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Abstract

BACKGROUND: Hydroponics is one of the methods for
evaluating plant production using the inorganic nutrient
solutions, which is applied under the artificial light
conditions of plant factory system. However, the
application of the conventional inorganic nutrients for
hydroponics caused several environmental problems: waste
from culture mediums and high nitrate concentration in
plants. Organic nutrients are generally irrigated as a
supplementary fertilizer for plant growth promotion under
field or greenhouse conditions. Hydroponic culture using
organic nutrients derived from the agricultural by-products
such as dumped stems, leaves or immature fruits is rarely
considered in plant factory system. Effect of organic or
conventional inorganic nutrient solutions on the growth and
nutrient absorption pattern of green and red leaf lettuces
was investigated in this experiment under fluorescent lamps
(FL) and mixture Light-Emitting Diodes (LEDs).

METHODS AND RESULTS: Single solution of tomatoes
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(TJ) and kales (K) deriving from agricultural by-products
including leaves or stems and its mixed solution (mixture
ration 1:1) with conventional inorganic Yamazaki (Y) were
supplied for hydroponics under the plant factory system.
The Yamazaki solution was considered as a control.
‘Jeockchima’ and ‘Cheongchima’ lettuce seedlings (Lactuca
sativa L.) were used as plant materials. The seedlings which
developed 2~3 true leaves were grown under the light
qualities of FL and mixed LED lights of blue plus red plus
white of 1:2:1 mixture in energy ratio for 35 days. Light
intensity of the light sources was controlled at 180
mol/m?/s on the culture bed. The single and mixture nutrient
solutions of organic and/or inorganic components which
controlled at 1.5 dS/m EC and 5.8 pH were regularly
irrigated by the deep flow technique (DFT) system on the
culture gutters. Number of unfolded leaves of the seedlings
grown under the single or mixed nutrient solutions were
significantly increased compared to the conventional Y
treatment. Leaf extension of ‘Jeockchima’ under the
mixture LED radiation condition was not affected by Y
and YK or YTJ mixture treatments. SPAD value in
‘Jeockchima’ leaves exposed by FL under the YK mixture
medium was approximately 45 % higher than under
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conventional Y treatment. Otherwise, the maximum SPAD
value in the leaves of ‘Cheongchima’ seedlings was shown
in YK treatment under the mixture LED lights. NO;-N
contents in Y treatment treated with inorganic nutrient at the
end of the experiment were up to 75% declined rather than
increased over 60 % in the K and TJ organic treatment.
CONCLUSION: Growth of the seedlings was affected by
the mixture treatments of the organic and inorganic
solutions, although similar or lower dry weight was
recorded than in the inorganic treatment Y under the plant
factory system. Treatment Y containing the highest NOs-N
content among the considered nutrients influenced growth
increment of the seedlings comparing to the other nutrients.
However effect of the higher NO;-N content in the seedling
growth was different according to the light qualities
considered in the experiment as shown in leaf expansion,
pigmentation or dry weight promotion under the single or
mixed nutrients.

Key words: Agricultural by-products, Hydroponics, Inorganic
Nutrient, Organic Nutrient
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Fig. 1. Shoot Growth of the lettuce seedlings under the different nutrient solutions and light qualities (up in each
treatment, Mixture LEDs of blue, red and white; down in each treatment, Fluorescent lamps) for 35 days (Y, Yamazaki
solution; TJ, Tomato fruit solution deriving from agricultural by-products; YK, Mixture solution of Yamazaki and Kales
deriving from agricultural by-products; YT], Mixture solution of Yamazaki and Tomato fruit).
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Fig. 2. Fresh (up) and dry (down) weights of the seedlings grown under the different nutrient solutions and light
qualities (Y, Yamazaki solution; TJ, Tomato fruit solution deriving from agricultural by-products; YK, Mixture solution
of Yamazaki and Kales deriving from agricultural by-products; YTJ, Mixture solution of Yamazaki and Tomato fruit).
Different letter indicates significantly different at the 5% level by Duncan’s multiple range test. Vertical bars represent

standard error.

ALYl YK ] A x]atel|A] 59%, x|ntellA] 113%
STV S AR AES SUMle AT 2
TJollA Alst x| wkE Alelet BE HTrellr] FFeh
T} E3ILED Fo] 23 9 vzl R oz Yl 4
2Aup 50 AETS YO AETrelA 35 o] E3}LED
ZAROlA oF 2l FAmtell A= YK B YT)Hollx] &%
o v oF 4ul] TSI, 2 A OA AE wjokdo]
U FAE T AR AT B ohet AES Sl &
ot JFS A= A & 5 U AETF ZelA
AL AR o A Sl e FEY] dTFE
Abet Aafel Slapd A Aln Al 3ot 3

o 3t g2 Ut EHLee et al., 2016). 1Y A+
] B9 Y AelMs Ax|ute} YA|ut A BE £
YLED ZARrelA AAIol S7kstslont vl Aag
Tl W2 ASRE Kol FAo] A= ] gl A
T2 el lo] FAe] ko] vEhd Aow E ARt
S S BAT WAl gk s A7 o] FolA
of g Zlo® yoett AX|uke} Px|up AEF STt 9o
A B2 mljoke Algel 3l FH o] Qe AdolatiEt, fr
7N FARS GESAY gAY £ 88k 5 ok
o] FFE 2T A A AEdne] e g A
T 25T 2L AT AuAE By 2 A
B AAIEQL AR Fol & 4= SltKDasgan and

Bozkoylu 2007; Lopez et al., 2013; Martinez-Alcantara

i

et al.,, 2016). Dasgan?} Bozkoylu (2007)= &8hs dlido
2 A 7] igAE et A g g ARl
U A5%, 97 7 5 AEr]els ZEA] AfolE B
o]#] kgrort Agte] Aol wet fr]ETh 7|k
Aol oJsf A=ggolu FeRko] dAs] Frksto {71
Gl Aol et} A=) THAH LS BaskGith A
o S 7 eketEnt opyet frajekele] Fel wet
depA e, s AR FrIedls S e
of Algs A AEA F7INEY AEA] sEA FTI
oHof| vj3)] YalFolt AT 22 AFFES Tl A=
A &gk 3 28l AR F71MEd AAl St
3} tHMartinez-Alcantara et al., 2016). ¥ 21314 3}of|A]
LrERd nie} o), A& 7oA A5 AAEE 200 p
mol/m?/s ©]&} F7E Ao A A% 200~300
mol/m*/sE FHEE F7HA Aulstels AxlFold
o o/tlE Qs AR Yt d7EdrE Hasa
9AtHZhang et al.,, 2018). 200 umol/m*/s G2 W& 3
ZAEHTE 290 pmol/m?/sCE BluA & FE ZAo
A e AAlTelg dEFel STt 5, - Addn
o= v A7 E ¥ Halsal gItKKang et al., 2013). 71
o 2 A o] FAEIF A 2ddelx= A
o BAlE 9 AEF S7le FAERT= FHoy £4
HjeFelo] o]t ¢jsfo] F Aog FARAF FAlo| FHEg}

Q.
§ o Rk BRel WsHe AEFY AT YUS A

y
° ot Hr 12

>



Effects of Nutrient Solution and Light Quality on Lettuce Growth 229

o® A7t

7 aekels AlESE YA A ARG ANYTe
SYLED Al vlsl F3-s ARl 19 AR Skt
Qom, EILED xdolA f7lujeked] wgel vlal - F
7] E3hlgd HelgelA A7 Fkeke Ade Bl
(Fig. 3). 53] Ax|nke] 725 Fx|nks} @] TJHY A2 &
Bl vlEl EFLED FAIA A7 S7sISITh
AAmte] YA EJLEDE FARE Y, YKT 9 YTJ
Told Hoigien, FAnke] AidTE Yook YK elA
Ho = wjekeie] ztolof] oJgh Fo)de gl Aow UER
oy AXuke} Fxup BE f - 7] kot ATl
YT 7oA o AldTsl 2 wjerele] S7 ok 34
of &gt gaFo] frefstAl ek, ¥ Al vlsl 130%
ol 7V, Kol % 60% o1 S7Fhe 5 54 %
Aol o3 A7 aYE FIE I thSaito et al., 2010).
A AR AAv AF9] Ags K =YT7<T)+
<YKT<YT 0%, f7igAnts Algshs Zurt 33
o] 7okt £83k YK frelsil S7kskolth £
FLED FAFFOME KPE=TI <Y T =YK= YT 7 <22
2, fr - 7] Eghijerelio] o] Fujoke X Telx g}
ol el Folgt FEFE vRl AE & F AT F
2mke] Qs Y 9 TS Al9lst Aol &3t
LEDe] 9]t @3k wol fefstAl F7ketalon], Y7+ 2
YKT7boll= mljekele] Ajol7} =57t ks wxA| &
© A0E Yt 53] - 7] Z8ui Al YK
9 YT oA G7e o A2l vlsl 329 J3s
ol ZILED ARl & AR tin] 242t 67% Y
97% o’ 7Vttt & A3l FAIS A5 ANE] d5
S7he f71gd GeR £ - 7] £80) o8 79
om, s 2ARPANE F7Igd] K Gg-ET) 3
& wjokdlnt E8stmEA Q57 SRR H TIHS] 49
o= #a Rt T4 3]8 fAadhs ATS
HERH ST

S Y9k TJellA A x|nks} FA]wke] o 9l = Al

By
Flr

X

‘Jeockchima’

nFL mLED

No. of leaves (seeling™)

Y K TJ YK YTJ
Treatments

b ESHLED ARl B3] B35 ZAROlA, - 7
Shajokel Aol EIHLED AN EXHH &
] YTJelxls Y7 T]rellAloF 22 EJLEDe] <Jgt o
OF QA 9 HF AL PG ARl vlE] 26 o)
ZRH KA nAN). =] 9%, 9% 9 27103 2
> FelEA e glold B Bk ofe} YT oA Fod
oekE s AEFell wet FAolu PR Yol e
U Ay e AFE Fohod 2aEHa QtiFranklin
et al.,, 2005; Hirai et al., 2006; Fan et al., 2013; Shin et
al., 2008; Kang et al., 2016). 9154 &34 27 3
AE7) A A FAAE AEoly 2A ket 58lH
A G FA, = 5w PEEE S 276
7¥sln], A3l Jae] EIHED W HA5 ZAR o= 24
o] Ajolell oJst Pk yehtA ¢=tHChen et al, 2014).
olg3t AT AR 1-F AE oA ALl F7) H)
oFoliEnt opjel 1 Adelxel o] f - 7] EduigNS
Alg Aol F4eS tAlshs F49 JFS vest %
o Ado] Fashh= AS A
AUl SPADA|:= AAlFolu e 22 S84 ws)
oF g, ] Yol nja) - 771 ZEA 2T YK
A s S71etAtHFig. 4). AAvke] SPADA:= Kol
A HZ, YK HdE, KT, TJ7 2 YKTolAE 3
oJgh o] YERFA] okgkont, Yo} YTJTellM= 3%
of ja] EHLED ZAHelA fFelatl S7Fsk3ith. SPADA]
7F ARl YKol = o] 932 gl H3e A
TolA= Yl vl3l oF 45%, EILED AR = 14%
ot Ikt Aol A= YTJFellA Ul AAagdol
A= AgS Holor EILEDE AR YK 9tz
T SR B A gzl vl T YK
TollA MAagHdo] FXE oY, THLED oA = tx
T¢F YKo frestA S7kstel, YKellAl SPADA|=
YTJ7 uiv] &35 20lA 57%, SFLED Z41A 59%
S713ISItE Lopez 5(2013)-2 - A Aol fARE A

watsgisd], AT A ddS Sote] v AR A

o

¢

ot

‘Cheongchima’

mFL mLED

No. of leaves (seeling ™)

Y K T YK YTJ
Treatments

Fig. 3. Number of unfolded leaves of the seedlings grown under the different nutrient solutions and light qualities.
Treatment codes see Figure 2. Different letter indicates significantly different at the 5% level by Duncan’s multiple range

test. Vertical bars represent standard error.
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Fig. 4. SPAD values in the leaves of the seedlings grown under the different nutrient solutions and light qualities.
Treatment codes see Figure 2. Different letter indicates significantly different at the 5% level by Duncan’s multiple range

test. Vertical bars represent standard error.
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o}, TJFollA= Yol Hl3l] oF 4u) =& 384 mg/LE =
AHAI Kol Si0, 5% 94 21.6 mg/LOZ Yol
njal 20 o)A A YEPETHTable 1). A 7HAIL ufoke
SiO, #o] 71 W YT FollAls AplEaAl s f2
A F7rek] Adiaks B, AuiziA Dol Bl oF 4u)
S7FloH Tl ZEAel 23t S47F X159 30
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SILEDE ZAFSE 49 AMIZIAIY PO &= 7] whgalorel
AT vls YA felshAl wskom AulEEAl ol
YTJFolA &=l 2%t F53¢] 0.6 mg/LoE 7Fd bt
A Yebstt 335 AR 9] SiOxe TIT-elA Hdish
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Table 1. PO and SiO, content (mg/L) changes inside the different nutrient solutions on days 7 and 35 after treatment
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FL LED
Treatments Measurement days
standard” day 7 day 35 day 7 day 35
PO S0, PO SO,  POS SO, PO,” SiO, PO;” SiO,
Y 17.3a>  9.8c 18.7a 9.6d 11.4a 9.1c 18.4a 10.4d 10.8a 9.8¢c
K 9.8d  21.6b 5.3c 24.2b 1.6¢ 15.0b 4.2c 35.4a 1.6¢ 13.9b
TJ 95d  384a 1.5d 6.1e 1.3c 6.9d 2.3d 5.1e 1.2¢ 4.0d
YK 155b  19.5b  12.8b 15.9¢ 7.7b 6.9d 14.1b 16.9¢ 9.6b 4.8d
YTJ 123c  5.5d 13.6b 47 4a 12.1a 21.4a 15.1b 28.5b 11.7a 16.5a
‘Cheongchima’ Lettuce
FL LED
Treatments Measurement days
standard day 7 day 35 day 7 day 35
PO S0, PO SO,  POS SO, PO,” SiO, PO;” Si0,
Y 17.3a  9.8d 17.3a 9.1c 11.6b 14.1c 18.9a 11.8¢ 11.4a 9.4d
K 9.8d  21.6b 5.5d 20.4b 1.9d 19.0b 4.2d 20.1b 1.5¢ 17.3b
TJ 95d  384a 2.0e 4.6d 1.3d 6.4d 2.6e 5.5d 1.3¢ 11.1c
YK 155b  19.5c  12.5¢ 8.9c 9.3c 4.3e 13.7¢ 12.0c 8.0b 7.2e
YT] 12.3c  5.5e 14.9b 31.0a 15.4a 27.1a 15.2b 28.6a 11.3a 38.2a

“Standard means composition contents of the nutrient solutions before treatments. YDifferent letter indicates significantly
different at the 5% level by Duncan’s multiple range test. Treatment codes see Figure 2.
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