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Application Amount of Anaerobic Digestion Waste Water from Methane Fermentation of

Pig Manure on Rice

Dong-Kyu Lim, Woo-Kyun Park, Soon-Ik Kwon, JaeJak Nam, and Sang-Beom Lee (National Institute of Agricultural Science

& Technology, Suwon 441-707, Korea)

ABSTRACT : This study was carried out to evaluate the proper application amount of anaerobic digestion
waste water and the environmental influence on rice. The waste water collected after methane fermentation
process of pig manure was used as a liquid manure. Liquid manure 100%tchemical fertilizer 30%(LM
100%+CF 30%) treatment was the most favorable at all growth stages of rice. The LM 100%+CF 30%
treatment was applied to 100% amount of liquid manure which was correspond to the same amount of
nitrogen for the standard application amount on rice, with adding 30% amount of chemical fertilizer(urea)
at tillering stage. The yields of rice in the treatments of 100%(@IM 100%) and 150% amount(LM 150%) of
liquid manure were similar or a little higher than NPK treatment, but LM 100%+CF 30% treatment was
less than the NPK treatment due to the increase of straw weight and plant lodging. In periodic changes of
the NHe-N and NOs-N contents, the LM 70%+CF 30% treatment in paddy soil was the highest in all
treatments. The NPK and the LM 100% treatments in irrigation water quality were higher than other
treatments. In infiltration water quality, NHs-N content was leached out much in the LM 150% treatment
and NOs-N content was in the LM 100%+CF 30% treatment. The proper application amount of anaerobic
digestion waste water as a liquid manure must be to analyse the nitrogen content of the waste water and
to apply the same amount of nitrogen for the standard application amount on rice.

Key words: anaerobic digestion, liquid manure, rice yield, application amount.
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Table 1. Physicochemical properties of paddy soil used in
the experiment

Av- Ex.-Cations Av.-
H OM TN + :
P POy (mol/kgy o, | EC

623 149 15 21 58 29 035 54 119
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Table 2. Chemical composition of liquid manure

(Fresh weight)

Liquid Moist pH OM TN POs K CaO MgO NaO
manure ure(%) g/kg

IMT1 921 766 43 86 134 42 43 53 10
IMIO 93 731 41 14 02 11 03 07 04

LM, Liquid manure; I, Anaerobic digestion waste water; I,
Aerobic digestion waste water.
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Table 3. Plant height and number of tillers of rice at the different growth stages

Tillering stage Panicle formation stage Heading stage
(6. 26) (7. 28) (8. 16)
Ireatments Plant height No. of Plant height No. of Plant height No. of
(cm) tiller (cm) tiller (cm) tiller
1. Non Fert. 364 22,6 78.2 13.2 93.4 154
2. CF (NPK) 45.3 27.2 86.5 18.3 104.8 17.5
3. LM I 100% 44.7 24.6 88.0 18.3 106.1 174
4. LM T 100% 439 23.8 87.9 182 105.4 174
5 IM I 150% 42.6 26.9 87.9 182 106.7 18.7
6. LM T 150% 45.1 25.6 88.0 18.3 106.5 18.6
7. LM [100%+CF 47.3 28.7 88.7 19.0 107.9 18.4
8. LM T1100%+CF 47.5 294 89.1 19.9 106.1 191

Non Fert, Non fertilizer, CF, Chemical fertilizer.

Table 4. Total nitrogen contents of rice at the different growth stages (g/ke)
Tillering stage Panicle formation Heading stage Harvesting stage
Ireatments (6. %6) i stage (7. 28) . glé) i (10. 6)
1. Non Fert. 21.7 104 10.4 6.0
2. CF (NPK) 275 13.1 11.8 81
3. LM I 100% 254 14.2 104 7.9
4. LM I 100% 234 13.7 10.3 7.8
5. LM 1 150% 25.6 13.8 10.8 8.0
6. LM I 150% 249 13.8 10.7 8.0
7. LM 1100%+CF 269 17.3 9.0 81
8. LM 11100%+CF 26.3 16.8 8.2 8.0
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Table 5. Yield and its components of rice
Yield of Yield Culm Panicle No. of Straw Lodging
Treatments rice index length length panicle Weight ratio
(kg/ha) (cm) (em)  perhill  (kg/ha) (%)
1. Non Fert. 6,039 778 724 17.6 14.3 7,383 -
2. CF (NPK) 7,758 100.0 81.9 18.6 17.0 8,446 1.22
3. LM T 100% 7,794 100.5 83.7 19.0 17.4 8,505 -
4. LM T 100% 7,963 102.6 80.5 18.5 17.4 8,606 -
5. LM I 150% 7,890 101.7 82.9 19.0 18.0 8,880 3.24
6. LM I 150% 7,757 100.0 81.9 18.6 17.7 8,794 2.84
7. LM 1100%+CF 7,603 98.0 823 19.1 17.8 9,536 4.84
8. LM T100%+CF 7,610 98.1 83.1 18.7 18.4 9,638 9.70
LsD 5% 341 CV(%) 528
1% 473

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(kg/ha) Efficiency Effi.ciency Utiliza.tlon
Treatments of nitrogen of nitrogen ratio of nitrogen
Culm & leaf Rough rice Total absorbed applied applied
1. Non Fert. 44 69 113 - - -
2. CF (NPK) 68 109 177 269 131 48.9
3.LM T 100% 67 101 168 319 160 50.0
4. LM 11 100% 67 102 169 344 158 45.9
5 LM T 150% 71 101 172 314 100 31.7
6. LM T 150% 70 99 169 307 94 30.8
7. LM T1100%+CF 77 97 174 256 124 484
8. LM [1100%+CF 77 92 169 281 131 46.7

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 appliedx100)".
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Table 7. Changes in NHy-N contents of paddy soil at the

different growing periods (mg/ke)
Dates
Treatment

52 61612 76 73 89 106
1. Non Fert. 132 100 70 90 51 44 36
2. CF (NPK) 179 172 95 114 49 54 35
3. IM I 100% 27 145 83 95 33 65 30
4. IM I 100% 44 135 78 69 34 60 36
5. IM [ 150% 200 150 86 63 51 49 25
6. LM 1I 150% 28 154 92 75 75 33 39
7.IM 1100%+CF 267 190 119 111 84 67 42
8 LM T100%+CF 241 232 116 127 81 72 42
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Table 8. Changes in NON contents of paddy soil at the O NH-N
different growing periods (mg/kg) Irrigation water
Dat s
Tesrent 3 i
52 61 612 7.6 7.3 89 10.6 12 TR—on T ;
1. Non Fert. 18 42 18 09 14 44 14 = o 00 ‘
2. CF (NFK) 47 54 13 33 16 23 12 2° \ e ‘
3IMI100% 39 27 19 27 13 16 10 T, \ T roomece |
4IMT100% 63 38 25 24 15 15 12 1 ! ' kY R
5IM 1150% 60 44 19 23 17 13 12 s -
6IMIO1%0% 73 50 17 34 18 19 12 :
7.IM 1100%+CF 77 57 23 41 24 28 18 0 2
8 IM I00%+CF 75 97 28 43 22 27 36 5.2 6.1 6.12 7.31
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Fig. 1. Changes in NHsN and NOs-N contents of inflow
water, paddy water and outflow water during irrigation

periods.
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~~#— CF(NEK)
&--LM 100%
LMI 100%
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O NO-N
Infiltration water
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Dates

Fig. 2. Changes in NH+N and NOsN contents leached by
infiltration water during irrigation periods
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