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Effects of Long—Term Fertilization on Rice Yield and Soil Chemical Properties in
the Mid—Plain of Korea

Jiyoung Shon”, Junhwan Kim2, Shingu Kanga, Seonghyu Shins, Kangbo Shima, Woonho Yangs, and Sunggi Heu®

ABSTRACT A long-term field experiment under different fertilization treatments had been conducted to explore the effects of rice
yield and soil chemical properties from 1978 to 2008 in Suwon, Korea. The paddy was applied eight fertilization treatments which
were FO (no fertilizer), PK (phosphorous and potassium), NK (nitrogen and potassium), NP (nitrogen and phosphorous), NPK
(nitrogen, phosphorus and potassium), NPKC (NPK with compost), NPKS (NPK with straw) and NPKL (NPK with lime). Results
of 31 years experiment showed that yield index (the ratio of yield in each treatment to NPK) was the lowest in FO (0.52) and the
highest in NPKC (1.18). Yield index was gradually increased in NPKC but decreased in FO and NK. The yield index of PK, NP,
NPKS and NPKL were not changed long-term treatment. Soil acidity of NPKL showed the highest with pH 7.9, and that of other
treatments ranged from pH 6.3 to 6.8. Available phosphorous content of soil was increased in all plots by long-term fertilization, was
the highest in PK and NPKC. Soil organic matter was higher in NPKC (1.8%) and NPKS (1.8%) than other treatments (1.3~1.4%)
in the early experiment, but that was remarkably increased in only NPKC (2.5%) according to annual long-term application. Thus we
suggest that annual compost application with optimum NPK could make stable and sustainable rice production.

Keywords : Long-term experiment, Rice, Soil chemical property, Yield index, Yield

ZtS o) WAL AZRA, 2 AuTe], EoFH]L 5o A 7P e B7AE8AEE sl 1954
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A B, mal, ARAA S 2ae Aso] oRoixL
olthMitchell ef al., 1991).

A71AEA AR HE 7l A, QAL Ao 2
vRo) AT 2TE W, S50, B 8 5 42 42
H 30~50% F7FA|FH thal Skok(Stewart ef al., 2005). 2]
2O A7IAE Hiles A7t 220 i Bt
£ RYEHSE H17} ¢ ©1(Dobermann ef al., 2000; Dong
et al., 2012; Miao et al., 2011; Wang et al., 2010), =] <]
7N EIL = i EE ATIAF 2 A Y] Ed =] Al
33t B o|m(Han et al., 1991; Kim and Choi, 2002), %
1A 8ol thgt B I (NIAST, 2004)2} EX(Lee ef al., 2006)
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HIZ 2| 4y

& A2 o] S FIeko A 19781 55 2008
G71A 9] 317k B §du| R A2 o)A =AU Al
HEGS AAYGER w7t v EEe Egolltt vl
A= EF 87 R FH|(F0), FANPK), FRIAHNK),

Table 1. Fertilizer treatments in the paddy from 1978 to 2008.

FAE(NP), Fa- k2] 38 A(NPK), 38429} E[H|(NPKC),
30 29} AI(NPKS), 3849} 4]5|(NPKL)7} Wl 55}
Al A= = Ak vl2A S 1978F R 19909714 A,
Q1A}, Zel= 7+ 7} 10, 6, 9 ke/10a2 A]85191 01}, 1991
GRE A, QUL ZE7h 24 24 11, 7, 8 kg/l0ao 2 A8
L} o]F 20063 H = QAL Zef7t 2 ZF 4.5, 5.7 kg/10a
oz HAE UK Table 1). E[H|e} A1 9l A3)= 2} 2} 1000,
750, 360 kg/10aS 25} TH(Table 1). A, ¢4}, 7]
L7k 2 ek SAQMH, Askde FeE Agsdrk A
& A 7|, EGH], RIS 5239 HER 24

He A

SFAAL kS AwF 7=, 2= 7|ne HlE 739
HlEE ZAISTh Fujet Aa(3E), A3l vd = 7
w5t7] g Aol APkl

T2 1978~1990d o= %15-# 7}, 1991~2008'd 7}
AE7F AuiE| ek o] YA 71 1978~1990E 714
do|glom, 1991~2008Holl+= 5€ 25U ] 3ict. A
30x15 em %o, FEEE 1968~1990'd 74| =
2 191dRE = g 3B 07 2oloslgich
4 TR 2SR AP AT A IS/ E510]
& = AT FEL 3HELE RAEY
o ok AR 7IZE 5 1989 K E 1995W71A] TAZEe) 4
Frloletrt = E = o] 77t FA A AFFHA|
of ZFE A ot pFHIV|FO] Y] wiiEoltt 1
L o] 717bEet ZF AEate] vlEA e © AJY
A FA = ek

IO 0]
Tmo+w o &

Amounts of fertilizer (kg/10a)

Treatments N P»0Os K,O Compost  Straw Lime

(Yea) 1978 1991~ 1978~ 1991~ 2006~ 1978~ 1991~ 2006~ 1978~ 1978~ 1978~

1990 2008 1990 2005 2008 1990 2005 2008 2008 2008 2008
0 - - - - - - - - - - -
PK - - 6 7 4.5 9 8 5.7 - - -
NK 10 11 - - - 9 8 5.7 - - -
NP 10 1 6 7 4.5 - - - - - -
NPK 10 1 6 7 4.5 9 8 5.7 - - -
NPKC 10 11 6 7 4.5 9 8 5.7 1,000 - -
NPKS 10 11 6 7 4.5 9 8 5.7 - 750 -

NPKL 10 11 6 7 4.5 9 8 5.7 - - 360

- : Fertilizer was not treated in each treatment plot.
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B e #AS FEidE AlRA Y A REA
oF 10 cm Zlo]8] E4FS auger= AF|5te] LsoA
A7 5 Zafsto] R4 o ARgskGith EARE-S B9 pH,
F71=(0M), A4k, A8 Fol2Ql K, Mg, Cal g F&
UEA EGSHEAH(NAAS, 2010)0f whe} 3§53t
EY A& A4S 198195 E AAENeY BE e
ZAFSE A7) = 1981~19841E 7} 2006~2008 0] Qo B g =
Al719] FatghE vlaste] Eoke] WIlE 4w Egkth

SAI2M

2|3t B4t 2ko]= Duncanthg-44(DMRT) 2.2, 2]

27
M S QAL Wold ABASE FAE BASER
FAZEZIHE SPSS 19.0% Agsto] EAsHr

HEHE0 e A +2F U X HS

1978 AHE 2008 d71A] 31 d7F 87141 9] B =4 2|(F0, PK,
NK, NP, NPK, NPKC, NPKS, NPKL)Z sjujt} Eolst
Aol A&t w, 2 A eof wE A 4=7f ¥3}= Table
29} 7okt Al BT FO ()9 o] 7HA
woron PK (F24), NK (214, NP (FZ¢]), NPK (3
24, NPKS (3849} A31), NPKC (38.2,5H]) 2T

Table 2. Average rice yield and yield index from 1978 to 2008 in the long-term fertilizer experiment at Suwon, Korea.

Yield (kg/10a)

Yield Index’

Year PK  NK NP NPK NPKC NPKS NPKL FO PK  NK NP NPK NPKC NPKS NPKL
1978 255 329 397 450 451 492 493 477 057 073 088 1.00 1.00 1.09 1.09 1.06
1979 189 186 294 281 370 455 491 399 051 050 080 076 1.00 123 133 1.08
1980 230 231 224 275 266 379 417 290 087 087 084 1.03 1.00 143 157 1.09
1981 239 238 450 458 497 472 524 479 048 048 091 092 1.00 095 1.06 096
1982 257 253 408 457 460 513 471 459 056 055 089 099 1.00 1.12 1.02 1.00
1983 327 352 426 459 474 504 533 504 069 074 090 097 1.00 1.06 1.12 1.06
1984 289 336 466 482 497 523 533 504 058 068 094 097 1.00 1.05 1.07 1.01
1985 213 285 347 489 499 517 525 446 043 057 070 098 1.00 1.04 1.05 0.89
1986 191 228 413 468 470 489 520 443 041 049 088 1.00 1.00 1.04 1.11 094
1987 214 246 413 455 460 493 494 420 0.47 053 090 099 1.00 1.07 1.07 091
1988 237 304 443 508 523 590 575 506 045 058 08 097 1.00 1.13 1.10 0.97
1996 281 234 372 405 427 472 484 439 066 055 087 095 1.00 1.11 1.13 1.03
1997 314 355 436 480 492 599 544 507 064 072 08 098 1.00 122 1.11 1.03
1998 239 291 447 497 511 623 573 543 047 057 087 097 1.00 122 112 1.06
1999 216 317 317 452 500 620 513 467 043 063 0.63 09 1.00 124 1.03 093
2000 229 356 348 456 363 471 429 418 063 077 096 126 100 130 1.18 1.15
2001 234 353 479 501 504 585 501 488 046 070 095 099 1.00 1.16 099 0.97
2002 169 225 363 419 422 465 390 375 040 053 08 099 1.00 1.10 092 0.89
2003 135 264 360 408 418 554 466 494 032 063 08 098 1.00 133 1.11 1.18
2004 250 266 468 455 549 659 570 499 046 048 085 083 1.00 120 1.04 091
2005 229 289 432 490 476 618 574 518 048 061 091 1.03 100 130 121 1.09
2006 215 209 416 539 526 591 531 623 041 040 079 1.02 1.00 1.12 1.01 1.18
2007 270 354 368 430 461 589 514 454 059 077 080 093 1.00 128 1.11 098
2008 115 282 326 396 354 558 445 385 047 073 089 1.06 1.00 154 1.06 091
Mean 23la 283b 392c 446d 457d 535¢ 505¢ 464d 0.52a 0.61b 0.86c 0.98d 1.0d 1.18f 1.1le 1.01d

Different letters in a mean column indicate a significant difference in means at a=0.05 by Duncan’s Multiple Range Test (DMRT).
"Yield index represent the ratio of yield in each treatment to NPK.
Yield data from 1989 to 1995 are not recorded in official report, but all treatments were maintained in the same way.
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Fig. 1. Changes in rice yield from 1978 to 2008 treated with FO (no fertilizer), PK, NK, NP, NPKC, NPKS and NPKL.
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Fig. 2. Changes in rice yield index of each treatment to NPK by long-term fertilizer experiments from 1978 to 2008. FO: no
fertilizer, PK: PK without N, NK: NK without P, NP: NP without K, NPKC: NPK with compost, NPKS : NPK with
straw, NPKL : NPK with lime.
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NP: NP without K, NPKC: NPK with compost, NPKS : NPK with straw, NPKL : NPK with lime.
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L.-_7] ‘IHD oz /\H71-E]r;}. E’?Pg]:rlg] ;‘<]§}/«l %L% t‘;t}%kg
0.13 cmol kg o2 AAE=rof v]g 50%AE WA 3
Q4 e RS 96%8] A& Hol, Zhe] Ago] 9
b e Aot avbes g W2 Ao R YEyT
E%U A2 Zdadd F7IAEY BE Aol A
27|12t} Z7bskqch A3 e s 2719 9 mole kg2
k2 A 2o v]g] 3uy HE E%oL, A7) 9§ o= H
o3t zpo|7} glo} YA FFo A T o)A Z71EHA] ke
%1_— s 013}\1:}. = 501:4 x]g]-ﬂ;ﬂ—/\_/] ZJX%\:HHL 5.0~
mol. kg' & HIE|Q=H|(NAAS, 2010), 432 9
fﬂﬂlow Aot =of B AuiE A7t A 73‘%’- %‘
& e AAW R Z7151geS oF 2 9llt) 3]
3E A7 AT A folle EFAETE AR A St
I s ARG AUAA wolA 439 &
A

°\ mloj_

e EgBtobye mA s Rom Az,
2 g7|Ago] w2 Eoko] SmHAL Tl 4051

7FeE AEjts 3848 EH[AG e OE A
ogt Zpo|7k glolet. AR W A]8-5kA] Fok7] wiE
g0l GAAYH 3940 FH|FoA ¥ I1FE 7|9} B
O] ZroA Al EA| 9 Rl H4E Aom YhE
SHEFA = 157180 mg kg o] X gk AW L
67~119 mg kg' 02 HAH o w} ot}

ZU‘OW SetH| &l Aa-dik-Zde 3845 A8 4
ol QHA ) pFEETL TS AN B 1= o
T A F7FehA] kot BESF A& A makE wnlskel
t}. Han ef al. (1991), Kim and Choi (2002), Dong et al.
(2012) = 3eH|as BEYY 4y 7EdHde 5
ZHAZIAL SRtekal skeit) EHE A7IA S B9 771
=HEol S7HEY aEAeE HAAAeR FTHA A&

A
5ol 7Feet ZAo& AYZHETE Miao er al. (2011)% 31e}

Ho2 M 2 Jo ojN

[‘l[‘ ox, Olﬂ o

MRS T 49 FFERPol AAL BHeGS &
wekA AHFY et HulE A8 A9 B
@2 Zolm A&kl Jhssikn sttt hut /1%
AGA HUL A3, MBS 310 98T A9 FEAN
ol EFEI AU BrhA 4 glonz A
AlB) e Bol ZAsor & Ao MzEch St
L AR B §7180] HEG HOoE 7% FY
g FA7) S e B RYASS G 2
3} A2 §/1BFFl F/ks B S0l AuEw
G AOR HIET gout UL AUAA B
Fol We A0 WIEYCHKang ef al, 2012). Theb
Bo Al e @ okeh n AL SIS E Sehu] et
S22 AHa AHZL FastEE o HAA ] Lok
A Eoppel s B ashcta AzhEc,
¥ e

1978 A E 2008\ 7F#] 31E7F =+
A GHAAZN A FY HE 7
g3} Eope] shtgo] vl
bl dig=

r}:mﬂ

1. H® A-&A e g & a2 FH|<FA(PK)<F
ANK)<FZAZ|(NP) < 324x(NPK) < A3|(NPKL)
<*“51(NPKS)< Eu|(NPKC) £02 =9ith

2. 38 ANPK)UIH] 3R] 4= a7} 0.522 7P W
okorm], NPKS9 NPKC7} zFzF 1.11, 1.185 NPK.
t} &=9ith PK, NK, NP:= z+7} 0.61, 0.86, 0.98% 3
84 F Aavt i vR= o] 7MY on Z4
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@]9 oJgFo] 7}AF
o} #to] 7} gigith.
3. NPKC:= 7|7to] Aufst2 4oaku) o5k =t
718k Dﬂ NK} FOO] S35k asts 43

ST NPKL2 NPKe} 4|4

NPKS, NPKLO| SR 4= R 7|7ke] whg ¥Fo]
ST

4 Eoolzgq 972 FHeES NPKCE AR Q7| Bdhek 2z
2.5%7HA] S7Fek o, NPKS= 1.8%4 o5
XﬂQlf* O AP 1.3~14%2 27|92 Z}o]7} §f
[e3]
AN

—|—‘

5. EOFO] A AHS HE QA A TolN 57
Aok SulTA 7P stk

¢ B9 pHY} 79714 %

AbENT ot

Al A}
2 mus TN AEAIAATANIAATIS A
% PJ00920302)9] x| ol| ola) =3 = ik
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