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ABSTRACT
Received: March 16, 2018 A field experiment was conducted to investigate the effect of long-term (21-year) fertilizer and compost
Revised: May 31, 2018 treatments on the yield of red pepper and chemical properties in top-dong, Suwon. Six treatments were chosen

for this work: No fertilization (No fert.), NPK fertilizers (NPK), NPK and compost (NPK+Compost), NP and
compost (NP+Compost), NK and compost (NK-+Compost), PK and compost (PK+Compost). The yield of red
pepper for 21 years indicated the significant differences among the No fertilization, the PK+Compost, and
other treatments. The relative yield index was 13% and 59% respectively, for the No fertilization and the
PK+Compost if the average yield of red pepper for the NPK regards 20,048 kg ha™' as the yield index with
100%. Soil organic matter at the compost applied treatments significantly increased compared with the No
fert. and the NPK. The average increase rates of soil organic matter by applying the compost ranged from 0.69
to 0.73 g kg yr'. Available phosphate content in soil appeared the significant increase all treatments
excluding the No fert. It is estimated that the available phosphate in soil was increased by 7.0 mg kg™ yr' by
applying compost and 14.2 mg kg yr' by applying P fertilizer. Application of K fertilizer or the compost
alone, the NPK, the NP+Compost, continuously caused soil K depletion whereas K fertilization plus the
compost maintained at a constant level of exchangeable K. The results indicated that the addition of compost to
NPK fertilizer is recommended for the maximum stable yield for red pepper and enhancement of organic
matter though it is also needed for adjusting of P and K fertilization.
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Changes of yields of red pepper in a long-term (1994-2014) fertilization experiment. Error bars
represent standard error of the average red pepper yield for every 3 year period from 1994 to 2014.
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Introduction

o] AL AR e et RO SEH o R HigH] Rel EH| 9] Ago] Fa 5t FihEol A
Atk ol2et vl 7 o] ARgat v A Q1 TAofl AT} (Jeong et al., 2001; Yeon et al., 2007; Chung and Lee, 2008).
SER|RF Mot H] 2 0] TRl BT A 0= Q5|8 pbS AAaAZI AV o B sk R &2 A FIY
SFE ZdotH, B2 QP H|BAY YHIE 7142 4= 2t (Sharpley, 1995; Lee et al., 2009; Lee et al., 2012). T=HA]
2ol thiet 273t Bl R A || AP o] F-51H TRt 7|t AAA FUSH H =5 AHlotalE 739 2HE 2] A
A B9 sk o] Ws-2 W7t ATt Qi

572 0llA A, I, e T HgH| et EMIE 4 F 1ol AR A FE51kS o A=) A4 EGFe) H]
Lo n]x]+= G 5ol gt st A-50] 49 %] o] 2ttt (Jenkinson et al., 1989; Liu et al., 2010; Zhang et al.,
2012; Zhao et al., 2014). B-FH] & A|H]= 2F22] i Soiiof] 2184 0 2 FokS m|A] 1 AR BgH| =T 9]
LA EFO] A G217t o F7] "ol 7 1= ARGl Rt v {A] Em S vl B siral B skl

It (Kapkiyai et al., 1999; Jeong et al., 2001). 4I5S Shon et al. (2016)2 HoJA 317 5L HI RS A-8<H
749 A4, ik e 5394 H| R O] Wl 4,570 kg ha'' 2 FH]9] 2,310 kg ha' @} v wste] of 287} 54
QA EFRT1E-2 14 gkg ' olA] 13 gkg ' 2 FHAH Tkl SHITE g Al 2 Jeong et al. (2001)-2 H oA 21
W7t BEH| YRS AH[oh= ¢ EGR71E-2 23 gkg oA 21 gkg' = GOl 228852 11.6 cmol. kg ' o4 8.4
cmol kg ' &2 Yozt B 7511 Q)

o= =EGoA A7t A SLH R E A7t A8t o Bl 2] Sfat B afald vizlel tigh
H 50l 91O} (Yeon et al., 2007; Yang et al., 2010; Kim et al., 2012; Kim et al., 2017), HE] thsjiA+= o]
e A7} nlget Argolet. 15-0] A2 201432 7|50 & 36,120 ha2 2] AHA0] 20%E AHA|SHL §Le
™ (www.kosis.kr), AXE TE=H & Lot Zrjfa= AAE] gloji= ¢F He a8t 2=0lth (Lim et al.,
2008). 1B R & A oM Eel &2 0w w2 A M-S Aokt Bast AHE AlEsh] ¢
Stof B]& 9l B89 77| A-go] 13o] ALt Eoke] slohy] Hste] u|2)= ks Bkl

[
2

AMNEEY & x| 2 AR 79 a4 1ddelS2et e E 2404 19945 2014d7E2] 2187t 4
Yol A2l= 7RI, 3847 (NPK), S (NPK+E]H]), Z=2 241 (NP+EH]), QPRI (NK+EH]),
AAZAATF (PK+EM]) 5 64 2]l da5] 35HE.0 & sfo] Z 187]] Ald+5 T3t AlE = A4 HA0] 10.8 m’
7} El= 712 3.0 m, A2 3.6 me] 23 E 72 EEE AIRGIYAL 1 m 7o) F2 BF wAete] HE it
(Table 1). ZF2 199456 2011 @7 = FETIFG 2012 G5 E 201437k = FobAZFo|Qlct, 1 53=1d 5
A ARG} SR Afolof A6 0 AAIA—E= 75 x45 cmE 1 3252 AlQieh Aol ARRS HEH]| R
= HaE 84 ke 83t Zej= bt o]}l Bl 2005 U7 = Fego] dAEHIE A8l 2006
WRE 20143712)= BE T W ol EEH] 52 ARSI e 71H|9F 9] B8-S 54:469] H]

1T FH]= 33]0f] AAA EAISHITE ke A DAZC = AJH[sIl o™, Zel= 7|H]|9F F81E Z12F 50%
SEol3Th (Table 2). 115-0] FFFAR= -2 155 5212 = Sl A7 2= Al S= A7kA] o 125 3¢

702 8tsto] Atelerk
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Table 1. Chemical properties of soil used in experiment.

Ex. Cation
pH OM Av. P,Os CEC
K Ca Mg
1:5 gkg! mgkg! e F1E1) P - g —— cmol, kg!
5.30 2.70 15 1.28 1.30 1.00 5.1

Table 2. Application rates of different chemical fertilizer and compost treatments.

) Application
Treatment Period Compost
N P,Os K,O
kg ha™! Mg ha™

No fertilizer ’94-°14 0 0 0 0

’94-°05 190 200 200 0
NPK

’06-14 190 112 200 0

’94-°05 190 200 200 20
NPK + Compost

’06-’14 190 112 200 20

’94-°05 190 200 0 20
NP + Compost

’06-’14 190 112 0 20

’94-°05 190 0 200 20
NK + Compost

’06-14 190 0 200 20

’94-°05 0 200 200 20
PK + Compost

’06-14 0 112 200 20
Compost ’94-°14 0 0 0 20

EY & AEH B2M ESY S22 mm AIE SRt 510 A=l tishA EFe] pHe= B =] HlgS

1:52 5} 3087 719 5 pH meter (ORION Model 720A, MA, USA)ZE S5 1, EY ECE 1:52 & &
717 A (YSI Model 35, OH, USA)Z B4} 57152 Tyurin® (NIAST, 2010), 3-8 914 Lancaster
H (NIAST, 2010).2. &, 2|$HJ K, Ca, Mg2 IN-CH;COONH, (pH 7.0) -&91.0 2 Z=5}o] ICP-OES (MX2, GBC,
Australia) S AMgSIe] ST 15 A EA|0] 571/ 24 SloiA mifd A2l g 254 ZFstelc A=A
A FZE70°CoA] AZ T Bafjg] A|FE AF ES|RH (HCI04H,S0,~10:1) 02 54] Bafslo] DAt Kjeldahl |
(NIAST, 2010).0.2 HEA5}37 QXES Vanadate (NIAST, 2010).2.2 519101 ZH=]= ICP-OES (MX2, GBC,
Australia) S AF8-51] 451} EAHEA (ANOVA)2 SAS 2 138 (Enterprise guide 4.2, USA)= ©]-8513.S
™, Duncan®] th5A 0 2 Z2|7ke] FAIAQ] o4& vl HESISIT

Results and Discussion

TE 4% Y YEEA 21000) 27 20| FERA Ak WaT A 384T, ST, QU
AT, B BAT SN ASHOR 58 5L AR uhele]) AR P S GO Gl ol S 1
ERHSICH (Fig. 1). 20061358 20085171 A4H]2 A2} 57 Ba<ao] the 7Kkt vlmste] 2jgld] ol
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02 7|5515ke o Ao s AR 7R Auh FRle] a2 13, AAAA =59, QR

A= 97, FLNETNA = 107°]31Et (Table 3). ©]2]§H A= H] g A 2]7F 115 4] u|2]= g3kl o9

FEolth= Ae G 4 Qlom, Aart ol mlal= ko] 7P A1 Qb Ze] o] gk =

etal., 2008; Shon et al., 2016). $HH FH]|e} v wsto] AAZA| Z2jof|A] 11,802 kgha' = 4

£ Witz HigH| 2 Hohs BlH] A1-8o] SJ§h oJgko 2 BRItk 2003 WH-H 2014WW71A] E|H[gHS A8t A 2o
A 3150] Bt 211,106 kg ha' 0] 9lom = A ]7ke] Eﬁl’ﬂfﬂ Zol= IS7] wiZo ek (Ah= vz ). shA|et

EH|o] E¢jo] EoF Z AAT} HEG 79 oFH o] L3¢ 0 2 A 1130] Sk Zi]o]] 7|of3h 7 0 2 Ko}, Z3eF

T, i AR Follxte Aol B8R o= Fwe 4 é‘i HFHR7F A= 9 o 3.8 4t vl et

of EJH|9] F71E]lol| oJet SR glolrh

rlo
I
o
mt

2
4>
%9,
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Fig. 1. Changes of fruit yields of red pepper in a long-term (1994-2014) fertilization experiment. Error bars represent
standard error of the average red pepper yield for every 3 year period from 1994 to 2014.

Table 3. Mean fruit yields of red pepper in a long-term (1994-2014) fertilization experiment.

Treatment Fruit yield Relative index
kg ha™ %
No fertilizer 2,599¢" 13
NPK 20,048a 100
NPK + Compost 21,504a 107
NP + Compost 19,481a 97
NK + Compost 19,454a 97
PK + Compost 11,802b 59

"Different letters in the same column indicate significant difference (P<0.05) according to Duncan’s multiple range test.

T3] Wl QU Te] B T S3go] BEAE o] Z7101r (Table 4). He8 FRESTFL Ak,

=-1- [}
QAMAt, Z] 5 3712 AR 5 Rl A 7R At 384, SRR, QUEAAIT, Dl EAIT S 44 2= E
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AL, ] ol Z42te] g2 thishM A=) 2lelrt §lo] 71 w2 s Elh *FE 3714 A4
o A=Alell 7 AAl FrEI AL HAaeh A o] M Fel WokEH 38T E VISR A4, 4

w5 At |
AL Zre) o] 21d7 W RS 242 145.7 kg ha!, 57.5 kg ha'!, 185.6 kg ha' & LRI

Table 4. Nutrient uptake of red pepper in a long-term (1994-2014) fertilization experiment.

Treatment I:ll:r;l:;l: ’94-°96 ’97-"99 ’00-°02 ’03-°05 ’06-°08 ’09-°11 ’12-’14  Average
kg ha!

No fertilization ~ N 100077 80(03) 154(48) 161(28) 33.0094) 265(68) 232(28)  189¢T

P,0s 4.0(0.3) 3.100.) 61(1.9)  64(1.1) 13.03.7) 10527  91(.1)  7.5c

K:0  12.8(08)  102(04) 197(6.1) 20.6(3.6) 42.0(12.0) 33.7(87) 295(3.5) 24.1c

NPK N 1187(200) 161.8(9.1) 138.3(16.0) 156.0(11.0) 122.6(20.0) 148.5(36.1) 1743 (352) 145.7a

P,Os  468(79)  63.8(3.6) 54.6(63) 61.6(43) 48.4(79) 586(142) 68.8(139) 57.5a
K:0  151.1(254) 206.0(11.6) 176.1(20.3) 198.7(14.0) 156.1 (25.4) 189.1 (46.0) 222.0(44.9) 185.6a
NPK +Compost N 1168(27.8)  152.6(1.7) 167.4(7.6) 165.8(7.7) 129.9(21.3) 160.7(27.8) 201.1 (40.3) 156.3a
P,Os  46.1(19.0)  602(0.7) 66.1(3.0) 654(3.0) 513(84) 634(11.0) 793(159) 6l.7a
KO 1487(354)  1944(22) 2132(9.7) 211.1(9.8) 1654 (27.1) 204.6(35.4) 256.0(51.3) 199.1a
NP+Compost N 129.6(24.8) 144.9(15.8) 1262(13.6) 153.8(6.0) 110.8(14.8) 150.6(25.4) 192.3 (54.6) 144.0a
P,Os  51.1(9.8)  572(63) 498(54) 60.7(23) 43.7(58) 59.4(10.0) 759(21.5) 56.8a
K0  1650(31.6) 1845(202) 160.7(17.4) 195.9(7.6) 141.1(18.8) 191.8(32.3) 244.8(69.5) 183.4a
NK +Compost N 97.6(18.8) 145.0(25.0) 138.4(20.4) 152.8(8.3) 123.3(16.5) 142.3(423) 202.7(45.0) 143.2a
P,Os  385(74)  572(99) 546(8.1) 603(33) 48.7(65) 562(167) 80.0(17.7) 56.5a
K:0  1243(24.0) 1845(31.9) 1762(26.0) 194.6 (10.6) 157.0(21.0) 181.2(53.9) 258.0(57.2) 182.3a
PK+Compost N  75.6(18.5)  723(112) 74.6(18.0) 106.6(19.7) 95.6(10.7) 90.9(17.2) 111.7(169)  89.6b
P,Os  29.8(7.3)  28.5(44) 295(7.1) 42.0(7.8) 377(42) 358(68) 44.1(6.7) 35.4b
K:O  963(23.5)  92.0(14.3) 95.1(22.9) 135.7(25.0) 121.8(13.7) 115.7(22.0) 1422(21.5) 114.1b

"Values in parentheses denote the standard error.
*Different letters indicate significant difference (P<0.05) within each nutrient element.

Eo| steld W3l EFO] 7= o2 EHIE T A7 e, 384 e vl sto] fold Qe 5 P
= UFERQIEH (Fig. 2). A1 A EoFO] 4718 9127 g kg 25 E] 21 A7 EHIS A1 83 50] ZRb k=181 g
AAAT17.5 gkg!, XFEAAIT 17.8 kg, ZE|AAFAAN=17.2 gkg' 2 22 Z71013dTh ElH[ 9] A0 fﬂr
2 EF Q7|20 Bt Z7HE-20.69 gkg! yr! — 0.73 gkg! yr HLE YERNIL o]2f3t A= 1= EQol A 32
Zeof| HAEH]E vl 7.5 Mg ha' & A]-86192 o] 234 5t EF G7|&E T3] 11 gkg! 7181 (Yeon et al.,
2007), AAiH]zof HAEHIE v 10 Mg ha' o] k02 2137 A7t 759 1= EJof|A 5.6 g kg ] EYF F7 &
o] EoRintE Hal (Jung etal., 20012} ARSI, 5t 2] EJHE FUotolS o] ES f71=<] 57t
&2

rl

M

o= 21E7F Qi A TD”F A2 Qo FEQN FF2 312 mg kg ' 2 ok om QUi BiEH|Rof ofgt A
2mg kg yr'E YeRLE QIAFAA A= R AT o] 163 mg kg 2 AW SO
7.0 mg kg yr'o|lE=d] o= EH| o] Al-go] ot ofeko 7 whokwQlct. 18] 1 EUNE, AAAA|F, 2 EA|
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TO] FaQt e 217 465 mg kg, 495 mg kg, 434 mg kg 2 F7FOIAET, o= QWA B H| = AJH]e}L ElH]
Algol olet 45 Jako 2 BRIk ghH Qit HisH| o] Alujpte 2 I EQF 5 Fa it glafo] Z7letodet] ol

El
T
1o
rO

ARgEEEo] 3840l 4] 57.5 kg ha' Q1E]] BFaliA] AlHTEk2 2005d7F2] 200 kg ha™!, 2006-20140712+=
112 kg ha' 2 Flafo] o @ty 2l Zlo 2 AtgHct 8|08 B 5 Fadit gake AT 02 4]
5171 flelixt= it BagH]=ol tigh AlH[ERe] - o] Baskal QIAE B gH| 5ot B|HE o] Al8sl= Afoll= B
SH| =0 AlH|Ee] tioiA 71 o & Aitelob & e ot QIttal Al o]oF FARF AR = =0l A & 19787
E]20081712] 31'A7F 3.8 40 EJH|E ALEoHS o f-alit dleFol 49 mg kg 'ofl A 139 mg kg ' 2 A& 02 5
Z¥otE = At HEH| = o thgh AlH]eF 2do] e sttkal ¥ skal 9lrk (Shon et al., 2016).

;
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Fig. 2. Changes of soil organic matter (OM) in a long-term (1994-2014) fertilization experiment. Error bars represent
standard error of the average OM for every 3 year period from 1994 to 2014.
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Fig. 3. Changes of soil avail. P,Os in a long-term (1994-2014) fertilization experiment. Error bars represent standard
error of the average avail. P,Os for every 3 year period from 1994 to 2014.
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7FE 2|42 0 2 1ol 0.68 cmol kg 7FA] H4-5HSATt (Fig. 4). FHI-
ko 2 71210.50 cmol. kg, 0.37 cmol kg ' & Hof o) & 7HAZS Lrehiict. 18|11 Ze] HEH|Rof EH[E
207 BRI AAAA, QAR SR NET e Al A BT vt 255 AISHIH: ?1E 3
oAM= Zgbd A2l ] etgol Aasiglet ole Al Han| =] tigt At ¥ 1:1‘:'6]:% 200 kg ha™' Q1 heao]
)5 4=Fo] 185.6 kg ha! 2 Zae} v|Ssslgl o, Tak Alu)E Zald vlert 2os
APJESFO] NS $1all A3 Hlmo] Fjlof it B9k 5 X8 At ni vl o2 ARV wEkE|l]
710 2 ALRE 0Tk (Kayser et al., 2012). 12|22 32 41F0] Eol 0 2= 2)gh4] Zhe] o] glefo| 2|43
= RS HolBg vFoi 2] BEAMIES EY W art vkl wE glrk

o
I
i)
i
>,
!
I
i)
il
>
i)
_O|L
B
52
rlo

(0]
o,
e ti I
N

L
ol
=3
oo
nﬂ‘l
i)
Qo
N
v
>
Ql
2

LFG

N

B fg o
Lo

rl

1.5

1.2
2 o9 f
S
=)
O L
N —@— No fertilization
M 0.6
w —O—NPK
- —a&— NPK + Compost
03 | —4—NP + Compost
—— NK + Compost
—{3—PK + Compost
0‘0 1 1 1 L 1 1
Pre-test  "94-'96 '97-'99  "00-'02 '03-'05 '06-'08 '09-'11 ‘12-'14
Year

Fig. 4. Changes of soil exchangeable K (Ex. K) in a long-term (1994-2014) fertilization experiment. Error bars represent
standard error of the average Ex. K for every 3 year period from 1994 to 2014.

Conclusions

19941356 2014 @712] 21'd7te] AR FURHH| 5 A7t -85S wlf 1150] =t Eofstobdof m] 2=
Ve WIekAl 43613t 3. 8480] 115 Wkl 20,048 kg ha‘e 71&0 2 FH|F 13%, AAAA|T=
59%2 -2t 2ol 5 e o U IiFAAE, AR AAIF, ST ehe ol 2ol flgit A4y, 4L 2
SR v IR 2 FH|olA 7 Al om 3 4 Q1A Vélﬂ%’— ;’*ﬂﬁlﬂ%’— FTEMEF =2 A

2of| thaliA] A 2jzke] zlo|glo] FURt i Tt UEHlth EFO] f7]1E Tk BHlE T A=7F FHlt
o} 3 8449} Blwsle] fold Q= 571 Bk WY Al8e] e EY f71=0] Bt 57He20.69 — 073 g
kg yr'o]dth EY F aQat ke BHlE Alefstal W AEoflA SrlslEd), EH|] Algo 2 Q1gh &

¢

B 71 7.0 mg kg yr! o] AL Qi g H] ROl ORE S7FES 142 mg kg yr' S HERAITE. B 4]
3 e A2 e BEH]| Rl EHE Zo] FAR Ao e vt = Al Rl 3.8 4, A,
e dA oM e A&52 07 sttt ol2fdt Aike A4y, QU Ze] 5 77181 moll HHIE F7tolo] Al8S
£ A0] AF-0] QPgA R At o] ot B 72 SUAZIARL, Qb 2| of AujEe] tiet 242 Ha
SHaL AFE = S{ch
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