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ABSTRACT

The results of testing the applicability of pig manure-fermented liquid fertilizer (PMLF) for
hydroponic lettuce cultivation showed that the growth and yield of lettuce were very low compared to
those of normal nutrient solutions for hydroponics. Compared with the nutrient solution for the
hydroponics of lettuce (NSHL), the ion content of PMLF was lower in nitrate nitrogen, phosphorus,
calcium, magnesium, and sulfur but ammonia nitrogen, potassium, sodium, and chlorine were higher.
In particular, the sodium and chlorine contents of PMLF were 8.9 and 27.2 times higher than those of
NSHL, respectively. After 14 days of treatment, the NO; N, NH,"-N, PO,*P, and Ca”" ion contents of
the drained nutrient solution decreased rapidly, resulting in an insufficient supply of nutrients. The
yield of PMLF is thought to be low because of lack of certain nutrients and nutrient imbalances. In
this study, heavy metal contents within the plant, such as Cd, Ni, As, and Pb, were not detected in any
of the treatments, and the detected amounts of Cu and Zn were lower than the acceptance criteria. The
total polyphenol and flavonoid contents in the PMLF group were higher than those in the NSHL
group. In addition, the oxygen-scavenging ability of ABTS in the PMLF treatment was higher than
that in NSHL. These results confirmed that it is possible to produce high-quality lettuce with
excellent antioxidant ability when hydroponic lettuce is grown using organic NSHL. These results
confirmed the possibility of producing lettuce with high antioxidant capacity when organic PMLF
was used in hydroponic lettuce cultivation; however, there were also problems with lettuce growth
inhibition and low yield due to nutrient imbalance. In addition to supplementing and supplying
insufficient nutrients, complementary research, such as the effect of sodium and chlorine
accumulation in the medium on lettuce growth, should be continuously pursued.
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SelUehs ZAV T} Ele] Z4120] 4071 7Kl thet 7bE Rk o) WA B9 4t SIrhRyoo,
2010). 2710l olefat 71 RS w2 QAlste] 20 A WS 918 sk el 172 ARo] £t 1
e} o] 874 wstel wre} 2ol A1) Ay 02 Agheo] =- o] Al 71 Sol B A7 FAE]
Q702 a1 gk
ofegh 7152 | o] MR 5 Wt S5k AL w14 RakAl, 2l Pl 1, QAHE A
o

Hol ghElo] glof 2ug g0 & sjehilg izl 71s e 4= 9lek. o] F AL A, ik, L
S 5 S| o)

el L
oJotZ =]l Qo thg=til Ardllel FA A2 EHE0|Y, i Y 450 381 E-2 ZH20.3% oot &
95% o}Ao|th Ahn et al., 2021).

Al -2zt A4t H R85 E 01 Qlis HulE AR At A, il ZeE] o] AdwRtAle] 0.3% ookl H-4
2 H-80] 6.9%2} 12% = H 175} Ahn et al., 2021; Lee et al., 2011). &2 T2 2474 7)) 294519
O} A 57H29°57F 5 1°57hollA HlAet e gefo] s, ofd 457 tellA 23 HEE It Ahn et
al., 2021). ttat Ak s 32 3 E) ofl TS0t Ahn et al., 2021; Lee et al., 2011).

EHNHE o] 5t EoFTH] Ajufjo] 3t SILE 13(Lim et al., 2010), 20]2} T2} (Bang et al., 2000) 5-2] ¢
7t 58| o] sfetH] g A8 2 ARgo] 7Hs e ERIsEAIT E3F Ryoo(2010)+= THH|AHEERE ofu] 2} <=7 Al
ol x19] Z-8-S Qlote] UhEe] ERMH|E ARSRE AT, 52 60% S0 A o Rl T, a4 ofnieAk, S
T 52 H7HA 83% 02 Feigo] ok S A 80 2 Ego] ZMssitial stk
ol o] 83 S AA NS 9J5to] ThakRt A &S o]-85k QITh. Zandvakili et al.(2019)- A uHE=
AFESH] 5EF0] A5 AR A, sfetH| s K= pafo] Wk o) 2ite] A4 ghgo] w2
A QI S =o)7] Sl vl FEE EolTolol & Ao HAISHY]
Phibunwatthanawong and Riddech(2019)+= 37H4] 2184 H7[E& F5A171 2802 A5 NFT(nutrient film
technique) = AfHfote] X187 221 H|7]&E &=2to] 7Fa3hE ERlIstaint. o] 2jol e A4 w7 | = fefe] f7|H|=H &
& 57 AENA] B W AAFSlpAaae 2 2] B Lau and Mattson, 2021) 52 A7 8= Qiet. Tot =R oH]E
o] 83t EntE 73 Aol A= 2tetH] m.ot vl woto] 52 A A= Qlo, F a2 2o |7F gllar, e Y UEE
T} Q4 Stgo] ot ERLE A=A YoM LFEF HA ool =340, Q1 otk Yol =R ou] = FH]| 2o
tigt HAgo] H asirial sh{th(Kechasov et al., 2021). o] 2} o] FRohu]of gho] ety YEFI} JA= 45 4
ZdApRel A At da RS WAL, HEES =] A0l 2 AFE Y 4 ols o E Stk
(Markiewicz et al., 2023). TPA] 12 Aol A= A5 A 771/ =2 adiv] o] &8 7Fsd= HESH] 9
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TEZL-L2 o|xPH(Ezabel, Enza Co.), JAHE 2] A(Ezatrix, Enza Co.), 418325 (Seonpungpochap, Kwonnong Co.)
3EZo|Qh A ZEH| (20 x 15 x 120 cm)o]] Folo] HiA|(Y : JAE =5: 52 221 & AAT A5 cm 7H2)
£ 3HE5 Al A4 A Folof Hijx] 9] A5-E ffste] A e|uiet 242t =g | eF 73 A ul-E- QFell-S- 3
U7F F5] Faoksirh A 59 30 Lol AAISHIA, AAIFA-E 20 em, HIA] Fo]=4 L/l it

F5= AR G O] T =T G A B ef S .0 2 Aot Aol AR =R R M=
AT TRt AR 2Af)ollA] ik A Fattor ARESISl Y, 3fehA EA Sa g 27
Table 17} Table 22} 2t} =73 AHH1FH-S NOs-N : NH,-N : PO-P: K:Ca:Mg=80:12:3.6:50:3.0:1.5
me/LE FENEH QAT 78400 Gl 2A4& 710 2 Siginh BE #2994 5= EC 1.5 dS/m= X745}
o] FEoI3h 18] FAFE 80— 100 mL/F= L= 71/ 2 Ao 5H50] mid 3 - 62]E Blo|HE o851

Fetsiairt

%
P

A @ A oHlA] 35HE0]9l o m, e EAR= 1 1070414 B G, B, AV BAlE, 1185, A
=5 5Ol B3t 954, FY1E, BlENIC, T Euls, & S0t o] E RES RAISH, =R oH] o] ¢
e I a4 e A

44 79 214 o = Folln} uljol] A& E ZfFste] 4°C W@rdarel] HyFshaA] A SIS 41352 pH, EC, ©]
20]3l 0, o] B2 uljokol-S o313t 5 Jon Chromatograph(940 Professional IC, Metrohm, Swiss) & ©|-86
Fol et Fol-S Z7dsI3irh

AEA| 24 flote] AT AVFRE 80°CollA 48417 R AR 5 4fiolal 0.5 g & Ao &2 54 Zaiohad
o}, A &4 Bl FF42 5]Aste] o3}et $ QIAkS Vanadate O 2, Z+a(Ca), ZE(K), IF1HlE(Mg), HlA

(As), 7F=E(Cd), UZ(Ni), H(Pb), ©FA(Zn), +2|(Cu) =2 ICP-OES(Integra Dual, GBC, Australia) = -5}t
ot A-A ke UAEA7](Vario Max, Elementar Analysensysteme GmbH, Germany)Z 241515 tH Lee et
al., 2023; NIAS, 2000).

e o A2 BIEI C, & EPulist § EetEeo|E ks SIS HIEMI C= AOACH
(AOAC, 2010)°]| ™=} meta-phosphoric acidol] ¥-8-A]7 HPLC(Waters 2690, Waters, Milford, MA, USA)Z =74
stict. & ZelvlE Fek Ala W ZejulisA 9kehEe] 2J5te] Folin-ciocalteu reagent” #H=]o] B Hgl A4
o7 dEl= 9JPE o]gsle] =451t Houghton & Soumyanth, 2006). & Z€tE 0| =S Jia et
al.(1999)9] H-E& ztarste] SAsiqirh T3 s Fell TE 45-9] ABTS radicalol] tiet 24 442
Pellegrin et al.(1998)2] H'H 0 &2 =451t}

Table 1. Characteristics of chemical property of pig manure fermented liquid fertilizer

H EC Cation (mg/L) Anion (mg/L)
P (dS/m) K Ca* Mg** Na" NO;-N  PO/-P  SO/-S cr
8.16 8.12 1,906 36.1 743 452 48.8 0.1 61.8 2,073

Table 2. Contents of heavy metal within pig manure fermented liquid fertilizer (unit: mg/kg)

Item As Cd Hg Pb Cr Cu Ni Zn
Analysis results nd" nd nd nd 0.09 1.21 0.17 3.68
Acceptance criteria (5 <0.5 <0.2 {15 {30 {50 (5 {130

D nd; not-detected
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EREoIlo] 534 TS A2 €01 10mL B o2 54 Balslolct, Ballg R4 sslo] o}
SF TF2- ICP-OES(Integra Dual, GBC, Australia) = H|4AY(As), 7F=8(Cd), Z&(Cr), UZ(Ni), 'g(Pb), °F(Zn), 7
Z|(Cu)E A%, 4254 7](DMA-80, Milestone, Italy) 2 <~2(Hg)= =45 THNIAS, 2012).

7Iet 2ARE BENEE UHEE ATEAREAZIERDA, 2012)00 of7fste] AAlstion, FAAE=
SAS(ver. 9.4, SAS Co.) L& TS o] g5}0] TR AXGHTKSAS, 2023).

mx

oo
LT

AAA] Haol A o2l FE-2 Fa= 5.13ul/7=01 U0, ST G52 217} 5.89 em, 5.35 em© T *giﬂ%
L o|zpdl E£0] 131 gFE FAYOU AEFL0.11 gF& o|HELAQL AL ZE R 7Y HEE]
olth(Table 3).

149 $9] EFH B8 385 BT =8 on] Ao i A2l Z2olq A,
T, BE, AT L HEF0] oISl &, 50l AdEglo]l 27|15 g FRel we A& 2ol Sete s
TSItk SPADS] - ol F-iF A 2] 1F Afo| Bt FE 1 2jo) 7t T %iiEHTable 4).
321309 & A5} kS H(Table 5, Fig. 1), G55 B B5olA =R oiH] 22| Hot 7 2okl 4

Table 3. Characteristics of seedling quality at planting time according to lettuce varieties

Cultivars No. of Leaf length Leafwidth ~ Freshweight  Dry weight Dry

leaves (cm) (cm) (g/plant) (g/plant) weight ratio
Ezabel 5.13 5.89 5.35 1.31 0.11 8.48
Ezatrix 6.47 6.19 3.31 1.16 0.13 11.19
Seonpungpochap 4.13 7.89 5.47 1.22 0.13 10.38
LSDyo1 0.51 0.73 0.40 ns" ns 1.17

! ns; non-significant

Table 4. Growth characteristics of lettuce varieties according to the type of nutrient solution (14 days after transplanting)

oo G0 e S e eyt
PMLF? Ezabel 11.9 8.8 10.4 17.5 18.1 0.93 5.14
Ezatrix 16.5 9.9 8.0 38.6 14.8 0.93 6.28
Seonpungpochap 9.2 11.9 12.1 19.4 20.9 1.09 522
NSHL? Ezabel 13.4 10.8 12.7 20.7 31.6 1.41 4.46
Ezatrix 18.4 11.9 11.1 37.7 28.3 1.47 5.19
Seonpungpochap 9.9 153 15.6 18.0 37.5 1.74 4.64
Nutrient solution #) ** ** ns ** ** **
Cultivar sk sk sk sk sk sk sk
Nutrient solution*Cultivar ns * ns * ns ns ns

! SPAD; relative chlorophyll content by SPAD-502 (Minolta, Japan)

? PMLF; pig manure fermented liquid fertilizer

% NSHL; nutrient solution for hydroponics of lettuce

D * andns; significant at 0.01, 0.05, and non-significant, respectively
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Table 5. Quantity and quality of each lettuce variety according to the type of nutrient solution (29 days after transplanting)

hloro-

Nutrient . No.of P cafwidth ) Cphc))fl? Fresh Dry Dry
solution Cultivar leaves length (cm) SPAD content weight weight welght

(cm) (me/ke) (g/plant)  (g/plant) ratio

PMLF? Ezabel 23.1 12.7 15.3 20.7 3.55 110 5.5 5.07

Ezatrix 35.8 12.9 12.3 40.6 4.57 85 54 6.39

Seonpungpochap 18.0 14.8 16.6 19.2 4.44 115 6.7 5.82

NSHL? Ezabel 324 17.1 20.4 21.5 2.30 293 11.4 3.87

Ezatrix 51.5 18.6 17.6 36.4 1.93 374 15.2 4.06

Seonpungpochap 24.7 22.1 22.0 17.7 2.29 353 15.8 4.46

Nutrient solution Hxd) wE HE ns HE *k *E *E

Cultivar ek ek sk ek ns sksk k% sk

Nutrient solution*Cultivar * * ns ns * ok *ok *

D23 and ¥ see Table 4.

{ Seonpungpochap ]

Fig. 1. Harvest quality by lettuce variety according to the treatment. ” and ? see Table 4.
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bl frepdol Al et FE1tole Z1ol7t {I3IEt SPAD i 2228 Jhe A=Al tellA 2
€ A2 AMEAT . TRy 2 Aol Zol7E SleH], ol SPADgR 3ol dol 2 é’itd. 94?3%%@@
Z101al, 222 A2 AT A2A WAIE ol-8sto] 245137 el A o= Bt lTh(Viacava et al., 2013).
7RG R 0] £33 o] FEEE Table 64 P} FHZASEC 1.5dS/mE EO%MI 6}@‘9_

:@
ﬂllﬂl
i)
L
=

el SRS o] e AL Pmete] 24, o1, 246 44, 2, 99 el Ak,
UE, 28, ol Ak, G4 S Walth 5] UEBeh @40l fre SAe Aol Hls) 212t
8.94l, 27.240 =k

g g ool A F A2 o] vl 24 A, pHe mdadu|oA= 7.4 Yoz FA=HA,
ZAAERFH A oA A4 148 FRE 71519 7.017H] o Rt ECE 45 Aeo] Z71gl wet & A=
W A 14 o] SHE] A RolAlThFig. 2). BlHo A 9] Na' e} CI 0] 2] ke i Folof| A ee] =
U =R o] Helo|A 2155 02 FTe) &, AdF0] Bre]7t 2t o] o thek Aok Zjole] ofgt AEA
B4-0] Antg o] A TK Yamazaki, 1984). NOsN, PO P, Ca>', K', Mg, NH,'-N-2 A4 14% o] SR Hjoljo]]
K9] o] gleto] FAH| WobA g-go] EolRld Zlo= watw|glr. 5o =R I aAH|S] NOyN, PO, -P,

a”’, NH,'-N-2 145 = 2712] ok Adj Aulefo] F-=5131th(Fig. 3).

&Hh@oﬂﬂl Aol A g5 FEE A=A F71= T T-N, Ca0, MgO, P,05 9] 9ol 473 Au kel 2w et
=d|(Table 7), NOsN, Ca*', Mg™, PO, 0]2-2] glafo] YUt Table 62] 3at ottt Ut 2 ol 22 =1
Haolin]o] o] 2 Jlefo] LA FHE T A 0 & Lot A=A W K0+ F-oldo] It 5= e Al
A 2FEof vl Q19] 377t Ar(Cleaver and Greenwood, 1975). A1&A]| =4 A1k, 14t o] =g o] &
2ol A 73 ZHEH‘*OH Z%Elit} @A|5] Hol 5 A5 AsAE =8 891 F shetal A== gl

B FRANME ST F5E Ta5 A= B, 7104, UA, Hl4, g2 B A2oA HEEA] tth(Table

Table 6. Chemical composition of nutrient solution used for hydroponic cultivation of lettuce

Nutrient EC Cation (mg/L) Anion (mg/L)

soluion P! (dS/m)  K* Ca®  Mg® NHSN Na~  NOy-N PO/-P SO~S  CI
PMLE" 8.1 1.5 296 308 109 260 703 36.1 1.1 199  167.8
NSHL? 6.0 1.5 176 1520 269 7.9 7.7 1365 212 460 6.0

Y and ? see Table 4.

(ds/m) EC pH
2.0 10.0

n - 6.0 4

L —e—PMLF? 40 —e—PMLF
= \]SHL_ 2.0 MSHL
0.0 0.0 -

0 7 14 21 28 0 7 14 27 28
Days after treatment Days after treatment

Fig. 2. Changes in EC and pH by treatment over the hydroponic lettuce cultivation period. " and ? see table 4. Vertical
bar means standard deviation.



60 ° Journal of Agricultural, Life and Environmental Sciences Vol. 36, No. 1, 2024

(mg/L) NH,-N (mg/L) K —e—PMLF | | (mg/L) Ca
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I 200 /K/.——-
= 100 .—”_‘\i\i o0
5 00
> . e
0 0 0
50 7 14 21 28 0 7 14 21 28 0 7 14 21 28
Days after treatment Days after treatment Days after treatment
{mgy/L) Mg pMLE | | (MO/L) Na —e—PMLF | | (mg/L) NOa-N )
50 1 —e—MSHL | | 150 ) e PMLE

- ————

=]
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P
[=T =
(s
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(5]
T
—
oo oo o 3

[ T o B e e T e Y e T

j\*—\j

|
|

=]

0 7 14 21 28 0 7 14 21 28 0 7 14 21
Days after treatment Days after treatment Days after treatment
(mg/L) -N (mg/L) -N —*PMLE | g T PMLE
259. POs-N —oMLE 83- 504-N - 25? cl —a—NSHL
- —e—RNSHL o
0 0 200 .’__.__—./_-J'—_’.
0 R{_/—‘\.\ 0 150
5 20 o ¥ - . 50
0 —t ., 0 0 * - - = 3
0 7 14 21 28 0 7 14 21 28 0 7 14 21
Days after treatment Days after treatment Days after treatment

Fig. 3. Changes in ion concentration by treatment over the hydroponic lettuce cultivation period. " and ? see table 4.
Vertical bar means standard deviation.

Table 7. The mineral content of inorganic components of lettuce according to the type of nutrient solution (unit: mg/kg)

Nutrient solution Cultivar T-N CaO K,O MgO P,0Os
PMLF" Ezabel 4.24 0.71 111 0.34 0.42
Ezatrix 3.96 0.68 10.1 0.35 0.40

Seonpungpochap 3.89 0.76 10.5 0.30 0.40

NSHL? Ezabel 5.67 2.28 10.1 0.66 1.60
Ezatrix 5.18 2.01 10.1 0.63 1.39

Seonpungpochap 5.25 2.36 10.0 0.68 1.50

Nutrient solution H3) *E *x *x *x
Cultivar ** ** * ns **
Nutrient solution*Cultivar ns * * ** **

D 2 and ¥ see Table 4.

8). Tl o|APE FE0] = g ] Ao A ARG vt Ko} ghefo] =, oA E A AF R F
T 22 7 3Folqlet. ofd ke =R g o] Aeflof| A 47gAfulefel 22| B} 2.45 - 3.08H) o] =3ttt o]
Zo] =RdaoH]o A 2fu Hi g0l FLe]of ot gFgo] 2 212 HiA] AMS: 7 lellA] e, ot T FEEo]
T3HE 2] AR S AR o2 ERoll SaEgo] ZEQ7] whzol | A0 R AlmE|Qlov, 2ok Fas
2 DL AR 618 7] E X Bk Wkt Ahn et al., 2021).

o

N ZFof| 2 Al 25 e B2 0] 32 Table 991 AT Ascorbic acid &R el TR0t F5 2
T A2 7Fgoldo] fiditt a3y F Eevlsat F 28t o E ke 38E T EREG o] A2l oA =
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Aot FERhEFol metA I 2fo| 7 Qo] o [AEH A FF F ER]HlETF St ol = Aol 7Y =3teH,
AR, oAb EF o]0 ]%*J%%%ﬁoﬂ utetF wis el Zol7t ik 7182 Aot LSkt
(Liu etal., 2007). 2T ABTS o] /it 47 522 A5 FF AR Alo7t glqist gl o, 7 Aol #f2] =t
ERdg olH] Xg]of| 4] O £t} Chang and Kim(2016)-2 %7]XHHH3P A, 5, B2E0]9] ABTS &/d4t4
7] ‘g o] TRYARTE A= E -5 Al HAlsS]

olge] Alel A}, =L B AR E AT AN FU R ARGOlE A2 FFo Tu gl AT )
o, & E7|HlEF EetE 0] = 5] phytochemical §&0] 511 ABTS O] E-d4ta 2715 I =0t rteleo]

ST A 0] F A sheloke) et Bl H7}81 %ﬂﬁ%@@%wm A4
al

rﬁ
E
®
my
fo -
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Table 8. Content of heavy metal components of lettuce according to the type of nutrient solution (unit: mg/kg)

Nutrient solution Cultivar Cd Ni As Pb Cu Zn
PMLF" Ezabel nd” nd nd nd 3.55 152
Ezatrix nd nd nd nd 4.57 182

Seonpungpochap nd nd nd nd 4.44 183

NSHL? Ezabel nd nd nd nd 2.30 65
Ezatrix nd nd nd nd 1.93 59

Seonpungpochap nd nd nd nd 2.29 65

Nutrient solution ) *k
Cultivar ns **
Nutrient solution*Cultivar * **

D 3 and ¥ see Table 4.
I nd; not-detected

Table 9. Content of antioxidants and ABTS radical scavenging activity of lettuce according to the type of nutrient
solution

Nutri‘ent Cultivar Ascorbic acid Total polyphenols  Total flavonoids scaf;;;isnglglciilfity
solution (mg/100 g) (mg/g) (mg/g) %)
PMLF" Ezabel 44.3 28.7 34.0 37.7
Ezatrix 48.9 553 66.2 65.7
Seonpungpochap 434 454 51.0 53.1
NSHL? Ezabel 312 16.4 19.8 22.1
Ezatrix 40.0 39.5 18.6 47.5
Seonpungpochap 49.5 28.7 34.0 352
Nutrient solution ns® ** *x ok
Cultivar ns kK ** ok
Nutrient solution*Cultivar ns ns ns ns

D 2 and ¥ see Table 4.
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2 %
5 F7ANE ISt R on] o] -8 7FsAS ARt Al o] st g ER g np 738
Feto]] Hlsf] mlj-¢- Stct. ERH g oH| o] o] 2 R =g AflFl Z 2ol vlof At A4, <, Z, vkavls,
2 A, dmolel A, 2R, UEER, 4t Bkt 56| HEESF AA40] Sk Aol Aa] Kot 2t
Z}+8.94l, 27.2817F ottt vl o] o2 gheRe A4 14 o] S RE] FA 5] WolXtt 53] NOy N, NH, N, PO, -P,
Ca’'- 2 VAT = 71| WobA] R -ggo] HE5o15nt. whha] = aoin] 2 g]ofjA] gsfo] ¥okd 712 EX
FEHE B o] PRI E AREGI TaE FH2 71=E, UA, HlA, H2 BE AEolA AZER] 9Ll
o Fejet ool AETFS A1E 58 71X et Wkt & Ed)ulE, F STt ool S} ABTS E/g44 4
A 582 ERdadln] Ao A w9t oot T2 AitE Foll 471 ERE M| 2 A Ao 83
S Pbeks o] 22 A5 At s A3S ERlst o, o Bt ol mhE A AL A sliel e o R AT 913
o}, HE3t S Heloto] Fgohe et Eo] viA] W HEE} A4 A o] A5 ASof nil= 9F 5
A7 AEH 0 = SR E ofoF ghrtar THE| )Tk
AL AL

B ANRS SUSIAEY - SEUEY P AR AR AR S AR &7 S () 2k

ATFNLARAT oA ARt ARFERTRA 7|2 F 417 S 7/ AT(421009-04) 0] 2] ¢ha Hof A= 9l5.
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