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Comparison of Generated Loads by Hydroponics of Strawberry, Tomato, and Paprika in Gyeongsangnam-do
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ABSTRACT

The objective of this study was to analyze the waste nutrient generation loads from hydroponics for three major crops in Gyeongsangnam-do. Study
hydroponic farms were selected for the three major crops such as paprika, strawberry, tomato based on the agricultural statistics data and field
investigation. The flow amount and water quality for inflow and outflow of study hydroponic farms were monitored and analyzed on a monthly basis.
Monitored samples were analyzed in terms of DO, BOD, T-N, T-P, SS, and EC. The generated load of BOD, T-N, and T-P were calculated from
the monitored flow and water quality. The monitoring results showed that the drainage ratio for the circular hydroponic farm was lower than the
non-circular hydroponic farm because the outflow from the circular hydroponics were much lower than that from the non-circular. The generated load
calculation results showed that the BOD tended to have a smaller value than the TMDLs guideline for land, while T-N and T-P showed higher value
than that from the TMDLs guideline. In order to effectively manage the pollutant load discharged from the hydroponics farming complex, it is necessary
to manage the non-circulating hydroponics farm. To improve water quality, it is necessary to gradually expand the circulating hydroponics farm through

policy and economic support.
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AA7HA =] o34 FAAE) A A HgES 5% ke
2 Gt ol &3] AJAHY] 27|FEA ]G] HlegH o
I3l 10~15% =1L AX| Follie F7]4 08 ARG okl &
A &Y F7HY GuI7F Faste] gl A7) dhiE
o8 BAEr} (Lee and Kim, 2019).

oA Ydetso] A9 2000 HE RE Rz uY
E7P7F g FHAE Al AR fEehes kAl Q1o
o, &2 olapslal Ao AEsto] AaEsh 8=
gF A5l=E ARSSHA] Fal R A4 B HIER AT
SHEE Fith Yito|A= o Lutriel= AeE Hgsto]
Hufoll A MiEE = LA ARelH HAA AU gt
(KEIL 2018). =3tj9] 7-9- FHafu H22 3,400 hag 'dol4l
a1 (Statistics Korea, 2020), 7oA 2rAYSH= HQFol 7} w2
A= vz o] oF 7,000:20f FataL 9ol ELakL (Jang
et al,, 2012) WAl A7} o] F| AL QIA] gt} A= A
ZHEE Aol AufRjof| A viE == wieke & FE4 (F
at 150ppm)2} <1 (Bt18 ppm) 2] o= ST HiE7|E
& FALE oF 4u, 501 oF 308 o} 2sHL glek (Cho,
2017). =8H2] FHAuf o] SE flsiAl= 8] s 9
g 71 g3 8 AARRE EQIshes AqPi 57t A
At 8] AN Z]o] gt FE W wso] Hast
o} 3 3] oFolAuo] whE viERele AR 55
wA5te] @ AFFelolA] g FHAYE AT HS-
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ARl o R Qs e Fasith Al =BAE ARESEIL Q= B7F A9 glo] <84 Al
olF flall & Aol '] el =ol whE Bl 72 AAske ) ofeleol JlgloH, uhre]riB i7h Sl
SRl AFadE #A4s] 2R RUEPS AAlskoIth Al AurAl o2 Pkt i Akl v x| ot
75 BOtE AVAEiR] oA = EMC, Fote 9 ek ze)7}, BEutE 57k Hledhi] o2 AP E Qi oFolAul
£ ARt AP AT (Jeon et al,, 2013)7F QAR =242} H] F7MA HiEEE YA wjEE = A7) wol HE Hl
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Sejuxtch A fAdR w7kl AAE fFEAE AESE
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7] 27, BuEE 270, akzelrt 370 wkE AlRAAEE A Ar}. EulER Erls AlgeAzm waekl Wk 1A
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Strawberry A y Strawberry B

Table 1 Strawberry, Tomato, Paprika cultivation status

Crops Size (m?) Circular system

Strawb A 991.7 Non-circular

rawberr

y B 363.6 Non-circular
2. N8is7t 2 L2 Tomato A 9,917.4 Non-circular+circular
B 595.0 Non-circular+circular

B7] B719) A9 vmY At AR BT vlago ——
A 26,446.4 Non-circular+circular
2 rdual glon shLelzier BupEa 4 el A M) Paprika | B 33,0579 |Circular

TR RS EESte] Al Qink e ] C 7273 Non-circular+circular
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(g) Paprika C

Fig. 2 Study hydroponics site photos for strawberry, tomato, and paprika
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dEX9 27|, E0tE, OtZ2|7h SHxfHiol ME YYRSHE Hlw

Crop Jan. Feb. Mar. Apr. ay Jun. Jul. Aug. Sep. Qet. Nov. Dec.
Harvest raise seedlings
Strawberry cultivation Harvest
Harvest raige seedlings
raise
Tomate Harvest . eultivation Harvest
seedlings
Paprika Harvest raise seedlings cultivation Harvest
Fig. 3 Cultivation period of three major hydroponic crops in Gyeongnam
Table 2 Schedule of inflow, outflow and water quality sampling for study farms
. 2019 2020
Sampling item
Aug. Sep. Oct. Dec. Jan. Feb. Mar. Apr. May
Inflow, outflow, and 9/18 10/18 12/6 5/26
’ ’ - 1/31 2/28 1 4/28
water quality 9/26 10/31 12/31 i / 313 / 5127

RS SkaL Qlek. wjel o] o] FS 19tH| = F4=sto] uloei=
2 WolA Em ofH APARGA|ATLS 3UFFHE AT
EFZ S5 el il siE7t F0 =7 At S
7¥zk A 42914 (2: OTT Thalimedes Shaft Encoder) S
Adz)ste] HiEol A HiR R s fEEE S5
ot Bz e7lCs 337180 AR FEHa) ufllwks
A% Sl glow, A Aokl 29 thA] A48t
2~59 A=y o]-§3kGi). Fig 2+ ARH 97], EntE, 1t
xZe|7t A s7he] @A WolEal 9low Table 1
Adds7tol tigt A9 97], EntE, gze)rhe] 24 i
OF AuAle: ehfar ik

Fig. 3:& & Aol AR Aufatas] 97], Bvke, ot
Ze|7ke] ZPul7|7F (ME, 2020) LEhRaL ek AgE o),
Eukg, shre)7l 7hE oo R gt gof of 23] #9]Faliat
FEgAol et HUEP-E Akl e, HUEF 7|7t}
UAR= Table 201 AJAIE vRet ok BUE S flaf FAAY
i ol F2E fFAIE ol8sto] Sl S8

C
=

FS FARA I 2T R Sgeka Gl

lll. Results and Discussion

As7tel tieh float el ByEY die
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Table 3] “gefsto] Hojg=al Qlek B7]A 7H] FUF=
A-EAS71 7t wet 2ol Kol Y= 2436.6~13,136
L/day, 9252 21.0~2,952 L/iday?] ¥ 9|E Hgow B
233%9] Hjda-s Hlrh AR 10~ 12974 2S5 =
719] gro]l qAIH o8 Am, fEF A7V BE4E Zof
A= 7ok Bk B7IB 57FY] e 212~587 Liday,
O ZEEO 18~220 L/day O 2 BN Bt 23.1%2 RAME]
e

EUlEA 5710] 9912k0 16,082~38,376 Liday, G-ZoF-2
998~3,837 L/day 2 Hat 7.1% Hj&-S 2o, EulEB
7l 0olako 219~485 Liday, 9-&%-2 50~174 Liday =
HijoiEo] Hat 26.8%= FAFE QT

9715 ALt FHA s7HES RE Aol wet &
YF FEFS Alojstar glom 27|7F AlRtE= 9~104
of Bl 457 (12~3¥)0ll o g2 8les Tt 19
L et A9 FEol et = 5ol 2|
7% stz EntEA 57 9 o] BEulER 4=gkA)7]
of 7Y sE FdFE &0 AHE st Q.

T E)7IA E7hs §-9l5Fo] 11,327~22,647 Liday, 3-&F
0] 989~2,654 L/day = HFu&0] 12.8%5 K ch o]
7B E7h= 9-eleFo] 21,286~59,644 Liday, 3-ZeFo] 210~
2,642 Liday 2 Hatuljlgo] 223%S Rck 222)71B &
7Fe] 7% wils A SAEE Alo] of e} iR R {EE
© F9E AR ST o E B F7tol vlsf vl 2R
FETol SAESE 8] Az Qs vjoigro] 22 gk

ARJNA, ST A LG ZAINA] S5 714

Q1 A7t dasie) ahzejzlCo] - Fg 7oA A



Table 3 Results of monthly inflow, outflow and drainage ratio (L/Day)

Hydroponic ltem 2019 2020
farms Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Inflow 3047| 13136 7000 7814 5281 4261 3581| 24366| x
Outflow ; - 2052 2052] 180| 1,604 714 210| x
Strawberry A Dra
ranage - - 374 263 356 376 20 09| x
ratio (%)
Inflow 557 557 555 587 502 489 425 22| x
Outflow 188 188 220 211 112 92 63 18] x
Strawberry B -
rainage 338 338 306 36.0 223 1838 148 85| x
ratio (%)
Inflow 32322| 38376 16082 16817| 18246 19243| 20345 21324| 20,697
Outflow 2837| 2189 1317| 1542 1324 08| 1214| 1543] 1246
Tomato A -
Drainage 858 57 82 92 73 52 6.0 72 6.0
ratio (%)
Inflow - 219 321 275 288 347 404 484 485
Outflow - 54 50 55 82 88 116 173 174
Tomato B -
Drainage - 247/  156| 200| 285  254| 287 357 359
ratio (%)
Inflow 18852| 16.278| 11327| 11585 13542| 16543| 20246| 22647 21,964
. Outflow 2311 3835 989| 2022 1834] 1546| 2654 1985 1864
Paprika A -
Drainage 12.3 236 87 175 135 93 13.1 8.8 85
ratio (%)
Inflow 31732| 38916| 20570 21286 32548 38356| 53.925| 58484| 59644
. Outflow - 210 345 335 348 427 1023 1274 1242
Paprika B Drai
rainage i
e 05 12 16 11 11 37 36 5.1
Inflow 1661| 1541| 4022| 4598
paprika I;)u.tflow 142.4 621 808| 1149
rainage . L . . .
e 06 813 386 202 249
X: &7|7t 0tRe|=/o] ¥l iy 27 ——— : 19.9~20.01 AufStH mZ 2|7t Z0tH D CHA] HAIGHH 288 E MZ S8 - oY
o BEOZ FAET}
Mz 2L 7ojolT 29 ThA] HASI0l 25U At olg 2. B HA| Ap}
sraow, Heao] 028162 WA 22 ASE EE - gaap) w), moke gaole] 98 Aut g

wgick. wel7le] 49 w7tk AulE o] Aolsi

Y ARE ol

[e)

u Ae] MmEAoR Fugow Heslel stk

K719k 2Rl wek Rk Aol 9ot §elaee
ulsh §Egle] SUsEo] 2 ghe HolFw ek £
5 0klo] Hl3) §EY] SFABET} S o] )
A AAA et GopRET foelo] FAE] ekt
FEYolel 4lof o] o o

[e]
FA AT A Sh-AAfulA] Ay
11.85, T-N 4.99, T-P 3.51 kg/km® « dayo|m, © AZ=Fta] 2|
29| sh-AAulA] AR RS gt AulAlof whE
= glo] sk ul A ol thgh gk AAISEAL Qlet 2 Aol
A Qoj7l Avfe HUEY 3 A% E mglel fEF mE
mg/L/m’ — kg/km® - day 2 Hestg o, 2+ AfujztEd 2
3= BOD9] 73-¢- 7] A|3le] vlaf] 2 A-tellA dojzl 2}
7 AR - B2 AuE BYlom, TN T-P= 7]& A

l
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(b) Strawberry T-N

=#=Tomato A Inflow
=a—Tomato A Outflow
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(d) Tomato T-N

=#—Paprika A Inflow
=#—"Paprika A Outflow
=dr=Paprika B Inflow
=dr="Paprika B Outflow

Sep. Oct.  Nov. Dec. Jan. Feb. Mar. Apr.  May

(f) Paprika T-N

Fig. 4 Inflow and outflow water quality concentration (BOD and T—N) for strawberry, tomato, and paprika study farms
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60
¥ land generated loads(TMDL)
50
o 42.39 Strawberry A
m©
o ? 40 Strawberry B
- s
o =
E 320
® <
;; » 21.05 21.05
5 - 20
0] 11.85 12.45
10
4.
. 243 230 i 3.51
0 [ =
BOD T-N T-P
(a) Strawberry
60
®land generated loads(TMDL)
50
Tomato A
E
o7 ® Tomato B
o
® T 30 27.62
® =
. ~
o £
= w 20
[7]
o 11.85
10 . 4.99 5.62 351 50 6.30
0.41 0.48 '
. [ | =
BOD T-N T-P
(b) Tomato
100
¥land generated loads(TMDL)
w0 78.82 Paprika A
'g Paprika B
o ? 60 Paprika C
T 7
e 5
+ E
m© = 37.95
g ¢ «©
| g 4
]
= 11.85 625 8.65
4.99 - 3.51 3.25 .
1.17 1.10
0 . 0.04 0.45 —
BOD T-N T-P
(c) Paprika

Fig. 5 Comparison of generated load between the TMDLs guideline for land and monitored loads for strawberry,
tomato, and paprika
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