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This study aimed to evaluate the nutrient load balance from rice paddy fields with different topographies,
alluvial plain and local valley. Continuous monitoring from May to September, 2013 was conducted for water
quantification and qualification from alluvial plain in Yeoju region (32 ha) and local valley in Jincheon region
(24 ha). The discharge rates of T-N from the alluvial plain were 57.2, 5.84, 22.7, and 5.20 kg ha forinigation,
precipitation, drainage, and percolation, respectively. In case of local valley, T-N loads were 34.6, 4.73, 21.1,
and 4.15 kg ha’ forimmigation, precipitation, drainage, and percolation, respectively. In contrary, the T-P loads
from the alluvial plain were 2.23, 2.22, 2.54, and 0.41 kg ha' for irigation, precipitation, drainage, and
percolation, respectively. In case of local valley, T-P loads were 1.44,1.57,1.82, and 0.34 kg ha' forimigation,
precipitation, drainage, and percolation, respectively. The nutrient contents in drainage water were influenced
by the amount of waters, rainfall, and surface drainage water. The Pearson correlation analysis showed that
rainfall was significantly correlated with nutrient loads from July to August due to the amount of runoff in
local valley paddy field, and irvigation was related with nutrient loads of drainage from July to August. This
study showed that paddy rice farming in alluvial plain and local valley might be beneficial to water quality
protection.
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Nitrogen and phosphorus balance in the studied areas with different topography during the rice cultivation period in

2013.
. Alluvial plain Local valley
Properties Sample
T-N T-P T-N T-P
----- kg ha' - ----- kg ha' -
Irrigation 572 2.23 34.6 1.44
Precipitation 5.84 222 4.73 1.57
Input o
Fertilization 130.0 43.0 122.0 40.0
Subtotal 193.0 47.5 161.3 43.0
Drainage 22.7 2.54 21.1 1.82
o Percolation 5.20 0.41 4.15 0.34
utput
P Plant uptake 112 38.6 83.8 39.9
Subtotal 139.1 41.6 109.1 42.1
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Introduction

Sefubet 2R 574 WH0) 60% o A|SHE =L
oo} sets B4t 2 phel7h o] ol 47| whie] 2
i=olet ejehe wRARgRE, AlulR, AlNAY), BAS

S8 PSEA0] uhet e 99 R K& g

t} (Kang et al., 2010; Song et al,, 2012; Yoon et al,,
2003), B ARt E2F M, e, AlH] ol Sl =ol
FEdo] FUEE, dF FEEEo] Hol A o&
A ¢k S Sl A3 wjEEol A9 RIYD} &
Xﬂg EL S 531, A9} 91 W A& IpairolA]
AR HiEE S e 2Rl Zadt FEEE]
%E} Kim et al,, 2006; Lee et al,, 2014; Somura et al,,

2009). ©]2} o] oAl ¥ ”Hb LAY FH ko]
U o] vl e Yo g A28k 4= Qlrt (Choi et al,, 2012;
Kim et al,, 2005a; Kim et al,, 2005b; Song et al., 2013).
Ol AA A 7 LgHske <F 30%° OHI;]'O]'_L_ a
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A 9Y7HA] U852 80% ool AMEEl= UJ% A1
Az oz u)Z 4= gl 9gFo] ATt (MOLTM, 2011; Song
et al,, 2012).
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Fig. 1. Location of the sampling sites and measurement points at the study areas in Yeoju (left) and Jincheon (right).
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Table 1. Characteristics of the paddy fields in the studied areas, Yeoju and Jincheon.

Region Total area Field area Topography Drainage Soil texture Basic material
ha ha

Yeoju 136 32 Alluvial plain Well-drained Sandy loam Granite gneiss

Jincheon 111 24 Local Valley Well-drained Clay loam Granite

A7l FrolA stdsE FEst] Wie= 35
StEth Wihles 49 sketE ARMEICY, 7Y AT
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HE 5 chret aglel oJs) ol7k SlekaL shetet
(Choi et al,, 2012; Kim et al,, 2005a; Kim et al,, 2005b;
Song ot al., 2013), ZAK| ] HebA|e} T71A] o)A 1]
A7 9k BaA Table 29k ek,

Hebx) o] BAlE RAT AT 2L 1,098 mm,
T4 1,390 mm, HEZF 227 mm, A|EH|ESEE 534
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149 mm 12]a1 SIS 476 mmo] Tt
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2003).
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S} Aol golgh BEHA| =04 A E FAo] o]
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Table 2. Water balance in the studied areas with different topography during the rice cultivation period in 2013.

Inflow (mm)

Outflow (mm)

Properties ~ Period o L Surface . L.
Irrigation Precipitation Subtotal . Percolation  Evapotranspiration ~ Subtotal
drainage
May 259 131 390 106 87 90 282
Jun. 258 115 373 120 68 154 342
Alluvial Jul. 385 528 914 134 46 144 324
plain Aug. 318 141 459 105 19 158 283
Sept. 169 183 352 69 6 68 143
Total 1,390 1,098 2,488 534 227 615 11,376
May 206 98 304 76 61 79 216
Jun. 201 230 431 99 43 133 274
Local Jul. 289 254 542 155 25 113 293
valley Aug. 231 184 414 112 14 108 233
Sept. 97 163 260 90 5 44 139
Total 1,023 928 1,924 530 149 476 1,155

Table 3. Net irrigation ratio in the studied areas with different topography during the rice paddy cultivation period in 2013.

Properties May Jun. Jul. Aug. Sep. Average
%
Alluvial plain 59.3 53.5 65.2 67.0 59.1 60.8
Local valley 63.2 51.0 46.3 51.6 7.5 439
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Table 4. Nitrogen and phosphorus concentrations in the studied areas with different topography during the rice cultivation period in

2013.
T-N T-P
Properties Sample No. of No. of
samples Range Mean samples Range Mean
----- mg L g— - mg  —

Irrigation 20 2.61~5.66 4.11£1.10 20 0.07~0.25 0.15+0.05
Alluvial Precipitation 13 0.27~0.79 0.53+0.08 13 0.07~0.59 0.20+0.02
plain Drainage 35 221~5.14 4.06+1.25 35 0.38~0.58 0.46+0.11
Percolation 15 0.21~4.01 2.27+1.30 15 0.07~0.25 0.15+0.03
Irrigation 16 1.21~4.41 3.08+1.22 16 0.05~0.21 0.12+0.04
Local Precipitation 10 0.25~0.80 0.51+0.10 10 0.08~0.45 0.17+0.02
valley Drainage 32 1.70~5.44 3.81x1.33 32 0.17~0.45 0.34+0.08
Percolation 15 1.54~3.41 2.97+1.41 15 0.08~0.28 0.18+0.03
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Table 5. Nitrogen and phosphorus balance in the studied areas with different topography during the rice cultivation period in 2013.

Alluvial plain

Local valley

Properties Sample
T-N T-P T-N T-P
kg ha’
Irrigation 57.241.85 2.23+0.51 34.6+1.25 1.44+0.33
Precipitation 5.84+0.32 2.2240.12 4.73£0.30 1.57+0.11
Input .
Fertilization 130.0+5.2 43.0+2.3 122.0+3.3 40.0+2.1
Subtotal 193.0+5.9 47.543.2 161.3+6.1 43.0£3.5
Drainage 22.7+1.23 2.54+0.45 21.1+1.58 1.82+0.54
Outout Percolation 5.20+0.22 0.41+0.08 4.15+£0.30 0.34+0.05
utpu
P Plant uptake 111.246.5 38.6£2.5 83.847.0 39.942.8
Subtotal 139.1+4.5 41.6+2.2 109.1£3.8 42.1+2.8

T = %‘—ﬂ%k% Fsz270d FAFH Hi=EH
‘Rl%tﬂ (Song et al,, 2013), °]= 723 AeE
) (Somura et al., 2009), AlH] &% 5
of osf H= %"94 Fi=do] #iE (Kim et al., 2005a;
Kang et al., 2010; Song et al,, 2013; Yoon et al., 2003)
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QreRal Az

==

9] G5 o= P WH=r} (Choi et al.,
2012, Hwang et al,, 2004; Kim et al,, 2005b; Lee et al,,
2014; Song et al., 2013), & Ao A 7oy} vl Hal=
A i 5 Alolo] TAES A Fik Table
63} 2},

12 kK] dmol H]3) ) §olg AlrHo] 919l (p<0.05)
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IR RO D ERE ER I DR
Hla T4 el g ofe elvh ool x| 9]
who® AzkEch WA T-NT T-P S Holere
WekA] 1=0] A$ 7} sol] Telm F7kA] e 7o)
Folak Afgko] Qlgich (p<0.08), o]t FE7|9l 5Uat
6oli= Tl olof W Al 4 Bl Pl &
ws)7] ool ARV gl Aos Uekdon, Tdu
sollt= F747t AAEo] ko] FElAl hAwt
ol Ofsk whE Nt o] ofa ujE Ratage] W
A317] Tl 2k Song et al, (2019)9) A7ATo} u]Z5h
%}, 3, Song et al, (20192 ol FRE X454 T
o] tmol Mz 97t Bhe T~oRellis 7Sl oJFt TR
F7HQ) BAESY FFE AF B4 ofshE e

A IRl S FoIE BY £ 31 20

Table 6. Pearson correlation between rainfall and pollutant loads or inmigation and pollutant loads in the studied areas with different

topography during the rice cultivation stages in 2013.

Properties Period Rainfall x T-N Rainfall x T-P Irrigation x T-N Irrigation x T-P
May -0.046 0.606 -0.071 0.102
. Jun. 0.359 0.319 -0.017 -0.142
Alljlll;vlllal Jul, 0.455* 0.726%* 0.549%* 0.430%
Aug. 0.524* 0.506* 0.172 0.150
Sept. 0.185 0.187 0.299 0.161
May 0.116 0.022 0.097 0.217
Jun. 0.229 0.215 0.575%* 0.298
Local Jul, 0.785% 0.935%* 0.707%* 0.387*
valley Aug. 0.681** 0.688** 0.388* 0.123
Sept. 0.549* 0.598* 0.289 0.129

*0.001 < p < 0.05, **p < 0.001
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=4 (Hwang et al., 2004; Kim et al., 2005; Song et al.,
2019), ol o= B4 slo] olEsh o] ohet ole]
fQlof| ot BRtAQl dAkom gl AztET), whel
A A2, Gz Bol whe olxe] aE 54
o] tpFstaR o|F wsl] ffsiAl= AR o m Rt
mUEY Aot AsH o Saselof gt Azhe,

Conclusions
B 71 7F Fot YR FREHEo] wo] o] o]&
= Z _Erl_
= RL

HiEE o] A9 FPYD
& B

é
i
B
i)
o
o
a
£
i
e H
uy
i
©
N
N
AL
o
o
it
ol

27, ABANEZ L WAL 5 Rt 2910 3
Aol7k it HEHA o] B4A 790 1,098 mm,

BN 1,390 mm, AESTF 227 mm, A EH|SST 534
mm, ZARF 615 mmo| It} TFHA] =2 7492k 928 mm,
T0Z=2 1,023 mm, JEZTF 149 mm, A FHjE2TF 149
AbF 476 mmo| Tt Aul7|7t B =9 YRx
A Aol Qo] 59 W ujE 5448 245 A, Il
o3t 3¢ Kol WEHA] =3} F7HK] =04 T-No| Z¢
7} 57,29} 34.6 kg ha ‘0|23l T-P7} Z¥z} 2,237} 1.44 kg
ha ‘o]olom], wige] ofgt wjE Rk Hekx| =¥
ZHA] =0l 4] T-No| Z}z} 22,73} 21,1 kg ha |

Z}z} 2,549} 1.82 kg ha ‘o] ir}h. FEEHO]
Folut BT} 22 S22 A 53} 2
B SolME PP whd), WekA =t
A ZH9ega T-Nok TP vhE Rolake 78
gk Aol alsick. ek TN TP
A 1=0] A9 793} 8ol 13 H7HA
frofgt Aol STk (9<0.05).

H Al 7]17F FoF F7EA] =0 vl3)| HEEX]
=39 vjE Hslfo] Wok=d, o= AY
Esl= Aol ofg) ofg aglef o3t &
Hpgeittar AzbeEch oebd xR, Fs
E =o)X FER=E BEAo] befslER o]&

=
A= AdgH oz ozt mUEE 277} A

:
ol\
e
2o

Ir

|9l T-

g

=)
e
of Hdor

flo
it o
B 2o

N
N,
)

=2

oo JH

e
2
flo 1o

ﬂ
w o
=2

¢

e
flo 4o
9‘L

=
>
%

=
[*]

S

d
¢

| m
-0
)

er
5 =
oo Mo

2
ro
;
O:

BN
Ry
ol
=
a

References

American Public Health Association, American Water Works
Association & Water Environment Federation (APAH-AWWA-

WEF). 1995. Standard methods for the examination of water and
waste water. 19th ed. American Public Health Association,
Washington, DC, pp. 4-112.

Choi, J.K., J.G. Son, K.S. Yoon, H.J. Lee, and Y.J. Kim. 2012.
Runoff characteristics in paddy field using cow manure compost
fertilizer. J. Korean Soc. Agric. Eng. 54:29-36.

Feng, Y.W., 1. Yoshinaga, E. Shiratani, T. Hitomi, and H. Hasebe.
2004. Characteristics and behavior of nutrients in a paddy field
area equipped with a recycling irrigation system. Agric. Water
Manage. 68:47-60.

Han, K.H. 2011. Characteristics of non-point sources pollutant
loads at paddy plot located at the valley watershed during
irrigation periods. Korean National Commi. Irri. And Drain.
18:94-102.

Hwang, H.S., D.S. Kong, D.S. Shin, and J.H. Jeon. 2004.
Characteristics of nutrient export from paddy rice fields with
irrigation practices. J. Korean Soc. Water Qual. 20:597-602.

Intergovernmental Panel on Climate Change (IPCC). 2007.
Fourth Assessment Report.

Intergovernmental Panel on Climate Change (IPCC). 2008.
Technical Paper on Climate Change and Water.

Kang, M.S. 2010. Development of improved farming methods to
reduce agricultural non-point source pollution. J. Korean Soc.
Agric. Eng. 52:40-50.

Kim, J.S., S.Y. Oh, K.Y. Oh, and J.W. Cho. 2005a. Delivery
management water requirement for irrigation ditches associated
with large-sized paddy plots in Korea. Paddy Water Environ.
3:57-62.

Kim, J.S., S.Y. Oh, and K.Y. Oh. 2006. Nutrient runoff from a
Korean rice paddy watershed during multiple storm events in
the growing season. J. Hydrol. 327:128-139.

Kim, M.K., K.A. Roh, N.J. Lee, and M.C. Seo. 2005b. Nutrient
load balance in large-scale paddy fields during rice cultivation.
Korean J. Soil Sci. Fert. 38:164-171.

Kim, M.K., S.J. Lee, G.B. Jung, B.G. Ko, S.I. Kwon, M. Y. Kim,
K.H. So, and S.G. Yun. 2013. Chemical characterization of
rainwater over Suwon region during farming and non-farming
periods. J. Agric. Chem. Environ. 2:1-7.

Kunimatsu, T. and M.K. Muraoka. 1989. Analysis of river
pollutant model. Kibodo Press. pp.50-60 (in Japanese).

Lee, J.B., J.Y. Lee, S.H. Lee, J.R. Jang, .G. Jang, and J.S. Kim.
2014. Nutrient balance in the paddy fields watershed with a
source of river water. J. Korean Soc. Agric. Eng. 56:11-19.

Lee, J.S., M.K. Kim, S.J. Park, C.M. Choi, and T.W. Jung. 2009.
Neutralization of acidity and ionic composition of rainwater in
Taean. Korean J. Soil Sci. Fert. 42:336-340.

Ministry of Environment. 2012. Standard methods of water
sampling and analysis, Ministry of Environment, Incheon,
Korea.

Ministry for Food, Agriculture, Forestry and Fisheries (MIFAFF).
2012. Food, agriculture, forestry and fisheries statistical yearbook,
Gwacheon, Korea.



Min Kyeong Kim, Soon Kun Choi, Myung Hyun Kim, Seong Chang Hong, Na Young Park, Seung Oh Hur, and Kyu Ho So 317

Ministry of Land, Transport and Maritime Affairs (MOLTM).
2011. Long-term Korea National Water Resources Plan, Gwacheon,
Korea.

Somura, H., I. Takeda, and Y. Mori. 2009. Influence of puddling
procedures on the quality of rice paddy drainage water. Agri.
water manage. 96:1052-1058.

Song J.H., M.S. Kang, I.H.. Song, and J.R. Jang. 2012. Comparing
farming methods in pollutant runoff loads from paddy fields
using the CREAMS-PADDY model. Korean J. Environ. Agric.
31:318-327.

Song, J.H., M.S. Kang, I.H. Hong, S.H. Hwang, J.H. Park, S.M.
Jeon, K.U. Kim, and J.R. Jang. 2013. Analysis of nutrient load
balance in the reservoir irrigated paddy block. J. Korean Soc.
Agric. Eng. 55:167-175.

Yoo, S.H.,J.Y. Choi, and M.W. Jang. 2006. Estimation of paddy
rice crop coefficients for FAO Penman-Monteith and Modified
Penman Method. J. Korean Soc. Agric. Eng. 48:13-23.

Yoon, C.J., H.S. Hwang, H.S., J.H. Jeon, and J.H. Ham. 2003.
Analysis of nutrients balance during paddy cultivation. Korean
J. Limnol. 36:66-73.





