Journal of the Korean Society of Agricultural Engineers
DOI : http://dx.doi.org/10.5389/KSAE.2015.57.4.051

THL WA HIFR

Vol. 57, No. 4, pp. 51~59, July 2015
ISSN 1738-3692 | elSSN 2093-7709

P=E MUz 24

Analysis of NPS Pollution reduction from No-till Field
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Abstract

Various Best Management Practices (BMPs) have been suggested to reduce soil erosion and non point source (NPS) pollutant loads from agricultural
fields. However, very little research regarding water quality improvement with No-till (NT) has been performed in Korea. Thus, effects of NT were
investigated in this study. The objective of the study was to investigate the effect of NT on the surface runoff and sediment discharge in a field. Eight
experimental plots of 5x30 m in size and 3 % or 8 % in slope prepared on gravelly sandy loam soil were treated with Conventional-till (CT) and NT.
Runoff and NPS pollution discharge were monitored and compared the treatments. The amounts of rainfall from 13 monitored events ranged from 28.7
mm to 503.5 mm. The runoff amount was reduced by 17.6~59.2 % in 3 % NT and 29.6~53.2 % in 8 % NT. The average NPS pollution loads of the 3 %
NT plots and 8 % NT plot were reduced about 45.1~89.2 % and 47.7~98.0 % compared to those of the CT plots, respectively. This research revealed that
NT can reduce the NPS pollution loads substantially as well as increase the crop yield. Runoff and NPS pollution loads reduction by NT method could

be contribute to improve the water quality of streams in agricultural regions.
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22 AGAIAA AFel SASS AYAL Qlek (Choi et al,
2010). ofe]] Z|Folli= A| 3w} &, -7
F7-8) W7, Al gk 22 vl 4] i o] tigh
A7t 2138 Fofl ek

O] F 778 (No-till, NT)2 7 2HA] o] EFE whA7]A]
oL A= Alishs o8, B A et 5=
& 3715 S0l /WA E AL g o) A Fx1a 24
7h Y oA Z1E| A BoF A o it A7 AR E =
Aeth A 7]e R 91wkt QItk(Yang et al., 2011, 2012).
EIINT = B W 7|e4a2] S o ko] oHgeks =i
slsb7] wizoll HI&R E9Fo] Bt Ees £kl Haly
a1 QJch (Tivet et al., 2013).

THH 152200913 702 A BAHA ] 0F35.5
%0ll4] of g 7]0] =2 A= 0] NT= Al =4z ¢l om (Horowitz
etal.,, 2010), S Uep=20114 “S=-5774 -5 A A-+3]" 7t
Ao NTO] gtff S Alkskal Qlth (Yang et al,
2012). 1L} 9SOl A= NT WEAHZ 0] -0 AbAPY 1l ok
A NS SIRE A7 o] H3E o] w1l w2 Sl A&
shetA o QIAEE W NTO| 3t A= 2 = 42
T pofEo] gLom gaE IR B2 HIH 2 Y=ol HY
S 5= o] 9 A= oFF] 27 A of| MEIL Qlrt (Rural
Development Administration, 2013). Won et al (2013b)]| w}
EUNTE 283 woj A WA= vl @ dE4-2 A4
vl (conventional tillage, CT)o]| B3} 57 ~ 75 %7} A7+
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Longitude/latitude Area
3,142 m’?

N 37°53'17"/E 127°40'25"

Soil texture
Sandy loam

Slope
3% and 8%

Fig. 1 Descriptions of monitoring site in Chuncheon (Won et al,, 2013)
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Fig. 2 Sketch of the runoff plot
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& ulmahole. AREE 204 A (5913755317574
127°40°25")of| 9)2)3}aL QLo (Fig. 1), &5 m, ZAAFE30 m
2 WAL o 150 mii £A510] AA| A0 §ES 1)
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O X
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SFCT O] $1X) 2912 Wi O, ZAHE3 %948 %)

ARHE W o e AP 283kt (Fig. 2).
A= 201 1ol 24kl a], 2012 0] = Zakoy] 1)

11201333} 2014 d0fl= ﬂﬁ_, H| 25 AHgg o, Ay

CTINT A 2] Alﬂl
BHAE £33 AR E

= (E, S A 0}

251 Helaheint CTE 1
a} ol RES 2AJEt T 2}
O] NTE A7) 92 58 43l
3 257e17] Atolo] 8 s B7AE st o
#2]2) 32011972012 o= S/ R 2154901, 2013
Wk 20140l 52 shstel Aol e 7072l
HAJte] 109 20] 43+ Shglon, S 72 9 g
A Ao NT | Sk Aeatop] 9 Hfﬂ By Ye g
0] Au7|7091 7 Lol 92 Aol 2] 17 9-A] ALAIBHAT.

A 2R 3414 A5 4517 (OTT Thalimedes,
Germany) = 2743 918 v]e) V9 E5e) 29109

Aol tidsto] AFEstl o, Alme BANA AF =
o] WHAYSE A RE 1 AIZE 744 O &2 ATk gt A=
= ZA AYA R 0]45te] BOD, COD¢, SS, TN, TP 59 5
7N FEL A HFAAIEY (Ministry of Environment,

2007)0] &5}0] Bt

3. HIELE=E

NT FHO HH e H=d A7 adtE &
Al §=F715:3H 5= (Event mean concentration, EMC)&
o]-g-ste] v w3} TE EMCE 79 f-&<0t 34 &5
L AEHE Frlsl=t 7P AAS QIR= A d e o] 8L

Qith(U. S. EPA, 1983; Novotny and Olem, 1993). EMC+=
2] (1)l wfeh A 2 AR T2 ek olo] el 4
A ARE o $T AL T2l §EEY 29
AVEo] 7L AR ] B AR Ee] BRI o
Sfe] AZFRTE B} oATh SRR 4] (2)2) 2ol Ay
ahaick

B3] S1o) 745

€an C

n

/ Qi) x C(i)di

0

EMC(mg/L) = - A1)
/ QGi)di
0
o174 Q)= A} P8 fr () 0] 3L, (i) i A 241
H SRS FE(mg/L), n 7k FSAMuich BAE AR
o] 7j4=o]ct.

Pollutant load (kg/ha)
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o
CTeENT AIE ‘*94 7 7SV fEES RARE CT
HEINT 2] - W= A5 (Table 1). HUE
Y2 2Eo A X“‘ SR AAEE], fEo] WAYHA] o
At 71 ol A& 7olli= BAlollA] Al Qlstetk & 4A%t
o] A7|7HERt 133] 9] 7 eAbS HUE S 133]
O] ZFQAMAIA] 7F98F2 28.7 mm ~ 503.5 mme] HE| 2 1k
Aot A2 ol th2 fEE v A0 CTo f&552
ZAAFE 3 %2] AJE IO A 21.7 % ~ 93.2 %, HAFE 8 %2] A]
S LA 14.9 % ~ 77 % HY R VERFO W, NT2| & 52
ZHAAVE 3 % A EN A 9.8 % ~ 76.8 %, AAE 8 % A|FE
o4 9.0 % ~ 54.2 %] M Q|2 4| CT tju]| NT A|F L] 9=
BL AAE 3 % A ZNA=17.6 % ~ 59.2 %, AAHE8 %
A B ZAA=29.6 % ~ 53.2 %7t A== Ao R Ay
ek

Fig. 30lli= A A2l 79-gfoll w2 §-58S Hehldl
ok AAEE3 %918 %0 §-EE-S | o HAE 8 %2 F
50| 22 2 0 2 Uehid], 0123 % AP ERTH8 % A
0] 79 uljrt ArE|o] 749 A EoFe helero] Wil

i

AT 582 oA ARFEST}3 % A PR 2A et
710 2 ehE ok DeLaune and Sij (2012)%= Witof| 4 CT
ENT O F-EE5/dof thsto] A7-3t A NTE 2-8=1 o

A -F-E550] 38 % A= ATiar B 1181% o, Tebrugge and
During (1999)0]] w2 NT= CTof H]3) 9Jeke] 22 oF
Q0% GAstol A A S THteA ko
U:L Eo]: A H E‘%‘"‘i L;oq E/\]_o Al 1l 7]—5%%2/\ = 7L/\
/\] 7)1t & ek Shrhal HArskQith @] w2 ARk

S CTE}INTE H sk 15 B3 $&52 Ao &
.L]'7]' ZASF B3 O (Sturgul et al., 1990; Dabney et
al., 2000; Matisoff et al., 2002), & AL A & 3 %2] A Z
9}8 % Al 2o A B fEE0] AdE e st dvE ¢

&% 919Irk mhebA] AR ke W atoh el AAHE}
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Table 1 Runoff Comparison of runoff characteristics between CT and NT

No. Date Rainfall Rainfall intensity Slope 3% 8%
(mm/event) (mm/hr) Item CT NT CT NT
Runoff (m°) 70.4 58.0 58.2 352
1 2011,07.26—-29 503.5 219 Runoff rate (%) 93.2 76.8 77.0 46.6
Reduction rate (%) 17.6 39.5
Runoff (m°) 3.9 25 2.9 16
2 2011.08.01-03 48.2 2 Runoff rate (%) 54.1 347 39.4 217
Reduction rate (%) 36.0 449
Runoff (m°) 1.0 0.4 0.6 0.4
3 2011,08.06 28,7 25 Runoff rate (%) 225 9.8 14.9 9.0
Reduction rate (%) 56.7 39.9
Runoff (m°) 33 22 4.0 2.4
4 2012.07.05-06 56.5 57 Runoff rate (%) 38.9 254 469 28.3
Reduction rate (%) 34.8 39.6
Runoff (m°) 1.4 0.7 15 0.8
5 2012,07.15 435 29 Runoff rate (%) 217 10.4 225 1.6
Reduction rate (%) 51.9 485
Runoff (m?) 3.2 1.8 3.2 1.8
6 2012,07,18—19 49 41 Runoff rate (%) 431 242 433 27.9
Reduction rate (%) 438 35.6
Runoff (m?) 9.6 5.4 9.1 43
7 2012,08.15 93 58 Runoft rate (%) 68.5 38,7 65.4 30.6
Reduction rate (%) 435 53.2
Runoff (m°) 17.9 12.3 18.0 12.6
8 2012,08,20—21 1555 58 Runoft rate (%) 76.8 527 76.9 54,2
Reduction rate (%) 314 29.6
Runoff (m°) 35 1.4 39 23
9 2012.08.30 455 27 Runoff rate (%) 50.8 20.7 56.8 33.7
Reduction rate (%) 59.2 407
Runoff (m°) 5.0 32 5.7 27
10 2012.09.17 56 3.3 Runoff rate (%) 59.9 376 68.2 323
Reduction rate (%) 37.3 52.6
Runoff (m°) 8.9 6.8 6.9 4.0
1 2013.08.02 62 - Runoff rate (%) 62.9 481 48 4 281
Reduction rate (%) 235 42.0
Runoff (m°) 8.1 6.1 41 28
12 2013.09.13 545 - Runoff rate (%) 75.2 56.3 377 26.3
Reduction rate (%) 22.1 30.2
Runoff (m°) 4.0 26 46 3.1
13 2014.09.03 73.6 - Runoff rate (%) 36.2 23.6 4.2 28.1
Reduction rate (%) 35.0 31.9
Runoff (ma) 1401 103.3 122.5 74.0
Total 1,269.5 - Runoff rate (%) 73.6 54,2 64.3 38.8
Reduction rate (%) 26.3 39.6
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Fig. 3 Runoff rate Comparison of runoff characteristics between CT and NT
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CTOINT A Fof A WA 7-9-9- 841 2 e 9]
EMCE Fig. 40| H|ursto] AA5H3At Bt EMC A3 A}
AANE 3 % A3l 2] S CT2 BOD:=20.1 m/L, CODe-&-
25.2 mg/L, SS+ 429.6 mg/LZ ZAIEl oW, TN} TP=
747+ 15.1 mg/L, 4.0 mg/LZ UFERGTE NT A|&zo] 4o
BOD+= 12.0 m/L, COD¢225.1 mg/L, SS+=75.0 mg/LE
ZAFE|9) 01, TNZ TP= 712} 14.8 mg/L, 3.8 mg/L & e}
Gk AAE 8 % AJFES L CTS BOD:= 33.1 m/L,
COD¢& 26.4 mg/L, SS+= 1,570.9 mg/LZ2 RALE|Q1 0,
TN} TP+= 242 15.3 mg/L, 4.4 mg/L 2 YEFGTE HAE 8
%I NT o A]:=BOD+=12.6 m/L, COD¢2-23.9 mg/L, SS+=
333.8 mg/LE ZAME o™, TN TP+= 22 16.2 mg/L,
4.5 mg/L = YEPSTE 3 % AANE A[EES EMC H|ul A}
NTol| A CToj| A2t} BOD 40.7 %, CODe; 0.6 %, SS 82.6 %,
TN} TP O} 739~ 242 1.7 %, 5.6 %7 A Urebsich 1efut
AAE 8 %0) A= NT2] BOD, COD¢;, SS7} CT}Rt} z}zh
62.0 %, 9.6 %, 78.8 % A UERHA|TL o7l TN}
TP+= Fut EMC |1l 23} CTof|A| tha W2 EMCE X 9]

Experimental treatment

Fig. 4 EMC according to different tillage teatment

CF. Ade) Aot Apmofl W= NT 51 2)-8-A4] CTo Akt
TN} TPO] f-&4lo] vl A& Aog Higglont
(Garcia et al., 2007; Franklin et al., 2012), & 510 A= CT
SENTOJA 9] TN TP v &5 ert AR B3 HolA| &
3L, Fat EMC AP AT NT A B 2 gho] A= of A3y
AFETE T kS woirh ol MRAEel 0L o
Zzol ofsf 2po| 7 EAYg A o = ke Tk 1SS o A
© 01919l Eoko] mmeto] G=NT o] Eopo] x2S 7}
3tA]7|aL, EZF YO A= S ASA Aat
7} E=glo] Vet A © 2 #etEC (Kennedy and Schillinger,
2006, Park et al., 2014).
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42 PolMe| HIEREEE Mg &M

t @G5 (kg/ha) i} ofof] whE 72 () the] A]
e (%)= AAIBHATE A= 3 % CTO] 7% Bl 2|7
317} SS 77.0 kg/ha, BOD 3.9 kg/ha, CODc; 16.5 kg/ha, TN
5.2 kg/ha 18] 3L TP 1.4 kg/ha2 FAFE|Qlom, NTL] A<
CT th=] SS 89.2 %, BOD 54.8 %, CODc; 53.8 % TN 54.1 %
1] TP 45.1 %7} A7dE Ao 2 ZAFE T AAE 8 %
CT9] 7% SS 773.0 kg/ha, BOD 3.8 kg/ha, COD¢, 33.7
kg/ha, TN 2.4 kg/ha 12|31 TP 0.7 kg/haZ ZALE| Q1S
NT AJFEZE= CT AIF3E tfH] SS 98.0 %, BOD 48.5 %,
CODe: 81.2 %, TN 47.7 % ~12] 3L TP 48.8 %7} A1 7H8 Ao
2 ZAFE Q1) Shinetal. (2012)2 3 % A} ol A B2 7
M9 o] 43k 2| )% Q1S et 2T} SS 79.8, TN 68.3
%, TP 53.3 %2 A|7H&-2 Helrtal B gk v} glck. 2| &3t
271 5 oA o] we] 7 Ql A sEul 3} B WA NT
AL O] SS= A ) H T 32 A 7He-2 B Gl o), TN}
TP= dtiA o2 & A7ta2 Bl | 3u)52] 7 ¢ ¢l
v A= H] 59 ZHAA o] HAghkE: aeslele u,
NT 52 A4 &2 2|48} st v LG 76k5 A3t
o ole A7 Ao ' TeE:

QHH, & AF-ollA EMC= ZBAHE 8 % A7l 2204 TN}

Table 2 NPS pollution loads (kg/ha) and reduction rate (%) of the

NT

Classification SS BOD | CODc: | TN TP

CT 77.0 39 | 165 52 1.4

3% NT 8.3 1.7 7.6 24 0.7
Reduction rate (%)| 89.2 | 54.8 | 53.8 | 541 | 451

CT 7730 | 38 | 337 46 14

8 % NT 15.4 2.0 6.3 2.4 0.7
Reduction rate (%)| 98.0 | 485 | 812 | 477 | 488

TPO] 3= AQAI} L) 229k}, 53 7hawo] o}
o} oirel AER et Ao Bk T2 &
F A0 H719} 7|9, A0 T 5ol whet kel ot
2 7] w2 (Armand et al., 2009) ThoFst 24 (FAE, EA
5)o14 47142 @78 ol vlh e ARsE HYetsin
RS AViof B Ao Ttk

4. QM
AT 2 AP H B9 ET0k T £
Eopo] o2 nlmste] EOFRA AEIE EA skt
]

= Ags] APgshe shgloLt, CTo| ¢ AldE Abd e

= —
5 gl HER thko] fALEAISte] B2kt HAjo] o]
ATk, YL NT AIEES] 39 fAfapo] Ak ubalet 212 2

on, 1
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s
QI3 4= AT HARE 3 %2} 8 % Al K5 fFARRE
© 2 YepsTh CTHH NT Y] fAF A S <5
S UAARNTE A GO0 A WO Ao BEFFAS R
Aoz Aofd 4= Q= G = Utk ol = EGEHY &
2] 2] /o] WalA| grot Eoke] f-Alo] -8 (W) Al
B ZA gt Ao 71Q1sk= Ao & It Puusinet
etal. (2005)2}Ulén et al. (2010)-> CT oijH] NT 2] -5-AF A7
a7 5= dAtste] Hargk vf 9lom, Won et al,
(2013)2 157 A2 &3l CTINTY] fAFES vl
gk A3t 55 %E AT 4= e Ao R RSt & A
of| A= 71 2po] 5 25| 2l & 4= AUTE NT 2] A-go] &
A A A B Aol = & QS A0 R 3

>
Al
o2l

o ¢

Fig. 5 Comparison CT and NT of sediment
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Table 3 Compared crop yields due to tillage methods

s | s | e | Emmea | Pt iy
CcT 450 kg/ha
2011 NT 128 kg/ha
Green Growth rate (%) -
perilla CT 637 kg/ha
2012 NT 753 kg/ha
39 Growth rate (%) 17.8%
cT 15,115 kg/ha
2013 NT 2,330 kg/ha
Growth rate (%) -
Radish CT 56,688 kg/ha
2014 NT 69,788 kg/ha
Growth rate (%) 231%
CT 570 kg/ha
2011 NT 807 kg/ha
Green Growth rate (%) 415
perilla cT 560 kg/ha
2012 NT 787 kg/ha
8% Growth rate (%) 40.4%
CT 34,619 kg/ha
2013 NT 32,869 kg/ha
Growth rate (%) -
Radish
cT 50,359 kg/ha
2014 NT 67,499 kg/ha
Growth rate (%) 34.0%
5. 4itd

Table 32 2011 3-7¥ 2014 @74 Auljahz2] g
ZARGE Aolt}. 201 1'd3} 2012 0ll= 715 AHHlistSA
™, 2013332014 0= 75 vhgstal F& ¥ (CT, NT)
off w2 it 2ARHITE S71E Auligt2011doll= 7
A3 %O A NT A2 E - CT A A S717} ol 5
S| QL O, AR 8 %O NT &) 22 CT Al 22| E74
At v 41.5 %7F SATE ATk T2 2012300 A
53 %98 % B NT AR 2ol A S719] =8to] gl
ZSAE 3 %] 78-F-NT A 220f| 4= CT Al X} S717F
17.7 % A= lom, FAME 8 %ol A= CT AIEE tiv]
40.4 %7} SA4E H Z 02 e =1 S/ A= 3 %
HEE 8 %ol Al Aitgol g o= ARSI 7= W
27401 AFste] 7ol Al Aol 2 AshE WAl o= A
T2 PRATETE A5 AUAA ST A pols =

S
=
oS

7F 4131 Fdo] "ojx|7] wjze] il F-971 Basirt
(RDA, 2015). HAFE 3 %] B]3to] AAFE 8 %ol A 7+ A]
= o] f&o] o] Fol A S/ A5o] B FA UEhd A
© = g,

5 ARk 20139 &f 7 ABARES AR 3 %, CT Al
320] L 2=3lako 15115 kg/ha O & ZAFE] QO 0, NT Al
o) B =31k 0 ) 330 kg/ha 2 A, NT A| & 32 0] A] =8lFo]
At 3 FAKE 8 %, CT AJHE] Ft 221582 34,619
kg/haZ ZARE|Qlom, NT AJ@Eo] I =81k 32,869
kg/ha= Al CT AJE 24| 5ol A Uehytonh, & &
O] & o7l et SHH HARE 3 %2} 8 %2] F- =25 1

2015). ZJAFE7} 3528 % AJF || A Fwikg] o] & o] o] A
Aol At 2o & Bl A 0 & T 20141 9] 759
ZAAFE 3 %9] CTLE NT A|H229] AAkE2 77t 56,688
kg/ha®} 69,788 kg/ha = A} NT A| & 3Zof| 4] €F23 % 9] ZALE
W7 YyeRt E3F AAE 8 %+ 22 50,359 kg/hagt
67,499 kg/ha 2 A NT A 3E0]|A] AYAlegFo] 2F34 % ZThH
Ao 2 ZAE @It Gomez-Paccard et al. (2015)+= & Al
AINT 2§ /o] CT X ok AYAlegFo] 3uf7g = A AP = 9
S HI18}9] 0m, 2 Ao A= NT o] 2HE2] Ak o]
7k Ao & Yelgth 2eju A2 20 S5
wheka] AJAHd o) Xfo| & B O H, 3 % AN TH=8 % A}
of| A NT e A] A4k g o] B FolA|= 2 &= UEb{th NT
FHOR G5 T A FAA A HiEE = R d=E
o] A3taat Qo= A o] T At 9l AR Ho
Zck ey 2HEe] mhe A 270] th27] mjEe] NTL]
U Sl Hg-2 floiAle thfRt 2 Sl tiet At
AR O E KeYE|ojof 3 A 07 AbmETh E3L NT 5
2 YT FAA A X &H o7 24 5~ 6ATE 35t
oF 71 35 ges] Yehd 4= 97 o]l Bk 7| Ael A

FehEAol Hadh Zlo R wrErt

i

B A 7423 (CT, NT)of| w2 553, v g
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