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Evaluation of NPS Pollutant Reduction of Rice Straw Mats in Field
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ABSTRACT

We have examined the effect of rice straw mat (RSM) on the reduction of non-point source (NPS) pollution loads at soybean
cultivations. The slope of the experimental plot was about 3 %. Monitoring was carried out for four years at conventional tillage (CT)
in 2008 ~2009 years and RSM covered tillage in 2010~2011 years. Thirty-two rainfall events were monitored and analyzed during
the study period. During the 2 years of 2008 and 2009, 20 rainfall runoff events were monitored. But in 2010 years, only 2 rainfall
runoff events could be monitored. And in 2011 years, 10 rainfall runoff events was monitored. It was because the RSM cover
enhanced infiltration and reduce runoff in 2010 and 2011. Average NPS pollution load (organic matters) of the RSM covered field
was reduced by 72.1~94.2 % compared to that of CT field. NPS pollution load of TN and TP reduced by 67.5 % and 55.7 %,
respectively. Especially, SS pollution load was reduced by 97.3 %. Based on the results, rice straw mat cover was considered as a
promising best management practices (BMP) to reduce NPS pollution load. However, it was recommended that the results are limited
to the field conditions and the same experiments must be performed on different soil textures, slopes, and crops if it is applied to

the development of policies.

Keywords: BMP; CT; NPS pollution load; RSM

LA &

FHAYGNA EFRAS A AAARI B tiides, A

OM ZAof| ulsto] %"e‘%kol Wrpar g A SL\E} (Boardman
et al,, 1990). 53], B4 AAJu|Eg0] W 2[doflA &
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2001; Benik et al, 2003; Faucette et al, 2004; Locke 2008,
Pote et al, 2004; Tiscareno-Lopez et al., 2004). E3F 75-$-4
St BT ARl 7o) ¢oks vk (Shin
et al, 2009), 27|3=F (Defersha and Melesse, 2012) ¥
BT} Aol whebs= debd 4= Qe (Cerda, 1998b).
BHA A2 AZ2l Cotton geotextile® EQ-GA Hiz]of| o]
/5 4 94| geotextileE EFGAL A3 £ glon)
9] S (repellency) &2 Ql8te] Zef-Ewol 5716k=
tho] Q17] wiEe] (Giménez-Morera et al. 2010), 7+-%-A] H]
Hed=4o Aol aupt A& AR . oo Rl
SAFRAY] EORA W0 o] 8EaL Sl HAARE B
At o} 7R it Afdlle & a3E B9t (Shin
et al., 2009; Won et al., 2011; Won et al., 2012a), HZAZ]
geotextlled—]' DLE] E-’] a]-ul—k]o] AL, %0_ 6A~}L }\-]XT
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1. 2UHE XY & SEEH

AR A
& o Y& w7] gi2of (Choi, 1997) =
UER 249 ARS A0 AU 78 4 de $ast 7
Holrt, wrabA] 2AF A BUER Al 4 Ao ok
Heloll gt 3t AAstolof st o]F Fato] gEjFelal

AAAQ BUEHo] 5230 2= 9t} (Won et al., 2009). £ A
TollA= ARRR oA A aEA ] EItE ﬁﬂom Sfate] 7
Ast 4 (29] 37 5559”7, 57 127 47°08")0) YA|5k &
= OIﬂo}%IE} (Fig. 1). Be] AAMEE 3.2 %2 AHE Eofo|u,
WAL 1276.6 m’, Zolet FF £ 747F 90 me} 17 mo]th.

Longitude / latitude Area

Site N 37° 55" 59" /E 127° 47" 08

1,276.6 m’

2. MEHE U BAUY

10

HI

AR A T2 AulistEa] 2w EAS] GIE FABH
o}, A= HE ke s (Conventional tillage, CT)
3+ 2)Z2)7]" (BMP, best management practices)?l X Eq]
& (Rice straw mat covered tillage, RSMCT) 2.2 AA|&}ich
(Fig. 2). 2008~ 20097 TP oz T2 Ao
w2010~ 2011¢of+= HAAAo R 25 &5l T2 A
ujstgict. HAARL o=t 4 -‘?5—9 ZAJskar viZ 2F 3,000
kg/ha® &3}l oH, o]& F-5 ulEsldirt. -2 AN
HQl o]gH] 60 cm, E7]AL] 10 cmi o 5 F<eoll o}
3t 108 F<oll 8ot AlMles 3 48 53R 8-
13-12)9] FEAM|EF| 24351 24 6.4 kg (50.1 kg/ha), 2l
AF 11.2 kg (87.7 kg/ha), 223 ZHE 9.6 kg (75.2 kg/ha)S
ARESGIT W = AR BE e o Akl 71edt
B fE7h HASHES REsioint - Al Wtk fE
F ABAHE flot] f27t Hols e skroll H-flume
& A2kt 43S 494 (Thalimedes, Germany)2 24

oot TS o gsto] AkEtt 9l-REF AR A
siglon, A Y AsAA 30824 fE0] WAk

HE 73S HUHEFo] 7k A skt AR AR = Abs
4=7] (ISCO 3700 automatic water sampler, USA)S o83}
of A& AFH Al AT 5 Q= 0AE EXE B3 FEEAS
QIR 73S AsAleT1eE dEel st A=A (ISCO 674
rain gauges, USA)E Ax|slo] AMg3lgith RUEHLS F9] u}

Slope Soil texture
3.2% Sandy loam

Fig. 1 Descriptions of monitoring site in Chuncheon
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3. EMC (Event mean concentration) A

AR E H. 59 ZeA LAZHY s AL
& (EMOE °l83te] Blusiich. EMCe 249 =
A FEEe LUEES Frlstkedl 7P A4t JAEA g
o]&%a1 Qlc} (U. S. EPA, 1983; Novotny and Olem, 1993).
78V EMC= thard] Aol webA APl 15E
1} ol et =8 ARE o83t Allstgir.
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A5 . 29 7 oAV §E88 2ARIgeH, CT
O} RSMCTY] FARE Aol 7128t0] AR5 A &5
AaIE BASIGIT (Table 1). CTE AIFZE 293t 2008
~20099°ll= 2 113319 H|7F WzioH, 20319] f=o] U
algch ROMOZE A EES &3 2010~ 201140ll= 134319
H7F YRlou 522 F 12387 WAst] CTE dad 717l
Hlgto] AfehA o7 Ay Hiwrh Al
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CTZ 32 Apigt 717k 452 40 mm oJ4] 7} 1.5
mm/hr 9] ZAFwolA] et oH, 49 AMPE EE
2 0.36~33.3 %9 HE Eoh (Table 1). L&t} RSM2
2 ARE T8 20108%= 100 mm o142 AT 6.8
mm/hrof| Al 0] BAEIth E3] 2010499 79 1693} 17
doll= 119 mm7t WiSolE Etstal f257F sk ¢
U=, o= AdE 7o) F (13Y7F 63, 18.5 mm)o] o]
Ego] o] HES AT 4= Gl Ao 12431 Yelo] 9=
Aog e}, B3 HAA o] HIEe EYEAZES ATHAl
711 UFo | IS o EF IEE TR AoR
AlgE 201140l CT2 32 AEist 2008 ~ 20091 Het
SR 7St 7]l 7= 30 mmet A= 1.3 mm/hr
oM =0 BAEIFL) ol 20114 7¥€ol M5H 799
FFor Eo] 3| x3fE|o] fzo] A WS AR
ke E3F At et WEele Etelal, o
A= 8.8 mm/hrEA F7] wize] o] WS A os
Helck a8y of ZAMEE AT A9, 20119 == 75
45 mm o4 = 1.8 mm/hr o)A 7golA o] WY
skgltt. RSM= &3 7)7H] 4582 0.11~77.5 %2 H9
BA, §EE& 775 %5 B 313 ¢ AR AT A CT
71703 F 2pol7h §idltk. 31AF ZF-AMES 7395 (503.5 mm)
I Bt A= (219 mm/hr) 22|30 HY Fe4E (58.2
mm/hr)7} B2 A Bt B2 AEE Z7] wE
o §-Z0] Ho] WSt o= wehEc

o A RIE A 5o GARE FeAMEY] fE& v A,
RSME w3k 49 G&8-8 CT tiH] oF 44~ 98 %7} A=
Lo AL Jeu 2 s A AolE R 4
HE7] whe] YR FAM) (31, 322D Hlart B7Fs3t
At ESF A Al FEES A8 TS Aol 2 B
g0 JFE W) w2l AE AVl e fE&9
H W TH= FARE] 7|28t ARTE . 59 §E588
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Table 1 Runoff Comparison of runoff characteristics between CT and RSM covered soybean cultivations

Item

Rainfall event Rainfall (mm) | Rainfall intensity (mm/hr) | Runoff (m®) | Runoff rate (%) | Reduction rate (%)
1 2008.06.18 84.6 5.2(17.0) 5.4 4.9 -
2 2008.07.02-03 45.6 1.6(13.8) 4.1 6.9 -
3 2008.07.12-13 64.2 2.8(19.4) 1.5 1.8 -
4 2008.07.19-21 131.4 2.7(16.2) 11.1 6.5 -
5 2008.07.24-25 239.4 6.5(41.2) 103.5 33.3 -
6 2008.07.30 404 11.5(24.4) 6.8 12.9 -
7 2008.08.02-03 69.2 3.3(24.0) 15.2 16.9 -
8 2008.08.18 56.6 4.6(20.6) 6.9 9.4 -
9 2008.08.22-23 86 3.0(11.6) 6.3 56 -
10 2008.09.01-02 59.8 2.1(6.2) 0.3 0.4 -
CT 11 2009.05.02 51.2 2.9(15.8) 0.24 0.4 -
12 2009.06.02-03 56.6 2.8(18.6) 4.4 6.0 -
13 2009.06.09-10 43.0 2.2(7.0) 1.1 2.0 -
14 2009.07-09 202.0 11.3(36.2) 46.1 17.6 -
15 2009.07.11-12 133.4 5.9(19.4) 40.0 23.1 -
16 2009.07.14 204.4 9.4(31.0) 59.1 22.3 -
17 2009.07.17-18 42.8 1.5(11.2) 6.7 12.1 -
18 2009.07.25 50.2 9.1(19.4) 3.81 5.9 -
19 2009.08.11-12 196.6 7.1(25.4) 51.9 20.3 -
20 2009.08.26-27 59.4 2.6(6.8) 1.0 1.3 -
Accumulate 1,916.8 - 375.5 14.1 -
21 2010.08.23-24 105.0 7.5(47.0) 6.3 4.7 79.6”
22 2010.09.09-11 279.0 6.8(59.5) 54.1 14.9 54.8”
23 2011.04.29-05.01 61.2 2.98.2) 2.4 0.3 70.1¢
24 2011.05.09-11 85.0 3.3(11.4) 19.4 230 -0
25 2011.06.23-27 205.0 1.8(12.4) 10.5 0.4 98.0°
26 2011.06.29-30 203.4 4.6(19.6) 68.0 26.2 -0
RSM covered tillage | 27 2011.07.03 71.6 3.3(13.6) 4.0 0.4 90.0°
28 2011.07.08-09 45.9 2.0(12.4) 0.7 1.1 78.6?
29 2011.07.11-13 66.9 2.9(10.6) 0.1 0.2 93.9”
30 2011.07.14-16 118.1 5.1017.7) 8.8 5.7 43.8"
31 2011.07.26-29 503.5 21.9(58.2) 506.8 77.6 Noncomparable
32 2011.08.16-17 30.2 1.3(8.8) 0.3 0.7 Noncomparable
Accurnilate 12773 - 1746 105 305

() Maximum rainfall intensity

Note : Comparison of a) fifteenth event, b) fifth event, ¢) third, tenth, twelfth, twentieth event, d) first, ninth event, e) fourteenth, sixteenth, nineteenth, f) first, third,
seventh, ninth event, g) second, sixth, thirteenth, seventeenth, eighteenth event, h) third, seventh, i) fourth, sixteenth event, j) the reduction rate of runoff compared

conventional tillage.
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Fig. 3 Comparison of EMCs between CT (left) and RSMCT (right) soybean cultivations. Vertical error bar are 95 % confidence

intervals of the mean

2. EMC
Ao A F0] F9E5 2AEE0] EMCE vlaLsy)
t} (Fig. 3). CT2 & At 717k (2008 ~2009¥)] Bt

EMCE A3 EH CODe2 26.4 mg/L, BODE 8.6 mg/L 18]
I DOCE= 5.4 mg/L2 ZAEIQIeH TN TP= 717k 2.8
mg/Lo} 2.6 mg/LE UERITE F 0E & 2 AZs 7|7
o] Bt EMCY 7% CODe 30.5 mg/L, BOD= 7.8 mg/L
83 DOCE 5.2 mg/LE ZAECH, JYATF TPE 2.9
mg/LEH CT 7|7t} vlaL Al & zjol& Ho|X ¢kofry. 1t
2 10.7 mg/L2A CT 7|7 Bla A] oF 4] A% =o 7t
_iAi RSM &EA] EMC7}F Wolxlth= Shin et al (2012)9]
Aol oE s B B3 2 A4} fARH Zlﬁﬂ
HEES =9 B 2 HHLAE4ES Aojskz no-tillx
0|83t DeLaune et al (2012)9] d49te xjo|E H ) OIH
b 2foli= A7t EUE Al7]oll =3 Zlo] obd AIZHY o]
Tl 8E]9)7] el yepd AutE Aok ek A
AA] (CTE RSMCT)oll w2 e HE49) wE54ds Bt |
3k5) 5k Shin et al (2012)2}F DeLaune et al (2012)9}
FUTE A7I A ZE 2R vlal A7 Had Ao
2 AlmEch a8y A EaE 4. 5] §S9] EMCE 2+t 721.6
mg/Le} 198.5 mg/LEA] A%F TH3E 7|71 SS s=7t 37
Hasts 208 AR o= HAAR n&E Al HIEY E
% Aol ZAEaL o]Z <lsto] FEO| fAo] A
fjRo g wokErh B nEy QlEAel L steiA] g
Ao A Bzl BoF U282 655 %2A|, A® W& A SSE
ouks) 22 Q) EORO ALY A7IAZ 4 QJrky HIET Qltt

= T
(Shin et al., 2009). =3+ HAAZOZ A& & A] YA|AIH

m[m r°1'
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tfH] SS FE7t AAaEG o, EFS 2~ R F7HA
of met SS FEE {tAdske SR UERITH (Won et al.
2012a). Shin et al. (2012)% HAAZ & A FPA|F 3z
H]OH SS lr;57} _H__JXJ o=z u—q__,_ H_]_ﬁ]- H]— 0) om‘ Won et
al. (2012b)ell w2 HAAZo| PAM, 5 E= FAE A7t
g A4 SS 25 70~90 %7HA] Azro] 7hs3kal aF%=
o, 2 AfNE FARE ZE B& 5 Tk &, ARE T
EORORM SS s E A AAAE 4 glen, Hdgkol 7
%3 uf B ofy] oF 73 %) SSE AR 4= 9lch

Z
el

3. HHeY ot

Table 20+ A
AlBESL L.
vl wskgiet. 314 7“’*}*&% Ao e=2A A7
s A 71T = §7] wiol] EAJellA AlLJsisitt. CT 717F
9] A FAQLPHSIE AHEH CODe 39.4 kg/ha, BOD
L 11.6 kgha, TN 3.6 kg/ha, TPE= 3.2 ke/ha 12]3l SS=
1,219.4 kg/ha® ZAFEQIch ROMS wj&3} 7)7He) A+ =
A QYH3H= CODc 9.7 kg/ha, BODE 2.4 kg.ha, TN 12
kg/ha, TP 1.4 kg/ha®A CT 717ke] @885} gjv] $7|=2
72~94 %, GFHFE 55~68 %7t ALEH AR L}E}%}

E3] SS9] Q@REH= 33.5 kg/haA] B} PEHCH %2 97.3 %
7t AL olge] 2dtz WE ), RSME HEsHe

WO eAZ|oA SHEEL 1] 9 R0} Eotomg 2|2

E3} §59] 929 A7sl=g Azl Aoz wotET) o=
%@71@01 HEe f&5e AP B ARsS SHAP
7] mEo (Won et al., 2011), 7% f&o] Hasto] vy
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Table 2 NPS pollution loads (kg/ha) and reduction rate (%) of the RSM covered soybean cultivations

Classification SS COD¢r CODiy BOD ™ TP DOC
2008 Loads 1,889.4 334 17.8 134 1.5 2.5 9.3
CT 2009 Loads 549.3 45.3 11.0 9.7 5.7 3.9 4.0
Average Loads 1,219.4 39.4 14.4 11.6 3.6 3.2 6.66
2010 Loads 55.7 17.2 6.6 4.3 1.2 2.4 -
Reduction rate” 95.4 56.5 54.0 63.2 65.5 23.1 -
Loads 11.2 2.2 14 0.5 1.1 0.4 0.4
RSM covered 2011 - 5
Reduction rate® 99.1 94.4 90.2 96.0 69.5 88.4 94.2
Loads 335 9.7 4.0 2.4 1.2 14 04
Average - 3
Reduction rate’ 97.3 75.5 72.1 79.6 67.5 55.7 94.2

Note : a) Compared to the average CT NPS pollution loads.

QAR At Aog wekErh ok HAHA| oA AR
HegHsts Aslr] Yl T AAdA fE%S
IA7]1= 0] :ﬁ% W, AF 5T} 22 H A
+ % o} $HH fARE HARES] whofjA] 2]
HUEHS 3 Shin et al. (2012)9] &
i‘ﬂ*) Al E tjH] SS= 79.8 %, TN}
68.3 %9} 53.3 %7} AEial Hilstglon, 2
T"r } A21g Bk

2 Aof|M= S F- AR Ao &8 Rashal gl e
oaloz CT %‘ﬂ |, RSME o]-83h A sde]7|Ho= 2
W & 497 58 AplishEA - Al BHedEEY 254
S Hj- B4 o}%lﬁk A4 ARE FE5olal P5s T A
< Ajeh A %‘ﬂ oju] S8k oF 30 %7} A= FI 4=
F AHS Soto] B gl Agto] Egl=tl, RSME T
23L 749 Agdt A F R S= CODer 9.7 ke/ha, BOD~ 2.4

[e]

kg/ha, TN 1.2 keg/ha, TPE= 1.4 kg/haZA CT 7|7k 2.
B3} ] §7182 72~ 94 %, FFAFE= 55~68 w7t A
g Aog yehgdrtt B3] SS9 9 ¥Hal= 335 ke/ha®A] Ef
PERET =2 97.3 @7} A= ARE g8kl G
& Ok 2 A g2 dolrk. vt el A fE
O] Mg Fote] e AEAY] wiERels AAE = oot
AR ofEgo] Sl el A #uEo Ws FAA
of 28g dart ek 53] & AfollMe SAsHA ARt
CT s} HlaL A] 29| Aol HAEAY Foiethd, 3
g R QYA AP Foto] AryETHS Hgd SE%
ol7F qlttal WetE JEu B A= EY JESo| 2 A
HEFO] A= 3 %ollA 3 AmEA AAPE 53 EollA
L yaAR oz olst Axta byt wold 4 Q) Eak o)
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