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Application of Surface Cover Materials and Soil Amendments
for Reduction of Non-Point Source Pollution from Upland Fields
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ABSTRACT

The objective of the study was to investigate the effect of rice straw mat, rice straw mat with PAM (Polyacrylamide) and gypsum
addition on surface runoff and sediment discharge in field. Six experimental plots of 5x22 m in size and 3 % in slope prepared on
gravelly sandy loam soil were treated with control, rice straw mat cover with gypsum and rice straw mat cover with gypsum and
PAM. Radish in Spring and Chinese cabbage in autumn growing seasons were cultivated. Non point source (NPS) pollution discharge
was monitored and compared among the treatments. Rainfall of the 10 monitored events ranged from 17.0 mm to 93.5 mm. Runoff
coefficient of the events was 0.005~0.239 in control plot, 0~0.176 in rice straw plot with gypsum and 0~0.046 in rice straw mat
plot with gypsum and PAM. When compared to the control plot, the runoff amount was reduced by 10.4~100 % (Ave. 60.8) in
rice straw plot with gypsum and 80.7~100 % (Ave. 96.7 %) in rice straw mat plot with gypsum and PAM. The reduction of NPS
pollution load was 54.6 % for BODs, 71.5 % for SS, 41.6 % for TN and 61.4 % for T-P in rice straw with gypsum plot and 91.9 %
for BODs, 92.0 % for SS, 88.0 % for TN and 88.5 % for T-P in rice straw mat with gypsum and PAM plot. This research revealed
that rice straw mat cover with soil amendments on the soil surface could not only increase the crop yield but also reduce the NPS

pollution loads substantially.
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Fig. 1 Sketch of the runoff plots
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Fig. 3 Rating—curve (Shin et al., 2012)

Q= 1.639H**7 (R*=0.993) (1)
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o] 79eke 17.0~93.5 mme] HYZ ¥y o 79-aF
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AFZoIA 0~0.279 m’e& Uehyth Fig. 4= 20129 79
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202 Yepytt oSkt "AS neste] At &8
Table 29} Zro] = 0.005~ 0.239, HAAA + Gypsum
AlB3E 0~0.176, HAAA + Gypsum + PAM AJ33E 0~0.046
o= yepgtt g2t AIFEE 7|E02 BAAH + Gypsum

N

flo rlo «

Table 1 Daily rainfall frequency analysis in Chuncheon city (1982~ 2011) (Shin et al,, 2012)

Year 1982~ 2011 2011
Rainfall class |Average annual rainfall Average No. Average rainfall per event Annual rainfall Average No. Average event rainfall
(mm) (mm) of event (mm) (mm) of event (mm)
0-10 203.3 74.6 2.7 174.3 69.0 2.5
10-20 185.9 12.8 14.5 271.5 18.0 15.1
20-30 153.4 6.2 24.7 2275 9.0 25.3
30-40 150.2 4.3 34.7 198 6.0 33.0
40-50 91.5 2.1 44.3 92.5 2.0 46.3
50-60 107.0 2.0 54.4 54.0 1.0 54.0
60-70 73.2 1.1 64.6 134.0 2.0 67.0
70-80 52.9 0.7 75.6 220 3.0 73.3
80-90 58.8 0.7 84.1 82.0 1.0 82.0
90-100 35.3 0.4 96.4 - - -
100- 249.0 1.6 152.4 575.5 3.0 191.8
Sum 1,360.6 106.5 - 2,029.3 114.0 -
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Table 2 Reduction rate of runoff with respect to rice straw mat and soil amendments

) Runoff (m”) .
Date R(amfe;ll Rumoff rate Reduction rate of runoff (%)
mm
Control | Rice straw mat + Gypsum |Rice straw mat + Gypsum+ PAM| Rice straw mat + Gypsum |Rice straw mat + Gypsum + PAM
0.184 0.0066 0.0066
12.06.50 955 0.018 0.001 0.001 9.4 9.4
0.162 0.005 0.004
12.07.06 57.0 0,026 0.001 0,001 96.7 97.6
0.009 0.000 0.000
120711 17.0 0.005 0.000 0.000 100 100
. - 1.447 1.063 0.279 _
12.07.13 55.0 0.239 0176 0,016 26.5 80.7
0.170 0.153 0.013 -
12.07.13-14 28.5 0.054 0,049 0.004 10.4 92.5
. _ 0.203 0.060 0.000
12.07.15 475 0,039 0,012 0.000 70.3 100
. 1.049 0.807 0.000
12.07.19 51.0 0187 0.14d 0.000 23.1 100
0.527 0.408 0.002 _
12.09.17 62.8 0076 0.059 0.000 22.5 99.7
0.079 0.000 0.000
12.10.22 34.2 0.021 0.000 0.000 100 100
0.224 0.085 0.001
12.1027 s8.4 0.053 0.020 0.000 61.9 996
= 0 HoJZIe}. Shin et al. (2012)2] d-tollAs HAAZ whe o] &
£ J N - _ _ _ -
= ° slo] f2% APENE 24T 23 Het 95.1 %Y =H A
u= 10 4 _ _ N
5l AaI7E Qkar shglek 2 AtAaret vlae] B WA A
o Gypsurr&s 27151908 ) &% A7 B 608 %2 2
ontrol - —
—_— Rice straw mat + Gypsum ol‘X]‘E‘ 7}]\9.i ]’]‘E}ﬁ‘g&], GYDSUH’IF—]' PAM‘% 6:}7]'" f:_]':‘n’;?—:]_' 7(:3‘
0104 ——*—— Rice straw mat + Gypsum + PAM %01]% t}ﬂéﬂzﬁltﬂ' TL]‘—%‘(:S]‘%:]% U:HE.E]' X17]:}-§_37—]'7]‘ 967 %E E]—
. 4 ol A0 et $2% AN 49dwet 7
€ SHEARE, 795 0] 79 EA] wet 27 etz o]
$E% ALRI} Thh Aot WG Ao HolA, 7|z
= ArAmel 2 AqtAatolA vepd AXE HAAR o B
0.04 - _ s = _
A & olgdto] o] WS HES 4¢ 2% A &
002 7 FA ePgE & 4= Qlot wheba] oA HAYsk= v
QAU AT A HAALT g AEAEAE of
0.00 Q5 dlo oF TS ulEgllol 3F Ao A
00:00 03:00 06:00 09:00 12:00 goto] W B¢ wS mEdfor & A wof .

Time (2012.07.19)

Fig. 4 Runoff hydrographs for different experimental treat—
ments (2012, 7. 19)

ABES FAAR + Gypsum+ PAM ABES] $5% A0E
£ 10.4~100 % (3« 60.8 %), 80.7~100 % (H+t 96.7 %)
2 ket ol HaARo] ZetAlel ofs) wash =4
Apo] olEhg AN, WS weh WA §E40) 54
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3. sk A YT

BHAF LA FAT 0 QREE 7120 E WA +
Gypsum A|®Ze} WA + Gypsum + PAM AJHES] 2
Bl AaaE APsIATt (Table 3). APgAT 7F S
o] A7t F L Fshe WHAIFEAA BODs 1.89 ke/ha, SS
148.05 kg/ha, T-N 3.96 kg/ha, T-P 0.64 kg/ha@ YERTE.
HEAA + Gypsum AIR1EZ9] Ft 2 @F5k= BOD; 0.86 keg/ha,
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Table 3 Pollutant loads and reduction rate of pollutant loads each of the treatment

Surface cover materials BODs SS T-N T-P
Control 1.89 148.05 3.96 0.64
Average o(ig;)}lllal;tant loads Rice straw mat + Gypsum 0.86 42.22 2.31 0.25
Rice straw mat + Gypsum + PAM 0.15 11.83 0.48 0.07
Reduction rate Rice straw mat + Gypsum 54.6 715 41.6 61.4
(%) Rice straw mat + Gypsum + PAM 919 92.0 88.0 88.5
Table 4 Compared of cabbage yield
weight of | weight of | diameter of | length of leaf lgaf Outer leaf | Inner leaf Yield Yield
stock head head head length width number number index
Unit (9 (g) (cm) (cm) (cm) (cm) (sheet) (sheet) (kg/10a)
Control 2,697.5 1,779.2 21.9 30.3 33.4 22.3 18.3 59.5 9,269.6
2,620.8 1,716.7 23.0 28.8 32.8 22.9 15.8 57.5 9,006.1 100.0
Average 2,609.2 1,747.9 22.5 29.5 33.1 22.6 17.0 58.5 9,137.9
Rice straw mat + Gypsum 3,000.0 2,800.0 194 375 42.2 27.0 14.0 £_14.5 10,309.1
2,641.7 1,641.7 20.5 27.0 34.8 214 16.4 57.6 9,077.7 106.1
Average 2,820.8 2,220.8 19.9 32.3 38.5 24.2 15.2 51.0 9,693.4
Rice straw mat + Gypsum-+ PAM 2,845.8 1,862.5 20.3 26.9 32.8 22.6 12.3 ?7.5 9,779.3
2,916.7 1,945.8 21.3 30.3 37.8 25.6 13.1 57.8 10,022.7 108.4
Average 2,881.3 1,904.2 20.8 28.6 35.3 24.1 127 57.7 9,901.0

SS 42.22 kg/ha, T-N 2.31 kg/ha, T-P 0.25 kg/ha® et
om, HAAA + Gypsum+ PAM AJ§3E0] Bt HF5H= BODs
0.15 kg/ha, SS 11.83 kg/ha, T-N 0.48 kg/ha, T-P 0.07 kg/ha
o2 el Q@s A av= APAFEE dfy] HAAH
+ Gypsum AlHEANA A=A 41.6~71.5 %2 AFaTt
7F Q= ACE YeRal, HAAH + Gypsum + PAM A 320]
M= AR 88.0~92.0 %9 ARAI} Q= AoE YE}
Wl ole AEE Y& uEEe] $71EAL, HEAR Q)
7397t WEA Y] SE A, FHOE HAEHE e 5
A5 5o Bl AREE Aol $UIRIeR Qs EckoR
Tl 7ol Wobdly| fiEos ke o2 Qs dE
85 A9 §E%F AT opet Al
EFO] ARG} BB AT 4= e AR Ve 1
U ARIEAE =905 fleliile HAART EYHEA R
sl Bl vlAl= A4l gt HAAA 95 s 2
Qg QT gl et R4S 71 Atelor I AoR W
oJ 7t}

fot
il
-3
B
P
5]
i

AH A
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o

-

4,

WAAHT BRI T)EaAS o) BB we A
& BA5p7] $ato] o} Hjo] kS BASISIT. Table 4
of o] wjzke] T AHE HE4HS 9137.9 ke/10a%d A

o7 vehton HAAA + Gypsum AlEE 9,693.4 kg/10a,

HAAA + Gypsum+ PAM AlE 9,901.0 kg/10a2= YEFE
o}, o] v R SRS APYSE A} TYAH RS 257
5 10002 5 wf HAAH + Gypsumdt HEAH + Gypsum
+PAMO] AIFEE 106.17} 108.42 Z718E 202 Yepyich
F= Table 5¢ Zo] 94} A, 9%, o4, &4, %5 5=
SAot] S vt At 2 AlgE= 4,330 kg/10a
ol Aoz yepston, HEAZX + Gypsum AlHE 4,636 kg/10a,
H2AIA A + Gypsum + PAM AJ&E 5355 kg/10a ¢ ACE U}
ERTE o8 IO R £EERA|=E APYSH Aut BA 2] =
FATE 10022 e o HFI HAAHY A2 1077
1242 J7kek 2102 Yepyth. o= Shin et al. (2012)9] A
Aol o] BEAR 3| AFE Tk TEE| F7I8HL
F5S Hoslo] EoFo] RARS ARAIZIHA AHEo] Za R
Sk Yol AER] ok ZEo] AFE = Sl ol ot
7] MEo R HofAt E3t EQo AEdt Gypsum® 9
o7 50| o] F4H A0R yekHEr:. 181 PAME
S At A EOA Gypsum TR AESE AJFE BT} 5&
o] A1, B A=A gkl o] B Rdte] Aol
AHE = de FFEEo] W7 "Rl FEe Seaavt
T Ao Htk & Aol Aumel o] HAAX I Yl
AR Qlal Fof viof A fEwk L AFsE AT 4= 9l
o, 2F9] Yalsko] 7kl AR Vel A|iu|EA7}
o vl =4 Aol wfe- AFpAQl Ao yehyltt wket

FasEotel=ad A55d A4, 2013
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Table 5 Compared of radish yield
Leaf length Leaf number | Leaf weight | Root diameter | Root length Root weight Yield Yield index
Unit (cm) (sheet) (g/plant) (cm) (cm) (g/plant) (kg/10a)
42.6 16.7 290.0 30.5 18.6 998.3
Control —
42.8 15.4 296.7 30.1 18.6 988.3 4,330 100
Average 42.7 16.0 293.3 30.3 18.6 993.3
) 43.8 15.1 316.7 30.7 20.5 1,053.3
Rice straw mat + Gypsum —
43.3 15.3 310.0 33.7 20.7 1,051.7 4,636 107
Average 43.6 15.2 313.3 32.2 20.6 1,052.5
) 472 16.0 410.0 33.6 21.3 1,273.3
Rice straw mat + Gypsum + PAM — _
46.6 15.5 346.7 41.9 21.3 1,168.3 5,355 124
Average 46.9 15.7 378.3 37.8 21.3 1,220.8
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Wlﬂxw(;ypsum NP2 &% ALES 104~100 %
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2. 29H5} A= TYAFEZ dir]) HAAZ + Gypsum

AR A 41.6~71.5 %2 AR} Q= Ao
2 Yehtal, WA + Gypsum+ PAM Al ZofAl= 2%
29 88.0~92.0 %2 AgA} Q= Aoz eyt

3. XIEEJHXHE Ql3f 2HEo| lel% FFS 4617 ffsto]

S AR A3t S At AIREE 1002% 3
< o HAAA + Gypsum¥t HAAH + Gypsum + PAME] A
Hxzo|A 106.137 108.42 F7I%E A0 epylch Egh Fof
785 HAAA + GypsumZt HAAX + Gypsum + PAME] Al
ZoA 1073 1242 2715 Ao E et

ofAH HAAHT EPAFAR Qe ot vieold =
1} 0 JHEE A7ker 4 9o ZEO] AJAlEfo] Z7lel=
Ao Ueht A mujEA7} o] vl W AR A7kt &
7l Ao e weh, ol WAt wH o8
AR o LI B 97 ek Gl ol
o Ao Kol

)..
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