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Analysis of Nutrient Load Balance in the Reservoir Iirigated Paddy Block
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ABSTRACT

The objective of this study was to investigate the nutrient load balance in the reservoir irrigated paddy block during growing
seasons. Idong reservoir irrigation paddy block of 10.3 ha in size was selected to collect hydrologic and water quality data.
Irrigation, canal flows, and paddy field drainage were measured using a water level gauge, while water samples were collected and
analysed for water quality. The water balance analysis showed that 81 % and 75 % of total outflow were through paddy and
irrigation canal drainage during 2011 and 2012, respectively. The water quality of paddy field drainage varied greatly depending on
rice cultivation stage ranging from 0.05 to 24.55 mg/L and from 0.01 to 0.76 mg/L for T-N and T-P, correspondently. Paddy field
drainage loads during May through June account for 64 % and 76 % in 2012 and 2013, while 82 % and 81 % for T-P in 2011
and 2012, respectively. The Pearson correlation analysis showed that rainfall was significantly correlated with nutrient loads during
July through August due to runoff, and irrigation was related with nutrient loads of drainage during some period of July through
September due to irrigation return flow. This study results showed characteristics of inflow and outflow nutrient loads from plentiful

irrigated paddy block.
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Fig, 1 Schematics of the monitoring systems for the study area
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(b) SW-IR-DW2 station
Fig. 2 Water stage at the monitoring stations (2011~ 2012)
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Table 1 Stage—discharge relationships of the monitoring
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Table 2= ALY B4 24 s B ot 7
Qo 201193 2012490 2+ 1391.2 mm, 1354.8 mmE L+
ERstt ToieF 9 S<eRulare 2011490 49 2442 2,324.1
mm, 630.0 mm= WHF 27.1%7F IR &1 oz
GEEE= Ao Yehton 20128-E 2,008.0 mm7b EHE
0] 11.9 %2l 239.7 mm7} £42 wjSgko g wjg ). T
F 5 SR el vjgo I3t AYPATE AHEH Kim
et al. (2005) &= vieeF 3579 11~49 %E At

stations | : 3 glon], 7h A FE o] G4 wisepo] FAHs Ao
S\;taI;OILlJSm 201;{8&;012 Stage-glsgzagiizcsgges 0t7 = walskl gl
SW-IR-UP2 2011~ 2012 2:0.157%#-*5"* oi93 T e 201199} B 3,015.8 mmelgon, _O] T =
SW-IR-DW1 2011~ 2012 Q=0.6445xn"%" 0.98 EA e 2,385.8 mmE WEREom, 201299 & vl
2011 Q=4.8524><h2‘2491 0.89 ‘8—: 2,5053 mmO]‘}iEU% %‘j :‘T’;Xo]‘ HH-/,\—%};.QE 2,2656 mm7} —g‘
SWARDI 2012 Q="5.8280xR2"! 0.97 Uk AR vephth
SW-IR-DW3 2011~ 2012 Q=0.0924xn*"" 0.94 o, feuete] FY = 244 HUEY B AfdE
Q: Discharge (m3/s), h: Stage (m) é_-}ﬁ:]—]}]—% Yoon et al. (2002)= oo]:‘/l\Jo]' 3&7117\]?% /%)]'EE
Table 2 Water balance in a paddy block scale from the observed data (2011-2012) (Unit : mm)
Year Date In.ﬂow — 5 - 5 Omﬂow. - —
Water supply Rainfall Subtotal Irrigation canal drainage | Paddy field drainage | Infiltration |Evapotranspiration|  Subtotal
May 967.0 108.8 1075.8 245.4 879.7 50.1 52.8 1228.0
Jun. 609.0 291.8 900.8 183.3 588.2 32.7 145.5 949.7
o011 Jul. 277.6 644.2 921.8 125.6 577.6 17.6 146.8 867.6
Aug. 250.1 307.0 557.1 444 245.7 8.9 168.5 467.5
Sep. 220.4 39.4 259.8 31.3 94.6 2.1 85.4 2134
Sum 2324.1 1391.2 3715.3 630.0 2385.8 1114 599.0 3726.2
May 734.8 16.5 751.3 56.0 720.5 50.1 63.1 889.7
Jun. 333.7 100.8 434.5 62.3 374.1 32.7 182.2 651.3
2012 Jul. 262.2 572.3 834.5 61.3 410.0 22.5 168.4 662.2
Aug. 527.9 426.2 954.1 50.2 452.2 15.1 212.6 730.1
Sep. 1494 239.0 388.4 9.9 308.8 8.0 73.3 400.0
Sum 2008.0 1354.8 3362.8 239.7 2265.6 128.4 699.6 3333.3
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19999 79 749 1,065 mm, T/ 1,340 mmol thal Hi
£eFo] 1,453 mmO.2, 200042 3¢ 7497 1,296 mm, Y
2 1,185 mmoll thal vi5EF 1,421 mmO2 2 u5ksIch Oh et
al. (2002)2 3P4 B FS =of digh &4 2AF A3t 1999
dol A9 Il 3,690.4 mm, Z$F 890.1 mm7b FYE o]
wi=2F 4,055.2 mm7} SR Ao Baskda, 20009

S wom 2 o ALY S]] ol E AR A A
T B or s =l 97 wEol.

G2 Wl e 57| g8 0.12~4.00 mg/L
H9= WEoH, T-N9| §& v F=7f 2011d0] 2012
yof| vlal A Yepts 2 Wi =4 43S n27] o
o8 W} 842 wi4=Fe] Pearson A4 A3 T-N

o 7% WA 3,159.6 mm, A 1,212.2 mm7b FUEC], o] A9 99 ¢ Al=pFolA folF Aol Qle Ao e
w5 3,731.2 mnvh EEUrbs AR BIEch Kim ety

al. (2005)= 14.2 ha 2719 sHYHEA] FY =of sl & n|7k0A] TARZEEY] e T-NO| 2L 0,05~ 24.55 me/L
AE 2Aetglem, 1 At 200299 A WA 1,321 mm, 2 T-pe) A9 0.01~0.769) WIZ Uepgh T-NO| FEs
755 888 mavk RUHel W 677 mmol ERWRe A ) Aju) 5 &Y 2455 mg/LA Z7RKATE oF 102 &
o2 Hastglon, 20039 B¢ WL 1493 mm, 32 50 g/ ofshe ghasis A0 UeRgon, 6] Au] H
L115 mn7} 4o} Bl 865 mm7h 7S SOR R qny 700 mg/L k) Z7ptebt MR sk AR Bec
3ol olet o] Amd, AopdR ATAM Al U 1 po et s AH A5 He) 0.76 e/l 2 2
Efb=t], o= 8] Tl met WoEko] tiEal, Ao o3 Uehtr}, 2u]o] AR T-p AEo| EFhelo] 7] o
tq'ﬂ ;Q“?‘Ff)]:y %‘?’J"ﬂ 1:101-/;]0] E]'E—D:], 7]/%}}—601] U:]'E]' 701"‘?“%]:, % o]_ 7]]:]]_%_ /\]H]’ES a1 g']: 10%1_ _-5'3;1?_3% T—PQ/] _1_5_57], 0.01~0.16
WAl th2) ohgoleh Akt (Kim et al, 2005 Choi et v o woroy mape Aoz ek

al., 2012). oA mAe] el T-NOJ 7% 0.13~4.00 mg/L,
T-P9] 7 0.01~0.6722 Uepgon], d=d g7 2011
2. LY = 24K 24

o Ho] 4 T-N 1.03 mg/L, T-P 0.13 mg/L, 201249] 3%
Jb BN U HjAst AR T-N 0.64 mg/L, T-P 0.06 mg/LoZ YeFt}
Table 32 2012W¥HH 201397049 Y5719t AT,
SR vl WA = 2 i 294 = 2 g L. EE7A =4
2o 22 mUEY A Yepd Aotk F57] B A =9 FYEH WiEEE gele] 9lsto]
W] 4488 W77kl fal] T-NoJ i9h= 0.33~2.90  =AFAE EA5HAH, -1 Brks Table 4, 59 2ot 2hel
mg/Lolglom, T-PS] M91= 0.01~0.16 mg/LoZ Upehgdry, &7 T-N F12 201199 29.63 kg/haollA 2012%] 17.22
T-N9| =xl 9011de] A9 201240]| ]3] &7 V=g, kg/ha©® °F 42 %, T-P FoFg 1.17 kg/haollA] 0.88 ke/ha
ol 201190l OJEALA] AR f9 sUmH e njHe] 2 9F 25 % HAsiddet, ol WHEe] fastils Rk obY
3l 20] ©olo] 201240] || FeFo] o A wHy] R 2 = E3F 7261917] giolth Kim et al. (2005)9] 24
2 ARHG (p value < 0.01). AHAT A3 (Kim et al., 2005 Zholl 2ot ko] &2 Adaprc; Wokgolw Bshal &
Oh et al., 2002)°] w=H spda WHAH A9 & A+ 2 8ol 7 Uebdesl, ol Kim et al. (2005)2] A7H3A]
et FEsb A b, sFE40] A9 HeHd] 9 o) 84 s o] o w9l7] WiECR AtRHTh

Table 3 T-N and T-P concentration in the experimental area during the rice cultivation period in 2011~2012

Year Sample = i
No. of samples Range (mg/L) Mean (mg/L) No. of samples Range (mg/L) Mean (mg/L)

Agricultural water supply 18 0.33~2.90 1.71 18 0.01~0.28 0.07
o011 Irrigation canal drainage 20 0.31~4.00 1.58 20 0.01~0.16 0.05
Paddy field drainage (non-rainy day) 25 0.33~20.30 3.35 25 0.01~0.70 0.12
Paddy field drainage (rainy day) 146 0.13~4.00 1.03 146 0.01~0.67 0.13
Agricultural water supply 13 0.35~1.83 1.17 13 0.02~0.13 0.04
2012 Irrigation canal drainage 11 0.12~1.84 1.00 11 0.02~0.09 0.05
Paddy field drainage (non-rainy day) 18 0.05~24.55 2.26 18 0.01~0.76 0.17
Paddy field drainage (rainy day) 56 0.18~2.38 0.64 56 0.01~0.26 0.06
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Hijgeo]l o3t T-N Ha}2Re 20119 44.43 kg/ha® &2
ulj<==fol] QJaf) oF 17 % WiESh= A0, = 27 viggol| <3|
oF 83 % HiEE= AR YEson, 20129 34.83 kg/ha=
S uljaol| o) oF 5 % HEEE AOR, = XA ujpEf
o oJaf ¢F 95 % HiEE= ACR VT vire] &gt T-P
HaRke- 201192 2.92 kg/ha® 82 vij=ggo] 2J3f| oF 13 %
&= A0, = 27 vkl osf oF 87 % wWiEE= A
o7 Yehton, 201282 4.90 kg/ha® 5= ol oJs)
oF 2 %, = A wiaeigell 8f oF 98 % viEEE A= e
Utk 3], 5931} 6Yol T-N& 2011499] A<$- oF 64 %, 2012
dol AL oF 76 %S AASH= AR UEPti, T-PE 2011

o

o] Edtelo] sl uiERolge Aud 4
(Yoon et al., 2003; Kim et al., 2005; Kang, 2010).

T-N Faleke] ¢ 2011d0] vl 20121<] ¢ 14513
O} T-P Fopg2 37kl A 0R Uehg=t], ol Aol
T-N& 20119 181.00 kg/haollA 20124 153.00 kg/haZ 7+
Aslglon), T-P Baleke 201149 56.00 kg/haollAl 20124
87.00 kg/haZ 371137 W2 AtrEct,

W1o] 9 oF 82 %, 201209 A% oF 81 4B A R0 T, B = GUBA hETale] Bk HAAT] vy,
Table 4 T-N load balance at the study area in 2011 and 2012
T-N (kg/ha)
Date Inflow Outflow

Rainfall | Water Supply | Fertilizer Subtotal | Irrigation canal drainage |Paddy field drainage| Infiltration Uptake Subtotal

May 1.04 8.23 168.00 177.26 2.23 16.27 1.14 19.64

Jun. 2.78 12.20 14.98 3.50 6.21 0.43 10.14

o011 Jul. 6.13 1.98 13.00 21.11 0.89 10.36 0.30 11.55

Aug. 2.92 3.23 6.16 0.49 2.59 0.10 3.18

Sep. 0.38 3.99 4.37 0.57 1.31 0.03 120.37 122.28

Sum 13.24 29.63 181.00 223.88 7.68 36.74 1.99 120.37 166.79

May 0.16 6.60 140.00 146.75 0.47 22.50 1.67 24.65

Jun. 0.96 2.39 3.35 0.45 2.94 0.31 3.69

2012 Jul. 5.45 1.89 13.00 20.34 0.44 0.89 0.06 1.39

Aug. 4.06 4.04 8.10 0.39 4.75 0.19 5.33

Sep. 2.28 2.30 4.57 0.15 1.85 0.05 131.80 133.84

Sum 12.90 17.22 153.00 183.12 1.90 32.93 2.28 131.80 168.90
Table 5 T-P load balance at the study area in 2011 and 2012

T-P (kg/ha)
Date Inflow Outflow

Rainfall ~ |Water Supply| Fertilizer Subtotal | Irrigation canal drainage |Paddy field drainage| Infiltration Uptake Subtotal

May 0.22 0.15 56.00 56.38 0.04 1.25 0.08 1.37

Jun. 0.38 0.59 0.97 0.19 0.52 0.02 0.72

o011 Jul. 0.64 0.24 0.88 0.11 0.58 0.02 0.70

Aug. 0.17 0.13 0.30 0.02 0.14 0.01 0.17

Sep. 0.03 0.06 0.09 0.01 0.07 0.00 15.21 15.29

Sum 1.44 1.17 56.00 58.62 0.37 2.55 0.12 15.21 18.25

May 0.09 0.26 87.00 87.35 0.02 2.83 0.19 3.04

Jun. 0.14 0.12 0.26 0.02 0.62 0.06 0.70

2012 Jul. 1.34 0.14 1.48 0.03 0.90 0.05 0.98

Aug. 0.26 0.32 0.58 0.03 0.24 0.01 0.27

Sep. 0.18 0.04 0.22 0.00 0.21 0.01 15.63 15.85

Sum 2.01 0.88 87.00 89.88 0.11 4.79 0.31 15.63 20.84

172

Fasotel=ad A55d Al6%, 2013



ST - AEA - HAF - FED - 9T - A Al - A
Kim et al. (2005)& 20029<] A< T-N 22.1 kg/ha, T-P 3.6 = WY Fao] ofFAAA] GANE Y=ol o3t wiEFelE
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Table 6 Pearson correlation between pollutant loads and
rainfall or pollutant loads and irrigation in the study
area during 2011 and 2012

The factors of Pearson| Rainfall and | Rainfall and |Irrigation and|Irrigation and
correlation analysis T-N T-P T-N T-P
May —0.046 0.606 —0.071 0.102
Jun. 0.359 0.319 -0.017 —0.642"
2011 Jul. 0.455" 0.726" 0.549" 0.430°
Aug. 0.524" 0.506" 0.172 0.15
Sep. 0.185 0.187 0.799” 0.761"
May - - 0.097 0.217
Jun. - - 0.575" 0.298
2012 Jul. 0.785" 0.935" 0.707" 0.387"
Aug. 0.681" 0.688" 0.388" 0.123
Sep. 0.749" 0.798" 0.889" 0.924"

The symbols of * and ** represent statistical significance at the confidence
levels of 0.95 and 0.99, respectively.
The symbols of — represents the number of rainfall data is insufficient.
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