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Effects on Water Quality and Rice Growth to Irrigation of Discharge Water from
Municipal Waste Treatment Plant in Rice Paddy during Drought Periods

JoungDu Shin*, Jong-Sik Lee, Won-Il Kim, Goo-Bok Jung, Jin-Ho Kim, Sun-Gang Yun, and Chul-Mann Choi
(Department of Environmental Ecology, Agro-Environmental Division, National Institute of Agricultural Science

and Technology, RDA, Republic of Korea)

ABSTRACT: Objective of this study was to access the environmental impacts of the use of discharge water
from municipal waste water treatment plant as altemative irrigation resources during drought season for rice
cultivation. For the field experiments, it was observed that plant growth and yield characteristics at 20 days
of altermative immigation period with application of FAST (fertilizer application based on soil test) 50% were
relatively the same as the control. For the surface water quality, it appeared that EC; (electrical conductivity
of imigation water) and SAR (sodium adsorption ratio) values of DMWT (discharge waters from municipal
wastewater treatment plant) imigation were twofold higher than those of ground water imrigation as the
control regardless of fertilization levels. For the imigation periods, there were not significantly difference
between 10 and 20 days of treatments, but EC; and SAR values of surface water were highest at 30 days
of imrigation periods at initial rice growing stages. Generally, EC; values of percolation water in all the
treatments were gradually increasing until 30days after imrigation, and then decreasing to harvest stage.
Overall, it might be considered that there was possibility to irrigate DMWT with application of FAST 50%
for 20 days of drought periods at rice transplanting season. Furthermore, efficiency rate of altermative
irmigation water for 20 days of drought period was 32.7% relative to the total annual imrigation water for

rice cultivation.

Key Words: Alternative irrigation water, discharge water from municipal wastewater treatment plant, sodium

adsorption ratio.
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Table 1. Chemical characteristics of discharge waters from municipal wastewater treatment plant and ground water, and

reused criteria for agricultural irrigation

ici References”
Parameters Ground water Municipal — -
wastewater Criteria Nations
pH 6.2 6.9 6.5-8.5 WHO
ECi(dS m™) 0.234 0.781 <70 Tunisia(1975)
SS 0.18 0.30 5,15 U.S. EPA(1992), Israel(1978)
COD 19.7 19.5 90.0 Tunisia(1999)
NHs-N 1.33 25.42 - -
NOs-N 344 1.95 Korea
PO4-P 0.15 1.57 0.5 Korea
Cl 24.12 77.85 250 ”
SOy 5.89 31.53 - -
Mn 0.007 0.003 0.5 Tunsia(1999)
Ni 0.006 0.005 0.2 ”
Zn 0.03 0.004 5 ”
SAR® 4.73 15.51 <10 Italy(1977)
All units in mg L™ unless otherwise specified except pH.
SAR CNa/ [(CCa + CMg)/Z] 12
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Fig. 1. Changes of EC; and SAR of surface water to alternative irrigation waters with different fertilizer levels during
rice cultivation periods. CIG; continuous irrigation of ground water, CIM; continuous irrigation of discharge water from

municipal wastewater treatment plant.

e ol F 60Y 7= A3 st FEelE &
7ok Ago® yehyth o3t a3k Shin Vo]
ofal) Hry wig —‘L«I 4 9313 Bk =dellA] vl
H b AR = el gk EGake] RSl 0.10-0.27
mS em' &, 0]} F 304 o]F9] = xwSo) EG @t B} 2
H oAk =7 I2)3l = EWSe] SARGES 0.72-1.18% 104)
ot =A ASE Tk

oA &g 7R mE HEAE Tl EETE
EC ¥ SAR%ZES] Wsh= Fig. 26 YeRiglon, tiz79

Hlmste] ol 209 FHEl EPHY F A 50% Al
W eeERAL Y WRS 2097 WP EHEY EC
2 SARZNE REAH G R0% etk

EE2| EG H SARZL2| HE

A g v EAE —T%% FE7Y EG 2
SARZt9] W3l Fig. 3¢] LPER“
FETY ECGe skt |
AT gl AR 50% AlH l FET Afele]




228 AFTF - olFA - ALY - ATE - AXE - & - A
800 50
—e— FAST50%vs 10DAI —e— FAST50%vs 10DAI
700 - —&— FAST50% vs 20DAl —&— FAST50% vs 20DAI
—A— FAST50% vs 30DAI —A— FAST50%vs 30DAI
—@— FASTvs 10DAI 40 1 —0— FASTvs 10DA
600 - —@— FAST vs 20DAI —&- FASTvs 20DAI
\ — A~ FASTvs 30DAI \ —4A- FASTvs 30DA
~_ 500 4 \ v— Control \ v— Control
£ \ %01
14
7}
400 - <
3 »
2 300 % 21
2001 0 oS- g
10
100 -
0 T T T T 0 T T T T
0 20 40 60 80 100 0 20 40 60 80 100
Days after transplanting Days after transplanting

Fig. 2. Changes of ECi and SAR of surface water to irrigation periods of DMWT with different fertilizer levels and
irrigation intervals during rice cultivation periods. DAL, days after irrigation. FAST; application amount of fertilizer based
on soil test. FAST 50%; half application amount of fertilizer based on soil test.
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Fig. 3. Changes of EC; and SAR of leachate according to alternative irrigation waters at different fertilizer levels during
rice cultivation periods. CIG; continuous irrigation of ground water, CIM; continuous irrigation of discharge water from
municipal wastewater treatment plant. FAST; application amount of fertilizer based on soil test. FAST 50%; half

application amount of fertilizer based on soil test.
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Fig. 4. Changes of EC; and SAR of leachate according to irrigation periods of DMWT at different fertilizer levels and
irrigation intervals during rice cultivation periods. DAL, days after irrigation. FAST; application amount of fertilizer based
on soil test. FAST 50%; half application amount of fertilizer based on soil test.
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Table 2. Plant responses to alternative irrigation water during rice cultivation periods at different fertilizer levels

Plant Ground water DMWT*
characteristics Non FAST 50% FAST Non FAST 50%” FAST®
Plant height 4232 56.30 54.93 4838 56.30 59.37
(cm)
No. of tiller 12.77 1730 20.80 15.27 1730 20.53
Straw weight 1490 2100 2332 1908 2470 2770
(kg 10a™)
Grain yleld
g 1001 510 595 622 555 695 540
Harvest index 0.22 0.19 0.18 0.19 0.19 0.15

*DMWT; discharge water from municipal wastewater treatment plant
PFAST 50%; half application amount of fertilizer based on soil test.

‘FAST; application amount of fertilizer based on soil test.
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Table 3. Plant responses to irrigation periods of alternative water at different fertilizer levels and irrigation intervals

during rice cultivation periods.

Plant FAST 50%" FAST®
ioti < Control
characteristics 10 DAI 20 DAI 30 DAI 10 DAI 20 DAI 30 DAI
Plant height 5.8 56.7 59.4 62.7 60.8 634 549
(cm)
No. of tiller 19.0 21 186 220 239 21.6 20.8
Grain yield 590.5 566.2 553.3 4759 507.4 491.6 534.6
(kg 10a™)
Harvest index 0.19 0.19 0.17 0.15 0.16 0.16 0.18

*FAST 50%; half application amount of fertilizer based on soil test.

bFAST; application amount of fertilizer based on soil test.

‘DAL days after irrigation.
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