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Effects of Reclaimed Wastewater Irrigation on Paddy Rice Yields
and Fertilizer Reduction using the DSSAT Model
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ABSTRACT

The objectives of this study were to assess the rice yields and evaluate fertilizer reduction effect of reclaimed wastewater irrigation
in paddy fields using the Decision Support System for Agrotechnology Transfer (DSSAT) v4.5 model. The experimental plots were
designed, which was located near the Suwon wastewater treatment plant in Gyeonggi-do, Korea. The rice yield, irrigation amount,
irrigation water quality and soil data were monitored and collected between 2006 and 2009. The DSSAT model was calibrated and
validated with observed data. The methods that were used to evaluate this model were the root mean square error (RMSE), normalized
root mean square error (NRMSE), and index of agreement (d). The values of RMSE, nRMSE, and d ranged from 145 to 789 kg
ha, 3.0 to 13.3 %, and 0.90 to 0.95 for the calibration period, respectively and represented from 91 to 538 kg ha', 2.0 to 10.4 %,
0.94 to 0.98 for the validation period, respectively. Overall, this model showed good agreement with observed data of rice yields
irrigated with reclaimed wastewater. The fertilizer reduction effect in paddy field of reclaimed wastewater irrigation was assessed
about 60 % in 2008 and 40 % in 2009.
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Fig, 1 Location of study area and schematic map of experimental plots including irrigation and monitoring system
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Table 2 Monthly irrigation amount during growing season
between 2006 and 2009 (unit: mm) (adopted from

experimental plots (adopted from Jang, 2009) Jung, 2011)

Properties Unit TR#1 TR#2 TR#3 Year | Treatment | May | Jun. | Jul. | Aug. | Sep. | Oct. | Total
Sand 48.7 48.7 487 TR#1 68.9| 1859 00| 298.8| 3150| 00| 8686
Silt % 32.3 353 30.8 2006 | TR#2 159 196.1| 50.1| 3104| 3260| 00| 8985
Clay 19.0 16.0 205 TR#3 429 2028| 00| 281.2| 330.7| 280/ 8856

Texture class - Loam Loam Loam TR#1 | 1585 163.7| 171.8| 175.1| 127.2| 00| 796.4

Organic matter % L74 211 1.82 2007 | TR#2 | 117.2| 2018 1442 2184 | 1162| 00| 887.8
pH (1:5) - 5.55 5.52 5.53 TR#3 | 141.7| 2502| 124.8| 188.1| 109.2| 00| 814.1
CEC cmol” kg’ 13.09 1211 13.29 TR#1 438 1048| 1190 146.8| 199.3| 00| 6137
EC pS/m 0473 0319 0.524 2008 | TR#2 39.2| 1456 133.8| 1233 | 2249| 00| 666.9
N 850.0 930.0 950.0 TR#3 41.2] 1338| 67.4| 185.8| 1950| 0.0 623.2
P — 528.2 o577 358.3 TR#1 77.9| 1920| 51.6| 184.8| 96.7| 00| 603.0
Ca 7585 853.8 745.2 2009 | TR#2 63.2] 154.3| 71.9| 3005| 1043 00| 694.2
K 40.9 4.5 49.5 TR#3 | 1115 2129| 940 1193| 78.1| 00| 6158

Journal of the Korean Society of Agricultural Engineers, 53(4), 2011. 7 69



shReleo] 5984 Aolgol me = 43 me)

o]

FRAS AN Fig. 3 20069~ 2009 71A] =1 A8
717 5ere] W g NI TP $ARSAINE HolEil
. TNZ} TPsZs Aake fFUdleolA a3 WA o

ERtaL, slpAfleet Aol Wil a2 AR AR 74

510
= Bl
25
1 TR#1
TR#2
| 0 TR#3
20
£ o
2 154
P
il
§ 10
£ 104 7
g o
8 A
| é
o] & 4
2006 | 2007 . I 2008 I 2009
Time
(a) TN
20 4 1 TR#1
’ TR#2
0 TR#3
T 1.5 4
o
£
C
.2
® 104
€
Q
Q
C
3
0.5 A
2006 | 2007 § | 2008 | 2009
Time
(b) TP

Fig. 3 TN and TP concentrations of irrigation water during

growing season (2006~ 2009)
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Table 3 Summary of cropping practices and basal fertilizer amount at the experimental plots between 2006 and 2009

) i o . Fertilizer application (kg ha™)
Year Cultivar Ploughing and basal fertilization date Transplanting date Harvest date
N P205 K20
2006 Chucheongbyeo May 21 May 25 October 17 55 45 40
2007 Chucheongbyeo May 14 May 17 October 24 55 45 40
2008 Chucheongbyeo May 17 May 19 October 21 55 45 40
2009 Chucheongbyeo May 16 May 20 October 20 55 45 40

' Oryza sativa L. ssp. japonica cv. Chuchengbyeo
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Table 4 Genetic coefficients for calibrating and calibrated
value of the Chucheongbyeo

Classification | P1 | P20 | P2R | P5 | Gl | G2 | G3 | G4
Shim et al. (2010)| 390.0 | 12.0 | 20.0|520.0| 55.0 | 0.025| 0.61 | 1.00
Kim et al. (2002) | 200.0 | 11.5 | 105.0 | 465.0 | 65.0 | 0.026 | 0.60 | 1.00
Calibrated value | 220.0 | 11.5 | 105.0 | 520.0 | 68.0 | 0.026 | 0.60 | 1.00
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Table 5 Comparison of observed and simulated yields for
calibration period

Vear | Bxerimental nlot 1228 (kgha) RMSE | nRVSE |
ear | Experimental plof N
Observed | Simulated | kgha™) | (%)
TR#1-1 4536 | 4,624
TR#1-2 539 | 5136
145 3.0
TR#1-3 4844 | 4,756
TRH1-4 4400 | 4,361
TRH#2-1 7048 | 6565
TR#2-2 5672 | 5607 )
2006 335 54 095
TR#2-3 5332 | 5610
TR#2-4 6700 | 7,065
TR#3-1 5580 | 5235
TR#3-2 592 | 5625 i
302 5.8
TR#3-3 5880 | 6,022
TRY3-4 5264 | 5946
TR#1-1 4404 | 4,285
TR#1-2 3940 | 4,369
378 8.6
TR#1-3 4368 | 4,250
TR#1-4 4936 | 4,337
TR#2-1 6832 | 6,152
TR#2-2 6368 | 6,129
2007 477 73 1090
TR#2-3 6492 | 6,107
TRH2-4 6444 | 5951
TRY3-1 6900 | 6,199
TRY3-2 6076 | 5333
789 133
TR#3-3 4300 | 5300
TRH3-4 6500 | 5828
7500
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6500 - .
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£ 6000 { . . A
g .
éssoo— * 4 0
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'U_) L
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- ' .
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Fig. 4 Scatter plots comparing observed and simulated yields
for calibration period
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Table 6 Comparison of observed and simulated yields for
validation period w0 ! mmo—
, Yields (kg ha ) RVSE | nRVSE e =
Year |Experimental plot Observed | Simiated | (ke ha™) @ d I S & &R 8B —i addy rice yield of TR#1
TR#1-1 5020 | 4461 = ]
2 3500 1
TR#1-2 4,052 4,035 =
- 290 68 :
TR#1-3 3,640 3,504 3000 4
TR#1-4 4,268 4,198
TR#2-1 7,296 6,791 2001
TRH2-2 4672 | 4477 i
2008 TR#2-3 5,024 4,988 315 5.6 0.98 =ene 0 10 20 30 40 50 60 70 80 90 100
TREI4 5612 5901 Fertilizer reduction rate (%)
' ' (a) 2008
TR#3-1 4,332 4,291
TR#3-2 4712 | 4744 ol 20 5500
TR#3-3 4,656 4,687 ]
TRY3-4 459 | 4421 — e
TR#1-1 4,624 4,819 e ____ Paddyrice yield of TR#1
TR#1-2 5,980 5,402 < i ]
- 538 104 g 0 M
TR#1-3 5168 | 4395 ° m
TR#1-4 4892 | 4461 2 aom |
TR#2-1 6,712 6,248
TR#2-2 6,044 5,860 3500
2009 286 4.4 0.94
TR#2-3 6,596 6,340
TR#2-4 6,884 6,774 3000
B 0 10 20 30 40 50 60 70 80 90 100
TR#3-1 - 4,957 Fertilizer reduction rate (%)
TR#3-2 6,068 5,845 199 o4 (b) 2009
TR#3-3 4,672 4,678 . e .
- Fig. 6 Assessment results of the fertilizer reduction effect
TR#3-4 5540 | 553 of wastewater reuse irrigation in paddy fields
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