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Abstract

This research was focused on the effect of rice straw and rice straw mat on the reduction of upland field non-point source
(NPS) pollution discharges. Six experimental plots of 5 x 22 m in size and 3% in slope prepared on gravelly sandy loam soil
were treated with control, rice straw cover and rice straw mat cover. Radish in Spring growing seasons were cultivated. NPS
pollution discharge was monitored and compared with respect to the treatments. The surface cover rate of rice straw and rice
straw mat right after the treatments was 64.7% and 73.7%, respectively. Rainfall of the 16 monitored events ranged from 12.8
mm to 538.2 mm. Runoff coefficient of the events was 0.01~0.67 in control plot, 0~0.63 in rice straw plot and 0~0.45 in rice
straw mat plot. The reduction of runoff compared to the control plot was 5.4~99.7% in rice straw plot and 32.9~100% in rice
straw mat plot. The reduction of NPS pollution load was 52.0% for SS, 28.5% for T-N and 35.2% for T-P in rice straw plot and
79.8% for SS, 68.3% for T-N and 53.3% for T-P in rice straw mat plot. This research revealed that rice straw mat cover on the
soil surface could not only increase the crop yield and farmer’s income but also reduce the NPS pollution loads significantly.
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2. AT

21 AEE =4

wol A WA HFLEEe EAs] 98 Fig 1%
Zo] 6719 NBEE ZAAT & AFBEE FEFZY]
2 o|g3td AAE 3%$t 110 m* (7F2 5 mx A2 22 m)
9 =)z AU ARESG ARE Aol 4 Ad
ol HAsE F25E 2esy] fAstd F 04 mxE
o] 02 mE LFFL ZANAoH, APE JT FRAE

£9% 37)9 LFHL AAG, YR FAHE 7
#71 49HA 2I}ES S5tk 4 ANBE sERlE &
23 235 $AA2E AFAs7] A8 Flumed FA4 +
Al (Level gauge) 123l FAAEAEAF7](Auto sampler)
2 Ax89 £3 A¢FAS AXse 02 mm B
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Fig. 1. Sketch of the runoff plot and monitoring equipment.
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Fig. 2. Rice straw.
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Fig. 3. Rice straw mat.
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Fig. 4. Rating-curve.
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4%, 23, 2% 122lx 2% 5& RAEsEeq, #94
¥ IS 10022 st I HFAHY A
FE9 $BAFE HFSAT. A7) A% HEA AR
AFe ZH AP EA L7 =AFYGUY, WA, AEE
FolA A85e AIZHE £35S v2Eak

24 EUEM U MEH Y

Ao ALSH AFEY EFEAE 95t 74 AEE
A Aagagez 107 AFGAM % 1 kgd F 10719
ABE AFstd EFE A 119 BEFEE 9HE9], Z
Algo] dis] EFedEBA@ R JAs A pH, TEF
Z 59 olsE A AASAHEE T, 2009b). EF
YEEAHAF(KS F 2309)F BFAIF(KS F 2308)& Sl
¥ APEe] ENS BHEL, 1T $74Y A4JEER
HE o]gsld EFSFAHEETF &, 1999). A@A
g2 438 FEE% $485Y EMC 13 e gF3t
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2IPE o] g3t BN E AAEAT T p<0.05 T
o)A Duncan® ©}5¥$14 3 (Duncan’s multiple range
test) S AAlSHTH

3 21 % 1@

3. 4% U EYe EY

AFA9Q FAA9 304d(1982~2011d) € ZA5F A
BE BHS =8 A2 FHske 24P dEsE 4
HAR7 A8 201199 Z42E BHsAh 23419 30
9 g7 9 ZA5Ee 13327 mm2 2y AFHA
1,307.7 mm (1981 ~20109)¢} frARGE Aoz Yebgdrh 7]
A, 2011). €2 100 mm ©]49 2 w7} $AF N
= 1532 234 38 A= 2AsE ALz velgd 100
mm °]49 ZsE Hd 4 2529 F 17%F AA e
Aoz yeigt Z9A8E 9 2532 2A g0 AR
FE ZasE Aoz JEEd. #3419 20119 47
SEL EAF A3 od 30d HFEo B2 Z9Fo] ¥

A Aez ZAEAG. 2011AEE 2,000 mm ©]49
Ze7 248 Ao Jehgon, 53 €7FFFe] 50
mm7} 9+ 297k 1080y 2ASAL 100 mm °]4F<]
Z%7) 3oy wrAlg AoZ JePgttHTable 1). &, 30
d o wake 201139 A HAsE F AIHS F
SHE a3 AFE 293l BT 3% ez Y
gk gEA 2011d9 fEolu v g Fate ddidg
Boke Aow A=A £ ZFF 50 mm o)d F
o] 553.6 mmZ @ B ZTFY 41.5% g} @
do] QHEZRYAEANAE 50 mm o2 F+E 1719
Aoz Fol 94ass 47| A vl st Aok
FEAYY Z+-HE 54& 1std A, 59 T A
9 f&2 4 Z5%F 50 mm oSN E 2A g Wi
50 mm °|49] ZolA aA debrdoh # AY HFHL
AEs 4u9e 4 Z25% 50 mm o4 ASAFE A
2alsle] A4S oS PES 2 "art stk %A
A& ATE F3 BAFSE FEH vFLFGREE
AFgsln Z9Zo] B2 &2 HFLGREY AFs
H4E FINA sEAQY FA9F 72 #HE aHFHe
2 9% 497} g Aoz gddn

AP xe EYEA A7 2(Sand) 82%, HE(Sil) 3.1%,
HE(Clay) 149%2 AE=Aen, EHL A F(Sandy
loam)2.2 YERTE o] Choi et al. (1999)°] Z¥xE A
Aol A ZAEZAujo] ALEEE do| SFAFIE AEZ
BE A4 9 gFAESD B3 dFREH AR 2
Fo|ct, EF pHE 55~5.69 HS= FE Aujsr] 9@
pH 55~6.8 BEY F9WA 3 MY ool A& AL
2 Yehgrh w9k EGiHgol 28 ZpH 55 ©15td )
Pitol A 2 fi9 §90] Bol AENA H=g
F Ug ¥ ol fFEF EY uAEY HAN E5E
A& 4 91Th(National Institute of Crop Science, 2011).

32. REY
AT ¢ F 1689 ZeREAHdE £4% 2
Fig. 59 2°] Z$%& 12.8~5382 mmo|3lon, 29

Table 1. Daily rainfall frequency analysis in Chuncheon city (1982 ~2011)

Year 1982 ~ 2011 2011
Rainfall class Annual average Average No. Rainfall per event Annual rainfall No. of Rainfall per event

(mm) rainfall (mm) of event (mm) {mm) event (mm)
0-10 202.4 73.9 2.1 174.3 69 25
10-20 186.1 12.8 14.7 271.5 18 15.1
20-30 1523 6.2 248 2275 9 253
30-40 1473 4.3 347 198 6 33.0
40-50 91.2 2.1 44.2 92.5 2 46.3
50-60 107.5 20 54.6 54 | 54.0
60-70 68.4 1.1 64.8 134 2 67.0
70-80 58.7 0.8 75.7 220 3 73.3
80-90 58.1 0.7 82.7 82 | 82.0
90-100 36.0 04 96.0 - - -
100- 2249 1.5 148.3 575.5 3 191.8
Sum 1,332.7 105.6 2,029.3 114
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Fig. 5. Comparison of runoff with respect to experimental
treatment.

oF 2AG FJAFEY FEFFL 0.02~396 m* (02~
359.8 mm), H& APYE 0~374 m’ (0.001 ~340.4 mm),
RAAR AFGENA 0~266 m’ (0~241.6 mm)S2 L}e}
ot olff A4FE FEEE FIAEE 0.01~067, RI
AIRE 0~063, HAAH AFEANA 0~0452 FEE°)
Ao EoZ Qs AAF AL ¢ F AUt HIAL
B3 AdEGNE AR S HER] APEEG /453
ol A Jetded, o HAY F¢ F5d 894
H3o] vigely FE8Fol sl nFeoz U F5
A dAses FEFE ARAIE 7150 AEAU 4
o2 gddd. FIANIEE V£ HEH RINE
X9 #f&F AZE2> HIAANYEANA 54~997% (BF
70.9%), RAARAIGEANA 329~100% (B 95.1%) °l
Ak ol AEE HEF o 299 BHduA 9
F EPAY ojgg A7, AEAY FI9Y YL
g9 FFsol ®A FAHAY HEQY Aoz gaHn
£ GFZTE Table 29} Zo] A7% 5(2009)°] A

Table 3. Comparison of runoff coefficient with respect to
the treatment by Duncan's multiple range test
Index Bare soil Rice straw Straw mat
mean 0.223 0.098" 0.029°

note) A, B : Mean comparison by Duncan's multiple range test at a=0.05.

FE$71E ol&dtd HIAC AFFEF AYEAYRE B4
& BIHF 46%) 2Tt 2A e, AUE §(2011a)0]
AAA ge] HEAYG FA, F¥ 2L PAM 5& o &
stod BENG AZEINYF 4.7~81.5%)9 SAME Aoz
Ebtth. 71E A9E 52009)8 AWLFL 53 A7AH
E10% o4 ZAEY | m 2719 272 APy 3
Abg, 283 1A B¢ 30 mmet 60 mme] WS e
ZAEE BASH7 dEd fEAZaAI} FgE A
oz dddd £ HAIAF A< F3 283 PAM
8 o8F AFARE 28%9 FAEIAE B2 424
Zee B3] o] dBEAZEC] 2o GFGFE nA
A Fetd 2 A7NA FHEF 3% FEY P [P
A% 0% 52 F2A8E BY 4 A ALz BAAH,
ole] i F7F AFE I 29 FFHJY YL =539
o & Aoz @odn

Table 32 163]¢] 2UHP ZAFAE o] &3l9 HEA &
Fol BE §289 AolE Frig AFolt. FHEAE
o] B FEES FIANFEAA 0.2230]8), RIAF X
A 0.098, HAAZFAAEANA 00292 Yehgeh R
HF AFoz AT APEY |EFEL F93 Aol7}
el gstod, BIANFESE 797 AJolE BT
netd sFolyd sAAF o AT F¢ 28 Ag
AFHQ Ao BB 3 gl

33. TESE U 2YF5IEY

Zt AEEANAN EAF FRETY FEARE AR
9 SS, TN, TPe] Wi B EMCE AT 2% #IAE
¥9] 8S FEE 490.7 mg/L, T-N 162 mg/L, T-P 1.4 mg/L
2 Yepgon, HIAPESY SS FE+ 2899 mg/L, T-N
14.6 mg/L, T-P 1.2 mg/L, HIAAH A|EE SS = 140.0

Table 2. Comparison of runoff reduction rate with respect to cover material

Cover material and condition Runoff Reduced runoff Reduction rate Ref.
(.S];’la‘;o'::;r;‘:) 182~257 L 15~143 L 44.4~91.6%
T Shin et al. (2009)
(‘Rl 60 mm/hr) 448~520 L 280~420 L 19.2 ~37.4%
Wood shaves 03~285 m’ 02~238 m’ 4~30% ‘
7 3 5 Shin et al. (2011b)
Straw mat 03~285 m 0.08~189 m 33~75%
Straw mat + Sawdust and PAM
or Chaff and PAM 23~53m’ 08~4.1L 4.7 ~81.5% Shin et al. (2011a)
or PAM
) 3 3 54~99.7%
Rice straw 0.02~396 m 0~374 m (Ave. 70.9%) _—
is study
: 3 3 32.9 ~ 100%
Rice straw mat 002~396 m 0~266 m (Ave. 95.1%)

'RI : Rainfall Intensity

SEEA AR M2 H3SE, 2012
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Table 4. Comparison of EMC with respect to the treatment
by Duncan's multiple range test

Index Bare soil Rice straw Straw mat
SS 490.7* 289.9*° 140.0°
TN 16.215 14.618" 12.050*
TP 1.444* 1.155" 0.826"

note) A, B : Mean comparison by Duncan's multiple range test at a=0.05.

mg/L, T-N 12.1 mgL, T-P 0.8 mgL2 Uehth HI%
RYARE HEF APTANN $AEE/ dAZ 22 A
o2 Ueigt ol fEAR s AFeld vad #4
o] Aol $AEEY FAE FFPo| T Ao #ddt
Table 4= Z3E EMCE vla@ Eojth SSE AT
PP LY NEAPEY FAEEE FIHA A0S
BolA gtk Y WAAH HAFAFPEY SS FEC
I F L v& SRz 3A yehdth Uiz £2
2o EARAATS Zo] EMCE BIAFES IEA
2 QT AFTAA 2 Aol7t gl Aoz ZAHIAT
Z+ AR A9AME egyaiEe AFS 2% 83
NE ¥ £ 9G53 FE SS 14633 kg/ha, T-N 75.1 kg/ha,
T-P 104 kg/ha2 Jepsith HANEEY ¥ L@¥E2
SS 702.5 kg/ha, T-N 53.7 kg/ha, T-P 6.7 kg/haZ UFERst
ou] HIAARAANGEY F 297 FZ SS 2953 ke/ha,
T-N 238 kg/ha, T-P 4.8 kg/hao2 yYebsich Q7o
AZETGs FIANFE e HIAFEAAM SS 52.0%,
T-N 28.5%, T-P 352%% AZEH} e A2 Ueby
i, RIFAFAFEANE SS 79.8%, T-N 683%, T-P
53.3%¢ AZEIHt A Aoz ekt HAARE o
g3t AEE HEY AL 50% oY 2 AZEAE
Uehd Ao yehgth ol AEAEoR FEE] F7t
g3, JEAR & Z9edgo] fEA F5HNI 9
zog gogt £F EYAY oo @A Fistd
Age] 22 BYPAgo] FoIEN7] WE] EFoR IF
= A$To] Bold Rog FRIAHAUR &, 2011b).
oY JEEEN ARE FJEY F¢ 7EF AT
ofyzl s EE9 o] A =g FMIE L9
A3 2ggsie] Aol He T-P 59 LFERE AL
AoaM, AN EFY S4ARAS 858 ARNNE T
& Aeg @dgrh
Table 55 @A W £2FEE 2T 2ol
7t Yehdea AN SS $EoMe FIAFES
HIAFE AfololA F9A ol dehten, RAA
BEo HAAAAGE Atolole F94A Aol7h vEht
A 49tk TN F2dAe BIANFES HIAHNEE

Table 5. Comparison of pollutant loads with respect to the
treatment by Duncan's multiple range test

Index Bare soil Rice straw Straw mat
SS 1006.0* 483.0° 203.0°
N 51.64" 36.94"° 1637°
TP 7.14* 463 333

note) A, B : Mean comparison by Duncan's multiple range test at a=0.05.

Aol N A Fol7k e, TP FRAME A
dxeo] B2 S99 o7t gk A2 gt Aoz
bt

34, HYAIEZ EFX| BN

wol A o]FojA L B9 £8& EA] st #3A
YIS JFo2 $2%3 B9 13 FLLF S
olgate] B4A BAE AASAT. #4733 Fig 6%
Zo] Z$9 MEst 49 69 2195 FEFHIA T
4 309714 A48T #523 2eFS AZL VI
oz 249 ARE FERIAoH, BAVHF 409) T
A9EL 1309.6 mm, FEFS 59.18 m'(<F 538 mm), F
Az 1203 mm, EGAFES 6513 mm2 4
9t §2%e AT 41.1%, EFAFIS 39
49.7%, AAZEIBE 29F9 92%F AAde A=
vebgth o4 409 A=Y #FL 7I1ES 1,000 mm
olde A9/t A48 AY L9 AEE B wAse &
Sado] <f 40%7t LS WE B AT HEF A
V¥ 52 HEsie wolN B vPLFEe
o]7] §% =o| WaFe & F U

0
# |nfiltration and soil retention
w0 mEvap pirati
= Runoff
~Rainfall
500
R —
=
E
E o
[ ‘
2 { -
) —I 1 I-ll ’! ﬁ t ﬂ
i 1 )i s IiF
aoosbsdNS FR 0 dsd 303 L T u_h_
e 21 0= 26 oreL 073 -1 ok1e Ci-2l of-2e

Day
Fig. 6. Analysis of water budget.

35 AEL Ysis olXls g

Table 63 Z°] %9 9433 44, 93, 23, 2%, 2
z 52 2339 FE5TL ¥vuF A0 FINFEE
2227 kg/10aQl Aoz yeigorn, HI AJFE 3,050
ke/10a, RAAZR AFPE 3,126 kg/10a2 YRt ol vt
gog FPAFE A3 2 FIANFRY FIATE
10022 #¢ o #A} WIAHY AFEE 1373 140
oz Z7M% Aoz vyt oAl RAF% WIAR Al
RN $2A57F BRAFEEY Fol A o2 Ug
youn ol & Aujslr] 98l 2AHsHE F59 /4
e wAsta Fx9 AZe JgAFoEA Aol ol
Aoz wudd AFATe} go] TR ARE 75T
AS gado| Z7bste Ao yegon, o JEAR
Qs AFEE HEs= JBEC] Frlsd, EYY fATE
AN F AN ZAEo] WQT s FYEol FAHA A1,
Aol AT F Ax Fol Bolzy] Wiz wddn
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Table 6. Comparison of radish growth property and yield at harvest

Leaf length | Leaf number | Leaf weight | Root diameter | Root length | Root weight | Yield |Yield index
Unit (cm) (sheet) (g/plant) {cm) (cm) (g/plant) (kg/10a) -
Control Ave, 38.1 14.0 168.8 247 32.6 1,022.9 2,227 100
Rice straw Ave. 40.8 14.1 199.0 26.1 34.6 1,282.7 3,050 137
Straw mat Ave. 39.9 13.9 2183 26.1 359 1,283.9 3,126 140
Q714 FHEAZL AEE IEF HEBEL W0 64.7%, = 479 e ZAA 999 A7 AFEAN 1Y
RHIAAR 73.7%%A AL2 Jephgon| mBgo] 255 H A7EHEHN gy FEY IEeFAA AT F

oA Bt FAFES ALY F qlon, 2gERY
°olFE €9 T Atk Y HEL YR 2 AL F
2 4FEE b2 § 9l7] g7 F71 AFE £33
o HEEZ =F3Y ZAEY A 7 A Fe
HedAY AR HES & Davt g Aoz wddn

ARE WEY 24 9585 A= 982 gris)
At Z AEE ¥2 Aoyl FolFE AXFHEA
285 AIME FF8%h 3323 52 AT el
7] A1Zto] 435 min/110m’Se2 FYAEE 40 min/110m>
o HAAH AFPE 305 min/110m° B} 237 A3 Aoz
Yetgted, ole Aur] #YL s 5 9133} WY
AAA %7] W] B3R olxg HazEy) sty
ZAZHA AYE 57] o] o2 AFE uls) A7t
ol § 28He Aoz ekt HAAR AFXAAY
Hol7] 28412 HAAFOR UF Fx9 LA Eo] F
31, Bo] glo] €22 AAT F QAo Aol @HE AL
2 Uesth ES FolFr] At BAS EF 12-135
min/110m” ¥]5F AlZo] Z2d Aoz Jepton, @y
AXAN = FHY wolyt Aol %o} & Fo] HUY] W&
of AZE HEG APFEEY 283k FASH e
o oA AEE HEG A LN LAs:= vFeY

28 €94 7 e ¥ oy} FEFlE 3BAY
%“E‘t UAe AR YEyEh. Iy & AFZAHe 2

2 HAA LYY S =] YA E 599 JNH =
ol d¥Hojol & Aoz dgd

4.d 2

2 AFANE ARHEAQ] 9 RIAFL ol &s}
o PollA TS vHLEL S AFAATZA sk
3% AAES 110 m* WH9 FoA HIT RINNYE
g o183 F&F AZEAE 3T 2, HINFEE
B 70.9%, HAARAGEE BF 95.1%9 AZass}
U ALz Yeggt £ 45379 $A5EE o &9
AT LEFEE AZATRE FIAFEE du] HAIAE
EoA SS 52.0%, T-N 28.5%, T-P 352%< AZIIH7}t
Je AL2 YeEl, HIAFAFEAE SS 79.8%,
T-N 68.3%, T-P 53.3%9] AZaA7l Ade A2 Yy
. AFZAFs} Zo] Yol HAAH LR ARE EY
A5 oA 2hshs FEFH LGRS HE Agsied
e AL Aoz Yeton, £ AuE AT 358
% FEd vAe ¥ FFILE YNt a8y

s E et Etelx| M8 A3, 2012

€ BAdES 15T, $714Q ATE 53 29 v
LA EZ S ARAIY] g ATE APsof & Aoz

gag.
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