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Evaluations of NPS Reduction using the Rice Straw Mats and Soil Amendments from Steep Sloped Field
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ABSTRACT

The objective of the research was to describe the effect of straw mat cover and soil amendments on the reduction of runoff and
non-point source load from steep sloped highland agricultural fields. Four 5%30 m plots on sandy loam soil with 28 % slope were
prepared. Experimental treatments were bare (control), rice straw mat cover (3,000 kg/ha) (S), PAM (5 kg/ha)+ Gypsum (1 ton/ha)
(PG) and rice straw mat cover+PAM+ Gypsum (SPG). A variety of lettuce was cultivated and runoff was monitored during a
growing season in 2011. Natural monitoring was conducted to three times. Runoff rate of S, PG and SPG plots were significantly
lower than those of control plot. Especially, the runoff rate is zero in SPG plot at a first rainfall events. The reduction rate of
runoff from the S, PG and SPG plots was 30.8 %, 29.0 % and 81.8 % compared to control plots, respectively. The reduction rate
of NPS pollution load of S, PG and SPG was ranged of 50~90 %, 30~70 % and 90~100 %, respectively. Yield of lettuce from
S, PG and SPG plots was respectively 400 (567 kg/ha), 320 (453 kg/ha) and 760 (1,067 kg/ha) that of compared to control plots
greater than that from control plots (140 kg/ha). We speculated that the experimental treated plots could hold more nutrients and
moisture than the control and helped the crop grow healthier. When analyzing the above results, in terms of reduction of runoff and
NPS pollution load and crop yields, SPG experimental treatment had the best effect. It was concluded that the use of rice straw
mats cover and soil amendments 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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2 Feel U] Areje] gizt (C, contro)e}, HAAH
A3 (S, straw mat cover), EU7NFA (Polyacrylamide,
Gypsum) A& (PG, PAM+ Gypsum) 121 HAAZXT} &
FNFAE B 83 AlFE (SPG, Straw mat cover +
Polyacrylamide + Gypsum)® A @A 25 3}3c}. HAAZ A

Sm | Slope : 28%
C S PG SPG
30m
Crops : Crops : Crops : Crops :
Lettuce Lettuce Lettuce Lettuce
L =# a #z# |
C : Control
Flume S : Straw mat cover

PG : Polyacrylamide + Gypsum
SPG : Straw mat cover +Polyacrylamide + Gypsum

Fig. 1 Schematic diagram of experimental plots
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HA Rﬂ X}E_ (Awg)) Es} ZF 7y AR J;l:r,L
5 mm/hr, 7.0 mm/hr, 5.1 mm/hr2 ZAFESIch
A WA AR (69 23~279)2 82 AI7E Bk & 207.5
mme J%ﬂ A “o}%‘ﬂ APAEE - 5582 YAAE
7L 14 %2 ZAEGOH, EE AHAY i , PG, SPG2
S8 47 1.0 %, 0.9 %, 0.0 %EA % a'ok% iﬁ]iﬁ%
o, AlFEE §E82 AGe] A Uesit. OI% FIEE A
Ael 69 Feg A-Fato] v7F ALY YA §9b] el
(10 mm "]¥h HE AFxoA] EF] S5 ol Wol] o
Fog ekt ey HAAX} EPRAY] fEA
© BSE YAAIREY f2E din] ARAA S, PG,
SPG AIFELO] 4582 Z17F 250 %, 27.7 %, 100.0 %7+ A
7= AoZ A E5| HAAA T ENHAE Hr)st
SPG Ao = &0 BAsHA] ket HIE Azt 7|
At A WA ZFeolal Bt et 2.5 mm/hrEA] Wk
Aqk, ol AFuEAL}t ENRAY avtE fekE, o] &
RS 2 R1O] AMEOIA E fARE AXHE Bt ol Hrt
es] BASE| flsto] FAREl 71&ste] A8t Kok
ot (Fig. 2). ¥4 4=l 71 23 A, 27y FEREY
2 39 m*od zAlE|glon AlEA el S, PG, SPGE] +3
Szero 7b7F 270 m’, 2.77 m° 18 0.71 m’BA], &%
2 Control > PG> S> SPG 0.2 ¥yt 3t tjz1el

Table 2 Runoff rate and reduction rate with respect to experimental treatment

Date 2011.6.23~ 27 2011.6.29~ 30 2011.7.3~4
Rainfall (mm) 207.5 218.0 72.0
Rainfall duration (hr) 82 31 14
Rainfall intensity (mm/hr) 2.5 7.0 5.1
Treatments C S PG SPG C S PG SPG C S PG SPG
Runoff () 0.42 0.32 030 | 0.00 1.57 1.29 1.27 0.50 1.91 1.09 1.20 0.21
Runoff rate (%) 1.4 1.0 0.9 0.0 52 42 42 1.6 164 9.4 10.3 1.8
Reduction rate(%) - 25.0 277 100 - 176 19.4 68.3 - 42.3 37.2 88.8
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UAAEEZS 558 oy] AEAE §2& AES S HEA
2 AdEA= 30.8 %, PG (EYNEA) Al 2o A= 29.0 %
12|31 SPG (BAAZ + EYNEAD Al@Eo A= 81.8 BEA
HAAH T} EFNFAE 25 283 SPG AlFZAN f5&
ARaI} 7P A dERdTh Ju S ARES} PG AIYE
e fEF U URAIFE ] {552 Aol 27 ok
A0 AT,

ojAte] Aute} =730 500 mmE AEste] fE U
A (2 A2 oie] AdAe AFEY] & AHES T
APYsISItt (Fig. 2). AP At HdA RS A gt A
AN FETFe] ARFAIHF 30 =
+ Won et al. (2012b)°] HAAXE wEataL AAJSE Q1574
O AR (7$7= 30 mm/hr, 60 mm/hr, ZARE 10 %, 20 %)
9] & A& oF 25~100 %<} +AKE Aotk T3 PAM}
Gypsume 98 49 &% AT 4 ok 3 Lee
et al. (2010)9] AG<e FARE AR A, §2 AHES 20P
+5G>40P> 20P> 5G 402 B usldck 2 PAMZ} Gypsum
O] ool w2 Aol= o, UHFARl AREHS] (PAM 20~ 40
kg/ha, Gypsum 4~ 8 Mg/ha)o4 Gypsum X Th= PAMO| &
&% Aapt Fon, A& ko] PAMI} Gypsume E-83
4 AfaIL F7KEe 4 4 ok 23U PAME TS A
28 A9 dixat (WAe]) 2ot fEaEke] gtk Akt
(Bjorneberg et al., 2003; Flanagan et al., 2003), 325
o] 238 F7IRIte A7} (Lee et al, 2011) $loH, E3t
AL 371l wheh fEree] S7Fke A (Huang 1995
Fox et al., 1997; Fox and Bryan, 1999)9} ¥3}7] 9= ot
(Lal, 1976; Mah et al., 1992; Lee et al., 2011)7} the¥slA
Bt Q7] wjiEo] PAMS tHeo 2 ARNSH 7 Qo= 2]

2 543 B4 55 Aol AEstolof & eR wkdrt
g & Aol e SR ZYNEA (Gypsum, PAM)E

41 —+-Reduction rate 1 80

T 40

Total runoff (m?3)

| - L/
: | B |

C S PG SPG

Total runoff reduction rate (%)

Experimental treatments

Fig. 2 Runoff and Runoff reduction ratio with respect to
experimental treatment
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W Agste] Bkt YA () AIFE ojv] 5= A3
&2 ¢F 80 vEA 2% AEYE HEIAY 52 EPNE
AE A3t AP 2 v o) S718IGIT o= 1 AFHoR
HAAR o] B9 eFAURIE AA7]0L, 2 A ORE FAo
285 2ONEAl (PAM, Gypsum)2] &7} B3bzoz 11
o] Uept AR Fre-RaasF A3t &bt 9l= BMPs4
opoket WS 2 A 1 3t FHiES 9 ¢ stk
Won et al. (2012a)%] A+ (4= 30 mm/hr, BAKE 10 %,
20 D)ol oJshH 2 Aol FUTF SPG 2ZIA TR tjH]
8 AL o 70~80 %= HIsh v 9t} HIE et
oF AAMES] Apol= glont B Aol fARE AR A Ay|d
A e s @ JE8stE fF AdadE 34 W
FEA &S & 4 A%t IHY Won et al. (2012a)9] £
St SPG 270 F7H o Wrhes FUE A¢ 4= A
A= Agof wet 2olE Hols AR YETh wheba 7
A Sl BN AR 7 eREeE Ak S8l
e 2 Ao 3% SPG 7o) AAst Ao wetEh
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Table 30= 73-Al AlF oA WA= e 0d=d
o] F&of 7|zste] B4 Az vy drslEg) tix
(A AIEE ojn] vy eArsige] A7heS 2H2 YeRfS
o} 20119 69Y 23~2799] 7% 2
BaleRs AhgHd CODeS 1.27 kg/ha, TN 1.31 kg/ha,
TPE= 0.13 kg/haZ ZAFEQICE 28U HAS 0E35t S A9
oA L FHSIES CODe©| 0.67 kg/ha, TNo] 0.77 kg/ha
2|3 TPE= 0.08 kg/haZA URIAIFEL] @ FHs}e} v A],
22k 47,6 %, 41.1 %, 36.8 %7k ALEUET), o= B
o} Wo Ao A =3 Shin et al. (2012)9] A9} GARSH
7%k B9t} Shin et al. (20122 HAAZE &2 AL
TN TP= YA AT ojn] Zk2F 68.3 %2t 53.3 %7t A=
o, HZLS YEs19S A$ TN TP+ 242 28.5 %2} 35.2 %
7F Ak B3st uf Qo ey g2 A9 ARger (5
3,409 kg/ha, HAAZ 3,136 kg/ha)oll= 2 2o]7} giglont,
TNZ} TPO] A7+ HAAZ 5 4] 20~40 % H=7t #A
UeRsteh o= HaAHo] yyuct Eof & WalE o] EY
2] oS WSt BEY w9 wy A4S WAsl=d Bt
FIAHAE HolFs ARA, 2 ApoA] HAAX ] AL
(3,000 kg/ha)o] Shin et al. (2012)2] WA AR (3,409 kg/
ha) Ho} A3, AAEE o) Foe E-Fskal TN TP A
g0l w2 AL oo 7|Qlsk= ACR wThErt. EUNFA

2 AR 3 PG AlAEME FARE Fe HAew, S
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Table 3 NPS pollution loads and reduction rate of applied experimental treatment plots

NPS pollution load (kg/ha) Reduction rate (%)
Date Treatments
BOD SS CODcr TN TP BOD SS CODcr N TP
0.11 51.21 1.27 1.31 0.13 - - - - -
S 0.05 14.99 0.67 0.77 0.08 58.8 70.7 47.6 41.1 36.8
2011.6.23~27
PG 0.04 8.85 0.48 0.61 0.07 64.7 82.7 62.3 53.8 42.1
SPG 0.00 0.00 0.00 0.00 0.00 100 100 100 100 100
C 0.24 125.33 3.02 1.33 0.18 - - - - -
S 0.13 12.23 1.39 1.15 0.05 44.4 90.2 54.1 13.1 70.4
2011.6.29.~ 30
PG 0.21 38.90 1.33 0.98 0.09 11.1 69.0 56.1 26.1 48.1
SPG 0.04 0.65 0.34 0.25 0.01 83.3 99.5 88.7 80.9 92.6
C 0.21 112.19 2.49 2.72 0.16 - - - - -
901173, ~4 S 0.09 9.52 0.91 1.35 0.05 58.1 91.5 63.3 50.2 66.7
o PG 0.14 37.95 1.19 1.79 0.13 32.3 66.2 52.3 34.3 16.7
SPG 0.02 0.73 0.21 0.23 0.01 90.3 99.3 91.7 914 91.7
50 100 100 100
mmload i Load
s et -@-Reduction T -®-Reduction
E’MO 80 Ei 80 80
2 2
© g =c J g
230 » 60 ¢ 260 60 &
3 s .. ’ s 3 / . -
o 5 <© §
0 g v §
220 o 40 3 £ 40 a Y 40 E
2 e £ S B T hd g
= = L]
K o
g10 20 g 20 20
3 3
o o
0 —_— - - - 0 0 —_— | I _— 0
BOD SS CODCr T-N T-P BOD SS CODCr T-N T-P
Water quality parameter Water quality parameter
(a) S plot (b) PG plot
25— > 100
s « T O @ ®
&
E? 2 + 80
1 L oad _
il -@-Reduction B
215 - 60 2
T o
s 5
» =
2 L40 5
g
gos I - 20
3
o l
0 - — —_—t0
BOD SS CODCr T-N T-P

Water quality parameter

(c) SPG plot

Fig. 3 Cumulative NPS loads and reduction
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rate with respect to experimental treatments

dAolE SPG Al@ZfME o] WAsEI=E], CODr
0.34 kg/ha, TN 0.25 kg/ha, TP+ 0.01 kg/haZAl St
PG Al@Z9 12 AR @ fislfo] WA A Glnt
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WEAZT EPAFAS TEE A 2 uHeE A7Et

E3E 33} Aol HAAR L EYRAIE A2fgt SPG Al
Haor= FARRE M9 v e dReleke Bt ofof] wkE
SPG AlEE] H[H e AXslge FEHR jol= 9lont YA
AIFE oju] 22} F$-Alof= ¢F 80~ 100 %, 32 Z-Alell=
90~ 100 %7t A7rE Ao2 AT

of W2 Hx7} WASHITE (TN, TP). weha] 7-9Abato] whe
HIH Q@R ofd A HHeARStEN A BUIS
a7t Qltk. Fig. 3ol ZF AIFE (S, PG, SPG)Y] +4 v
S FRslet URAQ2S] FARH e gRe) o] A7heS et
W3lct Table 32 A=of|A C (HRF, YA]) A2 F2Q
AR5E AHEH BODE 0.56 kg/ha, SS&= 288.73 kg/ha,
CODe2 6.78 kg/ha, TN 5.36 kg/ha, TP= 0.47 kg/ha®
ZAFEGIEE S (HAAZ) AlFE2] BOD, SS, CODer, TN, TP
o] gh A 0 HRF= 717} (.27 kg/ha, 36.73 kg/ha, 2.97
kg/ha, 3.28 kg/ha 12]3L 0.19 kg/ha®A U] A@E] =3
Q@3} o] oF 50~ 90 %7t ALEACE PG AHES] =3
QHHSIE FARSE 7S BYlow, YA AIFES RH e g
o tiH] oF 30~70 %< LARsIF ARHE AR RAREGIC
du S AIFEREOE A W2 A7ES ®lth 53] BOD
o} SSO| A& HAAA nBAIEY oF 20 %7} ¥ Ao
2 2SI o= HAAR 95 A, F54 EFo] B
o gAY F&E o] et Auta sk 5N 4&
= 9¥EA F, BODY SS= oA BAQ - FUt wko
T 9 vHt 284y CODee 4% 85 AH
o], Tejar vR e 23E Ahe} e F2

F257] Eoll BOD9}F SSok= the AHeS B3l AR
ghehe ey,

3 SPG A|BE] FHodHEE Aurd BOD7F 0.06
kg/ha, SS7} 1.38 kg/ha, CODerZ 0.55 kg/ha, TNS (.49
kg/ha, TP+ 0.03 kg/ha2A] g&of| T zjo|= glou}, U
AJHE 2 g¥8s} tin] oF 90~ 100 %2 AZANE IS -+
Ak ESE S, PG AlFEECE E4 W2 9 @REE H=
o, HAARS 0BT S AlFERET 30 we} 77.8~96.2 %,
EWNFAIE 953t AIFERT= 84.6~98.4 %] Azt
U= ACE ZAFEIQIT (Table 4).
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Table 4 NPS load reduction rate of SPG plot compared to

S, PG plots
Item BOD SS CODgr TN TP
Reduction rate’ 77.8 96.2 81.5 85.1 84.2
Reduction rate™ | 84.6 98.4 81.6 85.5 90.0

* Reduction rate of SPG plot compared to S plot
** Reduction rate of SPG plot compared to PG plot
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Table 5 Comparison of lettuce yield at harvest

Treatments Product quantity (kg/ha) Yield index
C 140 100
S 567 400
PG 453 320
SPG 1,067 760

B oAl ool = AR BAsIT) 18y By
H 5, P A7 AGH0RE H7E Y AlFEd
ol &= gl Aolgit). whebA] T HliEl Wol At
oA 2he shal AYAEkS SS9t (Table 5). FA 2
ol C AIF29] 485k 140 kg/ha® RAEGIOM, S AIFE
L 567 kg/ha, PG A@3Z= 453 kg/ha 12]3L SPG AJF LY
A= 1,067 kg/hall YAERS HoTh o] HIRORE S A[HE
o] £EATE 10022 2 ul, S, PG 1L SPG AIHE2)
FEAIeE Z17F 400, 320 183 76022 7Kt AoE uEf
won, 53] AxuEAel ERAE wF 483 SPG Al
Fxof|A|2] AYateFo] FA] F7IeE AOR AL o= A&
HEA E= EYPRAIE 48 T 39, 75 vRe 3ol
tieh 2Eo] Aol 7L, JFEHe] fARo| st
Uepd AatE sy 53] A2 HAHE 28 %E 7RI
S, A S AJHEo A= AJH|E JFEL] 47 FAE
4 Qle}. vl A wujEAet ENFAE A-83t S, PG 1
11 SPG Al ZA A JUEAS] SAlRk] 2olE 4 9l &
Eo| AT 4 9= Fol o] wEeR ekt (Shin
et al,, 2012). o3t o|fE AR EA E= EPHAE A
23t AIFE] FAFTF URAF R PR o] £
d 0= gy of= i 32 YA oR uES I 7
& SEEA|7) Z7RIAl B Shin et al. (2012)9] A7} GAF
St ArAtolct, Ty 2R U HARE Aol St
2 Ao AutR gade] SavtE wdstrloll= gHA} 9l
om W2 A7} WAT = Qlrk wEh ARIER) E= E
SNFA 222 el mAE Y THHoR WK £

O

_l

[¢] = oo= T
S #7149l A7t Bag Aow ek, olejg 4%
A& Foto] AwuEAY} BENEAY] anE Aol F1

of ¥gd dart qlek

A (PAM, Gypsum)S %
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