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The Effect of Reclaimed Sewage Irrigation on the Rice Cultivation
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Konkuk University, Seoul, 143-701, "Dept. of Agricultural Engineering, Seoul National University, Suwon, 441-744, ¥ Dept.
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ABSTRACT : A feasibility study was performed to examine the agronomic application of treated sewage on paddy rice
culture by field experiment. The domestic sewage was treated by the constructed wetland system which was in subsurface flow
type and consisted of sand and macrophyte. The effluent of the wetland system was adjusted to maintain the total nitrogen
concentration below 25mgL" and used for irrigation water. Four treatments include @ irrigation of treated sewage after
concentration adjusted with conventional fertilization (TWCF), ) irrigation of treated sewage after concentration adjusted
with half of the conventional fertilization (TWHF), (@ irrigation of treated sewage after concentration adjusted without
fertilization (TWNF), and @) irrigation of treated sewage as it was without fertilization (SWNF). These cases were compared
to the control case of tap water irrigation with conventional fertilization (Control).

Generally, addition of the treated sewage to the irrigation water showed no adverse affect on paddy rice culture, and even
improvement was noticed in both growth and yields. TWCF showed the best result and the yields exceed the Control in about
10%. Overall performance of the treatments was TWCF, Control, TWHF, TWNF, and SWNF in decreasing order. From this
study, it appears that reuse of treated sewage as a supplemental irrigation water could be feasible and practical alternative for
ultimate sewage disposal which often causes water quality problem to the receiving water body. For full scale application,
further study is recommended on the specific guidelines of major water quality components and public health.

Key Words : Treated sewage, agronomic application, paddy rice culture, feasibility study, constructed wetland system,
irrigation water, water quality standards,
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Table 1. Concentration of irrigation water

238

DATE Irrigation Water Type o S) lt;rsns TN TP
May 31 TW* 720 118.30 35.00 132.30 12.20
SWk 6.84 23.66 7.00 26.46 244

Jun 6 T™wW 7.14 123.10 32.00 102.00 14.50
SW 6.75 2462 6.40 20.40 290

Jun 10 TW 7.0 120.20 38.50 86.50 720
SW 6.71 2404 7.70 17.30 144

Jun 18 W 73 97.50 2140 104.60 11.00
Sw 7.04 19.50 428 2092 220

Jun22 ™™ 74 90.00 24.00 96.40 10.60
SW 711 18.00 4.80 19.28 2.12

Jun 28 ™™ 7.1 84.50 18.00 11.10 8.70
SW 6.74 16.90 3.60 2222 1.74

July 6 ™ 7.0 103.00 28.70 84.50 6.20
SW 6.69 20.60 5.74 16.950 124

July 13 ™ 6.9 58.20 27.00 41.00 470
SwW 6.67 29.10 13.50 20.50 235

July 17 TW 69 69.50 16.00 52.40 3.50
SwW 6.59 3475 8.00 26.20 1.75

July 24 TW 6.7 32.00 9.80 3270 440
SwW 6.77 32.00 9.80 32.70 440

August 18 T™W 6.8 30.50 8.50 37.50 4.60
SW 6.71 30.50 8.50 37.50 4.60

August 25 T™W 7.0 16.30 4.80 32.00 2.80
SW 6.58 16.30 480 32.00 2.80

September 4 ™ 6.8 15.50 4.00 29.80 295
SW 6.62 15.50 4.00 29.80 295

September 11 T™W 7.0 10.10 6.10 3110 048
SwW 7.03 10.10 6.00 31.00 048

September 18 W 6.8 20.10 4.60 36.90 0.66
Sw 6.82 20.10 4.00 36.00 0.66

Average T™W 7.02 65.92 18.56 67.39 6.30
Concentration SwW 6.78 2238 6.54 2595 227

* TW- Irrigation using nutrient controlled treated sewage water
**SW-Irrigation using nutrient not controlled treated sewage water
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Table 2. Chemical properties of the initial paddy soil
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Items pH(1:5) EC(mS m") OM(gkg") TN(g kg') TPmgkg')  AVP,O{mgkg') CEC({cmolkg)
Paddy Soil 547 5.48 0.79 023 4729 54193 8.7

ltems Na(mg kg') K(mgkg') Ca(mgkg") Mg(mg kg') Fe(mgkg') Mn(mg kg') Al(mg kg'")
Paddy Soil 25.83 88.75 134.3 85 93.865 14.23 29425

ltems B(mg kg") Zn(mg kg As(mgkg") Ph{mgkg") Cdimg kg") Cr(mg kg*) Cu(mg kg')
Paddy Soil 1.143 2.03 0.13 128 0.005 0.083 121
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Fig. 1. Section of experimental plot for rice cultivation
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Fig. 2. General view of experimental area for rice culture

Table 3. Explanation of abbreviations of control and treatment plot

Abbreviation Explatn of treatment plot

TWNF The treatment plot with irrigation using nutrient controlled
treated sewage water and not fertilized.

TWCF ‘The treatment plot with irrigation using nutrient controlled
treated sewage water conventional fertilization.

TWHF The treatment plot with irrigation using nutrient controlled
treated sewage water and a half of the conventional

fertilization.

SWNF  The treatment plot with irrigation using nutrient no:
controlled treated sewage water and not fertilized.

Control  Control plot with irrigation using tapwater and conventional
fertilization.
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Table 4. Characteristic of initial paddy soil and different treatment plot soil
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Items [rutial Piot Name*
Soil TWNF TWCF TWHF SWNF Control
pH (1:5) 547 6.02 6.31 6.34 6.14 6.32
EC(mS m") 548 27 1.77 1.87 1.89 201
OM(gkg") 0.79 0.890 0.991 0.840 0974 1.008
TN(g kg") 0.23 0.266 0.252 0.231 0252 0.301
TP(mg kg") 4729 4170 502.5 4834 4093 493.0
AVP,04(mg kg*) 54193 261.11 280.05 268.10 303.03 283.17
CEC(cmol kg") 8.7 9.1 11.2 10.6 123 1.8
Na(mg kg") 25.83 18.9 17.6 2025 2335 19.675
K(mgkg') 88.75 66.5 70.5 65.75 71.5 71.75
Ca(mg kg") 1344 126.7 1512 148.6 141.5 153.8
Mg(mg kg") 85 83.73 91.23 9348 95.73 9998
Fe(mg kg') 93.87 105.115 102.865 105.865 132615 118.115
Mn(mg kg") 14.23 575 50.325 61.75 70 68
Al(mg kg") 29425 33475 338 3285 349.49 33523
B(mgkg') 1.14 0.585 0.718 0.693 0483 0478
Zn(mg kg') 2.03 2468 3.058 253 2315 2.588
As(mgkg") 0.13 0.15 0.133 0.12 0.138 0.145
Pb(mg kg") 1.28 2.068 1.82 1.786 2.125 1.925
Cd(mg kg") 0.005 0.018 0.02 0.025 0.023 0.043
Cr(mg kg") 0.083 0.103 0.120 0.102 0.122 0.104
Cu(mgkg") 1.21 1.365 1.58 140 1.59 1.65
» See for the plot name in Table 3.
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Table 5. Comparison of yield component and grain yield among treatments

CL. PL. Yield Component Yields

Plot (cm) (cm) PU. MS. RG.(%) TWig) (2 pot)
TWNF 103.8 233 39 118.0 82.28 244 3877
TWCF 1094 235 125 1182 79.17 23.1 860.0¢
TWHF 104.2 221 82 12,5 80.61 23.1 546.6~
SWNF 919 217 53 1019 86.23 253 358.7
Control 1094 225 115 116.6 79.13 235 788.0*

¢ 1. = main culm length (cm), PL. = panicle length (cm), P.U. = panicle number per unit area (m?), M.S. = mean of spikelet number per panicle

R (.. = percent of ripened grain (%), T.W. = 1000 grain weight (g)

t Within rows means followed by the same letter are not significantly different at the 0.05 level as determined by least significant difference(LSD).
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Table 3. Element concentrations of rice harvested from experiment and background

f:";:“)‘ TWNF TWCF TWHF SWNF Control BG-I* BG-lI* BG-II*
Pb 037 064 043 053 040 0.4 043 013
cd 0012 0.062 0.031 0.053 0.06 0.05 0.06 005
Cr 026 030 068 042 052 - - -
Cu 396 633 391 460 5.18 331 231 3
As 0.033 0.025 0.031 0.040 0032 - 0.08 0.14
Zn 24.74 37.48 30.58 40.51 36.97 20.60 16.60 27.10

* Background concentrations from rice cultured in nonpoliuted areal0)
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