Journal of Wetlands Research
Vol. 20, No. 4, November 2018, pp. 304-313

—1 O 2 i A T > =
M2ts FE0M = 22278 +2ld =10tet Fin{Aret
B3U- ol A2 Y - P A5 LG F - A5 M- 2| SO
Ak 2/ LTt
FYHFYAY RAEYATY
C(R)AUEEEAME

Effect of Paddy BMPs on Water Quality and Policy Consideration in
Saemangeum Watershed

Jonggun Kim-Suin Lee -Jae-young Shin-Jung-ha Lim"-Young-kwang Na-Sohee Joo:Minhwan Shin”-Joongdae Choi'

Department of Regional Infrastructure Eng., Kangwon National University
‘Watershed and Total Load Management Research Division, National Institute of Environmental Research
"Water Environment Analysis Center, Environment-friendly Agricultural Research Center
(Received : 07 August 2018, Revised: 19 September 2018, Accepted: 19 September 2018)

29
A ZHAe] 57 2 AQe R 2020 W) $3 F elgolnl, 1 A7) EA0) e Bgel dist dhlrt
Hagh golrk, Teht WARe] $UL SR B SES S0k gk ole] & A7olME oAl H2jeel 1 HBMPY

1l EFAGAHEI(SO#), SO#13E SO#3] H3HA2|(SO#2), Wi I(SO#3), SEA HIZAH] (SO#4) S wayAl
(CT: Contro)2} ®]wat] = HIH QA Aarayt gl AN Ale] aeirtele 7IEstalrt. = e] & A2 SO#3(25%)
2k SO#1(27%)°1A FgAuhet v wstels wf A 02 =otont, SO#4 (9%)2 SO#2(T%)1M A YEritth. = REd2]
NPS @ @& =t Fohs Wate] Zo] w7 Ueptom BMPs ol fofgt Aol vehta] ofolet. E3t 51E9
AAZAL B3, FUSE AA BMP 7A9] SR 71E APAQ Fesa AL e 2O e whEbA] NPS
A=A wEjet e dore AAsiA w1 s 5 Adnt @ e 9 o] gedls Abe 2EY 5 Qe o
Hete] Wash Aoz wikHc,

SHAZ20 @ = HHB/IH, HH AN, LARNH AHRE
Abstract

Agricultural land reclamation in Saemangeum tidal land project is mostly planned to be completed by 2020. Irrigation
water for the land is required to be prepared by that time. However, water quality for the irrigation sources is barely
meet the target concentration. This paper described the reduction effect of and policy consideration for best
management practices (BMPs) which were fertilizer prescription by soil test (SO#1), mixed application of SO#1 and 3
(SO#2), drainage gate control (SO#3), time-release fertilizer application (SO#4), and control (CT). Reduction of
paddy runoff was relatively higher in SO#3 (25%) and SO#1 (27%) while lower in SO#4 (9%) and SO#2 (7%) than
that in CT. In addition, farmers promised to follow the BMP guidelines but they didn’t because of the several problems
caused for the BMPs implementation. Thus, it recommended developing an automated control of irrigation gate and
paddy water depth and supporing farmers for NPS pollution control and irrigation water reduction.
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Table 1. 30-year daily rainfall analysis in Gunsan city during 1985-2015

Rainfall class (mm) | Annual average frequency | Total class rainfall (mm) Rainfall per event (mm) Cumulative share
0-20 96.7 397.1 4.1 31.7
20-40 10.6 300.2 284 55.6
40-60 4.2 207.9 49.5 72.1
60-80 1.8 119.3 66.6 81.6
80-100 0.8 70.3 87.9 81.3
100-120 0.6 66.6 111.0 92.6
120-140 0.2 214 125.8 94.3
140-160 0.1 9.7 138.8 95.0
160-180 0.0 5.4 178.4 95.5
180-200 0.1 12.5 179.1 96.5
200-220 0.0 0.0 0.0 96.5
220-240 0.1 15.3 218.6 97.7
240-260 0.0 8.4 279.8 98.4
300-320 0.1 20.6 294.5 100.0
Sum 115.2 1,254.7 - -
20164 5URE 9 Aolo] Gxlo] $HL ZHAT T FAARE BN} MBLAEANZ FRle] £50
& FAARE AFSHAT. fFFSES st #HA-/F 2 Aottt = Aol Me =AY g 27752
FAEq. 1~52 =&AL, AeraAeld S48 49 ol A §71 izl 27125 2t SEANFE
£ FFor gtskdntFig. 1. WA 2o 342 & SHA QFokeh. Al 2709 A 28 HAE E 2
w719k BT 2ot 57 HAeR dfKHor S 9] ol Aste] 571 BAEFAA A 7082 ArE
gt Arstant. 22a HER 2u7), S, AFHs
AlZ1lE 2~3L0l 1914 &4 12089 2 =E A+
SO#l, y= 0.1463x + 0.002 (RZ = 0.9684) (Eq. 1) 3]_93\]:]_' iH—ﬂ?l’ _/r\_y\é]/\]ﬂ% ;_],7(;)]_}?40 —?Qi"é%’—@/\]@%}

H (MOE, 2004)°] wat BODs, CODyy, SS, TN, TP &
< EAote Bl e dde] Bdske A S
Htsk FWMO), Z9Ale e AMdE s EMOE
Fon, HHe AW ot 43 s E Hot] 1ok
ot IHEEY BYEY ¥ IHESS] AAA e, |
A} D2 5=2= Fig. 23 Table 20 WeRdct.

SO#2, y=0.0709x2 + 0.0619x — 0.0024 (R2=0.9902)(Eq. 2)
SO#3, y =0.299x2 + 0.031x + 0.0023 (R2=0.9676) (Eq. 3)
SO#4, y = 1.7827x2 - 0.1528x + 0.0095 (R2=0.8643) (Eq. 4)

CT, y=0.4669x2 — 0.175x + 0.0198 (R2=0.9834)  (Eq. 5

T2 21 irrigation block

[ Monitored field within block
e Drainage Gitch
+—— Irrigationditch

@ Block monitoring point

oJ71A, y= FFm'/sec)olal x= A (m)oltt.

Fig. 2. Plane view of treated irrigation block, irrigation and

; o 2 drainage ditch, and block monitoring site of the study area located
Fig. 1. Automatic water meter installed at the outlet of control(CT) in Yongke—ri, Baeksan—myon, Buan—gun, Jeonbuk Province in
block (Thalimedes, OTT, the Netherlands) Saemanguem watershed.
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Table 2. Experimental treatment, area and number of fields of the 5 irrigation block monitored in this study

Experimental treatment Gate type Area (ha) No. of field

CT (Control) Conventional 417 15
SO#1 (prescribed fertilizer application by soil test) Conventional 479 15
SO#2 (Mixed application of SO#1, SO#3 and non-—participation) Drainage gate 8.35 25
SO#3 (drainage gate control) Drainage gate 3.19 13
SO#4 (time-release fertilizer application) Conventional 5.59 17

Sum. 26.10 85

n T S 712 RS o fES Bl 193
T G g A B A e e fas war
v, n ' BMPsz #2|3t WE52 Hls

7|14, EMCE A Ed5E(mg/L), Mt A o ukA e AdH|E (SO#)LE BaAlg] (SO#2) BE=lA
7

Faete] FoAEH(mg T ky), Ve AV L AgEoz e §&F A7kgo] A=Y 45 A7
et FREFL Ex nmh)oltt. Qie iAAe fEolx, Ci &2 vl AR A wAle] woide] Wel=
£ Qif F=olth AeAMY 9 B4 48l 5 o g JFe Tertal BaEdh ol H3A2S0#2)
A AITHERS] FWMCE 5U% 3415 AH&okgint o] ¢ w2t ol AAHE FEF2 A A
o2 Hho| wiapEmrt A7) e EFAAYARISO#D)
3. Z3t U Dz oA frEel wol 7] ot E3t AdA 2|9 F-Fl
ARl A2A G| fFEFol FaFrhes A2 & A7l
31 oz Folste FhdEC] WAt FE@R) B digh 4ol
oA FRYRE] 3t vt 2 4 3t =, & BMPs
7 WheRe FEF2 AAdANE e, v (BAD, o] Ra} o]8) ALAIYY]| Hofdt ulEL d s} AeE=
AR 27, S B FSYS A7 T 579 @ 24 Ato] AT} %ol Tk Qlalo] 1 kR ol
SEFAN7IE 25t 245 Table 32 F&25Al A, gadg o e AA JEER)ERIE sitte 2e
718 8 AdAEE fEde 4% ARtk oA ojm|gic}, Gk o]9} ZHe Al 7to] AW AL =lel
a2 AdA el BARle] e AolA BA 7H E2 28U o B2 2SS d5cte] Wissgt e d
A vebgT v7E oA s HAY] = fE2 Ash HEe 24 & dve A gug 5 3
T, BAE, 221 20wl o3 FadRE dA Hj2 2 BEPYRe Ho S Aol 932 #A
2 A7 74 WAeEe TAV B B FAUE Wot @A, =9 &S Alolst] FEYRFE)E AAstL, ¥
=We7E QA o] FoIAA] Fstal L9 =olAe & &0t = HH e g st Y & %= BMPs9| shiolt.
S FERYRIE UEUe fEFe] worsly ERF R Mishra et al. (1998)& Hl=EXE 30 cm Eol= Wel3e
(BADLES7E Ao A9 frEFol ddides gordd o, A717F Bt ) 99.5 %0] A5 AFoHH HFEFS
Aow wotdn. H7F @Wol oW ZFe-fEol WorAu @ol 24 & A8tk & AFolME iR E A 12 cm
20169l RUHT 713 FF 9ol WA ot ¢ gaio s e, 25 %] fEFE EY 5 it
Al frgol iAoz A yebgth Heds 27 7] Hhgof HigalS 2~3 em& Ak, 7%to] =] W

Table 3. Comparison of runoff depth (mm) with respect to measurement period and runoff reduction ratio (%) of respective treatment
with respect to control(CT)

Measurement period SO#1 SO#2 SO#3 SO#4 CT

Normal days 884 1,192 948 1,071 1,283
Puddling, leveling and transplanting period 231 218 184 237 205
Forced mid-season drainage 204 312 212 191 351
Rainy days 386 438 395 543 444
Final drainage 105 156 115 220 202
Total 1,810 2,316 1,855 2,262 2,484

Reduction(%) 7% 7% 5% 9% B

CT : treatment
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of 22 E(small cracks)o] Hold A7tz EFS Tt
WAHE Afske RS, = SRI (system of rice
intensification) E+= AWD (alternate wet and dry) &3]
W e iiads 29 5 e THoE ol
22 Tt (Seo et al., 2018; Choi et al., 2014; Norman,
2004; Siopongco et al., 2013). SRI®t AWDE #/H-&42]
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GWP(Global warming potential)E 29 % (Xu et al., 2015)°]
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2 olRolgty, Tew AR HAN 7 BFe| £
° AEA FEBEol B G W Sur] ok
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L 22 SYUEY G5 BMPs AAARE 0
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Table 4. Average concentration of paddy non—point source pollutants with respect to treatment and measurement period (Unit: mg/L)

Item SS BOD; TOC CODwin TN TP
Normal day 18.4 2.4 10.6 20.8 4.103 0.123
PLTP" 100.3 3.7 13.7 26.6 11.105 0.196
FMD™ 17.0 15 6.4 8.0 4.302 0.200
SO# Rainy day 25.7 2.9 11.6 22.1 4.623 0.140
Final drainage 9.9 2.2 4.8 9.3 6.065 0.095
Average 34.3 2.5 9.4 17.3 6.039 0.151
Normal day 11.3 1.7 5.9 10.1 4.088 0.035
PLTP 308.5 3.8 15.3 30.2 11.772 0.270
FMD 17.6 1.4 4.9 7.4 4.543 0.192
S0#2 Rainy day 14.0 2.0 7.7 10.9 4.463 0.036
Final drainage 5.0 2.5 8.2 14.3 4.701 0.053
Average 71.3 2.3 8.4 14.6 5.913 0.117
Normal day 222 1.9 6.0 9.9 5.036 0.046
PLTP 276.2 3.5 14.3 25.2 8.813 0.133
FMD 21.0 1.1 6.0 8.0 3.367 0.194
SO#3 Rainy day 18.3 2.2 7.8 12.7 7.891 0.040
Final drainage 15.0 1.9 5.9 14.9 3.783 0.042
Average 70.5 2.1 8.0 14.2 5.778 0.091
Normal day 29.2 2.1 5.9 9.5 5.330 0.042
PLTP 140.2 3.4 13.9 25.0 8.267 0.090
FMD 224 1.9 7.0 10.9 5.159 0.204
SO Rainy day 25.0 1.8 6.5 10.3 5.981 0.038
Final drainage 30.4 2.1 5.9 13.8 5.197 0.040
Average 49.5 2.3 7.8 13.9 5.987 0.083
Normal day 23.0 2.4 8.3 12.6 6.091 0.069
PLTP 212.7 3.7 14.7 26.5 13.003 0.324
FMD 20.5 1.5 6.2 13.6 4.937 0.199
ot Rainy day 22.0 1.6 10.9 17.7 7.218 0.064
Final drainage 28.0 2.1 11.4 16.1 7.274 0.079
Average 61.2 2.3 10.3 17.3 7.705 0.147

*PLTP: puddling, leveling and transplanting period
**FMD: Forced mid-season drainage period

SREAISE X204 A4Z, 2018



b LIS 248 A10IEH 2150 309

Table 5. Arithmetic average of all measured concentration data with respect to measurement period (Unit: mg/L)

Measurement period TP BODs TN TOC SS CODwin
Normal day 0.0630 2.10 4.930 7.34 20.8 12.58
PLTP 0.2026 3.62 10.592 14.38 207.6 26.70
FMD™ 0.1978 1.48 4.462 6.10 19.7 9.58
Rainy day 0.0636 2.10 6.035 8.90 21.0 14.74
Final drainage 0.0618 2.16 5.404 7.24 17.7 13.68
*PLTP: puddling, leveling and transplanting period
**FMD: Forced mid-season drainage period
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Table 6. Average load of paddy non—point source pollutant with respect to treatment and measurement period (Unit: kg/ha)

Treatment Measured period SS BOD5 TOC CODMn TN TP
Normal day 17.5 2.2 9.3 18.9 3.66 0.12

PLTP’ 23.7 0.8 3.1 6.1 2.52 0.04

SO#1 FMD™ 3.5 0.3 1.3 1.6 0.87 0.04
Rainy day 10.0 1.1 4.5 8.6 1.80 0.06

Final drainage 1.3 0.2 0.6 1.3 0.61 0.01

Sum 55.9 4.7 18.9 36.7 9.46 0.28

Normal day 14.1 2.1 7.3 12.5 4.84 0.04

PLTP 71.0 0.8 33 6.7 2.61 0.06

SO#2 FMD 5.4 0.4 1.6 23 1.36 0.06
Rainy day 6.2 0.9 34 5.3 1.94 0.02

Final drainage 1.1 0.4 1.2 2.3 0.73 0.01

Sum 97.8 4.6 16.9 29.1 11.47 0.19

Normal day 21.6 1.9 5.6 9.6 479 0.04

PLTP 49.6 0.6 2.6 4.5 1.59 0.02

SO#3 FMD 4.4 0.2 1.3 1.7 0.69 0.04
Rainy day 7.6 0.9 2.9 4.8 2.96 0.02

Final drainage 1.9 0.2 0.6 1.6 0.46 0.01

Sum 85.1 3.8 13.0 222 10.49 0.13

Normal day 31.7 2.3 6.5 10.8 5.70 0.04

PLTP 34.2 0.8 3.3 6.0 1.99 0.02

SO# FMD 4.3 0.4 1.3 2.1 0.98 0.04
Rainy day 14.2 1.0 3.6 5.9 3.21 0.02

Final drainage 6.7 0.5 1.3 3.0 1.14 0.01

Sum 91.2 4.9 16.1 279 13.02 0.13

Normal day 30.1 3.2 10.7 16.2 7.98 0.09

PLTP 44.0 0.7 3.0 5.4 2.65 0.07

FMD 7.2 0.5 2.2 4.7 1.73 0.06

ot Rainy day 10.8 0.7 4.8 7.7 3.27 0.03
Final drainage 5.7 0.4 2.3 3.2 1.48 0.02

Sum 97.8 5.6 23.0 37.2 17.11 0.26

*PLTP: puddling, leveling and transplanting period

**FMD: Forced mid-season drainage period

Table 7. Reduction rate of selected paddy non—point source pollutant from treated block over conventional block(Unit: %)

Pollutant SS BOD5 TOC CODMn N TP
SO#1 42.8 16.1 17.8 1.3 4477 =7.7
SO#2 0.0 17.9 26.5 218 33.0 26.9
SO#3 13.0 32.1 435 40.3 38.7 50.0
SO#4 6.7 12.5 30.0 25.0 239 50.0
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Table 8. Non-point source pollution load per mm of drainage (g/mm/ha)
Treatment Measured period SS BOD5 TOC CODMn ™ TP
Normal day 19.8 2.49 10.52 21.38 4.14 0.14
PLTP* 102.6 3.46 13.42 26.41 10.91 0.17
FMD** 17.2 1.47 6.37 7.84 4.26 0.20
S0 Rainy day 22.8 2.51 10.27 19.63 4.11 0.14
Final drainage 12.4 1.90 571 12.38 5.81 0.10
Sum 174.8 11.84 46.30 87.65 29.23 0.74
Normal day 11.8 1.76 6.12 10.49 4.06 0.03
PLTP 325.7 3.67 15.14 30.73 11.97 0.28
FMD 17.3 1.28 5.13 7.37 4.36 0.19
SO#2 -
Rainy day 14.2 2.05 7.76 12.10 4.43 0.05
Final drainage 7.1 2.56 7.69 14.74 4.68 0.06
Sum 376.0 11.33 41.84 75.44 29.50 0.61
Normal day 22.8 2.00 591 10.13 5.05 0.04
PLTP 269.6 3.26 14.13 24.46 8.64 0.11
SO#3 FMD 20.8 0.94 6.13 8.02 3.25 0.19
Rainy day 19.2 2.28 7.34 12.15 7.49 0.05
Final drainage 16.5 1.74 5.22 13.91 4.00 0.09
Sum 348.9 10.23 38.73 68.67 28.44 0.48
Normal day 29.6 2.15 6.07 10.08 5.32 0.04
PLTP 144.3 3.38 13.92 25.32 8.40 0.08
SO#4 FMD 22.5 2.09 6.81 10.99 5.13 0.21
Rainy day 26.2 1.84 6.63 10.87 5.91 0.04
Final drainage 30.5 2.27 591 13.64 5.18 0.05
Sum 253.0 11.73 39.34 70.90 29.94 0.41
Normal day 23.5 2.49 8.34 12.63 6.22 0.07
PLTP 214.6 3.41 14.63 26.34 12.93 0.34
FMD 20.5 1.42 6.27 13.39 4.93 0.17
<t Rainy day 24.3 1.58 10.81 17.34 7.36 0.07
Final drainage 28.2 1.98 11.39 15.84 7.33 0.10
Sum 311.1 10.89 51.44 85.54 38.77 0.75
*PLTP: puddling, leveling and transplanting period
**FMD: Forced mid-season drainage period
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