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Abstract

The purpose of this study was to evaluate the load of nutrients contained in the drainage discharged from the
facility horticultural complex and to use them for re—use of fluids and design for introduction of water treatment
plants. Representative hydroponic cultivation crops were selected as tomato, paprika, cucumber, and strawberry,
and the total number of samples analyzed for water quality was 80. As a result of the analysis, since various
fertilizer components such as N, P, K*, Na*, Mg, Ca®", Siy*, HCOs", CI", S*, Fe, Mn, Cu, Zn, Mo and B are
contained at very high concentrations in the drainage, the need for water treatment was confirmed. Through statistical
analysis, it was analyzed that the drainage concentration of strawberries was lower than that of tomatoes, paprika,
and cucumbers. In the case of tomatoes, these essential ion concentrations are the highest, so it was confirmed
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that they are subject to valuable resources in terms of reuse of fertilizers. The load of N and P of the drainage

discharged from the facility horticultural complex 1m? was analyzed. For N, the daily processing capacity of 4.0
kg of tomatoes, 3.3 kg of paprika, 3.0 kg of cucumbers, and 1.5 kg of strawberries was calculated based on

1 ha. It was suggested that the P concentration needs a scale and capacity that can handle 0.5 kg of tomatoes,
0.6 kg of paprika, 0.4 kg of cucumber, and 0.2 kg of strawberries per day. Through this study, the amount of

nitrogen and phosphorus contained in the drainage discharged from the greenhouse of each crop was evaluated
to analyze the economy. In addition, it was expected to be used as basic data that can be used to calculate the

treatment capacity to be reflected when introducing water treatment facilities in facility horticultural complexes

for sustainable agriculture.
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Contents and Method

1. Selecting a crop

Selection of major cultivation crops for hydroponic cultivation based on MAFRA(2018)

|

2. Drainage sampling

Sampling of representative crops at the main production complex

|

3. Drainage analysis

19 main items analysis

|

4. Emission applied

The average application of Son et al.(2019) drainage discharge amount

|

5. Calculation of outflow load

Calculate by applying the drainage analysis result and runoff amount

|

6. Statistical analysis

Checking the difference in drainage water quality by crop and greenhouse type

Fig. 1. The work flow of this study
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Table 1. The classification of study corp and sampling location

Material Type

Corps Samples - Location
Vinyl Glass
Gimje(2), Hongcheon(2), Jeongeup(2), Jinju(2), Jangsu(2), Buyeo(4),
Tomato 20 10 10 Changnyeong(4), Changwon(2)
Paprika 20 8 12 Gimje(8), Buyeo(2), Yeosu(2), Changnyeong(8)
Gunsan(4), Gimje(4), Namhae(2), Iksan(2)
Cucumber 20 16 4 Changwon(4), Cheonan(4)
Strawberry 20 20 - Naju(4), Damyang(4), Chamcheok(4), Jangseong(4), Jinju(4)
Total 80 44 36 -

Fig. 2. The collecting(Left) and output(Right) of horticulture facility drainage water
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Table 2. The analysis result of drainage water at 80 study samples by corp type
Classification Tomato Paprika Cucumber Strawberry Total
(N=20) (N=20) (N=20) (N=20) (N=80)
pH 6.31+0.68 6.15+0.59 6.38+0.28 6.39+0.77 6.31+0.60
EC 4.43+0.99° 3.85+0.85% 3.32+1.02° 1.50£0.76¢ 3.27+1.42
NO;-N 430.61+139.02° 344.66+115.36 299.31+117.93 143.87+86.29° 304.61+154.78
NH;*-N 10.63+4.78 9.76+14.22 10.34+17.83 12.40+14.88 10.78+13.60
PO,-P 52.31+23.60% 69.82+56.49* 40.15+19.07* 20.25+15.00° 45.63+37.06
K" 520.76 +137.21° 501.014398.15 333.78+£115.22° 148.16+103.79° 375.93+267.01
Na* 89.15+57.19° 107.76 +66.23° 98.07+80.27° 31.54+2333° 81.63+66.43
Mg?* 133.38+45.81° 114.96 +50.35° 108.17+68.76° 32.00426.00° 97.13+62.71
Ca® 341.10+128.49° 446.56 +329.00° 213.79+96.77° 125.56+70.19 281.754220.35
Si** 36.39+21.82% 46.02+29.09° 24.74+13.05% 12.75£7.13¢ 29.97+23.00
ar 82.82+80.29% 92.65+58.19° 51.32+32.54% 36.00+42.05¢ 65.70+59.82
S8 177.21+88.81° 199.63+137.13° 114.27+78.08° 46.45+48.57¢ 134.394109.80
HCO3" 35.76+48.39 23.36+40.87 37.05+38.25 27.13+23.78 30.82+38.55
Fe 1.10£0.79% 1.02+1.16® 1.58+1.23° 0.70£0.91¢ 1.10£1.07
Mn 0.15+0.09 0.11+0.13° 0.41+0.57° 0.19+0.30° 0.21£0.34
Zn 0.32+0.20 0.26+0.28 0.45+0.36 0.36+0.36 0.35+0.31
Cu 0.07+0.08 0.05+0.05 0.08+0.06 0.11+0.28 0.08+0.15
B 0.76+0.41%® 0.61+0.31° 0.89+0.45° 0.27+0.28° 0.63+0.43
Mo 0.034£0.01%® 0.010.03 0.04+0.07° 0.0340.03% 0.03%0.04
ArZro R = S o of¢ =2 srolth(Kang and Son, 2011; Son et
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o|¢} Ze AME u|FolE wf AL TEA|A HiEE
£ Hjdols wWe B2 vz B dFEd At
ZastH, o]A9] Aol &2 HIH e AEZ F& A o
Eol 7A] gl "=l "ok Ego] F 4 St} whetA
A7 AR B E v o R FY4 Aolgol Zagh
5 ARt wiES4 el ol E A28 et
48 4 e ARV 2 5 Aok 71
EAZ Zpol= Table 30 AA]
g ANOVA 24 ZAxer ot 74 23} EC, NOs-N,
PO,~P, K*, Mg*, Ca®", Sis*, S, BollA] 99.9%, Na*, CI°
= 99%9] AEeEor BARESGOH Mne 95% AZ¢
Fog A5 Aolrt yeyth dAldor Er]9 s
Tt EnfE, spae]st, Qo|Hth w2 Aow FAHG]
ow ECS NOs-NoA= EntEZL AlY w2 v 5k
& H3, POsP, Siy', Cl'e HZap7Pt 7H 52 5k
2 Yehgom, 53] Mn¥ BE 017t 7Y w2 Bk
EAE AT T M) F4B)= mlEe] AR v {3 o]
2 QoA R R E € {F Fort ERlEeng F
G402 HE M A ESHES Qo Hot Alde #evt
a7HEgy & 4 9tk K, Ca®, §7 & ErtEe} o)zt
o] BVt /M w2 Ao Yehgth ErfES] AL o
g "ol vt MY Fong HRAHRES §& EJF
Eo 7PEE S glow, Hm 9] Ajolg SR = 7]
UE AL difolgtar wek o 4 ik
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Table 3. The statistical analysis of analysis results by crop type

Classification F-value Post—huc.
pH 0.672 N.S
EC 37.667%** St{Cu<PaTo
NO;-N 21.410%*** St<{Pa,Cu<To
NH,"-N 0.135 N.S
PO4~-P 8.020*** St{Cu{To<{Pa
K* 11.953%** St{Cu<{To,Pa
Na”* 6.408** St{To,Pa,Cu
Mg?* 15.928*** St{To,Pa,Cu
Ca* 11.449%** Cu,St<To,Pa
Sitt 10.762%** St{Cu{To<Pa
Ccr 4.439%* St{Cu{To<Pa
sz 10.794 % ** St{Cu{To,Pa
HCO3” 0.585 N.S
Fe 2.492 N.S
Mn 3.088* To,Pa,St{Cu
Zn 1.342 N.S
Cu 0.575 N.S
B 10.578%** St{Pa{To<Cu
Mo 1.766 N.S

* Test result is statistically significant level at the P = 0.05
(*),0.01 (**), 0001 (***), N.S = Not significant,
** P . Paprika, T : Tomato, S : Strawberry.

o] Foll 42 2A Ao Er|Eot BEutEy ot
ne7he] L7t A FAEAS WE v FAA A
o]-gof oA HEHE FYIF Aol7f FRlEglon g Hl
= kol A AZ-E © Aol sy Efofof & I
8790 A=Ak

3.2 A28 SYE HiE Bl £ 24

240 & A FHo g wjH ] F=E Slstat
Table 42} Zro] e P o= 4HESEL t—Test AR
A& Sl 1F 2t Aol & gelste] Table 5o AlAsHAT

24 FEid 824 559 FAA Aol Table 591
A vhet Zok 24 FHl= Azl WE F2(Glass) 2t
v (Viny) 24 2 2ot 24 JH ol o 2po] <l
Hjee] Afo]g 9 AL = Al AFEolA o] &
A ol &8stz &7 H FAEAS AASHIH
B4 Ax BEutgo] ¢ Siy', CIT, Fe, CudllA 95%2] Al

FEOR FE Aozt uEger, Syt CloAs Hd
240] § HL2 TEE H3AN Feel CuolAE #8249
Hjdlo] o £2 FhE FAHU FAA Aol7t ZelH
FE 5 N, P, K& 22 58 &5 d9ddes XTET
AATh oheF Fe, Cugt 22 v oA fref2d i
oA E2 o] G fEl24-2 Hd 24 Hg|
H 2 AOFERE g-¢Jo] o] oz 3l glom, uljdo] LTt
= 940 FF Tt Hld-24of Hls) FUstA we|shH,

IS nFLAE Uit Aow dHA Qlth o
o]G& Felx G224 1.35+0.93 mg/Lelduts] vld
204 0.85+0.54mg/LE 2}o]7} gHelw= ko] gl

ot rlo

r

o
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Table 4. The analysis result of drainage water at 80 study samples by material type
Tomato Paprika Cucumber Strawberry Total
Classification|  Glass Vinyl Glass Vinyl Glass Vinyl Glass Vinyl Glass Vinyl
(N=10) (N=10) (N=12) (N=8) (N=4) (N=16) (N=0) (N=20) (N=26) (N=54)
pH 6.19+0.65 6.43+0.72 6.34+0.64 5.86+0.35 6.23+0.22 6.41+£0.29 - 6.39+0.77 6.27+0.58 6.33+0.61
EC 4.87+0.88 3.98+0.94 3.85+0.80 3.85+0.98 4.57+0.46 3.00£0.91 - 1.50%0.76 4.35+0.89 2.75+1.33
NO3;-N  [481.29+139.57|379.93+124.94| 294.54+99.74 | 419.85+98.60 [393.65+17.10|275.72+120.80 - 143.87+86.29 |381.61+135.39]267.54+£148.31
NH;'-N 10.62+4.85 10.64+4.98 10.62+17.44 8.46+9.23 522+1.51 | 11.62+19.84 - 12.40+£14.88 | 9.79+11.87 11.26+14.21
PO,~P 53.19£20.35 | 51.43+£27.57 | 46.60£33.94 | 104.66+67.38 |45.91+11.21| 38.71+20.61 - 20.25+£15.00 | 49.03+25.62 | 44.00+41.05
K* 548.92+165.59(492.60+102.78|372.34£243.32{694.01 £516.04]408.19 + 72.25/315.18 + 118.02 - 148.16+103.79(445.77+204.79|342.30+283.95
Na* 78.40£38.90 | 99.91+£71.65 | 103.02+62.59 | 114.86%75.19 |183.68+46.74 76.67+72.67 - 31.54£23.33 | 105.96£60.49 | 69.91+65.36
Mgﬁ 149.41+37.76 | 117.36£49.34 | 100.25+42.02 | 137.03£56.39 |174.16+£14.04/ 91.67+67.06 - 32.00£26.00 | 130.53+46.00 | 81.05+62.75
Ca® 403.88+104.09|278.32+123.54|334.10+£ 124.33|615.25+464.01| 337.04£9.05 | 182.97+82.35 - 125.56£70.19 | 361.39+106.9 |243.41£246.99
Si** 35.49+£12.60 | 37.28+29.06 | 41.56+18.74 | 52.71+40.73 | 33.73+7.53 | 22.49+13.32 - 12.75+7.13 38.02+14.87 | 26.10+24.92
cr 73.07£50.02 | 92.57+104.39 | 84.36+40.01 | 105.07£79.88 | 70.37+£12.56| 46.56+34.48 - 36.00+£42.05 | 77.87+39.98 | 59.84+66.03
Sz 237.33£56.81 | 117.08+73.40 |205.82+£157.52|190.34+109.04240.49+ 63.71| 82.72+39.99 - 46.45+48.57 |223.28+111.11| 91.59+77.82
HCO3™ 35.28+57.98 | 36.25+39.76 | 35.37+£49.09 | 5.35+£11.30 | 34.17£7.16 | 37.77£42.90 - 27.13£23.78 | 35.15+46.79 | 28.74+33.27
Fe 1.35+£0.93 0.85+0.54 1.13+1.38 0.85+0.79 2.01+0.24 1.47+1.36 - 0.70+0.91 1.35+1.09 0.98+1.02
Mn 0.16%0.09 0.15+0.10 0.13+0.14 0.10+0.12 0.20+0.05 0.46+0.63 - 0.19+0.30 0.15+0.11 0.25+0.41
Zn 0.36+0.20 0.28+0.19 0.32+0.33 0.16£0.16 0.43+£0.12 0.45+0.40 - 0.36+0.36 0.35+0.25 0.34+0.33
Cu 0.09+0.11 0.05+0.02 0.05+0.04 0.06+0.07 0.17+0.08 0.05+0.03 - 0.11+0.28 0.08+0.09 0.07+0.17
B 0.96+0.43 0.56+0.29 0.74+0.18 0.41+0.38 1.33£0.15 0.78+0.43 - 0.27+0.28 0.92+0.35 0.49+0.40
Mo 0.02£0.01 0.03+0.01 0.02+0.04 0.01+0.01 0.07+0.04 003+0.07 - 0.03+0.03 0.03+0.03 0.03+0.04
Table 5. The statistical analysis of analysis results by material type
. Tomato Paprika Cucumber Total
Classification
F-value Post—huc F-value Post—huc F-value Post—huc F-value Post—huc
pH 0.012 N.S 9.889** GV 0.278 N.S 0.014 N.S
EC 0.002 N.S 0.044 N.S 1.674 N.S 4.689* GV
NO;-N 0.438 N.S 0.014 N.S 3.930 N.S 0.983 N.S
NH," -N 0.002 N.S 0.370 N.S 2.466 N.S 1.222 N.S
PO4-P 2.906 N.S 4.993* GV 2.095 N.S 0.852 N.S
K" 3.300 N.S 2.944 N.S 0.666 N.S 0.415 N.S
Na* 2.263 N.S 0.241 N.S 0.931 N.S 0.071 N.S
Mg?' 0.974 N.S 3.120 N.S 6.293* GV 2.321 N.S
Ca® 0.173 N.S 11.706** GV 4.395 N.S 2.019 N.S
Sitt 4.553* GV 5.474* GV 3.643 N.S 1.397 N.S
cr 7.911* GV 4.331 N.S 3.075 N.S 2.146 N.S
s* 0.627 N.S 0.617 N.S 1.352 N.S 3.916 N.S
HCO3" 0.075 N.S 13.535* GV 4.283 N.S 1.718 N.S
Fe 5.888* GV 1.173 N.S 14.388%** GV 0.417 N.S
Mn 0.043 N.S 0.375 N.S 4.631* GV 6.606* GV
Zn 0.027 N.S 2.157 N.S 4.765* GV 1.000 N.S
Cu 5.079* eV 0.487 N.S 10.351** GV 0.031 N.S
B 2.676 N.S 2412 N.S 3.271 N.S 0.222 N.S
Mo 1.834 N.S 5.352* GV 0.296 N.S 0.032 N.S

* Test result is statistically significant level at the P = 0.05 ( * ), 0.01 ( ** ), 0.001 ( *** ), N.S = Not significant,

** G i Glass, V : Vinyl,

=] gict.

mxel7t= pH, Ca?* o4 99%, PO4~P, Si,", HCO;,
MoollA 95% Alg|sEo 2 24 Fefid i s 2po]7t
A& pHEF HCO5™, Moe f&l249] Hjdlsrr}
o A BEAEglow PO,-P, Ca?', Si,'= H|Y2A9 =
=7t o =4 BAEd

Qo= Mg?*, Mn, ZnollA 95%, Fe, CuollAl 99%2] A1
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of FHIE Aol7b Aol glo] Tt FAA Aol & Qstrtar & 4= glok B7] ER]F ThaollA A7 wjEs= 4
AE A AA 2 Aolg tiY A= A Foll 2857 &9 F%L 405.833 kg/haolw, 59 43.131 kg/haZ
e o FUt deBz F7HHQl AT Sl 24 ¥ Mg w2 wlE T AHAH. o] de dG659)7 4

Hloll T2 xjols ThA FH Sels] B Wast oty
k.

3.3 i 2AMZa} U

AL A 1 mPo A iEEE o] g A
(Son et al., 2019)°ll Z7}5to] Table 60l AAISHIoH,
b HiEEE wole] S YR AHE Ay I m’ W
A AAE 153 L, B 27.6 L5 AHgohe 2o
H9lal, & HlEES 259.7 L/m? o8 YEhyth oA
ha®] WAo|A HiEE = vjdo] 23te Y49 Fkg)
Hitel ® Skt
B4 A7 N5Eo] A$ EntEs £ 1145900 kg/has
&= HiEske As o & glew, =@t
405.833 kg/ha&2 71 @A AT 7P 22 o N& Hf
2 Yegth EftE lhaoA A7F viE5+=
149] 952 1145.900 kg/haolH, 59¢] 121.782 kg/ha

7 =2 WjE 55kt ERlE gl o] &2 AB365¢)
Y(B0WE HEH 3.139 kg/ha, 4.059 kg/haZ AAH
ot EutE Aotz o] »Ae] Ald &9 Al 1ha 7]
o oF 4.0kge] AAE 47 AT 5 U= FRe; &7F
o] d@sittal & 4= qlrk. w7} lhaolA ATt viEE]
= a9 FF2 920429 kg/haolw, 59 97.820
kg/ha® HiEHESI7F ERIE Gt o] & AG65Y) ¥
(302D)2 UHEH 2.522 kg/ha, 3.261 kg/ha AArgct
mrefzp Az ] A4 E A =Y Al lha 7]1E
o oF 3.3kge] AAE U7 AT 5 U= RO &7F
o] astrial o 4= Qlrt. Qo] lhaolA ATt wiE=E= &
A9 FF2 804.161 kg/haol™, 5¢¥€o 85.463 kg/haz
71 =2 WiEEshE ERIE G o] e AGB65Y)T ¥
(302D)2 UHE 2.203 kg/ha, 2.849 kg/haZ AlArgCE
Qo] Al dedz| o] A A =Y Al lha 7] X[
oF 3.0kge] AAE At AT = Q= R}t §Fo] T

[e:
r

3

N

>N HU
lo e AT I

fuo— 12 2 e U

N m{Nl
ot

Sk

rr

Y

lo

(309)& HEW 1.112 keg/ha, 1.438 kg/has AArHT),
7] AddoAGR] e =47 AA &9 Al lha 7]& FHdf
oF 1.5kge] AAE A7t AT & s TR o] F
asitty & 4= Qi

FHom Nt PRE 590 7P BWe o] viE=H,
dofl 1had 7 22 49| Hjdlo] vjEE= Ao= e
Wk A2 PsLE AMEY EntE lhaolA A7t &
Hi qlo] Ewe 135849 kg/haolw], 5Uo| 14.438
kg/ha® 7P &2 &R R o &F& 4
(3659)7 W(302)E LPHRH 0.372 kg/ha, 0.481 kg/ha
& Aktdh EntE AJdAodA] ] A7 Al = A
lha 7] 2o °F 0.5kg®] Q1S A%t AT 4~ A= =2
oF §7Fol "asirial & 4= Stk w7t ThaoflA A7t
HlEEE Qle] F82 181.323 kg/haold, 5€ef 19.270
kg/ha® 7P E2 HIEHSHE RIS o && 4
(3659)7 B(302)E LPHRH 0.497 kg/ha, 0.642 kg/ha
g AnteEd ozt Added] o] A Ad =9
Al lha 7] o oF 0.6kgd] A& 47 AT 5 U=
TRt 7ol astrial & 4= Qlrh. o] ThaolA Azt
HjE 5= Q1o F32 104.270 kg/haol™, 5€ef 11.081
kg/ha® 7P E2 HIEHSHE RIS o && 4
(3659)7 LBOY)E HEH 0.286 kg/ha, 0.369 kg/ha
g AitEh Qo] AdLAER ] FAE AH =Y Al
lha 7] o °F 0.4kge] Q1S A%t AT 4 U= =2
oF g7Fo] "asirtar & 4 Qlek. B7] E3F lhaolA A7t
HiEEE Q19 F2 52.589 kg/haolw, 5¢¥of 5.589
kg/ha® 7P &2 HIEHSHE I o &F& 4
(3659)7 V(3022 LPHRH 0.144 kg/ha, 0.186 kg/ha
& A" 27 ALAgR o] FA A =Y Al

Table 6. The purification load assessment result of nitrogen and phosphorus

Site

| Jan | Feb | Mar | Apr | May | Jun | Jul

| Aug | Sep | Oct | Nov | Dec | Total

Drainage Mount (L/m?)

| 184 | 189 | 224 | 250 | 276 | 215 | 153 | 167 [ 235 | 251 [ 217 [ 236 [ 259.7

Nitrogen (kg/ha)

Tomato 81.188 | 83.394 | 98.838 |110.310|121.782| 94.867 | 67.510 | 73.687 |103.691|110.751| 95.749 |104.133|1145.900

Paprika 65.213 | 66.985 | 79.390 | 88.605 | 97.820 | 76.200 | 54.226 | 59.188 | 83.289 | 88.959 | 76.909 | 83.643 | 920.429
Cucumber 56.976 | 58.524 | 69.362 | 77.413 | 85.463 | 66.575 | 47.376 | 51.712 | 72.768 | 77.722 | 67.194 | 73.077 | 804.161
Strawberry | 28.754 | 29.535 | 35.004 | 39.068 | 43.131 | 33.598 | 23.909 | 26.097 | 36.723 | 39.224 | 33.911 | 36.880 | 405.833

Phosphorus (kg/ha)

Tomato 9.625 | 9.887 | 11.717 | 13.078 | 14.438 | 11.247 | 8.003 | 8.736 | 12.293 | 13.130 | 11.351 | 12.345 | 135.849

Paprika 12.847 | 13.196 | 15.640 | 17.455 | 19.270 | 15.011 | 10.682 | 11.660 | 16.408 | 17.525 | 15.151 | 16.478 | 181.323
Cucumber 7.388 | 7.588 | 8.994 | 10.038 | 11.081 | 8.632 | 6.143 | 6.705 | 9.435 | 10.078 | 8.713 | 9.475 | 104.270
Strawberry 3726 | 3.827 | 4.536 | 5.063 | 5.589 | 4.354 | 3.098 | 3.382 | 4.759 | 5.083 | 4.394 | 4779 | 52.589
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