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Use of Drainage Water as Irrigation Resource in the Paddy Field to Mitigate Non-

point Source Pollutants

Choon-Song Kim*, Jee-Yeon Ko, Jae-Saeng Lee, Ki-Yeol Jung, Sung-Tae Park, Yeon-Chung Ku, and Hang-Won
Kang” (Yeongnam Agricultural Research Institute, National Institute of Crop Science, RDA, Milyang, 627-803,

YRural Development Administration, Suwon, 441-707)

ABSTRACT: Objective of this study was to assess the efficient rice cultivation practice to mitigate the
non-point source pollutants loading to the adjacent watershed. Cultivation practices consisted of machine
transplanting, direct seeding on dry paddy, and no tillage in which no fertilizer and pesticide were applied
to paddy field. Water in drainage canal was used as irrigation source during the entire rice growing season.
Loading of the non-point source pollutants to the adjacent small stream was mitigated by all treatments.
Rice yield, total biomass (nce + weeds), and uptake of T-N, P,0Os, and K;O were higher in machine trans-
planting practice than those in direct seedmg and no tlllage practices. However, the purification effects of
non-point source pollutants were followed in orders of no tillage > direct seeding > machine transplanting
due to quantity of irrigation water. The annual punﬁcatlon quantity of T-N T-P, and K by rice cultivations
mnged from 46 to 369 kg ha', 4.1 to 16.4 kg ha’, and 55 to 238 kg ha”, respectively, during the entire
rice growing season. Results revealed that no tillage practice of rice cultivation was the best management
option in reducing the loading of the non-point source pollutants from the drainage canal into stream.

Key Words: water purification, non-point source pollutants, water of drainage canal, rice, no tillage
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Fig. 2. Auto irrigation and drainage system used in this

3 ‘& E-a;{]i iﬁ]'o] 7]'E1§ @_E}O]'O% X%‘j/]: Eookoﬂ 39l study.
3L, 7] Al AN A A= FEEAM] 9} FF A (A): pumping equipment for irrigation, (B): water depth
HBo g NHS sy on, BASAAAN s TR control box, (C) and (D): measuring equipment of inflow

and outflow water, respectively.

Table 1. Rice cultivation practices employed in this study

Seeding Transplanting Seeding rate Irrigation  Fertilizers (kg ha”)  Tillage and

Cultivations date (m. d.) date (m. d.) (kg ha™) period (days) N-P,0s-K>0 agro-chemicals
Machine

transplanting May 10 July 10 40 125 90-45-57 O
Direct seeding

on dry paddy July 5 - 50 120 150-45-57 O

No tillage fuly 4 i 150 1 ) )

practice




WEE E W) wEAel vEead AR 109

Hol QleE® srldaA ol wet A8, FAN|, i
ko AplEtict. FALAANNE BEZ FEEl] 3
Aol HAE Atgstar Be 583 Ao 234e Ao
o Bkl SsuA] wgd HA7F JEBEEE s §
AeAAAE] 4 du GRS 9J5lo] 150 kg ha'Y]
HAE 69 4%l Agfsiglon, A sl 69 529
WA 50 kg ha'& A5tslw, 7)Ao AHE SRS 30x15
cnZ 68 104 olgselth. Tt Al el A= ulA)
Hi= Zob 109 FRE WAE AFssi

O

o ol ue

=3, EY Y MEH £

B EA Helants Any] Y5t v Aul7)7ie
€~99) 53 79 7oz Fhmjgw B3t 7 AeTel
BT TR B4 B ARS ARSI =9 9w
T QTR B ZEAEEYe] wel Axsigith
AFE EXEE ZE)odd £7)0) go} A A7 &
A 7L 5 £ A3 ANTY ) whet B4 S
ok T-N T-P& 782t Ape) g3 s} ofAaz 20k 8
o2 B3I, K ¥4 ICP(Perkin-Elmer, OPTIMA
3300XL)E °l-&3tgich. #T MlEs=2) T-N, T-P, K ¥
EE 4 13 o] Foa7N FREFE o] Ak
#8758 15 Z(Flow-Weighted Mean Concentration:
FWMC)*"E o] galo] Aitslsitt.

7R EEE(mg L) = Z(Ci-Qi)/Z(Q) (1)

4714, CGi
Qi

i77]9] MM AEA = (mg 1Y)
X717k 2] §2Hm’)

Il

BlALEEE BEasS 4 29} o] ¥ FHVIE

L= [+
AT A& HHPEH Sl digt Alre] nlde
FEL FEFI M vEedEL REES W A

MG TR,

AL AEA AFEE(%) = 100 - ([(Z(DCi-DQi)/
>(ICi-1Qi)] x 100} (2)

oJ71A, 1G = iA1719) Wl 7 Bl 98 F5(mg L)
IQi = iA7174419] ‘?}7H—T‘%L(m3 ha'l)
DCi = AP1e] o % D925 g L)
DQi = P79 %% ha)

= A7 WHFR ofdd wrE B e A
FUE = 2Fdo)7] el At o]gd &9 fERE
B9 FRLHS AU 5 Slvke Ao A 33 2
of WAl olg mHeAEA AoFs ATk 5
B 57105 B0 Jste] T wedED o
el 9

=

-
g HdedERY FEFS el A
HuedEd =

!
A AERE A

ul

v)d @ d82 F3Hke ha') = Z(ICi-IQi) - X (DCi-
DQi) ®3)

A7A, 1G = iA719] BRE % HIRBER F5mg L)
IQi = iXN717H4¢] #7153 m® ha™)
DCi = iAl7]9) g5 5 WRHeRE $5mg L)

DQi = iA717H49] 812453 m’ ha')

Wk B2 A FEEEY BEINEY B FE
Y FREAEP wet skt weh gz 284
AlgE 10 8ol 50x50 em WITE F
Z7V00 A grgo] F w7k AZAA 2
AZE AEAE 2 T A JSATEE TANER AN
B3k AEANEE SRR T8 F T-N2 Kjeldahl
HoR P,OsE VanadateF 2% 451931, K= ICP(Perkin-
Elmer, OPTIMA 3300XL)E o|-§3to] B3t} Eoke
olglet e Alg H-Fof| EFS AFH3] HFES AASH
31 1~20 cm 2019 EES 20~30 cm Aol HEE AF
) AN F2 mm AR TN EFNEE I E
FAF-S BAEGITE pHE A, 771582 Tyurin
W, SEQARFEE Lancasterf] 0% BAE 1, X844k
0] 22 ICPE ol &3t F4s1ct EdEeS 189 4
Eolx] 100 cm® ¥-99) CoreZ |43l Eoke AFH &
105°C Ax7)olA GAs) A2AA B 33+ &
AdE 9 FFES okl

e
i

H 2 Z2

Wl i FETAY AT U
717 whek ZARSIST S E
FEsle] £ 15% olskz 1 x3
Foz ksiaod, ANY, 87, visd, ddH, A
59 gn] 9¥HEAS vgebd7] RN-500(Kett Co., Japan)
& olg3lo] ARl GRS s Kielte
Analyzer 2300(Foss Tecator, Sweden)s o|&sfo] S48t
FAFE) RS 5958 Fato] Tt AR W
33 g2 Aasto] Toyo meter(Toyo Co., Model MA98B,
Japan)& o]-g3te] Z43I3lch. FANAS SAS(Statistical
analysis system) ZZIHE o]g3dlo] HAKfAF HAY
(Least Significant Difference)*% A& 77ttt

Ao o &

EANA 2Fe M o] sl oat

W eAEAY) e AsME 4~799 AR AL
A AEE, = wE Auiste] sl

ol gothd FRW AFANE R 5 o0 E AFgEA|

¢




110 PAEE

Rk I B T R M - e I A s

EM9 7hsAdol Erha ddkEnh wollA H-eieEe I
739 dF2 FAA LOEF Fig. 3elx9 o] ¥ FL7)

% AR AR g dx
AR e AEOEA AEE 8 Feked 98 T

-

[e3

ol ok, s QEAEE 79 33t 108 4] 1)
54¢ ngrh

w57 ]7\'}%‘?}9] A ekal

A ot A 81y
299 FEEAS 7P 2 ulddshs Aog gy
AU EH S d 5 (FWMC):= Table 29 Zth

AANFL A AA 180,688 m® ha') > AR Al
(28,480) > 71Alo19Au(15,393) <=0 2A F73-2 A H)o
A FRE el gt €53) BkoH, vk Aot
A7kel| Zpo7} mlwlEisith

WY FENEHEEEE TN, T-P, K 2% 7|70
A > A A > FARAAA ¢oE FAeA
QAN 747t 4.859 0.23, 3.14 mg L'2A 713 W&
EEE Bk wiEgsY SIS ES NS K 55
7F Au1e] e g TAlelk g g stAulel ] 25
3] F1 FAAAA AN & Ago|gin), b &S
T-P8 7855w AFAzte] & jolglo] F4¥
Aol thh Fkovt AeHFERAME TP W

200 150
—#— Precipitation

~ O — Sunshine hour

»
S

160 O
pR

Sunshine hour

Mid- Late Early- Mid. Late Early- Mid. Late Early- Mid. Late Early- Mid.
Jun. Jul. Aug. Sep. Oct.
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the entire rice growing season.
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Table 2. Flow-Weighted Mean Concentration of non-point source pollutants in different rice cultivation practices during

the entire growing season

Irrigation water

Drainage water

Cultivations Quantity T-N T-P K Quantity T-N T-P K
(0N - e W—— (mg L") —eemv m® ha') (mg L) -

Machine 15,393 6.22 0.39 5.49 6,666 7.42 0.28 441

transplanting

Direct seeding 28,480 508 0.24 3.18 6,019 5.01 0.33 327

on dry paddy

No tillage 80,686 4.85 0.23 3.14 6,090 3.64 0.39 256
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Table 3. Total biomass and nutrient uptake of rice and weed as affected by different rice cultivation practices

Plant dry weight (kg ha™)

Quantity of nutrient uptake” (kg ha™)

Cultivations

Rice Weed Total T-N PxOs KO
Machine transplanting 13,304 100 13,404 99.1 64.7 275.1
Direct seeding on dry paddy 10,109 425 10,534 91.6 38.5 214.1
No tillage practice 11,406 1,268 12,674 944 47.8 226.7

a)Quantity of nutrient uptake (kg ha™) = (rice dry weight x nutrient content of rice) + (weed dry weight x nutrient

content of weed).

Table 4. Chemical properties of paddy soil before and after experiment as affected by different rice cultivation practices

pH EC

OM  AV.POs K Ca Mg Na

Soil depth Cultivation

(1:5) @S m" (gkg’) (mgkg") (cmol* kg) —--eeeemv
Before experiment 6.17 0.205 211 82.7 0.32 3.92 0.98 0.38
Machine 541 0.175 214 82.8 026 28 061 052
. transplanting
Top soil Di di
(1~20 cm) rect seeding 5.89 0.105 239 156.8 028 362 104 042
on dry paddy
No tillage 5.87 0.125 248 156.5 025 356 093 043
practice
Before experiment 6.84 0.205 189 492 019 529 146 039
Machine 571 0.075 29 74.9 027 450 094 038
) transplanting
Subsoil Dir di
(20~30 cm) ect seeding 594 0.085 232 158.6 023 430 086 037
on dry paddy
No tillage 594 0.070 214 124.8 021 390 081 041

practice
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Table 5. Physical properties of paddy soil after experiment as affected by different rice cultivation practices

Three ph f soil (% i i i
Soil depth Cultivations ee phase of soil (%) M01.stu1;e Bulk der_13s1ty Poroos1ty
Solid Liquid Gaseous  regain (%) (g cm™) (%)
Machine
transplanting 51.3 32.0 16.8 233 1.36 48.7
Top soil Direct seeding
(1~20 cm) on dry paddy 43.0 36.2 20.8 31.8 1.14 57.0
No tillage 50.6 36.6 127 273 134 194
practice
Machine
transplanting 61.9 35.0 31 21.3 1.64 38.1
Subsoil Direct seeding
(20~30 cm)  on dry paddy 60.3 35.7 4.0 224 1.60 39.7
No tillage 589 373 338 239 1.56 411
practice
Table 6. Yield components of rice as affected by different cultivation practices
L . Yield components . .
Cultivations Heading - - - - Milled rice
date Panicle Spikelet Ripened 1000 rough rice yield (kg ha™)
(No. m?) {(No. panicle'l) grain (%) grain weight (g)
Machine
transplanting Aug. 20 3774 88.7 742 24.8 4,698(100)a
Direct seeding
on dry paddy Aug. 28 485.3 54.7 93.5 238 4,001(85)b
No tillage Aug. 30 578.7 36.2 90.3 25.3 4,086(87)ab

Ppractice
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Table 7. Grain quality of brown rice and palatability as affected by different rice cultivation practices

Imperfect grain ratio (%)

Protein

Cultivations Perfect grain Palatability
ratio (%) Cracked Green- damaged  Immature nrent (%) value
kerneled opaque
i‘r/[;ci;?;ﬁng 712 48 171 0.8 6.2 8.0 59.5
ODf‘;C:yS;Z‘ggyg 86.6 22 8.7 1.8 0.7 8.0 69.4
grzctt‘ilclzge 922 1.0 51 17 0.1 74 74.6
§A3] = o e o] e FHAE ding of agricultural drainage water. KRC Research
FAAAA A 74%% 7P @3koH, Toyo Am|X& Report.
FALAAAN > A A > 7)Aol o7 T 2. Kim, J. H, Lee, J. S, Ryy, J. S, Lee, K. D,, Jung,
A%E B3k G. B, Kim, W. L, Lee, J. T. and Kwun, S. K. (2005)
Characteristics of non-point pollutants discharge
e o in a small agricultural watershed during farming
season. Kor. J. Environ. Agri. 24(2), 77-82.
£ A7 3R 8 wEvEERE Bty Ao g 3. Choi, C. H,, Han, K. W,, Cho, J. Y., Chun, J. C.
FYEE AR E é" AEANZI7] Y8k AR and Kim, S. J. (2000) Pollutant loading and chan-
o] =ollA vz BE WFE o85S W #d43a ges of water quality at the Namdae-cheon water-
HE AEy, Hlﬂﬁ‘ﬁ%"a’ k= %’43} a3 W Al shed in Keum river districts. Kor. J. Environ. Agri.
FAE BAE| st st B Aufekal el st 19(1), 26-31.
Ho® FY5HE vHegEdo]l Zéﬁ}ﬂ% g I 5 4. Chung, J. B, Kim, B. J. and Kim, J. K. (1997)
AT x| Aeds T B AFE TAERS Water pollution in some agricultural areas along
e TG AANA 7 Eqkont, FARAAA ) o= Nakdong river. Kor. J. Environ. Agri. 16(2), 187-192.

Wt

ol7b A%, Bl dEAd T-N P,Os, K08 &%
< 71 A1GA A > FgRARAN > 2 ?MJ}ZHHH o= %
th. Bﬂ A AS7IEEt v LY EAY] HkE T-NT T-P,
K 257 FAAAA > A2 sAl > 71A0] A8l =0
%fﬂl, 717101l ulsle] FALAAA N AAM T-N 323, T-P
12, K 183 kg ha'7} 1] F3j=9lon, A dae)x =
T-N 68, T-P 0.7, K 16 kg ha'7} t] F3t8 432 ¥t
ZIARI A= AR v s FE A
u}olol,], _\,].7}] /\Oako] A1 ] ]oﬂ _,]o].o:] H]Fﬂioi%z]‘q
zig}EJ,],_ }\H;HZ‘]i ‘il-OLE} B:] }\gt,'_r/]—yﬂtﬂ H]x%ioﬂ é
R3S T Aol B 2D > A7) > A &
o7 Fgou, FALAAA e AR A el A= A7
> ¥47] > A7) eolgith ¥ AujelAd A5ake- 7)Ao
FAN S 4,698 kg ha' 9k Blwate] FRFEAANE 13%,
AR gA = 15% 4SSk
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