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Efficiency of the Non-structural BMPs with Reduced Rainfall Runoff
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Abstract

Effect of tillage on time of initial runoff, runoff coefficient, NPS pollution load, soil erosion and crop productivity were studied. Eight runoft plots of 5x30 m on
loamy sand field that were 4 respective plots of 3 % and 8% slope were prepared. Treatment included conventional tillage (CT) and no-till (NT). Time of initial
runoff from NT retarded between 247~261 % compared with that from CT. Under 3% slope, runoff coefficient in NT was 63.5 % lower than that in CT. The
reduction under 8 % slope was 61.7 %. Differences in runoff reduction between 3% and 8% plots were not significant. NT could reduce more than 60 % of NPS
pollution and between 50~85 % of sediment if compared with CT. Productivity of NT was also shown that it was not lower than that of CT. It was expected that
the results could be used as a fundamental data for estimating a reduction load in Korea TMDL from a no-till BMP on loamy sand agricultural fields.
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1990 A o]l F7-& (no-till, NT) 592 5212 6 %ofvt
o] ¥l oL, 2000 tholl= 5] 2] 22.6 %7HA] HgE
o] o] &=L Qlr}. 3 HAA FHe EAQN YO R 5
73R ] SHol|A a3 O = o | AL Q)rh (Prajapati
and Jacinthe, 2014). o= 1744] H ek} B2 0] oHA ¥t
ofvel BE¢F 9 & Hofoll= aupao]7] wfiZo R
(Conservation tillage)-2 A A|A A o2 dg| o] &% gl o
o, 2007 dol= 9F 9,5009 hao]l o|211 Qit} (Lal et al.,
2007). A=Al 72 (conventional tillage, CT)1} t}= A NT
£ 483 oAM= HlEe EY TS0l STkl v L
HESF frAaEm, o] $hg A s dat AJETH 2ol
%71t DeLaune and Sij, 2012; Lal et al., 2007). ¥HH CT

)= S A BEYY f71E T 294
A8 A 8FA1Z 4= QI (Unger et al., 1973; Dormaar et al.,
1979; Biederbeck et al., 1980; Rasmussen et al., 1980). &L}
s EG nES e oot Aany 9@ EqFo 24
of| WHSHA Tofst7] wiZoltt (McCool et al., 2008).
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s s a5 2ol Aol
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NTZ 288 79 Safo] gagichy Bug vt glct

(Soane etal., 2012). HbHof] u|=Fo| A= 8~45 % 2] HAA] &
oA CTLENT ] HlaL A+ =3 AINTE o]-8- - 74
AR O] EQk o] BEA| B o] sl o) ibdo] STiE L B
& 9 1 o] ZiE Tk Btk 3 glet (Kennedy and
Schillinger, 2006). E3FNT= 7}-$-3F0] A2 x| o A= 5
P AT 5= qlom, n|g e F77F ohekstal B9
W 7129 o] S7H= o] 2= BAM SHE 7t
2= 9Jt} (Pollock and Reeder, 2010). 12|} o} A1 7kA] L2
2= NTF HASE AE7F A 9] R3] A] aL 9o, A|3E
] 52 oF EGNFAE o83t A7 YR AA flFERE
Zsjz]o] @31 It} (Shin et al., 2011; Won et al., 2013).
ofof] & Ao A= oA = &g 7Hset AL &

1735 = il e ded o s B AT 1
L 2] A Foll ml A= PR Q15799 270lA
A5k A A e Y B w o mN 5 0 HFE
&

Aol 018 77t 7| 2ARE B SIAIA} gk

(]
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B2 AP LY WAL 150 m? (Z5 m, AP 30 m)2A] 58
A (A 3 % 470, BARE 8 % 471 THESICH (Fig. 2
(Ieft)). Zt7ko] Al 245 A2 o] AUl ol &5to] sl
et BARE 3 %2} 8 % AJHE Ao o= Q1579 Al gof
Q3 ES &S] 932 (D=7.5 m) 27|2 A X5k
2t AR 329 shiols R s BEAPE EE 4 Sl
JARES ARl o, EREE 7 & &
S 243} 2> Q)= H-Flume S A %5} c}. H-Flume 2 3}
o HjSEE 8E4E Z 1 m, Zo] 1 me] HjS2E A5}
SPH.0. 2 iz BHolck AIRE 24 T Q- el B
o WA 2| A S S D X5 (Fig. 2 (right)).
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Chuncheon
Longitude/latitude Area
N 37°5317"/ E127°40'25" 3142 P

Kangwondo

T EAME (d B ) Asteon, 6 gl A =g &
A S ootk Aol w2 vtz v e d A
Aaat AeFslE Yt A A e CTINT 2 FHiE8to] 23]
A 2] 5}tk CTLINT 9] 9] 2]= FA19) 2 wljz|ekgl o, 7
AP 2 23] BRESEIT (Fig, 3). T84 23 S CT= 7
2oL o] FES AT Fol, NT= 9545 =381 &
5250 Gt & Atolof o]FhtH] 60 cm Z7]AHo] 60 cm
2 A2 AR 2011832012900 E71E 4%
™, 2013 dofli= 5 Afulstict (Table 1).

ZE0] Aol sk u|E=2011def Eu], 2012dof=
N 18] 31 2013 ofli= et RS ARSI EH|9] &
ZA|H)ZRS 10 a 21,210 kg (A8 E 150 m™3 180 kg) oLk,
ANFEZE AF 2/e 2011 0ll= A2 2= AlE 2
A3y EE Fooke Alo] #Ee] o] =S & 5

Slope Soil texture
3 and 8% Sandy loam

Fig. 1 Descriptions of monitoring site in Chuncheon (Won et al,, 2013)

Grit chamber (D=3 m)

/ Pressure

\_91‘.‘29//

L L’im
[
6m
P )
5m 5m 5m 5m
[ [==1: 100 mm pipe
[ ] ® —: 75 mm pipe
@ : Sprinkler
§ g >°F
X @ : Pressure gauge
| ]

Fig. 2 Arrangement of experimental plots (left) and irrigation system (right)
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SATHAL szheksto] 180 kg o] 3ul] =91 550 kg =U3HATh
2012d0]= 10 a & 3.3E (150 m* 0.5E kg)2] oHH](TN
0.48 %, P205 0.30 %, K20 0.43 %, Ca0 0.18 %, MgO 0.12
%, Na20 0.14 %)5 Fdsi3lon, slshH|as H3H|R
(10-22-14)5 AJRE 5 ke AH15tsch

X(— Rain gauge

Slope: 3%, 8% k¢ﬂ
CT CT NT NT

30m

Green Perilla Green Perilla Green Perilla Green Perilla
Radish Radish Radish Radish

Fig. 3 Sketch of the runoff plots

Table 1 Experimental treatment

Experimental | Cover
treatment crops

2011 CT, NT Barley
2012 CT, NT Wheat
2013 CT, NT Barley |Chemical fertilizer

Item Fertilizer Crops

Compost Green perilla

Green perilla
Radish

Liguid manure
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off Zaf=|lokal ke Sof AAlsk=tl, AldE
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RS Ao Heflumeol A 243 91344 (
2 ol g5to] 2912 §FO R BB oM, FFo| (15 L)E
o188 4715 WO R G Uto] PFIHATE A (1)

oA Q= 7 (m%/s), Hi= 5=9] (m)©|H, R? k-2 0.993 0 &
LERTh

Q=1.693H** (R*=0.993) (D

o

L HFEH O = BAS IR A== 510705 A45H3L
H, BODs, CODc,, CODMm,, TN, TP, DOC, SS 52 422
S A H(Ministry of Environment, 2001) 0] £3}o] 42
AT L HEAY e 70 7ol =% Event
mean concentration (EMC)Z FE&3s}5c] Q1571 Aldo]
FTRH o] Foll= AIF £ sheto] B A E FAR <
Fom S5kl om, CT thH|NT 2] A3} a5 At
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1. ZIIREAR

CT 1] NT9] §% X|918-2 Table 20] AA5}5ich. AAIE
3%, CT A|RE0] B 27] 95 AR 113 80|90, NT

AT AdolM S4" dAA=E 27| w2400
[e)

ARES] 27|95 29,550 2, CT AFELS| 27]
1261 %7} 2] Q=)= A 0.2 e}, AAE 8

FEAIZEHB] 261 %7} 2| A =]
%Ol E 27| FE2AIE AR 3 %2} 53 HdS Bl
=0, CTINT Y] 27| F-EAR ZH21 103 2301 24770 =2
M P o] 88 AL AFAl 27E0] AdEl= 2
E 95 U o[ =NTRE G5 A EGY JF&°] 571
%)7] 0 2 ke T} (Soane et al, 2012). 3HH A|E L 9]
Zo]7}30 m o| B2 {FEZA IR S Ao U5 Floba] &
A Al Aol = gl Ao & AL EQIT

i

Table 2 The time to initial runoff with respect to experimental
treatment (Unit : min)

Delay
Treatment 2011 2012 2013 Average late (%)
39 CT 13.0 9.7 1.3 1.3 -
CINT | 327 | 203 | 266 | 205 261
CT 9.7 12.7 8.5 10.3 -
8%
NT 255 27.2 215 247 247
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Table 30] A= 2011U% 33], 2012W % 33], 2014U % |
3] F 73] A7 AP O A=) A2 1]l A7t
& FohS AEEE YT HANE 3 % AR 324 CT A
O] 92F 0 304598 %HZ RAFE QO NT A
T EO) FE 82 12~22.6 % W ZA CT thy] HH63.5%
O] f=o] A== A& YT HARE 8 %ol A NT A
FZO) 8E8L16.2~27.7 %2 HZM CT A|FPE] &
%£-8(38.9~55.8%) T¥] HHF61.7 %7} APE= A= |}
EpSiT o] = Q37 AFAl St wk R = heds] & 4= 9l
At Fig. 4 (right)= o|F 2 F50] Ql=CT A9 /&
7o, AZ-2NT AF LS| FE7 U, NT A|F 9]
=l Al g 2 A7 28 e =342 30
mm/event 9] ZFe7F FH 5UZF 423 HAYSHGI=H
(WAMIS), 2 Aol 4] o]- 83 NTE 574 A of] 2-8-3F 7%
=55 Alofoll Aol a7t S A2 ARt S 2
Aol A A of| ThE Zfol = u]u|gt A 0 & e E|H, o]
£ B 4= 9= Bt S A o A 9] A4S K 3gsfof &
Zo = ek

Table 3 Runoff rates of different tillage treatments and slope

Treatment 2011 2012 2013 Average Rg::c(t;;n

3% CT 59.8 499 324 474 -
NT 22,6 17.3 12.0 17.3 63.5

8% CT 55.8 38.9 50.9 485 -
NT 16.2 1.9 217 18.6 617

Fig. 4 Comparison of runoff panorama with respect to tillage (left
NT, right CT)
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3. HIERY 75t & M

Table 4 of| A= &3 L JEL 5w 7128k 414
St AlE A e L ARSI CT diju| NTL] A 4315 &
Asto] EP QIe). HARE 3 %ol A NT A|F 22 SS 2 ¢
Sk CT A|EE thH] 85.7 %7} A7E|90H, BOD:=
64.7 %, CODcr-273.9 %, CODMn 76.6 % AFE =01 TN
I} TPE 212} 72.7 %2175 % Z12] 3 DOCE 60 %7} A7t
Ao 2 Uepgtl HARE 8 %ol A= HAKE 3 %2} SAKH 4
¥ o=, NTE v e JF6k= CTHET 1/3~1/10 4=
Fo 2 v Yeldon, e 0 fEX §HE o] A CT tjy] oF
70 % o14F2] 2 0 FEA AAIE A& 4= Uik E3]
SS 2] A 7H&o] A e, o= NTE o188 4%,
YRpe] 27} A HEZFAIEA] ok AvtE gk
Tk NT9] 871=SS Fof B Jae = e vju s
B E & 4= 9=t NT Al 2] BHet= CT A|g 29
1345-9] 1 =50 2 VRt (Fig. 5, 201319 91579 A7),
Ty e e ARt 71 2 G T FE S0 AIFE
o] A7), AulRHE, HAkE, BAJ T1e) a1 hofet s Qlah 1l
2ol wheh gepd 4= 917] w2l (Armand et al. 2009),
Hot A A sk A7 e Bark ok B Atolla] vl
9 PHF0] A7HE-L AANE 8 %ol A T =7 LeRdi=g],
ol= NT9| Atz deheh % CT A|Qxe] e el
ZJAE 3 %R TE BAHE 8 %ol A 7| LrERd 9hH, NT AJE
O] AR W2 @ JRSElERe T 2jo| 5 Ho| x| 39k
Fof| At A 02 CT Al 2] Halgo] Z HAHE 8 % AlH
oA A7 B A et 2o & shekEc opA] wel
ANTE o8-8 749 8] a4 LAL(10 % v]eh oA &5
L v gRshs & o7t gl Ao wehEc) g,

f

Shin et al. (2010) Oﬂ 9—]‘3]—1{9_ 701-.?_701-5 60 mm/hr0ﬂ }‘i X] ETI—]—E‘—‘
S 0188 Ao HHT-N 57} AAE 10 %o A 20 %= =
7Fatol i i AR 2 QIgke WA eFmrhar gk

Fig. 5 Comparison of turbidity with respect to tillage method (left
NT, right CT)
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Table 4 NPS pollution loads of different tillage treatments (Unit :
kg/ha)

Treatment SS | BOD |CODc, [CODwn| TN TP | DOC

CcT 1301 1.7 | 134 | 64 | 44 | 04 | 15

NT 186 | 06 | 35 | 15 | 12 | 01 | 0.6

3%

Rr‘:tt‘c(‘;‘f’)" 857 | 647 | 739 | 76.6 | 727 | 75.0 | 60.0
cT  |2997] 23 [200| 111 | 48 | 09 | 22

gol NT [229]06 35|17 | 11 02]04
Reduction

oo () | 924 | 739 | 825|847 | 71 | 778 | 818

4. FAITO| EY QY
Table 59)= Q1574 A A WAYSE EkG AR =7
sto] Al eef whe e ik 20113 9] 739 75‘/\}5 3
Yol A= EokAlpe] Whaego] 35 o] 1o
At ek BARE 8 %ol A= CT AL (2
A NT A3 (1,200 kg/ha) 2o} oF 28 A=
o] HRAIEI o, CT thu| NT A|HEQ] BEg-A Agatt
471 %E ZAMEQITE HAFE 8 % AJF o] AR A e
B A2 20123} 2013 A0l &= AR 3RS Hlth
AARE 8 % CT A3 E0] Bt GAPHIZES 23516 kg/ha
ZAFE| Lo, NT Al 320 ot AP 1,223.1 kg/ha
4] CT AR TH] 47.9 %] A7} 2= 9.
ZAAHE 3 %9] 79 74 of| whE S AR AR Hot g
=] Yebgedl, Batgtoll 7123w CTLFNT AJ g 3zof| A
EokaATRe 7171 26.4 kg/ha®) 4.0 kg/haZ A NTE- 0]-88
39 85.0 %] EFHA AZATE 2 4 Ak ol
NTE 283 29 CT o] 79 %] fAAR RIS 28 5
Qlttal ® 313t Ulen et al. (2010) 2] 71} -GARSH Ak A
NTE 2838 A2 EQFO A8 ubx|E 4= Q) O, EQRGALS

A %
kg/ha)o]|

,267
E e B4

aTra= TTa=
Qlato] LhERe 4= 9l B0 WPl te 2] 48] 8 4 98 AL
& AckEch

Table 5 Comparison of sediment discharge and reduction rate of
different tillage treatments at 3%, 8% plots

Sediment discharge (kg/ha) Reduction
Treatment Average e
2011 2012 2013 rate (%)
. cT - 27.8 25.0 26.4 -
CInT | - 49 30 40 | 850
8o CT | 2267 | 25167 2,271 | 2,3516 -
CINT| 1200 | 12578 | 1215 | 12231 | 479

Table 6°f+=E71& Ajufgt2011¥2+2012d 18] &5
et 201399 2HE2 *(H*W& 2A415ke] LR i
2011doll= Hejel S7hE 26t ql o, 2012 d o= Ex
EE EsIth Bel=20114 715 582 w710l
o, U201 2] 9 7|29 5 Fuiztelth 7=
20119 34 %3 0] kg o W3] T} A-838kgit) 20119
1} 20128 0] S7j| AR ARE 8 %0] 4] Q] AYAleFo|T
201390z K ejet F-&5 Afulstol o, Fo] Trk= 71ets
LAl ZFA of) 7] 2515l g = AR Ol Sl 1.5
kg o]/o] ATk Ao 2 51t RHH CT5 I NT &
Hof| 428 &= ¢17d8] o AAH] = S Ystehal 7HdstaL 7 A
d B4 oA ALl s3iT.

B AR E 71202 2011 do] F7] 9225l 1 2ok CT
AFE E719] & 420] FAL 0F667 Wrhai ZALE LS
™, NT AJ&ZoA= 8169 /haZ A CT AJ3E tju] 22.4
%2] g=el/do] ZE| It 20123 0lli=CT A 29 Wit 5
7Ol F 0] FHL oF 524Tk/ha® FAME| QO W, NT A
AL A= OF 667 7H/ha ] 4=0]o] WAste] CT Al@‘:‘E “41
H]27.3 %9 Za7E Btk B Aulst 2013 dofl=
AL O] b do] thar A YElsttt 317t ﬂgﬁﬁ*bﬂ

7123 A4S vl agh ATE NT A 3204 2F7.4 %9 o=
°‘°l SHE A= ZANE GO M, NT 51 9 484 viE5
= HH e A=A Aga oo A e S Aate
%18, (e] (?jl‘ A 01041;]_ q—D]—NT lr_l:H o 501‘6}—&‘—7:11]0"}\{ 5~6
AT x| E]ofof 11 a k) v eks] vebg 4= 91| wiitol] &F
T FAEE FARE Aol A= olef 22 W-§-o] Kotk o
ZlgEofof 3k 1 0 2w ch

& oA 7 (CT, NT)Oﬂ E}% *e%‘iiﬂl 7t
$A| Z27|19EAZE =T Al

2|31 2] Aol vlA= @ "~— *15‘:5 oA Hl -
BT} Al EZE 87 (HAE 3 % 474, 7:1/\}58 % 471)
£ 245l FAEHZ CT 270, NT 2702 A A& 513

o, Q7 A S 745 30 mm/hr 2 3 AIZE 54
Folodet. At 2] FH-E e} 3 7k e E )k

ARG} 27| FE AR CTETENT o 4] 247~261 %7}
Aeishis 3k 9 5 I R A3 %ol
CTHTENTOJA] 63.5 %7t A= A o= Yepyion, 7
A 890011 617 % A AR T 528 A8

Sk 3lsle=ity 2579 A5 3, 2015 © 65
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Table 6 Compared crop yields and benefit with respect to tillage methods

Item CT NT
Barley Yield (kg/ha) 4,000 4,000
Benefit of Barley(Yield*Price) 3,076,000 3,076,000
o011 Green perilla Yield (kg/ha) 570 807
Benefit of Green perilla (Yield * Price) 3,591,000 5,084,100
Total Benefit (Won/ha) (Barley+Green perilla) 6,667,000 8,160,100
Growth rate of NT compared to CT (%) 224
Wheat Yield (kg/ha) 1,900 1,900
Benefit of Wheat (Yield*Price) 1,710,000 1,710,000
2012 Green perilla Yield (kg/ha) 560 787
Benefit of Green perilla (Yield * Price) 3,528,000 4,958,100
Total Benefit (Won/ha) (Wheat+Green perilla) 5,238,000 6,668,100
Growth rate of NT compared to CT (%) 213
Barley Yield (kg/ha) 2,500 2,500
Benefit of Barley (Yield*Price) 1,922,500 1,922,500
2013 Radish Yield (kg/ha) 34,618 32,868
Benefit of Radish (Yield * Price) 15,099,217 14,326,330
Total Benefit (Won/ha) (Barley+Radish) 17,021,717 16,248,830
Growth rate of NT compared to CT (%) -0.5
Total Total Benefit (Won/ha) (During 3 years) 28,926,717 31,077,030
Growth rate of NT compared to CT (%) 7.4

Aol nlulgt 210 & RAEIYITE. T4 (NT) 4 o]
A A 2 o gistapol A FCT)

4] 60 % oA} Ai7Fo] 7H A0 AR gl om, ok
S OF50-85 % 71X A EI 210 2 Lhekideh, EEINT
o183 A ALY SWolE FHA HIE A 5
91k OJAFe] GHTLATINT L= 9.4 W] & 5 alet 22
77 2] Eajoh HH1o) SolEueR HAA SHeIAE
Mol 7R HATEPH SR ARE, FF B4
%, 4, 28] ihE R} ot 918 A5 ol TS| &
I8 Tk AR 9, A AR ige] 15T Ao E
AerET E @A 27 Fol Gl A AFFAL 57
A) 0] Bl A ARgRES PSR olgo] b5
Ao Az grk

4 oo

il

o o

AL AL

B AT B R RAPALY (A 5EH o
9 AT} AeEsh o) A7l A2 wok Saw gl
o] ZhARgHI .
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