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Effects of Surface Cover and Soil Amendments on the NPS load Reduction from Alpine Fields
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ABSTRACT

We investigated the effect of straw mat cover and soil amendments on the reduction of runoff, non-point source pollution load
and yield of a Chinese cabbage from alpine fields. Two plots on sandy loam soil were prepared. Experimental treatments were control
and rice straw mat cover (3,300 kg/ha)+ Polyacrylamide (PAM) (5 kg/ha)+ Gypsum (1 ton/ha) (SPG). A variety of Chinese cabbage
was cultivated and runoff was monitored during a growing season in 2012. Monitoring was conducted to seven times. Runoff rate
of SPG plot was lower than those of control plot. The reduction rate of runoff from SPG plot was 29.4 % compared to control plot.
The reduction rate of suspended solids (SS), total nitrogen (TN) and total phosphorus (TP) load of SPG plot was 86.5 %, 34.7 % and
39.1 %, respectively. Yield of a Chinese cabbage from SPG plot (39,646 kg/ha) was greater than that of control plots (28,482 kg/ha). It
was concluded that the use of SPG on soil surface could not only reduce the NPS pollution loads in receiving waters but also help

increase the crop yield.
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42077, 574 128°40'15")0l $IAJskaL ¢lom, izt (Control)
Azt HAAXT EP A A2t AFE (Straw mat
cover + PAM+ Gypsum, SPGYE 24zt 1774 248319t (Fig. 1).
SAANE 7IEWS o SPG AIFETF AR $JRIskH, 1 sl
iz ARFEES Atz 1,971 m” (49.3 m<40 m)
o WAL 9.0 %9 AAR At on, SPG AlFES] WA}
AAEL ZF2F 1584 m® (49.5 mx32 m)} 10.8 %= 245}
Aot AEA Y] Gk WA FAREE FUS 2T A
Eoj|A dojzl AFfel vud o Hr} Y] SHE 4= Uk
T & oA AAbes ti2T AlFZOA 1.7 %7t 3A
ettt ol A AFAE tideR Hesiel 22 Q1A
ol AAS AAfeiA] kil ke Lol AIHES 245
7] WAYSH 2ot dfueb FUSt AR M E HAtEE F-
7} ThEaL ARRel aREL thEr] wiRolot, HAe] A9 7t
QA & SEY Au] A2 aEste] FTEE U
HY tgj247t thh 3A] 2AEIh AR 24" AA
EAL AEFE (Sandy loam)©]Tt.

lo L

2. dEXE

Control AlAEE & £, & W] golsH Hl=o]

Zlo] wWigko g ofgf W =E8 A5G SPG AlEEE control
Ao} FUst o R HAE 2AJS &, HAAYT} B9
NFAIE olgst] AAAE oloich. HAAHY ARgFS
Won et al. (2011)¥} AR &F (3.3 ton/ha)& AFESIOH, E
oAl PAM (polyacrylamide)®} Gypsum< Won et al.
(2013)9] &+t sUs AFoR YT S ARSI
PAM (Soilfix G1, Ciba Chemical Co., Germany)@} Gypsum
(NAMHAE Chemical, Korea)= Z}Z 5 kg/ha?t 1 ton/has
ARESRITE HAAZ T PAM 181 GypsumE A &, 24
Ao ALl =t, PAMY} Gypsums ARESH Sof BZAA
A& ANFxo| E=xsIgTt

H|&= 172R] vlis0] AH|7E (National Academy of Agricultural
Science, 2010)¢1 24 8.3 kg/10a, ¢IAF 3.0 kg/10a, ZH] 3.9
kg/10a0l sto] 7H[stglon|, Eeke] AMstE WA[slr] ffet
o] 43] 200 kg/haE F7H & AM|sIYlt). ESE 2AFORE
A2 18 %) 3 NK (NAMHAE Chemical, Korea)S 8%
Zof FH[sl9it}. viF= HEAAXNY BENAE AW A
Sk 69 200 Gt 89 27 &S BTt HiFe] &

W' 50cm

/‘;K Drainage

-Flume
-S ent trap
-Water gauge

-Sediment trap
-Water gauge

Longitude/latitude
Control plot N 37°42'07"/
SPG plot E 128°40'15"

Slope = 10.8%

p—
S
N

Slope of SPG plot

Slope = 9.0%
\

Slope of control plot

Area Slope Soil texture
1,971 9.0%
) Sandy loam
1,584 m 10.8 %

Fig. 1 Schematic diagram of experimental plots
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A fEEE S0P ffslo] Al 95 Fio & 50 em
o] & Hj=RE Fol ARt A0 R Ho|wE gt
Control AJHEZS] {7 Hi&E dlHo Fllolet 914

o 47}
(Thalimedes, Germany)E °|-83to] SA4H o TS
ol-g3te] APskYITE. SPG AlE 2= 90 cmx30 cmX25 cm
(LXBxH) Z271¢] S84 A= “i]a‘ﬁﬂﬂﬂ nj2] Az =
olA & 9-77F TAS o]8slo] 'ﬁ- F2 AHJseitt Control
I} SPG AlgE BE 9= 5 B 7HEo g A8

H|H @ g ¥st 4o Hast 30”"”4 FTEE FAs] ¢
st AlE= AEA47] (ISCO 3700 automatic water sampler,
USA)E olgste] A7 M08 A4=si3oH, 187 59
A Hola] dAgRFo] We SS TN 18|al TPE 333 A Y
(Ministry of Environment, 20010l w2t E4314ict. vIH Y
Hale A EHEE (event mean concentratlons)ﬂ
T olgsto] AMgstslen, control AIHE tH] SPG ARl
9] HiF e FAA RIS H7lstt.

AR vjFo] HakEs ARSI BIAAXT Bl
Ao anE AR FASIH Wi Yl 2
siglom, AR FAE S74810] control AIFE tH] SPG
A0 FARFS ALY

. Zap 3 &

1. 782

ey

HUERS F 78S AAen ey 20129 89 12¢
of HAYTE ZFLAMES SPG A HURAR ¢lste] 9]
7F ZAEA 7] wiZoll FEY HlaLl- AL F 6319 A
S= )loz ’}g‘/\]é}ﬁ‘?} Table 19%= control A&} SPG A
Fzo] Ao & 558 J2|2 control AlEE O
H] SPG Al¥29] & A& 4Pgsto] AAlskgiet. A7)
5ot 7395k 18.0~99.5 mme] MR ZAEOH, Hat
1.7~6.1 mm/hr 183 o AT 6.5~
22.5 mm/hr2 FAESIc A HA A (79 15699 4
& AgAE 7 5E8S AHEY control AlFEo|A =
40.3 %= ZAFE oM, HAAXNS 1&EE SPG AIFES] f=
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8 %2A control AFE Ty 18.6 %7} AXE T},
o] QAP AE SPG AIBEY] §280] control AlE
aEuoh VA Yepgtow, Aol ek 11.8~71.5 %9 &
ol AdE Aow ety Ty ZeArdE e 2
7o wel fLREA= §EF AT 542 Hes|
UEREA] gFolet, whaba] a7l w548 A8kl
e 7“’*]"**01 opd FAZAMSl 7123E W, control
AFEO 4k 9282 717F 281.6 m'T 38.3 %= LR
om SPG ALY Zamr 282 717 1630 m'T} 27.0 %
2A] control AIFE H] 582 294 %7t AfE Ao=
ZAME ) o= ARuEAet ENEAIY Bkl autE
-’Jr"*ﬂﬂjl (Won et al., 2013), A3 ¥& E= 229 &
o8k e %‘ﬂ«] 35, TEOR Qo] BlES ofFo]
‘*qu] AE5o] S7Fet yepd Axt2 AlmEt (Locke,
2008). E3F 2 Ao} FARRE HARE 9 %] AIFEoA AE
o] ZHEo] HEH £AHL- FHe a¥E H353 Tiscareno-
Lopez et al. (2004)2] IHoA% 4= control A|FE tiH]
46~177 D7t Hadhe Ao Uy
w2 Ao Us A AnujEAet EPNFAE o]-&5t
o] OLI 738 A3 (BARE 10 %, 73974 30 mmv/hr)S $F Won
et al. (2012)9] F&& (¢F 20 P)ET} thd A Yepgon,
FE AEL 70~80 %=A B et 2 XPOIE By} =3t
A A AZAE ®OJEE Won et al. (2013)9] Sl SPG
9] §&8& 1.6~1.8 %=A control A|HE TH| §& AL
70 90 %EA AolA 3% Won et al. (2012)9] A2}
= At SHoA AR 218 Heou & Aol B
2 X}OIS Btk o= A A ARAE mosr] ffsto],
BEORIR} i AJFES 2ASH] Zaet ool ARl 1A
FAAE toRE g Ao Ao W HIEE ZloR wgE,
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Table 1 Runoff rate and reduction rate with respect to experimental treatment

. Rainfall intensity/Maximum Experimental 3 Reduction rate compared to
Date Rainfall (mm) rainfall intensity (mm/hr) treatment Runoff (nr) Runoff rate (%) control plot (%)
Control 63.8 40.3 -
2012.07.15 82.0 1.9/16.5
SPG 42.6 32.8 18.6
Control 33.2 458 -
2012.07.18~19 37.5 3.6/11.5
SPG 12.4 20.9 54.5
Control 25.0 21.6 -
2012.08.12 60.0 6.1/22.5
SPG - - -
Control 154 44.3 -
2012.08.15 18.0 3.3/6.5
SPG 3.6 12.6 71.5
Control 29.7 25.2 -
2012.08.22~23 61.0 1.7/12.0
SPG 14.0 14.5 42.5
Control 62.5 39.0 -
2012.08.30 83.0 4.9/18.0 -
SPG 34.7 26.4 32.3
Control 71.0 40.1 -
2012.09.16~17 99.5 3.1/8.5 —
SPG 55.7 35.3 11.8
Control 281.6 38.3 -
Total 441.0 2.9/22.5
SPG 163.0 27.0 29.4
100 100
1 N ® This study “ ® This study
1 R Polynagrfial Linear ~~ O Shin et al (2011)
L 80 ] e - ——— 95%Confidence Band £ 801 \\ Polynomial Linear
1 1 S ® // by ——— 95% Confidence Band
-— ~ -~ -—
5 60 o 5 607 ~ y = -0.7076x + 83.48
S ] S é,/f* R2 = 0.9531
8 40] g B 40 o~
5 ] ) = |
c ]
2 20 ® S 20
] P y = 3.016x + 20.25 o ;
1 o T~ R?=00253
0 - - - - — : 0 . . . . .
0 1 2 3 4 5 6 0 20 40 60 80 100 120
Average rainfall intensity (mm/hr) Rainfall (mm)
100 Fig. 3 Correlations of rainfall and runoff reduction rate
® This study
\\ Polynomia} Linear
80 1 \\ ——— 95% Confidence Band’ 2 H|7§.'3% ‘l?‘sl'%t
® ™ -

40

Runoff reduction rate (%)

y = -2.2541x +65.97

20 1 R2=0.2003 ®
T T T
/// \\
0 T T }
0 5 10 15 20

Fig.
rate

50

Maximum rainfall intensity (mm/hr)

2 Correlations of rainfall intensity and runoff reduction

Table 2001 7% Al Ao Weh= 2 ede49
Fof| 7|Zxsto] APgE Al © JHSIE control AIEE
ojH] ATEES YERYQItE BE ZFAMYOlA control A8
20| HIHQARS} A e 20129 7€ 1599] - Al
control AlFES] HFHLYPHSIS AHEH, SSe= 355.1 kg/ha,
TNE 9.59 kg/ha, TP= 1.59 kg/ha? ZAFEIch 18y 8
A 953 SPG Al 2ol gH8lES SS7F 57.2 kg/ha,
TNoJ 5.90 kg/ha 12]al TP+= 1.37 kg/ha®A] control A[HE

o] v et} vl Al 212t 83.9 %, 38.5 %, 13.8 %7} A
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=G}, 1eu o]0 LAYl M FARRE 7ok Hal
U, FEERE g ZJolE Bk weba A7)t 52t
2 Q fHsto]| 7|x3te] AEAE HATh FH AR 7]
S o, control AJPES SS Hl= 1,084 kg/ha, S
ol TNZ} TP ZH2F 22.3 kg/hat 5.5 kg/ha® RAFE Q)
ey A EuEAet ENRAIR A g SPG Aldze
H M QAHSH= SS7}F 145.9 kg/ha, TNO] 14.6 kg/ha, 12|31
TP7} 3.3 kg/haZA] control AJ&E o] ZF+ 86.5 %, 34.7
%, 39.1 %7} A= o] HAAA 9 EFA7L vHgR
oke] At JapAQl ZAo® FARE QI ey FARE oF 3
BN AR 9F (3.1 ton/ha)2] WAAZAS w]Eatal 434
Shin et al. (2012)2] -tollA Bojrl #7k& (TN 68.3 %, TP
53.3 %)t vl of, 2 AollA= EYNEAl (PAM, Gypsum)
£ A7keIsielle Etskal Aol A o2 WA Ukt
o= ZAES] ztolof] 1 Hjle] Sl= AoR Bt} it
HooEnh AAErE oF 3o 2 AARE 28 %ol e
Won et al (2013)9] &} vl A, S¥ETF A& (TN ¢F 95 %,
TP 2F 97 %)o] 2 vff ol W2 A o& yepgrt ofdst Axta
A ) ojla] WAYsl=E HH L ERElE A, G
T3 3z wt th2m (Choi, 1997; Choi et al., 2000),
YT AAEY EAJOA] eiE]ofw A 9HQ] Ajo] E= AIY
9] qimo] wetAe F Zjo|7h Y= AoR kT whebA

o 3
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o &

Table 2 NPS pollution loads and reduction rate of applied
experimental treatment plots

Reduction rate

NPS pollution load
compared to

Rainfall |Experimental

Date (mm) | treatment (kg/ha) control plot (%)
SS TN | TP | SS | TN | TP
Control  {355.1| 959 | 159 | - | - | -
2012.07.15 82.0

SPG 57.21 590 | 1.37 |83.9|38.5(13.8
Control [ 253.6| 196 | 058 | - | - | -
SPG 2541 098 | 0.21 190.0{49.9/63.8
Control [ 102.7] 175|044 | - | - | -

2012.07.18~19| 375

2012.08.12 60.0
SPG - - - - - |-
Control |191.7| 1.03 036 | - | - | -
2012.08.15 18.0
SPG 371 030 005 |98.1|71.4|87.1

Control 550 086|023 | - | - | -
SPG 1141 0.54 | 0.08 {79.2]36.7(63.1
Control 971 402|118 | - | - | -
SPG 274 2.67 | 0.62 |71.8|33.647.0
Control | 131.1] 486 | 154 | - | - | -
SPG 20.7| 4.20 | 1.00 |84.2|/13.5(35.1
Control 1,084 | 223 | 5.5 - - | -
SPG 14591 146 | 3.3 |86.5/34.7(39.1

2012.08.22~23| 61.0

2012.08.30 83.0

2012.09.16~17| 99.5

Total 441
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o} ESH BEYNEAIRl PAMY} Gypsum®] &
stA & a3t BetoR dieE o] yeRd
o] HAsl= A7)0l 2 WS A8 A
HoA=AL Aolo] & 8IE HY Ao ArhHc

3

Fexdoln 83t wie] FAE Yot control AIFE tiH
SPG Al JAAE B7F8I3Itt (Table 3). viS=<] =gl
UM AP w2 ASAFHE A5 2ARSIIC w2 A
Ao w2 RWSARS Fig. 40 YeERQITE A4] 27 w)
FE= A== AT §lo] Adstdlod, 71 HAE
TG Uehd7] A&t (Fig. 4 (b). $71oll= control A]
SPG A3 35| ZA| 7HAI=S] oF 30 %7t AdeHA] St
o Aoz ZARERICH (Fig. 4 (o). o= i Aol Eolgt &
Jo] ofal Ged® 714 Wl Pee] gkos woEc
2ha] Aol w2 o] WY AJARRS Hla F7eRoic
SPG A|§322] AARES 39,646 kg/ha=Al, control AlEES] AY
Al tju] OF 40 %7t SHE AR ARG S SPG AlE
20 g AAREL: 2012 % e 1EgA] HAR| ] Ay
AFF 3655 kg/10a (36,550 kg/ha)(Http:// www.kostat.go.kr)
o Bl Al °F 85 7} FE AoR ARSI ey
control AJFEZe] Arlre- VA UeRit} o= add (AH|R
7, AAke, WEES 5] Aol 2= Ajo|2 wEch

w3 sruf7keh ZAE] (HAAA, PAM, Gypsum)$t 2|31
5 A 208 QHIE 7RIsl] ZHAS H7Kt Ax), BEAA}
EWNFAE A3 SPG AlFE A oF 250 THd/hal] F7F

N

%
o

> oot e
A
£k

o

Table 3 Comparison of Chinese cabbage yield at harvest

Experimental treatment Control plot SPG plot
Product quantity (kg/ha) 28,482 39,646
Yield index 100 139.2
Benefit of product ! §
(product650 wonrkg) 18,500,000 won/ha 25,800,000 won/ha
Materials - 3,820,000 won/ha
Expense | (Rice straw mat)
Labor costs - 1,000,000 won/ha
Economical benefit 18,500,000 won/ha 20,980,000 won/ha
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(a) Beginning stage

(c) Last stage
Fig. 4 Cultivation photos with respect to experimental treatment (left : control plot, right : SPG plot)

oojo] HHAIBIGITE. o]= SPG Al 2ol Tl&E3t HAAZof FH]
H HlE7F A fAER o R Qlste] 2HEo] o838k 4= 9l
= QU 59| HAvt S5 ZHEY] (Shin et al, 2012) Hi5
9] fglgFo] F7FslGl7| wiel o]¢jo] F7ket AR wetHTh

ShH AG7H] E oy $5- (Shin et al., 2012; Won et
al., 2013)°A A|#E wE3Fo 2N dojd 5 Q= WA &
Hol Siarn (= SH)et shdeERd SH (e dEd
o] Y AzhellM HAAHRES 0|85t AR &I} BTN
o] A= Aaido] ol HH G oRE FriEnh 1y
U dA7F @717k ARk 71 9 s oA R gl

52

Aol Bad R

2=

whee] Zug Aslsl] Sl el
o pEr,

= A A AHZR| oA HAs= v L AR SE
sl efeh Hioko s HigAM BEYNEAl (PAM, Gypsum)®]
2 AgAE= g2+ (Control) AlEES; ¥
AAA T ENEAIE Adt AIFEE (Straw mat cover+
Polyacrylamide + Gypsum, SPG)8] T 7HX2 =3J5}3c}. B
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AAHT} EPNgAS] Gaks BH7telr] st faawt
Ao gHs, ujgater 1ejal FAN 52 B8kt 4
I} FAA HAAHI EPNFAE AT A AEr
gk v @ ARste] Aol ARt Yl ACE ARSI &
E89 7%, SPG AIFEY] +3 {282 27.0 %=A] control
AIFEZL] 2528 (38.3 %)} v A 29.4 %7} A=A
o} E3k SPG AlEES] TNt TPO] @&¥al= 7kt 14.3 kg/ha
9} 3.3 kg/haRA] control A|ZEe] QB3 thy] 242k 34.7 %
9} 39.1 %7k A=, SS9 Bl L PRGEk= control AlE2E
v 86.5 %2 ¥ APANE B

$HH SPG Ald29] T9HAY AARES control AlHE9)
AAEE ] oF 40 %7t SUE AoRE RAREG O, 117
YA G| ikt vl Alofle ¢F 8.5 %7t F7KE AoR
ZAFEIQIT). wheka] FAle] RS gEsL EYPHRAIE A
7Fohe WS 7h- Al HAIShs HH e dRsl AT ofy
gt 22 AT SUAIL = Qe EHAQ XA
o] stz wehe), I B A Aljte A 24 (A
o, BA, FAHDoIA 97 wiie] BAART EYN
FAIS] aE Hrlshedl AP AV EAsic) wheba
AARAE dieR g 2449 BUHY 2 BAS F5td
g AAsIeh= o] o Fog Aot

|
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H 3= Eco-star (FAME [-7-6) ZAIF 34712
AR (A =AY v e dd Ataa) gRsh e
] A GE wop E| G UTE oo ZAL=HUY T
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