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Abstract

Korea's protected horticulture is rapidly increasing in scale due to various advantages such as year-round harvesting, labor
savings through automation and shortened culture period, and greater income generation. This study was conducted to
investigate the impact of protected horticulture on water quality. The results of this study are expected to provide basic data
contributing to improvements towards sustainable agriculture and eco-friendly design of protected horticulture complex. The
average T-N and T-P loads from vinyl greenhouses were 286.55+ 143.98 mg/L and 59.14+13.77 mg/L, respectively and those
from glass greenhouses 380.68 + 150.41 mg/L and 61.85+20.72 mg/L. The annual discharge of wastewater derived from the
monthly discharge from the horticulture greenhouses were estimated at 2597 ton/ha, with the annual phosphorus load
amounting to 155.3 kg/ha. The average T-N and T-P loads in the tested greenhouse effluents were in excess of 8.3- and
13.5-fold the standards for the Korean wastewater plant effluent. The waste nutrient solution discharged from a protected
horticulture complex can cause water contamination. Therefore, there is a need to conduct follow-up research using a water
purification system or a trench method to develop a eco-friendly protected horticulture complex for sustainable agriculture.
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2001; Wang et al., 2009; MOE, 2012a; Son et al.
2016a; Son et al. 2016b; Kong et al., 2017).
Son et al.(2017)9] A AollA] Al YoletA] 24
A arfsfioret ez 7)Eoll sl 127142 AXstaL
Ak =2 e e 1 A A viE o, 2. A
Slearzh o) gl SR ok, 3. A AP 1k 2k, 4.
S T, 5. AT B 7 T, 6. Tk A
T RIRE, 7. A AN S L 8. A Al
A1) gk wioh 9. vkl w71 T, 10. 257 A14A
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Kim, 2014; MOE, 2014; Son et al., 2018).
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Table 1. The classification of study sites

Meteria Crop Lacation Code
Vinyl Paprika Jinju, Gyeongnam Vpl
Pyeongchang, Gangwon Vp2

Tomato Buyeo, Chungnam Vtl

Wonju, Gangwon vit2

Cucumber Cheonan, Chungnam Vel

Naju, Jeonnam Ve2

Glass Paprika Gumi, Gyeongbuk Gpl
Gimje, Jeonbuk Gp2

Tomato Jeongeup, Jeonbuk Gtl

Jinju, Gyeongnam Gt2

Cucumber Gimje, Jeonbuk Gel

Iksan, Jeonbuk Ge2

Fig. 1. The drain water emission status of study sites.
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T-N), %2](Total Phosphorus, T-P)& 42154 ZEE
A 71l oEsle] A L A HAIEE(MOE,
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BODE 10 mg/L oJstz Fsles Hog AAwo]
Ut E AR 127149 BOD s Bt
3.6242.39 mg/LE Hr5HoR H HE S0 A
of el e WrlEglc v Si5h Ak
ZHCOD)+= 8.54~32.22 mg/LZE 4+ 19.25+8.119]
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A g FEOANE Baoi= 7o ® AL Sl
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mg/L oJ5} lEahER ek glck B ATy
QN AP HEA] 12520014 vlfE]= o] Bt T-N&
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] o} =2 = o]m(Son et al. 2010; Kang and Son,
2011), A 2)7H gt e S 2Rl T 4= itk B=
o] FEAHoA AR b= Ao Hatol
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Table 2. The water quality analysis of study sites

Site pH EC BOD CcoD SS T-N T-P

(1:5) (ds/m) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Vinyl  Paprika  Vpl 6.25 4.04 1.83 18.25 6.85 390.441 55.134

Vp2 6.17 4.02 297 25.02 4.40 431.399 85.091

Tomato  Vtl 6.17 4.02 223 2481 8.84 369.574 63.180

V2 4.98 3.65 3.68 11.05 12.24 306.888 53.061

Cucumber Vel 6.71 1.54 1.42 12.31 3.24 146.519 50.993

V2 7.09 211 6.98 30.63 275 74.504 47.369

Glass  Paprika  Gpl 6.75 278 237 16.21 3.63 295.957 37.924
Gp2 7.12 6.19 0.66 20.26 3.68 649.929 8.451

Tomato  Gtl 6.95 3.66 1.02 8.88 3.64 345.646 45.637

G2 573 4.04 6.99 3222 18.80 403.913 80.509

Cucumber ~ Gel 7.18 2.69 5.87 8.54 231 202.783 46.276

Ge2 6.12 3.85 3.02 22.84 2.82 385.831 76.230

Average 6.50+0.67  3.58+1.20  3.6242.39  19.2548.11 6.10#4.98 333.62+£148.74  60.49+16.83

Table 3. The average and classification of study sites types

EC BOD COD SS T-N T-P
Site pH

(ds/m) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Vinyl 6.23+0.71  3.23+1.11  3.19+£2.03  20.35+7.78 6.39+3.68  286.55+143.98  59.14+13.77

(Mcjelrial) Glass 6.64+0.59 3.87+1.27 3.32+2.58  18.16+9.02 5.81£6.39  380.68+£150.41  49.17+26.53
T-test NS NS NS NS NS NS NS
Paprika 6.57£0.45 4.26+142 1.96+098  19.94+3.77 4.64+1.51 441.93+£149.82  46.65+32.07
Cca Tomato 5.96+0.82 3.84+0.22 3.4842.58 19.24+11.16  10.88+6.35 356.51+40.82 60.60+15.10
(Corp) Cucumber  6.78+0.48  2.55+0.99 4.32+2.55 18.58+10.06  2.78+0.38 202.41£133.08  55.22+14.15
T-test NS NS NS NS ( ]?34:"2 ) NS NS
Q= o] SIEIglc). sdeld] Aelelx] b ATSE B 2 H/RHETKSon et al., 2018). W& 5= 9§
o) A 10.02410.09 mgl 1 A, <ol et AV 45 SR s o) Al feb ok
o), SF 90 ek ek o] L 5iEel Seo] % g i ofieh SRl Aol Eelslolof sk e
SO W Slek B 3 5 glek solEAlel ol R AR Lt A5 J16071 5
oA SIGTAY) BIFEE 20141 715 65.9% SE] AR AT FABF 2k HA 15.6%el T
ARHMOE, 2016), A%aH Hghe F405k1 9l Al AR Sjelo] BRs §2F wjoke Fasichy & 4
e IR BEE F05 9lo R S0z Ao glckYang, 2017; MOE, 2018).
of AR FAEE SR L SRAS PR T wleh B AT A1) W ARl wh u v

uhis ALHICE Teak AV} ROUThE Fasiha 910] SE2 SReISkiIk} Table 3} 20| BHOR Ak
BeEIck SR ] A S S Aol SI T T Aol ol AL Test BARAE T
HiEE R BES APPSR Jlo] FOl HekFR 8 ol Bhelskaa shgick
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Table 4. The mount of using water (unit: L/m?)
Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Vpl 45.4 24.8 38.7 73.9 40.9 29.8 46.2 60.5 93.0 157.0 147.8 1483 906.2
Vp2 66.3 68.8 98.5 118.5 1353 88.7 45.3 68.5 84.5 75.4 75.5 63.3 988.5
Vtl 25.6 31.1 44.5 38.3 29.1 25.0 50.2 71.8 90.9 1513 1156 1722 845.4
Vit2 73.0 71.5 77.0 75.0 79.5 81.7 67.8 19.0 29.2 69.7 57.9 62.8 764.2
Vel 101.5 1158 84.9 80.7 94.8 72.7 44.1 233 69.7 102.9 94.4 90.4 975.2
Ve2 91.3 81.1 102.3  103.5 108.7 99.9 82.7 48.1 65.6 84.2 85.8 99.3 1052.4
Gpl 54.9 46.8 45.7 97.1 953 105.9 103.8 335 73.4 64.8 48.7 43.6 813.4
Gp2 56.0 733 106.0 1188 167.0 1379 75.6 27.6 46.8 58.9 48.7 42.5 958.9
Gtl 55.4 81.6 111.7 1275 172.3 143.2 84.2 33.6 424 61.2 454 39.6 998.0
Gt2 90.3 77.1 65.4 64.8 76.9 78.6 322 6.8 37.6 61.4 67.1 53.7 711.8
Gel 96.1 92.7 131.0 1404 1425 125.2 38.5 68.9 1134 113.0 1285 1327 13229
Ge2 91.2 1044 1023 1403 1573 137.3 82.7 48.1 65.6 90.9 93.4 98.4 1211.8
Ave. 70.6 72.4 84.4 98.2 108.3 93.8 62.8 42.5 67.7 90.9 84.1 87.2 962.4
e L 2 {30l wE viE sl o] s=of tigh & oFo & F1AKS| i 7,118 ton~13,229 ton 0.2 127§ T

A Afol2Ade: Table 30 A|A] g ule} Aok A =2h
oz FE T Clofi= Hdsh-<(vinyl-house) @} -
224(glass-house) 2 FEslo] 824 o] TA|
2| 2jolS 2Rl Helt). 242 e e F
A 2ol ERISHA] EsIGict. C2+= A= Ajo|7t
W=AE FARCR elstaAl Fit). vzelr), Eaf
E, 20] 5 Al 7}A] AFEollA A=zt TAA Alel=
Fa-Edeo] EnfErt Eal shze|ypt Qolrt k=
& o] oAl &Rl & 4= QIGlet A AapEAe]
A BiRl Bie} o] sleA|A o] 85 A Al A
Aol viEEl= 80| s Y] Auptes
B9 o] T-N7]5 500 mg/L, T-P7]5% 100 mg/L A==
A A= o] BigtAsioiar k) shAJRk 135]
g BT A A, 22 ARAEE 540l

W2 50l 2ALE B8 A U S gt
2 32 27} Qlckn HekE,

3.2, CIPCHMX| HZF 84-ALEE L i HiSE

APAAAIHA] 1 mPof ] AMEE]= §4=2] 92 Table
4, A8 3 vljE B viole] & Table 5o A|A] &t B}
o itk APddelctA|o] A7 B AREEES 1 m” Ao
A AA=T711.8 L, WA= 1322.9 LE AMRSI= Ao =
A= oH, o7 1 had] WA A== 8§49

A Bat A7F9,624 ton®] S5 ARESIAL Q= AL
ME|Qict G2 HA sl B HatA 0= 5o
Qo=akgeko] 1,083 ton/ha(108.3 L/m?)E 71 Wt 8
o] 425 ton/ha(42.5 L/m) 2 7P 27 BA4=]ick
o7 Al AE0] st W] o] Q=
27t S 7] ARl e 280] Eolu 84
O] ARG HolA = A & 4 Qlrk Bh 73} 892
Zd5ollis UH B g diol Al 2aE HA
skl th 275 EHfeke AlZ|R A2 A7t Eol
oA et 4402 & 4= Sk
Al oletR|o| A EAgsto] SRR uilo] ke
Table 50| YE ARSI} AABIHoH, o T g
I} ] FHahe wA51e] 7|4kt Al HoletA] 1
has 7|20 2 uiEEl= v o] At & 7Y A
320] 1,867 ton/ha ©|u, Tk 322 3 428 ton/ha= 127)]
IR A1) H-2 A%E 2,597 ton/ha= vl & == A
o7 FAEQE duelE A Hi 5o 276
ton/ha(27.6 L/m?) 2 71&F &=g9kom, 79¢) 153 ton/ha
(153 L'm) & 7P WA E4E190e). o] 4S 1 U=
Akl HH APHe] Thaollx] wiEs= FHS Hat
9.2 tono| WASl= A o= FAE|GIT) sRA|TE YR off
RO L 9] 484 tono| YR Bl Ere] AA| ok
14 7|0 = U 16.1 tono] = B2 A2jAE §3F&
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Table 5. The mount of drain water (unit: L/m?)
Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Vpl 18.5 5.8 16.5 28.1 12.8 8.6 16.1 21.9 31.9 49.3 459 48.6 303.9
Vp2 17.3 19.4 232 24.6 31.3 283 23.9 294 28.1 232 20.1 194  288.0
Vitl 18.9 18.1 10.9 9.3 26.1 2.3 13.8 283 27.6 474 41.1 589 3025
vt2 19.4 20.0 20.5 20.9 213 19.9 15.9 9.6 16.6 24.5 16.0 194 2238
Vel 26.4 314 29.1 273 283 28.5 12.0 14.9 335 28.5 26.1 24.1 310.2
Ve2 18.0 17.7 21.6 23.9 21.0 20.3 19.1 18.9 25.1 19.4 17.8 199 2427
Gpl 11.1 11.9 14.6 23.7 24.2 27.1 26.6 132 28.2 19.8 124 11.0 2239
Gp2 11.5 16.5 26.8 323 41.9 28.0 9.5 11.8 9.5 9.2 7.4 11.6 216.1
Gtl 134 19.7 304 325 484 28.1 7.8 14.4 8.6 94 6.9 5.4 224.9
Gt2 229 19.4 18.3 16.2 18.4 17.8 8.5 2.8 14.0 18.3 15.8 14.2 186.7
Gel 23.9 26.0 35.0 354 29.9 214 12.0 21.9 394 343 323 314 3428
Ge2 19.9 20.6 222 26.0 27.6 274 18.1 14.0 19.6 17.8 18.3 194 2509
Ave. 18.4 18.9 224 25.0 27.6 21.5 153 16.7 235 25.1 21.7 23.6 2597
Table 6. The nitrogen purification load assessment of year-round drain water (unit: kg/ha)
Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Vpl 72.0 22.6 64.5 109.8  49.9 33.6 62.7 854 1246 1925 1793 189.6 11864
Vp2 74.4 83.5 1002 1059 1348 1222 103.0 1266 1214  100.1 86.9 83.5 12425
Vitl 57.8 55.6 333 284 80.2 7.1 424 86.7 847 1456 126.1 180.6 9284
vt2 14.4 14.9 15.2 15.6 15.9 14.8 11.8 7.1 12.3 18.2 11.9 14.4 116.7
Vel 97.7 1162 107.7 1009 1046 1052 445 54.9 1236 1052  96.6 89.1 1146.2
Ve2 26.4 259 31.6 35.0 30.8 29.7 279 27.7 36.8 28.5 26.0 29.1 355.6
Gpl 384 41.1 50.4 82.0 83.7 93.8 91.8 45.6 97.4 68.6 42.8 38.0 773.8
Gp2 46.5 66.6 1084 1304 1693 1132 384 47.7 38.5 372 29.9 46.7 872.7
Gtl 27.1 39.9 61.7 65.9 98.2 56.9 15.8 29.1 17.5 19.0 14.0 10.9 456.0
Gt2 88.5 75.0 70.7 624 71.0 68.8 329 10.8 53.9 70.5 61.0 54.9 720.3
Gel 70.8 770 1034 1047  88.6 63.5 354 64.7 116.6  101.5  95.6 929 10147
Ge2 1292 1340 1441 1692 179.1 1783 117.7  90.7 1273 1158 1192 1258 16304
Ave. 619 62.7 743 84.2 922 73.9 52.0 56.4 79.5 83.5 74.1 79.6 874.5
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Al elckr| o] AT uljl iR EARE T-NgES
7o R e §EER= AAN) 2| TS Table 62+
o] APgsieich A AT 1d B3t o e fEE= A
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Table 7. The phosphorus purification load assessment of year-round drain water(unit: kg/ha)

Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Vpl 10.2 32 9.1 15.5 7.0 4.7 8.8 12.1 17.6 272 253 26.8 167.5
Vp2 14.7 16.5 19.8 20.9 26.6 24.1 20.3 25.0 239 19.7 17.1 16.5 245.1
Vtl 10.0 9.6 5.8 49 13.9 1.2 7.3 15.0 14.6 25.2 21.8 31.2 160.5
V2 9.2 9.5 9.7 9.9 10.1 9.4 7.5 4.5 7.8 11.6 7.6 9.2 106.0
Vel 16.7 19.9 18.4 17.3 17.9 18.0 7.6 9.4 21.1 18.0 16.5 15.2 196.0
Ve2 9.2 9.0 11.0 12.2 10.7 10.4 9.7 9.6 12.8 9.9 9.1 10.1 123.7
Gpl 5.1 5.4 6.6 10.8 11.1 12.4 12.1 6.0 12.9 9.1 5.7 5.0 102.2
Gp2 9.3 13.3 21.6 26.0 33.7 22.6 7.6 9.5 7.7 7.4 6.0 9.3 174.0
Gtl 6.2 9.1 14.1 15.0 224 13.0 3.6 6.6 4.0 43 32 2.5 104.1
Gt2 17.5 14.8 14.0 12.3 14.0 13.6 6.5 2.1 10.6 13.9 12.0 10.8 1423
Gel 9.1 9.9 13.3 13.4 11.4 8.1 4.5 8.3 14.9 13.0 12.3 11.9 130.0
Ge2 16.8 17.4 18.7 22.0 233 232 15.3 11.8 16.6 15.1 15.5 16.4  212.0
Ave. 11.2 11.5 13.5 15.0 16.8 13.4 9.3 10.0 13.7 14.5 12.7 13.7 1553
Lol Agslin. EAE 1d St o e fEEe A sk
o] T 1 ha T9jollA] 2AK= 104.1 kg, WAR=245.1 A AR oA wliE R e st
kg O U] 127]4:0] S 1553 kg0 2 BAES] o] R A7 BOD: 1230] Hito| 3.6242.39
o oS ISR 1 B U HRS IS mgLE BEFOR BE Ao st EE B

2 dokeE Fajal] 2 12710.56 kg/hao) Qo] @]
2 FEFE o2 B7HEQICE St Gp2 tdAle) 5
9 &S Sels) H 31 B2k ThaoflA] 1.12 kgo]
HiEER= 2 o S lous A AV dAE §1gt
& s AP 57 At e sfkar whekEch

0
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e e R
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