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Control of Nitrogen Leaching from Agricultural Soil Columns using Microorganisms
Supporting Medium and Inoculation of Activated Sludge.

EE AL - AR
Morihiro TAKANO, Ryoko YAMAMOTO-IKEMOTO

ABSTRACT; Control of nitrogen leaching from the agricultural field is examined using the soil columns in the
intermittent rainfall conditions. Nitrification and denitrification occurred in the soil columns. Inoculation of activated
sludge in the lower part of soil columns was not effective to control of nitrogen leaching. When supporting medium made
up of foamed polypropylene was packed and activated sludge was inoculated in the lower layer of soil columns, the
concentration of nitrogen significantly decreased. The activities of sulfur denitrification and sulfate reduction in the soil
over the supported medium layer increased. Sulfur oxidation-reduction cycle played an important role in the control of
nitrogen leaching.
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Table 1 Cation exchange capacity of initial soil.

Ca*' Mg2+ Na’ K

Soil 43.4 0.22 0.59 0.62

Fertilizer 48.6 1.67 1.17 6.67
(mg/g-soil)
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Fig. 1 Experimental set up.
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Table2 Composition of artificial rain.

NaCl KNO, CaSO,  Mg(NO,),"6H,0 (NH,),SO, HCI HNO, pH
50mgl  100mgl 5.0 mg/l 30.0 mg/l 50mg/l 3.2 mgll 1.1 mg/l 4.1

BT KEFE,H IR D0HAKE | BEOGITE L, WitkES IO pH, R8E, EEKE (ToC 3 %
HELEHE, 02 um DAV T LU TANE—SHIRTOWT, S, GrBstE, WBstE, dERsflE (14
saw b7 7) BE, ANV UA IR T A (BFRESTER) ORESITo, hT 5213
FBREA 40 %NS, BEEE Y OO LR ipotrizd, EBREFIE U, 75 1B XU 1375 #Af.
W 530366 BRI ER AT LT,
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FErNBRRED S 66 ERIRIZH T 43, 75 BR%ICT T L1 ORHEPIEL, 77 ANOEEZFENS 15
cm FEZ60cm ETELO7ELT, DI ~ D4 & Lz, IOICTRBRERSF/LIFHEL BHE L -REMN
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HEITHTLT, 30 COA »FaX—FMNCHE Lz, 24 FHEICA T aX—F 05y — LAY
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T-7.

Table 3 Experimental conditions of batch experiment.

Experimental No. (a) (b) (c) (d)
Experimental . . , . . . .
vessel Laboratory Dish  CentrifugationTube CentrifugationTube CentrifugationTube
. . . Anoxic Anoxic Anaerobic
Conditions Semi-acrobic (Purged with N, gas)  (Purged with N, gas)  (Purged with N, gas)
BOMM oMM BUMM
KNO, KNO, K,SO,
80mM Solution 5mi, Solution 5ml, Solution 5ml,
Substrate (NH,),80; 80mM 80mM 80mM
Solution 10m! N .0 H,0,-2H,0 Na,S,0,+SH,0+NaHCO, NaC,H;0,
Solution 5ml Solution 5ml Solution 5ml
Obtained Nitrification, Heterotrophic Sulfur Sulfate
activity Sulfate Reduction  Denitrification Denitrification Reduction
3. EEBHRLEE
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Fig. 2 {ZHAKFDA A AREED HIRO T ERREE R & EREREOR LR Lic, AEBRTI, ks

-677 -



D2 IR IBIOH) U LABERIAL LY LABEL B L TEDLOTURP I ENDL, AT T LE
BEORERE LN, MEHIHE—HLTEY, AERTHE LA A VBIZEAEZEDTNAZ EAVR
i,

= 4

2 A

5 3L A X o Column 1

E o A A Column 2

Q

% 2 o Column 3

3

51 X Column 4
0

0 1 2 3 4 5
Calculated EC (m$1)

Fig.2 Relationship between calculated electron conductivity(EC)
and measured electron conductivity(EC).
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Fig.3 Course of pH in effluent water from the soil columns.
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Fig. 4 Course of Ca™ concentrations in effluent
water from the soil columns.
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Fig. 6 Course of nitrate concentrations in effluent
water from the soil columns.
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Fig. 5 Course of inorganic carbon(IC) concentration
concentrations in effluent water from the soil columns.
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Fig. 7 Course of sulfate concentrations in effluent
water from the soil columns.
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Table 4 Total nitrogen leaching during 50 and 66 weeks-rain fall experiment.

Input Output
Week -
Soil  Compost  Sludge Rain Total Effluent
50 030 561 117
50 032
Colamn 1 oo 039 571 135
Column2 50 5.0 0.32 12 030 6.3 115
50 030 603 0.89
42 0.32 12
Column3 ¢ 039 613 0.93
50 030 603 081
42 0.32 12
Colomn 4 039 613 0.93
&N)
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Table 5 Total leaching of Inorganic Carbon and sulfate .

1C (gC) Sulfate (g8)
Week 50 66 50 66
Column 1 0.81 1.07 0.27 0.31
Column 2 1.10 - 0.40 -
Column 3 1.11 1.66 0.24 0.28
Column 4 1.18 1.57 0.28 0.32
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Fig. 8 Results of batch experiments using the soil in D3 layer of column 3.

Table 6 Denitrification, sulfate reduction and nitrification rates in each layer of the column.

Heterotrofic Sulfur Suifate Nitrification
Column 1 Denitrification Rate  Denitrification Rate Reduction Rate Rate
(mgN/g-soil.day) (mgN/g-soil.day) (mgS/g-soil.day) (mgN/g-soil.day)
Initial 0.030 0.012 0.10 0.007
Dl 0.040 0.007 0.21 0.045
D2 0.035 0.006 0.19 0.041
D3 0.029 0.000 0.18 0.045
D4 0.029 0.006 0.20 0.051
D5 0.033 0.011 0.18 0.053
D6 0.038 0.009 0.19 0.048
Heterotrofic Sulfur Sulfate Nitrification
Column 3 Denitrification Rate  Denitrification Rate Reduction Rate Rate
(mgN/g-soil.day) (mgN/g-soil.day) (mg8S/g-soil.day) (mgN/g-soil.day)

Initial 0.030 0.012 0.10 0.007
D1 0.043 - 0.000 0.28 0.045
D2 0.050 0.046 0.29 0.055
D3 0.068 0.030 0.28 0.062
D4 0.074 0.023 0.24 0.047
D5 0.079 0.033 0.13 0.048
D6 0.084 0.035 0.25 0.052
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