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ABSTRACT

In South Korea, the concentration of fine dust is highest in spring, when the consumption of fossil fuels for
heating and power generation is high, and thus efforts to reduce it are underway nationally. Cultivation of
forage crops in the Saemangeum reclaimed land can not only increase the income of farmers and decrease
the cost for forage, but also reduce the concentration of fine dust. Cultivating forage crops increases the
adsorption of fine dust and reduce the generation of scattering dust by stabilizing the soil. However, there is no
study on the effects of winter crop cultivation on fine dust in reclaimed land. Therefore, this study evaluated
the effects of cultivation of winter crops (forage crops and grassland crops) on fine dust reduction during the
high-concentration season (spring). Tall fescue (TF) and Italian ryegrass (IRG), which have evaluated to have
excellent adaptation in reclaimed land, were sown in October 2019, and fine dust concentration was measured
at 1 m and 2 m above ground in April to June 2020. The concentration of fine dust in the early stage of crop
growth (April) was not affected by the treatment and the measured height. However, on May 12 - 13, the
period when crops are growing vigorously, and May 20 - 21, just before harvest, the concentration of fine dust
decreased at all measurement times by IRG at a measurement height of 1 m. However, there was no effect of
reducing the concentration of fine dust by the TF. This is thought to be because the IRG leaf area is wider than
the TF and the concentration of fine dust has decreased due to the adsorption of fine dust to the IRG leaf. At a
measurement height of 2 m, there was no difference in concentration regardless of the monitoring location,
which means that there was an effect of reducing the concentration of fine dust by the crop only at the point
close to the crop. In this study, the effect of cultivation of winter crops on reducing fine dust in Saemangeum
reclaimed land was identified, and it is judged that the mechanism of fine dust reduction can be elucidated
through analysis of components according to the treatment area after collecting fine dust.
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Fine dust concentration reduced by Italian ryegrass at the period when crops are growing vigorously.

Introduction

A5 2|92 & U sk rAAR]eL HEo] AohE 5ol sl e rMHAE B2 v, SE Ao 2
Il F7] ghito] @t == 2184 EAZ 7HA AL 9lom, o] & Ial rINHA] 5=t % =
T} (Ministry of Environment, 2021). T3t 0|AHZ] 4= X FE6HA S71ok= ARa B
Environment, 2021). PJAHA] YA AR A, 5, S4t vlAHA] 5 bRt A5 2192 ARt
A 2R FefEE vihAR= AR AR AR thiR= AL ol

AREE ZF A= M ERRFO] 5% nete 2 BEAJLS thRg APl Ti= AlFE e &3ttt T3t -f71E Eeko] Yot ¢
o Aol & Elo] 1A o] wiel] WAIEe] sl HlabA]7} EAg5E7] #12 Z2101t} (Son and Cho, 2000). F3F
ARba 2H 7] 9] 79 710 Alst PR gAY 7hE x] et Eel AZ oA viES wtot E Ato|ut Ado] ¢lar, 1
o] glo] J23l5|| TAYsh= HlAhHR] Jdko] o] & 20 & o) At 7H 2] Eato] FAPT haH 2006
o] FH-3-24 (total suspended particle, TSP) F =7 A2 942 2F 162.9 pg m™, AA|IA9-2248.0 ug m> 2 1t
EJATH (Hwang et al., 2008, 2009a). PIMHA] &= 2| = 2Jo| 7} Q190 ™ w4k, A, F2F 21919 PM 102] 3
55 24286, 111, 98 pg mo|9.0H, &, 7+S, o1&, A& <02 YERIT (Hwang et al., 2009a, 2009b).

ARt ZH A= 528 B A Qo) x]gt, B9k ] B 2HE AEiE Foll mIMIHA] A 71 4 Qlot A
3 Aol = 7HE 2] f GAALE o B AR Q16 PM 1001 29%, TSP=47% #HA6k= 2 0 & B 1 E Qi)
(Hwang et al., 2009b). Y75 A=<l ot mA|s2] 52 2 A|A avte B sy Qlot, 34t apeldolA 54
S Ayt &5 2o HAoh= RIMHA] =7 ARl OS] PM 102 PM 2.57F 212 17.4%, 11.4% A A o=
HAEIQIT Aol SJet mIMHA] 27} 7122 B A3t whiE nIAEA] A, AEA] FHO| niAR Lzl ofRt
AHZ] Bz Q1o] 7|5 F5H 54+ 5°] It} (Ministry of Forest, 2021). A= 2|t nAH2] 7t 712k TheF
SEA|TE ARt 7E 2] o A2 ot mAHR] A7t Gk et e lolch

2] EY2pH, EC, W 8Hd Na gFgo] =2 W f7| =k faslitelgo] 2] wfiZell (Ahn et al., 2016) A
o] Z45] E7| A7RA1 = aEo U LRI AR ] o2l 2210tk (Bae et al., 2018). HAFAZ] 217 S1al 4171
Az, UZA, sft=r 5ol AZE o] ARS=IT (Kim et al., 2010). Hel= WdAo] et AlR2tas =4 glom
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(Kim et al., 2013), 2] Zafje]] w2t Ajebg 7 2] W vlAb 2] 212 S37F Uelde (Hyun et al., 2021). @S54
wetloA =2 9 AeAE 2% 9 EF I ASEAAN AAMES Bl A3t E w4 (Tall fescue, Festuca
arundinacea)®} O |Z2|Qt 2fo]1=2kA (Italian ryegrass, Festuca perennis)7} El ZF=0]| H]ol| 7HAZ] EQF A5 2
Aol R4k Z1 0 2 = QIeh Afetg ZHA| oA & HI Aot o[ E]Qt elo] Tek et 2 Alm RS tit
T = A A] wAHR] 27 BT ofu et w7 kS ST B AR B AR 9e Eole Atk 7 e 4 itk

gh= HAFe oot efo] defA = 7HE ukE 9 UE & 5 - 6Dl ok T A A== ARl T
S AAHA] s Aol a7t Qls A 0 & ke Tk SER|TE A 7ER] 7H 2] W A= Afaof] whE mA ]

N

riL XEO

Materials and Methods

XA 2 A= AREETEA] sErell AR = AR R FEAIAA] (35°49'47"N, 126041'9"E)9}AH
ThaRFEA] od%* AT A (A5 F9hE SHAH B5 2, 35°45'1'N, 126°36'6"E)°llA] 20201 4 9RE] 6L714] 4
STt (Fig. 1). F7A19 1991dFE] 20201 87H2] 0] A 7123 A% ZFrF-2 12.9°C2F 1,238.0 mmO] Mﬂr
(KMA, 2021). 94717+ 5 JM 2o, Bt & 7122 71716.8,25.2, 16.8°C, A, 2o, Wt & e 212H0.0,
48.6, 8.3 mmO| It DB F40] A, Ao, Bt 2 2240.7, 4.9, 1.8 m s 0] 0™, F FFS A (250°)

o]3lth (KMA, 2021).
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Fig. 1. Study sites used in this study. @ RDA National Institute of Crop Science research site and Bl Saemangeum field
demonstration test plot in Buan-gun.
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2019 10-90]] At FEA AR]oll= Heert =2 7FEA|ollA] A-3/d0] =il B7HE & wlAagetolg
2|¢t o] 18tAEZ 7F2F0.25 ha (50 m x 50 m)S TE6tg o m, @AZE TS AfqtE: W i AF2zt
= Al Al ol oDt 2fo] TRkAE 450 haoll ThESIIT. TS A & 2218 55 AlH]=ke] 9] AlH[o}
RoH, WiE ohA] LUtk HlmE= 84, -84%14], A3FES o-8510] N-P,0s-K,07|E 0= & HAF 2o
153-275-160 kg ha' 2 A|H[5} 11, mhE Lof] WA= (80-200-70 kg ha™) T L5 & 3Y 40 2715 (73-75-90 kg
ha!) 02 Uiro] FQich oot glo]1ekA A o= 140-120-120 kg ha' & AJH|SI T, u}E dof| 2AS
(42-60-60 kg ha") 7 ¥5 & 3Y 44 275 (98-60-60 kg ha )0 &2 L}2-o] F]ct.

OJMHMX| 5= BLEZ  oHHA] S E= SENSIRION SEK-SPS30 (SENSIRION, Korea) A4S A5}
T et SEK-SPS30 nAHA] U EH AlA=PM 1.0, PM 2.5, PM 4.0, PM 10 A4 U EF 0] 7551
1%, 10%, 1003, 1,000% 7H4 0 = Hlo]e] Ago] 7Fsstet. kel oA ARg 4= Q= Tllole 277} glo] ‘B
ArElell Adsto] ARG oW, 24A7F RU B P flote] Hx A& Adsto] ARgSIGITh

HUE AA = AlRkatekel FEA a7l 4070, ARtaE 2] @75 el 1270 A5kt & A2
B 5Y Ao AVF2RE 1 meF2 m Eolof| AIAE AR5l om, FEA A2 20217, EAF Tol=6

=
AE A7ttt (Fig. 2). A2 o2l St 2tol T1ekiet & wAT A Wf 24 3203, 27 o 2 6414,

it

- -l SEREE
Saemangeum field demonstration test plot in Buan-gun
T TT——— =

RDA National Institute of Crop Science research site Monitoring sensor installation
B coor O ®eIN () T™IN [ JIRGoOUT [ |TF OUT

Fig. 2. Locations of sensor installation at (a) RDA National Institute of Crop Science research site and (b) Saemangeum
field demonstration test plot in Buan-gun, and (c) images of sensor installation.
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UEH 9JA], 222 IS H71sh7| $lol E4HEA (analysis of variance)S 4~345159 0. ™, 2] H xjo| & ThHs
7] 190 LSD AHFEAS Saistolch, BARAS SPSS 23.0 (IBM, USAYS o] 85le] astlon] §olre

0.05E o]-8-olsict

Results and Discussion

A2 4 SHadetolgeeh Btolaeka B 49 27 = 4] Yt} ol A et HE

= B3It (Fig. 3). 722 2% 515 33 7HA= 10 em ©Jstz 2] ¥ %] 08 48} A 7] ofl= & #| 2~ += 80 em,

[22IRF o] 12k= 92 em 71A] A5t (Fig. 3). 8 A7 & Hl Aot o2 e|el eto] et Aed2 2
A

=
}4,570 kg ha' 36,430 kg ha 224 o[]St efo]| T1ek20] AEFo] & w25l Blsh oF 41% o E9keh 45t

O

N

7] o]t gfo| T1etA 0] 24 o] & w AT Hlsl 10% 71 AT 252 1ol Hleh =2 (41%) olf=olg
2jet 2to] 1zt o] Grizlo] F F At Hls| 7] thzol™, & AT e F= Aol ol @=L 21430 em ©f
T Eolole 72 2719 o E /AL QO] Wi E 4] (9kTt (Fig. 3).

A58 2 oA Al T B AEF2 E HAF/HS - 17 Mgha'!, o[ 2|¢t 2le] 12k47F9 - 10 Mg ha!
# (Lee and Yun, 2014; Kim et al., 2016), & S|4 ZAFE = w2} o[t gfo] IepAo HaEs-2 o
Hh578 2] tHH] 27 - 30%, 64 - 71%2] 52teS Bt o= A7A]Y EGe] Td4, 778 &, 78t CEC=
22+0.5gkg’, 4.9 gkg',26.7mgkg’, 5.6 cmol. kg' 02, ARt 5% o[t gto] Tt AetE HAF Aul EQF
o] FE AT (A, A5 T, 4894 CEC 22+ 1.4 gkg', 20.1 gkg”, 300.9 mg kg™, 16.4 cmol. kg™!)©ll
H]oll AA5HA W7 fliZo= ket o[l gfo] 12pA0] B9 ESF syt 575 elgo] fast
L AFE BAATE EC 3.4 dS m' oA 7425 6.7 Mg ha™' (Shin et al., 2005), EC 0.2 - 2.8 dS m™' |4 A2 9.4
Mg ha™' (Yang et al., 2012), & Lol A= EFEC7H0.5 dS m™! o513l 4=8efo] A dto] H]s) Wk

EQH B PR fA e AT B9 T4, 4718 9, fraglite] 224046 gkg!, 0.82 gkg!, 76 mg kg
(Shin et al., 2005), 0.2 gkg™,3.9 gkg”, 9mg kg (Yang et al., 2012) 24 E AL ALE-F] EFO] OFL G § trof| H]
off 2] It EY Ak 9 it A Er A9 Aol Hlol E5ele = o] B2 o= fEEo] B

(80%), 397} 49 & 735-2Fo] Td tfH] 20 mm 71 Rol S 2] A% Aoyt & 9910 2 whckec

o
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100
= —Tall fescue ‘
= ---ltalian ryegrass
§ 50
[
T
0 z T T T T T
12/1 1/1 2/1 3/1 4/1 5/1
Date
April 28-Tall fescue April 28-Italian ryegrass
- -
May 12-Tall fescue May 12-Italian ryegrass

Fig. 3. Changes in height of crops in RDA National Institute of Crop Science research site and images of crops on the
monitoring dates.

OMHX| M2 3 A7 7174 - 69) F 0AHA] = A=t B PM 2,59 PM 102 2121 36.3, 18.3 pg
m~0] o, A 2|} 17t Hotat ZIAol| A S Bt PM 2.52FPM 10> 242} 37.8,22.3 pg m™ = LHERS:
T} (Air Korea, 2021). 5 717} 59 21A 0|4 2019d Eof] Z4E v|AH2] Sl A B41.7,21.7 pgm>, F
b A 219 Bt 48.0, 24.7 pg mPEA A 7175t S nAEA] Ferb AW o] WA veRith o=
COVID-192= Q13+ A& 7ol whE A A|AIA] @/goltt.

AelA S mIAEA] OE% =7 AL, Z7 ARl whEt 2ol 7t QLATt (Figs. 4 - 9). 49 28U =7 1

H2] H 5= PM 2.50] 9.3 -20.1 pgm™, PM 102] 9.6 - 20.2 pg m™ 2 UFERE O H, A7to] Aulglo] what 1561 5
7¥oh= Z43kE BTt (Fig. 4). =ololl W& f-ofgt 2loli= gl3lo 2 m =olollAf 1 moll Hlal 5 - 10% B =] Y
=l

il

=

EFTH (Table 1). #2) E BAHA] et folgh 2lo)7} glolet. & | ~qet oot o] Jaks i 590
AsHA Aol 2715190 ™ (Fig. 3), 4Yoll==74 0] (1 m2}2 m)ol| B]al 2 X4 o] Ao} 2Ha]| oJsf ulA|
A) A7}t SIglekaL stefebs 5 2ol S 4w o Ao Wech

= v Ao} olge]olt o] kA0 A8 St (5D 129-13D) 7 428 A (52 209-219) Z4H nAH A
= A7 AThE A 279 Aolj AT YRt (Figs. 5, 6). RIAIEA] = A7) wha) s }9& o, 59

off
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|ofl ThE -Fofeh = Atoli= YISITh 2HE A5 R S nAHR] Fe= o[gE|et 2ol 12k Aof Of5f 1 m 0]
A PM 2.52}PM 10 2559 12 - 1392 2F36%, 5920 - 21 L2 2F31% A== 71 © 2 LFEldth (Table 1). 5}
292 m E=ololA= B2 Aol Sk Ak |7t gliet Tt & Hl AT = RAHA] Fk A7l 2yt gigich

24
20 - (a)PM 10_1m

16 A

12 4

—CK —IRG_IN  ----- IRG_OUT

24

(b) PM 2.5_2m I

20 1

16 4

12 4

24
20 - (c) PM 10_1m

16 o

Concentration (ug m3)

12 4

24

20 (d) PM 10_2m [—

16 o

12 4

11 I 12 I 13 I 14 I 15 I 16
Time (hr)
Fig. 4. Changes in concentrations of (a) particulate matter (PM) 2.5 at 1 m above ground, (b) PM 2.5 at 2 m above

ground, (c) PM 10 at 1 m above ground, and (d) PM 10 at 2 m above ground on April 28 in RDA National Institute of
Crop Science research site.

Table 1. Concentrations of particulate matter monitored in RDA National Institute of Crop Science research site.

Monitoring time ~ PM Moni.toring Concentration (ug m™)
height cK'’ IRG_IN IRG_OUT TF IN TF_OUT
PM 2.5 Im 144(1.7)a  146(1.00a  14.0(0.5a 13.8(1.3)a 143(0.7)a
April 28, 2m 154(1.4)a  156(0.9a 155(0.6)a 150(1.2)a 14.6(0.8)a
10:00 - 17:00 PM 10 Im 145(1.7)a 148(l.1)a 14.0(0.5)a 13.9(1.6)a 144(0.8)a

2m 154(14)a  156(09)a 155(0.6)a 15.1(1.5)a 14.7(0.8)a
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Table 1. Concentrations of particulate matter monitored in RDA National Institute of Crop Science research site.
(Continued)

Monitoring time PM Moni.toring Concentration (sig m)
height CK' IRG_IN IRG_OUT TF_IN TF_OUT

PM 25 Im 8.0(0.7)b 492.7)a 8.1(0.3)b 8.1(0.3)b 8.1(0.6)b
May 12 13:00 - 2m 8.3(0.5)b 82(0.4)b 8.4(0.3)b 8.1(0.3)b 8.3(0.6)b
May 13 15:00 PM 10 Im 8.1(0.7)b 50(2.7)a 8.1(0.4)b 8.1(0.3)b 8.2 (0.6)b
2m 8.3(0.5)b 82(0.4)b 8.4(0.4)b 8.2(0.3)b 8.3(0.6)b
PM 2.5 m 3.1(02)b 2.1(0.8)a 32(0.2)b 3.3(0.1)b 3.0(0.2)b
May 20 12:00 - 2m 32(0.2)b 3.3(0.3)b 3.3(0.2)b 3.4(0.2)b 3.2(0.3)b
May 21 1:00 PM 10 m 3.1(02)b 2.0(0.7)b 3.0(02)b 3.0(0.1)b 3.0(02)b
2m 32(02)b 3.1(0.3)b 3.0(02)b 3.1(0.1)b 3.0(0.3)b

Values are means with standard error of means in the parentheses.

Different lowercase letters indicate that the values are significantly different among the samples of same monitoring date at

a =0.05.

TCK, control; IRG_IN, inside of Italian ryegrass plot; IRG_OUT, outside of Italian ryegrass plot; TF_IN, inside of Tall fescue
plot; TF_OUT, outside of Tall fescue plot.

25 (a) PM 2.5_1m —CK
—IRG_IN
--—-IRG_OUT
—TFIN
----TF_OUT

[0 S R Sy

25 4 (c) PM 10_1m

Concentration (ug m3)

13’14|15|16|17|18|19|20|21|22|23 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |1o|11’12|13|14

May 12 May 13
Time (hr)

Fig. 5. Changes in concentrations of (a) particulate matter (PM) 2.5 at T m above ground, (b) PM 2.5 at 2 m above

ground, (c) PM 10 at T m above ground, and (d) PM 10 at 2 m above ground on May 12 - 13 in RDA National Institute of

Crop Science research site.
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s | (@ PM2.5_1m —CK
—IRG_IN
sd e IRG_OUT

Concentration (ug m3)
()]

12‘13|14|15|16|17|18|19|20|21|22|23 o|1

May 20 May 21
Time (hr)

Fig. 6. Changes in concentrations of (a) particulate matter (PM) 2.5 at T m above ground, (b) PM 2.5 at 2 m above
ground, (c) PM 10 at T m above ground, and (d) PM 10 at 2 m above ground on May 20 - 21 in RDA National Institute of
Crop Science research site.

% 8t 20 B AT ot ol delol efol ko] 24 21280 cmh 92 em 2 2 01l |

m=
SHAT. 2H2ol| ofet nHRA] s e A2 2 ol mAlEA Sk ke A, S SR ARE AS0]

FAskA 27kl wket nlwA] ?ﬂﬂfﬁ} }27Fs1T, 274 019l | mollq Azt warh AdA o g 24 A
o2 yiekErt, S1X]9 2 m gololAl 3} )7} wol gk wur} Z A gk Ao = wrkrk

2% 25 470 B o qeholge Jaoua}u 278 217180 em 992 em 24 27 20121 | mo] 2
sheart. 2ol olgt nAA) 55 A7 2 olof B} S2bE Ashe Prkeo], A8 F50 2 g 0]
FAAsA Z7Hel ket uAeA] A7 S Z7H5HAT, 57 fo1el | ol Azt Bt A Ao R 24 A

o2 gk}, 51292 m golol Al A2k 72)7} Wol Azt w7} 2] R Ao = wekdrt
5 w2 5] ] ol et ao] Tetao] ulAEA) A7t A4, o] ek AR Qo olet ulAm
gt afo] Tekar} & wl AT Hle) Ae-S o] u} %L%w AB52 ogaler gjo] TakA

5 ]
71 w51l Hs) oF 419 B9t ol o]eelor elo] Tekio] Geia 9 Aol 248-S Slnlaict. B w AT
o1 45 9] Al A A 30cm o olole 32 2191 515 435l 1ol A4l 2ol e

AR A a7 gaekS Sfnfeiet. HA]of| A 2 5ol e niAHA] Seg S A3 A= /A, 4

AAES o AJH T =S BibA] AEo] fadiths APt BA1E910™ (Hwang et al., 2008), AThe
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7HA2) ) K] 2 A] ﬂ 2fo| Z7Vak2 u|NHR] B 7} 7H46elTt (Hyun et al., 2021). S=2o]] 05k n]A|HZ]
= A7 g9 =4 5 A7 PM 10T} PM 2.57}F A&o]| oJa) 242t 17.4%, 11.4% A7E 7o =2 2 st
(Ministry of Forest, 2021). O]% ALzl ofsf] A7 S B 78 Bl S AT 2 dtoflA] EelE
A S A ] ol e|Rt o] T12pAl] glof) Sfsf mx

A7t 32 9 52 1 Ante pekec § A
ol ofgt mAIRA] A7 T 4A1 4 0 2 RS SIRIAIR, Q0] WErt e AHolq ulAEA] Sk S A

FAKR AP} w58 20 ek

3 QA EARE A Ak A ] A A AR e oA 2 ol o] A 5t e
Apiglo] 7ot AR Auhh et olefst vk mAw AL shilshs v (fekEi Al ls) 47
27 R0} 2] o 2 ek, Shet EAREo] dhit i AEick nlARA] St Aol Jleig Ao,

= T

o|E B7ol7| flol AlRta 1 2] Kot @A 24 (o] 2]}t 2fo] 12k 450 ha)ollA] RINHA] S5 546
Act. 624 -5UPM2.59]3.4-14.8 pgm™>, PM 10°] 3.4 - 14.8 pgm” (Fig. 7), 64 8 - 94 PM 2.5°]20.9 - 70.0 pg
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Fig. 7. Changes in concentrations of (a) particulate matter (PM) 2.5 and (b) PM 10 on June 4 - 5 in aemangeum field
demonstration test plot in Buan-gun.
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Fig. 8. Changes in concentrations of (a) particulate matter (PM) 2.5 and (b) PM 10 on June 8 - 9 in aemangeum field
demonstration test plot in Buan-gun.
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Fig. 9. Changes in concentrations of (a) particulate matter (PM) 2.5 and (b) PM 10 on June 16 - 17 in aemangeum field
demonstration test plot in Buan-gun.
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Table 2. Concentrations of particulate matter monitored in Saemangeum field demonstration test plot in Buan-gun.

Concentration (pg m™)

Monitoring time PM Monitoring height

cK'’ IRG_IN
Im 82(0.8)b 6.8(1.0)a
PM 2.5 ©08) (L0)
June 4 12:00 - 2m 8.6(0.7)b 89(0.4)b
June 5 11:00 Im 8.5(0.8)b 7.1(1.1)a
PM 10
2m 8.8(0.7)b 9.2(0.5)b
I m 413 (2.2 41.2 (2.0
PM 2.5 (22)a @0a
June 8 10:00 - 2m 419(1.0)a 425(1.6)a
June 9 11:00 Im 42.024)a 4162.1)a
PM 10
2m 42.1(1.0)a 428(15)a
I'm 359 (2.8 35.8(1.4
PM 2.5 (28)a (14)a
June 16 10:00 - 2m 36.5(1.0)a 35.8(0.9)a
June 16 9:00 Im 36.5(3.0)a 36.7(1.7)a
PM 10
2m 36.9(2.2)a 36.4(1.0)a

Values are means with standard error of means in the parentheses.

Different lowercase letters indicate that the values are significantly different among the samples of same monitoring date at
a =0.05.

TCK, control; IRG _IN, inside of Italian ryegrass plot.
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