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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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A FEF-2 o|APH(Ezabel, Enza Co.), ©|AHEZ 2 (Ezatrix, Enza Co.), 4133} (Seonpungpochap, Kwonnong Co.)
0] 3EZ0|QIth AXREH|T(20 x 15 x 120 cm)o]] oo HiX|(F: HAE =5: 52 572 5 AATA(5 cm 7H2)
£ =5 Al A4 A Folof Hjx] 9] A& ffste] Ae|airt ZHt =g Hu|eb 3 A ulE- QFoll-S- 3
U7F F5] Faoksirt A 59 30 Lol AAISHAA, AAEA-E 20 em, HiA] Fo]=4 L/F0] it

F5= AR G O] T =T G A B ef A AHE- .0 2 Aot Aol AR =R R M=
AU Tt A (ekE 2 ellA it Ze satdol ARBSIL, ofehd] B4 a5 oFde 24t
Table 13} Table 22} 2t =73 B2 NO;-N : NH,-N : PO,-P: K :Ca: Mg=8.0:12:3.6:5.0:3.0: 1.5
me/L=E FEX87 AT 734N N 2485 70 = sltt. HE A2 J 9 Fh=EC 1.5 dS/m= X745}
o] FEol3h 18] FAFE 80— 100 mL/F= L= 71/ 2 Ao 5H50] mjd 3 - 62]E Blo|HE o851

Fetsiairt

Al 2Pl olu#] 39k o] ¢l oW, S EAR= G 1070A14 G4, 7, F3, AV BAlE, d=5, 1
=8 50|30tk Bt &4, 7715, IR C, & EdlulE, T Eoh o] & oldE A AL, =i || o] ¢t
e st Sa< oFd& 24151l

A4 &7 314 o = Folln} uljol] A =5 ZFste] 4°C W@rdarel] Hyksha A A SIS 41352 pH, EC, ©]
20]glom, o] B2 uljokolg o33t 5 Jon Chromatograph(940 Professional IC, Metrohm, Swiss) S ©]-856}
Folit Zol & st

A1EA BAE floto] 35 AVSR-E 80°CollA] 48417 B9F ARt F 246kl 0.5 g FAte = 54 Fofishel

. AEA Bl SRAE SlAoto] of ket 9 Q14E2 Vanadate .02, ZHa(Ca), Z(K), PF1HlE(Mg), HlA
(As), ZFE8(Cd), UZ(Ni), H(Pb), °FA(Zn), 7-21(Cu) T2 ICP-OES(Integra Dual, GBC, Australia)= &5}
At A4 RS AR 7] (Vario Max, Elementar Analysensysteme GmbH, Germany) 2 45} tH Lee et
al., 2023; NIAS, 2000).

ieEA o A2 BIEI C, & EPulist F EetE 0|t oS SIS HIEMI C= AOACH
(AOAC, 2010)°]] ™=} meta-phosphoric acidol] ¥+-8-A]7 HPLC(Waters 2690, Waters, Milford, MA, USA)Z =74
Stoict. & E0jlE oFd2 Als Ul Ed]ulis 2lehEell 2Jsto] Folin-ciocalteu reagent”t SH=|o] 2] Bl A4
o7 dEl= Qe o]gsle] ZA51%thHoughton & Soumyanth, 2006). & Z2tE0|= = Jia et
al.(1999)°] W& Farsto] SASIGITE Eot vt SRoll TE 52| ABTS radicalo] tieh 274 42
Pellegrin et al.(1998)2] W' © & =25}t

of

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 74.3 452 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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AR 9] FE4 o2 AR 9 10 mLE SHte = 54] Eofictsirt. BolldE S/r= 2]Alsto] ofxt
3t o} ICP-OES(Integra Dual, GBC, Australia) % H]A(As), 7F=8(Cd), F-=(Cr), YZ(NI), 'F(Pb), ot(Zn), -
2|(Cu)yE EA5H 0L, 25247](DMA-80, Milestone, Italy) = ~2(Hg)= EA4I5FSITHNIAS, 2012).

7e} ZAF= BE2ATH 518 |E ATLIAFEAZIZRDA, 2012)00 Ak AAJston, BAA =
SAS(ver. 9.4, SAS Co.) & 1F-S o] 85}o] thEAAS AASHITKSAS, 2023).

mx

oo
LT

AN BAAOA ol BHL Gl 513070111, AT GEL 747} 5.89 em, 5.35 emOlTh *yiﬂ%
o|2pHl EFo] 131 g FAYOU ABZEL (.11 g oRfE At HELL EE0T} 7fH9] 2ol

149 SO FFE G2 35T BT m2 @] ARt Al AejolA G,

WY, BE, AT 9 72T G2kt 5, FFol dusle] 27158 gl FRFol whE S Aol 8ete
F51519ek SPADO] 73 ol FF A2 1 Aleol Bk 5 7 2l 7h ) % I'4(Table 4).

H= BE Exof|A] ERErg ofn] Ze] Kok Aokl A

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)

Fresh weight Dry weight Dry weight

Nutrient No.of  Leaflength Leaf width

solution Cultivar leaves (cm) (cm) SPAD" (g/plant) (g/plant) ratio
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 12.1 194 20.9 1.09 522

NSHL? Ezabel 13.4 10.8 12.7 20.7 31.6 1.41 4.46
Ezatrix 184 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 *k3k
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



58 © Journal of Agricultural, Life and Environmental Sciences Vol. 36, No. 1, 2024
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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 ) Cph())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 ) wox HE ns HE HE HE ok

Cultivar ek ek sk sk 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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g R o et Al o] E4Jx} o] 2 GRS Table 61 2t} §AEXTIZ EC 1.5 dS/m 2 -5 U5HA| 51312
B2 ECE A7} /I31E pHE = ZadH]E 8.1 2 0l 73 A A2l 6.0 2.2 Aokt ='da

M= =g oH] 0] o] 2 ke Al vl wsto] Zh, miiule, AT A4, Q1 o] ewke] Al
UEE, 2, druole] A, 4 gk wWolth 55| UEESE 949 g Ak A]of vla) 22zt
8.9uf, 2727 =3}

Igege)]]

g on| ot A A @] o ufjoltS RARE A, pH= =T R o= 7.4 YQE fAIHUAL, 5
ZgANG Y A2ofds A 144 7H S7151 7.01714] oAt EC= 45 ’%*%E’Fo] S7Fetoll weh = A2
5 A 14 o) SR E FASH WolAthFig. 2). BiHof| A 2] Na'et Cl o 29] slake gz FoloflA] dafo] &
U =R ] Aoi 2154 05 TSk 5, ”zfﬂ 317} zdy O]ioﬂ EH?E 9= Zpolof ofgt Al

A€ o] 2 Jtgo] wAsH ”'O};q a0l io}ﬁ'ﬂ 74_E ﬂ}‘:‘rﬂ 3lct. —O] =BG HH| 9] NOyN, PO,*-P,
Ca®’, NH,"-N-2 14T = 5712 WobA Aof AlH[ske] F5531th(Fig. 3).

g @] Aol 45 FEE AEA F71E T T-N, CaO, MgO, P,0s 9] ogo] -7 Al oFl A 2] ket bt
QF=t|(Table 7), NOs N, Ca’, Mg*", PO,* 0]-29] gleFo] LR Table 6] 74t 2ttt Ijuy AdF ol 2o =8
Wa o] o] o] 2 olgfo] A FAE T FThA 0 & w3t ot AlEA] Wl K0 freldol )lSlet 5= o Al
A 2FEof vl Q19] 3457t A(Cleaver and Greenwood, 1975). A1&A]| =4 Ak, 14t o] =g o] &
2ol 73 ZHHHOR’H Zﬁﬂ—“i‘ﬂr 25| Hol J5 B8-S AsE 2 891 T sheal A== 3l

Y TR ME ST EEE S5 TS B, 71=s, U, v, Ee e Aol AEEA] §4ttHTable

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

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

soluon P @sm) g Ca®  Mg® NH/N 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

D 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.
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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 #3) *E *x *E *x
Cultivar ** ** * ns **
Nutrient solution*Cultivar ns * * ** **

D 2 and ¥ see Table 4.
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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.
9 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 scaézlgisnzglci?\lfity
solution (mg/100 g) (mg/g) (mg/g) %)
PMLF" Ezabel 44.3 28.7 34.0 37.7
Ezatrix 489 55.3 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® *K ** ok
Cultivar ns *K ** ok
Nutrient solution*Cultivar ns ns ns ns

D 2 and ¥ see Table 4.
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