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Water and Nutrient Mass Balances in Paddy Field
with Groundwater Irrigation in Low-Rainfall Year
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Abstract

Field experiment was performed to investigate water and nutrient mass balances in paddy field with
groundwater irrigation from May to October, 2001. The total water inflow was about 1,183mm in which
rainfall, overflow from upstream paddy, and groundwater irrigation accounted for 43, 30, and 27%,
respectively. Notice that the precipitation of the study period was less than the average annual precipitation.
The total drainage was almost balanced with the inflow and more than half of it was occurred by surface
drainage. From the nutrient mass balance analysis, the T-P output (17.56kg/ha) was estimated slightly lower
than the input (20.90kg/ha) and the T-N output (130.41kg/ha) was slightly greater than the input
(129.24kg/ha). However, the difference was within the expectation and the nutrient mass was thought to be
balanced considering uncertainties in field experiment and other activities not included in the study such as
algae and soil microorganisms. The surface discharge of nutrient, which was about 10% of total nutrient
output, was mainly affected by fertilization and rainfall runoff. Therefore, prudent surface drainage plan
might be necessary particularly for the fertilization period to prevent degradation of receiving water quality.
The study was performed under abnormally low rainfall compared to the average annual rainfall record, and
further monitoring in diverse rainfalls and irrigation methods is recommended to estimate nutrient behavior
in the paddy field more reasonably.

Keywords : Groundwater irrigation, Water balance, Nutrient mass balance, Paddy field.
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Table 1 Summary of agricultural activities
Date Agricultural activity Remark
May 25 Plowing and basal fertilization Phosphorus(100%). Nitrogen(50% )
May 29 Rice transplanting 15X 30cm, four seedlings
Jun 9 Tillering fertilization Nitrogen(30%)
Jul 17 Panicle fertilization Nitrogen(20%)
Oct 7 Harvest
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Table 2 Comparison of precipitation of average 30
years and this year during rice cultural

period
Average 3() years This year
May M () 0
May L 38 T
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Aug. M 32 22
Aug. L 0 0
Total 043 512
4 sk 30d Ht A9FEY 108 mm #9koH
1 8] 7|ells Ae bd "Jv?*%h% yepdog
W G713kt 30 Hit A9FET 131 mm
42 2 0% ekt
2. B2l 22| - EoE &Y
Ee] Bud ddE B8] flste] YEKS
F 2302)9% #42 si3en deygnios: ¢
A AxA7 A5 60gE Fate] No. 200 ﬂ% =
FalA] ¢k AlaeE A 45 sk, No. 200 A

Vi
8=}

7 #4 sol QI 492
3}

2 0 T

ANt #4433 Tzt 35.1%, AE}
10.8%, A7} 24.1% o)o) vsTAel Q% 24
°ﬂ °|6]‘ i °ﬂ 315}135 clay loam©. & LERRtT),

Table 33} 4t} pHE

'I
oo9i = EO&SI iﬂ*ﬁv’: 6.505.F stgton,
OM(S7|1 283 & 27208 AB5E 250%80
OB & ghe Uehii

Journal of the Korean Society of Agricultural Engineers, 44 (4), 2002.7

Table 3 Chemical properties of the paddy soil in
experimental plot

i EC |OM CEC |T-N| T-P | Av. PO;
P (£ S/m) | (%) | (me/100g) | (%) | (mg/kg) | (ma/ke)
500 | 283300 | 272 7.80 012 | 32370 1431
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Fig. 3 Variation of ponding depth during growing
season
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Table 4 Water balance in the paddy plot during study period
Input (mm)* Output (mm)™*
PR IR IR, Total DR ET INF Total
May M 0 (] 104 104 0 16 3 24
May L 7 0 146 153 143 34 15 192
Jun F () 0 B4 Y| (0 33 11 47
Jun M 34 () 9 93 ] 35 10 30
Jun L 128 61 0] 189 178 30 10 217
July F 14 27 0 41 0 16 1 102
July M 57 13 1] 70 4) 5 () 60
July L 132 200 0 332 194 58 1 205
Aug. F 65 11 0 78 15 66 6 87
Aug. M 22 27 0 49 0 52 (0 a7
Aug. L 0 19 0 19 0] 63 1 b7
Total*** 512(43)  358(30) 312(27) 1.183 295(51) 188(12) 78(7) 1.161
* PR : Precipitation. IR & Irrigation. IR» @ Inflow from upper paddy

®* DR © Drainage, ET:

##% Percent in parentheses,

44

Evapotranspiration, INF

¢ Infiltration
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< AE4 A EFRTIE diF FEAe] AA (ton/ha)  T-N  T-P T-N TP
A 8854 ot Ede olgshs AU Staw 52 080 010 413 530
- A2 = &) T A0
ol =3 ASd(e 5 1999), & ARERL Rt 31 068 007 209 216
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Table 6 Mass balance of nitrogen and phosphorous in paddy plot

Input (kg/ha)* Output (kg/ha)™ N
Tale F Lii Lige L Total Lok Ling H Total Difipreme
May M 0.09 0.00 0.000 0,00
May L | 19.64 0.13 0.00 0.000 0.77
Jun F 0.05 0.00 0,000 0.00
Jun M 0.01 0.00 0,001 0.00
Jun L 0.00 0.10 0.001 0.20
July F 0,00 0.09 0.000 (.10
July M 0.00 0.05 0.001 0.04
T-P | July L 0.00 070 0001 0.10
Aug. F 0.00 0.01 0.001 0,01
Aug. M 0.00 0.01 0.000 0.00
Aug. L 0.00 0.01 0.000 0,00
Sep. F 0.00 0.00 0.00 0.00
Sep. M 0.00 0.00 0.00 0.00
Sep, F 00,00 (.00 0,00 0.00
Total 19.64 0.28 0.97 (.01 20.90 1.22 1634 17.56 3.34
May M 1.08 0.00 0,00 0.00 0.28
May L 55 152 0.00 0.14 249 0.56
Jun F 33 (.56 0.00 0.00 0.00 0.43
Jun M 0.09 0.00 1.85 0.21 0.19
Jun L 0,00 112 2.82 3.23 (.08
July F 0.00 0.62 0.15 1,01 0.00
July M 2 0.00 0.30 0.61 0.08 0.00
TN juy L 000 456 143 532 011
Aug. F 0.00 0.24 0.73 0.39 0.03
Aug. M 0.00 0.70 (.24 0.00 0.03
Aug. L 0.00 048 0.00 0.00 0.02
Sep. F 0.00 0.00 0,00 0.00 0.00
Sep. M 0,00 0.00 0.00 0.00 0.00
Sep, F (.00 0.00 (.00 0.00 0.00
Total | 110.00 325 8.02 797 12924 | 1273 L3 11595 13041 =1.1¢
* F © Fertilizer, L : Irrigation. Ly © Inflow from upper paddy. Ly @ Precipitation
** Lpk + Drainage, L © Infiltration, H : Harvest
£ W0, A9l % 9 wolgieh £49 4 Az 1Y, BEE B Ak 49 Bz 2
£ A48 9l BT diie] W g& 5% g 4 ot &42: EnE ¢ FAHdEA A
om, teow Bug Bg £4, AR Ad  Fol 9 &4 13 @Add el Auew

4 £oz vehdt A &R ?—r% ¥ %DH 5, 1995; Brady

AL 9] dEEA FAE ¥R, o ZHHH/VP N. 1990). & dodE ZFel I8 dauyy
T =08 »‘1’\ 3> Alﬂlfz} Az a4 + et ‘%LLM kel °]6¥ A4 4% 24
g5 ‘}l°“1 ogle] 2 (algae)ol <3t Eﬂ/l-& 34 xaloith AA0 F FURE 129.24 kgha
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