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Changes in Rice Yield and Soil Organic Matter Content under
Continued Application of Rice Straw Compost for 50 Years
in Paddy Soil
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Hyun-Jun Cho', and Chong-Ho Kim’
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2Kongju National University, Kongju, 340-800, Korea

This experiment was conducted to investigate the effect of long-term continuous application of fertilizers
for rice cultivation from 1954 to 2003. Changes of physical and chemical properties of paddy soil and the
rice yield by continuous application of fertilizers, particularly rice straw compost, over fifty years were
discussed in this paper. The rice yields of compost applied plots were 5~12% higher while those of no
fertilizer plots were 21~38% lower compared to those of NPK fertilizers applied plots. Uptakes of T-N, P20s,
K20, CaO, MgO, and SiO: by rice plants were significantly increased by the application of straw compost.
Bulk density, hardness, and liquid phase of soil in compost applied plots were significantly decreased while
gaseous phase and cation exchange capacity (CEC) of soil were increased compare to those in NPK plots.
When the bulk density of soil was increased the rice yield was decreased. The soil organic matter (SOM)
content tended to increase in compost applied plots whereas no significant differences were found in other
treatments. The soil organic matter content increased by 0.45 g kg'1 yr'1 when 7.5 Mg ha™ yr” of rice straw
compost applied in paddy land. The compost application rate recommendation for rice cultivation in

Korea could be revised by the results of this study.
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e, 197935 € 198537 = LA FF Uk
233, 1986\ F-H 2003 @74 = AFEYIF FE0 A

= Avlstth

ZEML AIFEAE 19ad=e] 248 Ful
N
T

384+EH 7o) AR EFAES

Table 2. Treatments on the experiment of long-term
continuous application of chemical fertilizers and compost.

Symbol of
ymboro Description

treatments

NoPoKo No fertilizes

NPK NPK fertilization

NPK+C Compost was added to NPK fertilization
QA+EETE 195433 E 200337bA 3244 F

ok A Hat BAATE AR 148%, 14 0.70%,

7be] 320%%1 ¢4 WZHWE wid 75 Mg ha' Al
&3t o (Table 3).

HFoz2 AAxF ¥gE ¢ J4E ¥Es U
5o stk wFo] gt uwal 1954335 E 1988
WA7kA] F3 A 3], 19893 B 199337k A Ak
A13], 1994958 2003d7HA] &3S A&t om,
7HAHEE A&ste dsiriElE AlEskth Al

8 Fo FF EE AR/ ARE wFANZ] ge
P YOom FAENS HEOR Faio] W
AL wErE ofzh FERk AbFEQ AMEoR AEA Table 4. Chronological application rates of chemical
EF 33 (19549 %) 5 pHE 52, fr7l=2 16 g fertilizers.
kg l RIS 120 mg kg . A& ZF T Year Nitrogen Phosphate Potassium
0.08 cmole kg ' 08 HE =EJHTE HS LI} thi ot
g ha
W2 EdolAtH(Table 1).
1954~1970 75 75 75
_ B 3 1971~1978 100 75 75

SAEZS 19549 HFH 1968372 = AXEYTF EF 1979~1985 150 36 86
Q1 L, 1969 FE 197872 = A2 Y7L FF 1986~2003 110 70 80
Table 1. Chemical properties of soil used in the experiment in 1954.

Exch. cation
pH OM Av. P20s Av. SiO2
K Ca Mg

1:5,H0 gkg' mgkg' 0 e cmole kg —--mmmmrm - mg kg

52 16 120 0.08 34 - -
Table 3. Chemical properties of compost used in the experiment.

T-N P20s K0 CaO MgO SiO2

dry base, %
148 0.70 320 4.05 0.67 45
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Ao wehd] BiE 75~150 kg ha ', Q1AFS 70~86 19853 7bA] 67 Wek 2352 656 Mg ha ', 1986
kg ha', 7}8]¥& 75~86 kg ha' Al& 3t tH Table 4). W ~200337kA] 187> Y HE FA8H 539 Mg
Z1H) -Gy - -An 9] EAH] &S AT 50-20- ha'& Yeldth 594 F59 U 2355 AW
20-10% % 43], 7Fe]l+= 70-0-30-0%% 23], A4S A 1979 ~1985d £ ol Al o] 74 Ekth Kim et
F 7N 2 AL Th al. (2002)2 SEEolA 27d7F 384 g9 A B
ZHUE 10 Mg ha A& 2% 3227 H§lo
M o FA EYY &+ Yamanaka =7, Bt 7ol 10% sTEH7F AT B sd =,
EFF7l= Tyuwin®, fF&<QI4H2 Lancaster, A AMEQD 2 AFelA o] AdES 3849
3 ol FEAdETgAN EFFEA(ICP) R tiHls] E¥ 3847 FHAS 1000] tiste] 1954
S48k ~196843 () ol = 105, 1969 ~1978'3 (Z1&1) o]l
A=A F7IE FFS X F 40 mesh® 3 £ 112, 19793 ~1985d (U ¢2335 ) ol = 108, 1986\ ~
3 A EA AE 05 goll conc. H:SO: 1 nl 9} 50%<) 20033 (h W) el = 1112 324859 ¢4 wjd 75
HCIO: 10 nl& 7}t Eafig & oJzste] T-N, Mg ha'¢] HAHUE £ A W £F F5a3
P05, K:0, CaO, MgO, Si0: 5% A#Fstgch A & & 5~12%0°I%ch

%22 Indophenol-blue®, <1AF2 VanadateH, Song at al. (2001)2 E=E oA 32470 Hla &

K:0, CaO, MgO+x ICPZ ZH3}9 1, SiOx %W el EAE ¥ ANES HW 62~76%°lg . 2

o8 ZAtEe B FstATHRDA, 2000). gk vk e, 2 AP AE 3847 HE FH|

T T 62~79%°] AT,

URESY  ALOE HEA BAS AT 1984

M TRl Wk 195099 E 20039704 509 A gy 2003udtA 20d7F 2AVE W 587 A9
AbE xS EES WA Hie A4S o 2o 20 FQ BANE ZrLS P7s S Table
(Table 5). 62} 7Zrth 32 4T HlE) 32 A+ A EH]FLoA T-
ol AlFTY WA Ay WHilE FTEE N< 15%, P:0s= 19%, K0 35%, SiO-2 48% A
Batsld mladl BH 199 10687 1S3 g o) noge Fege w94 WA FHANE A
WIS BAE 363 Mg ha', 19690 -1978H g pgiet, ols} el HulAgl s threel 4
1097k XNEBE FA8te] 503 Mg ha', 19791~

T FT%e] S7HEE Ade =i AAYel 23

Table 5. Changes of rice yield with long-term continuous application of chemical fertilizers and compost.

1954~1968 1969~1978 1979~1985 1986~2003
Treatments
Yield Index Yield Index Yield Index Yield Index
Mg ha' Mg ha' Mg ha'
NoPoKo 2.80b" 71 3.74c 70 543c 79 3.67c 62
NPK 395a 100 5.36b 100 6.85b 100 5.92b 100
NPK+C 4.15a 105 5.99a 112 741a 108 6.58a 111
Mean 3.63 - 503 - 6.56 - 5.39 -

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

Table 6. Uptake of inorganic component by top rice with continuous application of chemical fertilizers and compost 1984~2003.

Treatments T-N P20s K20 CaO MgO SiO2
kg ha'
NoPoKo 45549’ 33.3(60)a 75.5(63)a 22.3(59)a 11.7(51)a 402(90)a
NPK 92.5(100)b 55.3(100)b 120.5(100)b 37.6(100)b 23.0(100)b 449(100)a
NPK+C 106.1(115)c 66.0(119)c 162.3(135)c 41.5(110)c 28.0(122)c 663(148)b

' (): index of absorption amount of NPK plot.
' Means with the same letter within a column are not significantly different at 5% level of LSD.
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Jeong et al. (2001)2 WAL FAH(AES) =Eg
A 21d7 38 4v s 3 HAEEE AESHE 3
QAT Hla] AEE 169 mmollA] 154 mm, 39
TE 127 g amolA 120 g emo2 BYET FILS
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EYY 48T W A AAE EH(Fig
1), EE¢ &4E L7t F7Hstel W}E‘r Azago] 2
2t EFY AL &
T30l T7tEA EG F A -’t94 Fo] ol A o=
el & &Ho] SiE ¥
AR A H 9 *g%o] Fol ol ket
Ao E Atgdnh olglgh el zelrt §HE R
oAt FEIFs e A

=

9 EFfrlE Wl 457

7.0
5 y=-10.82 x +19.79
'8 6.0 R*=0.89"
00
2
- 5.0
<
>
8 40 *
~ -

3.0 y

1.2 1.3 1.4 1.5

Bulk density (g cm™®)

Fig. 1. Relationship between paddy rice yield and soil bulk
density at surface.

HA g o] A &S B ASFS ZUAA FHYE
A L3lx] e dul EgHTE 8XUL T § A5
iz o] el ge] 9 2GR A So] A Uehdo
= Axel e A34E BAvH(Mika et al, 1991:

A= ARG = (o] 10 = /\]?]J\;_; E]_].—U\j 7])2)]—%
THA7IL, SRR AES Y5 EdS FE
Yo @ Web ohle CECE Z/MIPOEA B

Eoo) AAES A9ett AT 2 dEA Ak
A SRt BFE7) oA EF A &
Ax 9=A Hulo gEPon seuRe Fiel
AL A F712S 4E] AW HRo]
FBHL Aot AR AAHe] 22 FHT
e A NNE 2 WFS AT Uk

2 Z7MEE FAE B W, 38475 H]EG
aFelME 2 W

38 a+EH Y §E ?JB“’ 22 g kg (1973)°l A
3 g kg’1<1995>zi ool A& d F7h Z71El
uet A&He Frhste] 23d F 11 g kg & F

Table 7. Changes of soil physical properties with 50 years of long-term continuous application of chemical fertilizers and compost in

2003.
Bulk Phase distribution

Treatments . - — CEC Hardness

density Solid Liquid Gaseous

g cm’” cmole kg'] mm
NoPoKo 1434 53.8a 36.8a 94a 78 13.8a
NPK 1.34b 50.4b 39.5b 10.1a 90 14.0a
NPK+C 1.23¢ 46.3c 36.3a 17.4b 112 13.1b

" Means with the same letter within a column are not significantly different at 5% level of LSD.
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Fig. 2. Changes of soil organic matter content with long-term
continuous application of chemical fertilizers and compost.
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of AellA HulAlgel mE EFt7E FF T
VS &% A3 vjd 75 Mg ha o HAEHUE
AlEst s A A 19 SUHEE f71=2F

2o 045 g kg ‘9l AT FAH )

Table 8. Soil organic matter content with long-term
continuous application of manure.

Treatment Regression equation Coefficient (R)

Compost y=0452X-9.949 0947

"x: represents for increased amount of soil organic content (g kg yr')

Eoll A | 1%7] kel °F 750 kg ha' o] &
I, A" HY F 10% AE7 BAoR HE

Aoz d#HA YtH(Cho et al. 2002). H3, Brady

(1990)= Ml F 7182l B 7HsiAH oy

= CO2 AR, 10~30% AZ=7F 442 =
g3 stk # AP A wid 75 Mg ha 9 R
FEVE AT Ho Edfrler FEHe F2

o

olggt FAgtgoly EYGRIE FEFS W A4

A#E ] Qo] vl =238, Park et

al. (1978)2 A AH[FH HH3d EYR71E T
1

[e]
F= 24 g kg @EOW’% Lol ME 23

U S QHW%E ¢l 8~16 Mg
ZZ

34 tH(Table 9).

Table 9. Revision of compost recommendations by soil organic
matter content in coarse loamy paddy soils.

Soil organic Compost recommendations

matter Current Revised

gkg' Mg ha'

below 20 16 120

20~30 12 7.5

above 30 8 45
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