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Application Level of Anaerobic Digestion Waste Water from Methane Fermentation of

Pig Manure on Rice

Dong-Kyu Lim), Woo-Kyun Park, Soon-lk Kwon, Jae-Jak Nam, Baeg-kyun Park, and Seung-Hwan Kim (National
Institute of Agricultural Science & Technology, Suwon 441-707, Korea)

ABSTRACT : This study was conducted to evaluate the effect of the proper application level of anaerobic
digestion waste water on rice. The waste water was from methane fermentation of pig manure to use as a
liquid manure. The mixture treatment of 70% liquid manure and 30% chemical fertilizer (LM 70%+CF
30%) and 100% liquid manure (LM 100%) treatment were higher number of tiller than other treatments at
the both tillering and heading stages of rice. The yields of LM 70%+CF 30% and LM 100% treatments
were a little higher than that of NPK treatment, but the mixture treatment of 50% liquid manure and
50% chemical fertilizer (LM 50%+CF 50%) was a little lower yield than NPK treatment. The periodic
changes of the NHs-N and NOs-N contents of the NPK and the LM 50%+CF 50% treatments in paddy soil
were a little higher than those of other treatments at the early stage of rice. The NH,-N contents of NPK
and the LM 50%+CF 50% treatments in irrigation water quality were higher than those of other
treatments, however there was no difference in NOs;-N content among the treatments. The NH4+N and
NOs-N contents of non fertilizer treatment in infiltration water quality were leached a little higher than
those of other treatments. It may be due to poor growth of rice following to reduce the nutrient uptake
by rice and to increase relatively the nutrient leaching to the ground water. The proper application level of
anaerobic digestion waste water as a liquid manure could be suggested to apply LM 70%+CF 30%. All
treatments were the same amount of nitrogen content for the standard application amount on rice.
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anaerobic digestion, liquid manure, rice yield, application level.
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Table 1. Physico-chemical properties of paddy soil used

Av-  Bx-Gafions  Ay. CEC
POs  (amol/kg) S50, (amol’/
mg/kg) ca Mg Kk (mg/ky) kg

539 254 071 63 528 176 041 110 127

pH OM TN
(15) (g/kg) (g/kg)

o] AAdE] 50% AFHFeE BT T 0% &
Au)(AL) 0% Ful(AA 0%, ZE 0% A
Agstgeh dul 20%+3E s 30% o)A du] 0%E FF
AplEEe] AR 70% sFReln, Hels 30%s EE
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3k An) 10% 7 EFAE ] AAAE 10% 9
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Ay NP7 WAL BulF 185 m), ERAHNPK)T
g ofu] e 2z} 1000 miolglen, AT wiXE BrAR
stck

XHug22

HIE Aol B2ARINPK) T BAIE, 9] A
T dHE IFOE 94 193] 94X F AeE AEHES
Axr|Z A 7MHIE AEENT O E IS AL
th. FRAHINPK) 7Y Fae 84, Ak 8A490H], L
= d3lzEE AESIET BAHIE (- En-gH) e A
50-30-20%, U4t AFv], Ze] 70-0-30%]{ck 3EHIE ]
71HlE o]y A<l 5€ 9Y, FHIQl Evle o]d 159 <l
59 299, FHl= oY F 78U 74 319 ZH2h A1&38K
o FAEFLS R 49 9Y9) 153l 59 14 R
(B5LR)S 7]A]0]19H30x15 cm)3FSTh

EEA =3

NE5 2RAAE EEY] EakrE 95 uuy B
29 B2 W F BV BE%S Fu Mgty tedze
60 am Zold] 23 7 FHE Foz A g, AES =
e opy U AR b BZANT A B
s ABPYZ VE TS 0F A % oz 2
HE BL PIAAE ARS &9 - AHsdN $EEA

o ©]8-3k3Th

UH|, EQF MEA X $EE
Aol sjetl BHe waPAeEYe, BEY 4 4E
A olslsgie] BMe EgaERaw’e Hsgt &
AFE #3233 2l WARHIF 24, =8
MR/, & 339 AR5, 3R/ M/ AH)
E Ayt FARAMA NHANEFRE Indophenold,
NOs-NgH-& UV Spectrophotometricii 0.2 248151tk

1z

Table 2. Chemical composition of liquid manure
(Fresh weight)

Moist- K CaO MgO NaO
ure(%) P g/kg
992 809 38 13 004 09 02 01 0.3
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Table 3. Plant height and number of tillers of rice plant at the different growth stages

Tillering stage (6. 21)

Panicle formation stage (7. 31)

Heading stage (8. 16)

Treatments Plant height No. of Plant height No. of Plant height No. of
(cm) tiller (cm) tiller (cm) tiller
1. Non Fert, 40.0 221 86.2 18.2 101.9 17.6
2. CF (NPK) 4.1 27.1 92.6 209 105.7 194
3. LM 50%+CF 50% 4.1 25.0 91.9 19.5 104.6 19.8
4. LM 70%+CF 30% 442 294 929 203 104.4 20.7
5. LM 100% 43.2 28.6 92.5 20.3 105.5 20.6
Non Fert, Non fertilizer; CF, Chemical fertilizer; LM, Liquid manure.
Table 5. Yield and its components of rice
Table 4. Total nitrogen contents of rice plant at the different Yield Gim Panide MO of Straw
growth stages (8/kg) Treatments of - Yield 1ot length P Weight
 Panide . . Sl S S
Tillering formation Heading Harvesting (kg/ha) hill
Treatments stage stage  stage 1. Non Fert. 695 6 803 175 165 8510
62y & g1 w5
7. %) 2. CF (NPK) 765 1000 843 185 194 8940
1. Non Fert. 246 137 113 74 3. LM 50%+CF 50% 7566 988 842 184 192 9139
2 CF (NPK) 05 143 13 87 4 LM 70%+CF 30% 7890 1031 850 186 193 9682
3 IMS0%CE 50% 81 141 114 86 5. IM 100% 7883 1030 841 185 194 9638
4. IM 70%+CF 30% 23 142 114 82 LSD 5% 252 CV(%) 477
5. LM 100% 282 141 109 81 1% 367
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Table 6. Amount of nitrogen absorption, efficiency of nitrogen applied and utilization ratio of nitrogen applied by rice plant

at the harvesting stage

Amount of nitrogen absorption Efficiency Efficiency Utilization
Treatments (kg/ha) of nitrogen of nitrogen ratio of nitrogen
Culm & leaf Rough rice Total absorbed applied applied

1. Non Fert. 63 78 141 - - -

2. CF (NPK) 78 84 162 343 60 17.6
3. LM 50%+CF 50% 79 86 165 263 53 20.1
4. LM 70%+CF 30% 79 95 174 289 80 27.6
5. LM 100% 78 99 177 263 79 30.1

% Efficiency of nitrogen absorbed = (Yield of nitrogen plot applied-Yield of no nitrogen plot)(Absorption amount of nitrogen plot
applied-absorption amount of no nitrogen plot)”.
Efficiency of nitrogen applied = (Yield of nitrogen plot applied-Yield of no nitrogen plot)(Amount of nitrogen applied)™.

Utilization ratio of nitrogen applied =

(Absorption amount of nitrogen plot applied-Asborption amount of no nitrogen

plot)(Amount of nitrogen applied<100).

Table 7. Changes in NH;-N contents of paddy soil at the

Table 8. Changes in NOsN contents of paddy soil at the

different growing periods (mg/ke) different growing periods (mg/ke)
Dates Dates
Treatment Treatment
5.2 6.8 621767207308 1710.5 52368621 76720.723081710.5
1. Non Fert. 307 265 205 144 87 102 120 65 1. Non Fert. 62 84 57 12 34 86 38 70
2. CF (NPK) 391 586 250 152 107 138 182 97 2. CF (NPK) 79 92 80 36 35 102 48 73

3. LM 50%+CF 50% 350 539 226 183 109 180 202 107
4. IM 70%+CF 30% 373 453 189 174 91 185 206 103
5. LM 100% b6 424 191 166 94 148 193 103
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Irrigation water Infiliration water
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O NO>-N O NOs-N
Irrigation water Infiltration water
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-t CF(NPK)

LM 50+CF 50%
—K—LM 70+CF 30%
—8—LM100%
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NO3;_N{mg/f)

523 8.7

Fig. 1. Changes in NHsN and NO;-N contents of inflow
water, paddy water and outflow water during irrigation
periods.
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Fig. 2. Changes in NH-N and NOsN contents leached by
infiltration water during irrigation periods.

=) Xe)

o=

Agald TN R AL
RS selof Bk

o§ AL B

e <

7EERE frAgsle] WEtas Akl W
A7 A3MHIE HEAYe R B8] ity FrtE
AA dule] AETIES TSI, B ASYSe Y
g Z7)e) An] 70%+3FEm g 30% 2 Al 100%7 7
9 B} Xk ozt godth A7 AEA 5 Ada
ke BEAMITIE A7)0 7 2 Bdu|e] ko
B} AR g9ith ¥ - A8 70%+3ksh s 30%
2 ab] 100%77F BEARTEG O F5Eg o, oAyl
50%+3}8HRIE 50% 7= FEAIMIFEG oE ot 428
AAEFY AAL 58 L ANER o488 Fio] B
A An] 70%+EBHIE 30% 2 An] 100%7lA] =%
A7 EY F NHANg 9 NO-NFHEF Wshes 33AH)
T+ 2 ] 50%+318He 8 50% T szl B AT
B} ozt =ik AV RS F NH-ANE= Wl 2
ule] ko a FAs] AT 543 gasidet &

*

Moo




260 AT - T

#£9 -

7¥&k A7)l EEAEIF > A8] 50%+3}etH 8 50% 77 EF
APTEY E%ou, NO-NgEe A 1+ Aoz} iich
A7 JEF F NHeNFF 2 NO-NEF #Hahs Ful7
7 A5z2714 B AETRt 9 gk, o)lRe B S
Bl o3 FEFT oA AUjFeg AFog A
F7F B3] Wil Aoz Az weld 714 Asedn)
o] AR N8I FFZANFY AAE 70%S FnEA
HF7PE Agata, UHR] 30% AA4E-S sshgs B
AH] 10% - 5] 20% A183h= Ao] ERHoiqich

1. 3733 (2000. 7. 2) H7|1BdePd &% HR, pl3l-13.
2 SR 00, 3. 28) kAN ABHAE 14
2).

3. Hooda, P. S, Edwards, A. C, Anderson, H A. and
Miller, A. (2000) A. review of water quality concems in
livestock farming areas, The Science of the Total Envir-
onment 250, 143-167.

4. Randall, G. W, Iragavarapu, T. K and Schmitt, M. A
(2000) Nutrient lossess in subsurface drainage water
from dairy manure and urea applied for corn, Journal of
Environmental Quality 29, 1244-1252.

5. Schmitt, M. A., Russelle, M. P., Randall, G. W.,, Sheaffer,
C C, Greub, L. J. and Clayton, P. D. (1999) Effect of
rate, timing, and placement of liquid dairy manure on
reed canarygrass yield, Journal of Production Agriculture
12, 239-243.

6. Sonesson, U, Bjorklund, A, Carlsson, B. and Dalemo,
M. (2000) Environmental and economic analysis of
management systems for biodegradable waste, Resources,
Conservation and Recycling 28, 29-53.

7. Tafdrup, S. (1995) Viable energy production and waste
recycling from anaerobic digestion of manure and other
biomass material, Biomass and Bicenergy 9, 303-314.

8. Vellidis, G, Hubbard, R. K, Davis, ]. G, Lowrance, R,
Williams, R. G,, Johnson, J. C. and Newton, G. 1. (1996)
Nutrient concentrations in the soil solution and shallow
groundwater of a liquid dairy manure land application
site, Transactions of the American Society of Agricultural
Engineers 39, 1357-1365.

9. Zebarth, B. J., Paul, J. W., Schmidt, O. and McDougall,
R (199) Influence of the time and rate of liquidma-
nure application on yield and nitrogen utilization of

10.

11.

12..

13.

14.

15.

16.
17.

18.
19.

20.

21.

silage corn in south coastal British Columbia, Canadian
Journal of Soil Science 76, 153-164.

Zebarth, B. ], Paul, J. W. and Kleeck, R V. (1999) The
effect of nitrogen management in agricultural production
on water and air quality : Evaluation on a regional
scale, Agriculture, Ecosystems and Environment 72, 35-52.
ddE, BF AT AUE, 2B E (1967) Methane
Gas BAAT & ol 8AH, FFol8A T4 pl75-19%.
U5, H73), AN (1985) verda F A v A+
AlE, F71d A ATFEILA, p25-29.

AAT, olFE (1980) oSl i viehdE o
o M &3, S AlPATRILA, p533-536.

YR, AES (1977) W7k Hele) wgs} AlF, 57
A A FATHIN, p7992.

Lim, D. K, Park, W. K and Kwon, S. I. (2002) Utili-
zation of anaerobic digestion waste water from methane
fermentation of livestock manure, Development of biogas
utilization technology for treating methane fermentation
of livestock manure, Rural Development Administration,
179-223.

THEIAAN AL (1984) v ZHALR.H, 205p.
FH7EAT4E (1988) EFSHHEAY-EY, A2A, v
=- 450p.

B (19%) KEWERSE REAHRIER 190p.
Roh, K A, Kim, K Y, Kang, K. K. and Ahn, Y. S
(2000) The influence of soil management methods to the
agroecosystem of rice paddies, Environmentally friendly
agriculture in the conservation area of tap water supply,
Rural Development Administration, 33-55.

Bernal, M. P. and Kirchmann, H. (1922) Carbon and
nitrogen mineralization and ammonia volatilization from
fresh, aerobically and anaerobically treated pig manure
during incubation with soil, Biol. Fertil. Soils 13, 135-141.
Djurhuus, J. and Jacobsen, O. H. (1995) Comparison of
ceramic suction cups and KCl extraction for the deter-
mination of nitrate in soil, Europen Journal of Soil Science
46, 387-395.

. o7V, o1, HUE, old (1997) W ApA FERT

o I AY, TR EATL AFIFARIELA,
p.703-710.

. Periago, E, Lopez, A, Nunez, D. and Diaz, F. (2000)

Ground water contamination due to cattle slurry : Mod-
elling infiltration on the basis of soil column experi-
ments, Water Research 34, 1017-1029.




