok Adwe] 428 & dolQl= ¥ 1FE 7|9 Bl
73 Al W g o okl A st

Y A Y BN =o sRho) WEe mUHYs
‘]

7] $1gt 2498 A== dllnieh 49 oA SAtelol] At
o 0~15 cm ZO|& 3~ 7S Ml EFFelo] ALgst

o 0~

A}, B AlEe 2 mmAlE TRt YA E40 o853
EOF9] pHe} A7 A== (EC Electrical conductivity)+<=
Bkt ZE/\J Hl&S 1162 &3t S48, B
S71 5L Tyurin{], S8 2AAXS Lancaster O 2 FE3}0]
720 nmof| A}, §-J AR 1 M NaOAc (pH 4.0) Moz >
Z3}o] 700 nmol|A] B]JAA| (U-3000, Hitachi)Z, |

Jil

oFo] 22 1M NH,OAc (pH 7.0) =gl o g F=35l6] &
=A% Zet=ul Wy | (ICP-OES, GBO)2.2 =43}
%It} (NIAST, 2000).

L&(Ca) FX| g $AE ALY Y8l ZaFdw
< B R(@A 39} 4 HIR), 1A E (HAE
H]) e} 3’~P7H*?n w2 oo Abgstola, wiEEe AEA|
Fgt Fo 2 Ankelt (Eq. 1). 4 wdt+a
ﬁﬂ%‘z} 394, 3R A+ANS AR+ 5] =
69004 A=A, FARELE AR A S (69004
95U ETIA) O] A E AT WS 12dE 57

AE9 Hyo g, WA F 4R TS A7) (69~
'86)9} A 4= (87~'14)2] =& NIAST (2003)2] A&E
AEA| S5 TR~ 4AE Y] RS o] 8315t

L4 (Ca) 424 (kg ha ' year ) =
(2714 B $71 28] CaTRE + WA (3o, D
% Ca 3o o) - 3!’5-4 X]/\OT 'E;{[\“t}_}' Ca%]:

MR S Arswe soid 086 Q2T 9 0%
W 3oz AFstel DI Foll A4l el A

Ho|E|=SAS T2 #H (v, 9.2)02 &
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EY stehd Hat Mw FAE e A=) ot
14 EAL Table 13} 2t} fo1Eet fob+A4 3]
pHE A7 T (69~'95)°] 242t 5.2, 5.7, Al7]T (96~14)°]
217} 5.8, 6,12 243 A2 Hat 0.3~0.5% % 533
AL, 3940} 39 A+ AT, S E et WS4
Ao fobtet Rt glae] Bt fABH
WERAT:. e, gpAbet A A elte) pHe 21t
6.29} 6,42 o5 F A=zt 9] pHE| Apol= o] v
Aok SA] ookt oAl gttt FY = gtk
Hl& (713]4]754~'89 1 AP BIE90~"14) AHA|9] Kd
¢ 2t vtdle AR GFEA )R 85%, Ak
HlE el 407%)0] AEHoR FRlEo] B pHE
=71 to 2 Akt

71 O Aehd ZF (Ex. K2 243 FAt
2t iéiﬁl A2l Aolol] FAH LR RolRt Aol 191
aQlik SFFE A7] T (69~795)2] HAI=|w]ek
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Effects of Lime Applications on Chemical Properties of Soil and Rice Yields in Long-term Fertilization Experiment

Table 1. Soil chemical properties by lime application in long-term fertilization fields from 1969 to 2014.

, pH oM AVPOs  AV.SIO; Ex. cation (cmol. kg
Period Treatment B R 0

(1:5H0) (gkg) (mg kg')  (mg kg') K Ca Mg
[t N 52 21 56 47 0.12 2.9 0.6
N+L 5.7 22 61 116 0.11 5.0 0.5

(’69~’95year)
t-test Hoxk ns ns Hokk ns Hoxk ns
1 N 5.8 19 16 79 0.10 43 0.8
N+L 6.1 19 15 306 0.10 6.8 0.9

(’96~’14year)
t-test sfesksk ns ns skkok ns skoksk sksksk
| NPK 52 21 211 37 0.13 2.9 0.5
NPK+L 5.8 22 207 55 0.14 4.7 0.6

(°69~’95year)
t-test oAk ns ns oAk ns Hokk ns
1 NPK 5.7 21 176 52 0.11 42 0.8
NPK+L 6.4 22 176 60 0.12 52 1.2

(’96~’14years)
t-test oAk ns ns * ns HoAk HoAk
! NPKS 6.2 22 211 109 0.13 52 0.5
NPKS+L 6.4 22 214 120 0.13 5.5 0.6

(’69~’95year)
t-test * ns ns ns ns *k ns
! NPKC 5.4 28 278 47 0.16 3.9 0.7
NPKC+L 5.8 27 257 66 0.17 5.8 0.7

(’69~’95year)
t-test Hkok ns * Hkok ns Hok ns
1 NPK 5.8 30 231 57 0.13 4.9 0.9
NPK+L 6.3 30 220 82 0.15 6.3 1.3

(’96~’14year)
t-test Hkk ns ns Hk% ns ®kk sk

"The lime for period I (69~'95 year) was applied in N+L, NPK+L, NPKC+L and NPKS+L and the lime for period II
(’96~’14year) in treatments (N+L, NPK+L, NPKC+L) except for NPKS+L.
iN, P, K, C, S, and L mean nitrogen, phosphate, potassium, rice straw compost, silicate, and lime, respectively.

HER+2AI]FE ALfshale 243 FA el 245
Al Atolo] EAA 2 FoJRt Aol ¢llth Cheong
et al. (1977)0) w2 EQko| A~43] S35 2uiFS Al
Pl o AR fa = A S7FsFIThaL 2 i?‘i L,
AE BoREA AT 243 T3k 1T Al
SHe s ko] QlojA] Bk QA AR =Tt 24 ?7}5}7(]
UThaL A7)
HAEH|Q} A4 3]1] B8 Aot e tET
A7) T (69~'95)0]| A %ﬁﬂ*& ¥ (Av. P05 O S}
SFAAIRE, A7 (96~14)ol| A= F2fet &bol= glolom,
ol % A7t Hasieh

FaETAE S SRS fobtEeE A7) T
(69~95)014 69 mg kg ‘o] =L, A7]TT (96~14)0]1A]
227 mg kg ' O.2 TS &7 Uehgth o] ZEE fehuEe}
A5 A7 R BYS,E faqHAl ol He &
7Riths AL & 4 Aok A71T (69~'95)32 A7
(96~"14)| A 38 A+243]7} 3ahrrct 247k 18, 8
HAEE+2A 3] 7 S | 247 19,
25 mg kg ' AEE G4 A FFeIGANE, AL

ol

op FHI

a-$

mg kg,

2
+
B>
x

R X ]—H]E,J DZ]—A]-O]_‘P_O] 01/\]&] Oi
28 IES A, o] IkEo] ATt
TS Aolgt FA4ET 2E A=
5]0] AR BE7HaHl FfAtel FaE] RS
2 Ao} faqtit S S7HAIIHAL 8132t (Park,
1975; Cheong et al,, 1977; Kim, 2008), o]H3t 7|02
fragtit ddol S7tE=Al= obd] FAA e drExl B
k.

B & A 2+ (Bx. Ca)e BE A7)0l fektet
FHAABA, 3849 3R A+ AS]HE, B E]H] e}
MR+ 24317 Aolold f214] Holrt e,
T2} ARSASIT Afolo] Hol7} gk, 2437 =
USA] Sh2 FATFON A Ml 2ol BN

Bog AMZHET} 43S EQIEMHA BE QEiEol Ajuj

St A9 XA e Z7FEtH= Zhang and He (2004) 2]
ATk A3,

EY & A viadls (Ex, Mg)
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A(NPECHL)I(NPKC) y - 0.0041x- 7.735 R? = 0.0289
® (NPKS+L)-(NPKS) ¥-0.0127x- 25 R*-0.0497

B

‘05 15

Year

Fig. 2. Changes of pH difference between lime application treatment (N+L, NPK+L, NPKS+L, and NPKC+L) and no treatment

(N, NPK, NPKS, and NPKC) from 1969 to 2014.

Table 2. Input and output in lime application treatments (N+L, NPK+L, NPKS+L, and NPKC+L) and no lime application

treatments (N, NPK, NPKS, and NPKC).

Ca Treatment

(kg ha year") N N+L NPK NPK+L ~ NPKS  NPKS+L  NPKC  NPKC+L
Fertilizer - 702 - 702 1001 1703 396 1,299

nput Irrigated water 201 201 201 201 201 201 201 201

Output  Crop 28 30 32 32 35 35 36 36

Balance  ’69~l4year 173 874 169 871 1,167 1,869 561 1,263

At 7o, 3248} 3Q A+ A B 7o, B EH]Let
HAEH+443]7L 7k A7] T (69~'95)914 ZFol7} ¢l
QAR A7 T T (96~149) M= A e AolE U
Effjo] iR FEE= vivlss FHaY fies
FAEH, olAL sk AL =5 A7 o Hesit
a1 A7y

AR, 384, JHARE, A E || A43E AT
7S pHO| 14 wholg wsleke 2H2} 0,0042 yr ', 0.0062
yr ', 0,0127 yr ', 0,0041 yr '& HALo] 443] 2|7} 7}
G F7KFo] 1, 1 thed 384T, WAEMIT f9t
Foll 24812 Y AU (Fig. 2). o|oh ge) Aol
2458 Aeeba pivt 71 24 S7ielged), ol
FEE M RS BAAER] Zgat nlavlg AR
FF f o2 waEh HAEH| e} fotef] 43S

Agt Aol 3aAHT; pH F7HF W2 o= 24

o] HAHERl hito] 0] 218 wjFo|atal a4 Ect (NIAST,
2003)
da X BE Aol ZE A= Y golsd

T O
0, 2NEE FYSA g P} 248 Feat Tuc

2). 25 4] (T01~702 kg ha ' year )7} 1d W 25 2]gt
A Zo & uhtkal 71451 8.5 emole kg o] Hok 1
2Ll AAIR fokt, 3aat, BIEEHE, Ak 24
5|5 Foloteles Wl AEA Zgor HeEs Fe 2
2.9, 1.7, 0.01, 0.07%°] E3sto] o2 o ste= &
A 7ol =%

BlRR o] FYUHEA o2 fekret s8] A
S2A]4= 173, 169 kg ha ' year ‘& 9Fo] gho g Eoko| 7k
o] ZA =L ek ol WiE FuE dwo| dol

2
AEERE AAT PRt ]
4

__l

oo, W] dF
OR =08 fAE B2 duidie] Eole AoR Y

ehget.
A3 44319 £ (N+L, NPK+L, NPKOH) S 2]
D59 FHYPo] WEF 2T, 2431 TS &

< miEoh BoFe] A Ze I v AsAITh

X2 23 448 2L RN Mo Ak
kel HlA G BB AT, BT, WA
HulE, TARLY] 3RS 22t 10002 B3t §ok+ad
B, 38A AN, WAR AT, Fikra )
Foll ek A4S A7 (3 B3] WAE AR
Bl GOLTSE fok+AM BT Zhol, 39470} 304
+2 BT 7ol ARl WA AT Ll

52
32
)

TAFROL FAHAAET 7o 2 Aol S pehyx
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Table 3. Periodic change of rice grain yield from 1969 to 2014.

Effects of Lime Applications on Chemical Properties of Soil and Rice Yields in Long-term Fertilization Experiment

Grain yield of rice (Mg ha'])

Period Period I (°69~’95year) Period II (°96~14year)

Rice type Jinheoung Milyang 23 Daechung Samkwang

Treatment (‘69~°78) (‘79~°85) (‘86~04) (‘05~14)

N 5.56 (100)' 7.10 (100) 5.00 (100) 4.62 (100)

N+L 5.35 (96) 6.81 (96) 4.98 (100) 4.72 (102)
t-test ns ns ns ns

NPK 5.61 (100) 6.93 (100) 5.81 (100) 6.60 (100)

NPK+L 5.36 (95) 6.85 (99) 5.92 (102) 6.74 (102)
t-test ns ns ns ns
NPKS 6.17 (100) 7.69 (100) 6.61 (100) -
NPKS+L 6.17 (100) 7.63 (99) 6.62 (100) -
t-test ns ns ns -

NPKC 6.15 (100) 7.86 (100) 6.64 (100) 7.37 (100)

NPKC+L 5.99 (97) 741 (94) 6.59 (99) 7.70 (104)
t-test ns ns ns ns

"Relative grain yield of rice.

(Table 3). SO ER} B2 A ESolA 24315 A
gohs A o o7F SV 7PN (Park et al,
1972, Hwang et al,, 1983; Kang and Ha, 1985; Sadiq and
Babagana, 2012), 2 A|PZA A R EF (pH
5.2)00|4 24319 (634d) FU2 2= el 9
2 vHA) Hhct,

)

47124

Conclusion

7N =Rl Bl (fet, 384y, AR, Fihet
S Foll whe s 2E S HE
skoich £9F pH, A A, A GHAE AlRDS &
7FEAaL, otk Ax3] 0] el ARG HAke] RS Eﬂ
< A7) FAA L 243]E 190] B 1,170 Mg ha yr
2 E © pHE 0.0035~0,0101 yr ' HE= 278}t
235 HEs Xl O fiEoh 2435 W8S o 2
A= 702 kg ha ' year & =7 YR} Eoko] Zh 7
7r&53leblet, Eeh, WO Az ek FoiehA] okt
Aoz AJF AZ FA] pH 5.28] mEGe] 2243]
7] A8 B sl o] BiskE THAYAN, AE
el 7118k Eskqiet,

%‘l

tlo 4>

OQL__Q‘_INE&}‘J
°§mﬁ

2
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