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The Effect of Adding Sugar and Salt to Hydroponic Solution for Coloring of Red Leaf Lettuce
under Plant Factory Condition

Chinami TAKATA and Takashi IKEDA*
Faculty of Agriculture, Meiji University, I—1—1 Higashimita, Tama, Kawasaki, 214—8571

Abstract

We investigated the effect of sugar and salt application to hydroponic culture solution
for coloring red-leaf lettuce (Lactuca sativa L. ‘Prunai’ and ‘Rouxai’) under controlled cul-
ture conditions. In plant factories condition, red-leaf lettuce varieties frequently do not
turn red. In order to solve this, we tested various stress conditions. Stresses were in-
duced by addition of polyethylene glycol, sugar and salt to hydroponic culture solution,
and using concentrated nutrient solution. The result showed that the combination of add-
ing sugar and salt (5 and 0.02 % respectively in the nutrient solution at EC 0.6 dSm™)
accerelated coloring of red-leaf lettuce varieties. This technique might be efficient for
growing red-leaf lettuce cultivation in plant factories.
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BREFRELLER, 6 LED 280 EEMA T2
ETCENIBEWEET R TS, F LED LE#MA LED 2B\
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TUHMBALESET BT 2L VI RE2E I, 8
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+ (Brassica rapa L) DR ELHE DB VERETLI-H R,
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BHOWERIPARRBL TV AREORERBEICL), BHELT
BEAPREET, RBRDBVEVIERESELTHEY *,
TN TR RBICEHMEROBEDS, BREENT 455
LW ATRETVS O

INETALRBICBITAREICEL TOBRIL, IR
A RBIBEICIY, TUMN T 2 BINSERIEBELE
RTWaEH ™, B KB ERAHEICET 23 F 3R
ZHODOVPETHY, F-wRBAEEBERBICILIAMEKX
R, BRI EBLREOXEFBESING 22T, K
BT EROBREERO TR TIRARL, BTEHE
G BE BB OAN AL SRS ZAHIEIIESTHR
BROLIR T4 BIV ‘0odi ORBREESE
BIEFEWEL.

INFTHRENOALN AL BEFZEIMOBFZE D
T TwaH ™Y, 2hoidtErp~DRiIE R MR %
XD T, EBROTWRICRASE L) LHFERIEHTYIT
bItCwnds, RBADAIN ALY FHBSNAT BN
RSN TND,

AERIIBVC, T2 ATHRERY THFIEBI 5K
BRI—TLIRY, FROICENMMEEZEL, REHED
HWERE T 5720 OISR L LEBLTELL.

MBBLUTHE

NG EARCEN YT L IR R 2 T A e )
—Y—A (R 20 CHRE ) ITTFot 2U—YV—aK
(TR E LS5 (920%620X70 mm DHIE VN 4 BiE S
25T, HEFR—F (875x590x30 mm: FIIAF TN ) %
1 DOFFREAYFITOE 2 ML ER—NIZIE 45%90
mm E B TEMREZT 7 (BEANF1EH-D 128
K) RyF1BRICDELDDWES > 7 H6R Y7 Rio+

Table 1 Experimental design for this study.

- ithH

1700; (#k ) MM ) ICXDBRBABREE L L0 -TH
D, BB 1 BT ROBRLIBERAT fETHD. HiE
ELTHBEEE (BR) BERTENAVAN 'Y, BIR N12-
IN25, ¥—27 5 545 nm) ZfEHL, U ToeTomEX
T, BRMEE (U 16/ B 8 WM ), HERAMALETF
TR 200~250 #mol m ™2 s 12— L 7=

WL LY=Ly XA R (Lactuca sativa L) "7V
F4" (Prunai) BLY TYH 4" (Rouxai)(EdIzF47 - X
U=, A50F) RHG 2U—2—APRICT 25%X25%30
(mm) DYLE U HET% 1 J 3O, 5mm BERFL
A0 EIEYRICBELL:. BT 5, AMEICBITLE
WA X oM, BXOTRBEIIKENYRALE, 2
B () KETZIF2/ )&, EC1.2dSm™ pH6.0
05 ICFREL:. HBRIEILIT OEBREICITo72. A5
WS, F—FIREWDs, “TFL ardA Wi
OREFRHMEREL R REREETICBTHER
49 HTHTHE OB EZ (EER ) BELIRDLIE Do
T2Zehh, RFFEROIERZIRME S 40 HEL & E L.

AFECREIHEEZRLITRMLCANZAE 525K
HETV, FEACEDOLILEELLLTIRAEL
Table 1 iI2F DB X EFEDTVE, FIHEBROKER»
5, ¥R 35 AR TAN AMEZ T o7 EBR1I12BW
TREBANAOK R %M E T 5729, Polyethylene
Glycol 6000(( #k ) FIYGHiZE T2 Y(PLT PEG) #H W%
Biatiolz. EB 2 DBETIE, ERbOLO0RESRES
%, TROEE (&E (B ) EFELVy—), B8 (3
SENOEAPEE ((Bk ) REREBEM ) 2EHLL £l
~412B\7% PEG BLUBHEZ TN T 2EH Cld EC %
12dSm™ L ELL. BB EC ISR EY5 257290,
HER 2, 3IIBWTIE, BREEDETEC3.6dSm™ 1225
SHNCEREELZRE L7 (0.12%). EB 4 TIELED

Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5
Experimental term
(Days after sawing) 49 49 49 42 38
Starting treatment
(Days after sawing) 3 £ 35 e 28
EC1.2dSm™(Control) EC1.2dSm™ EC1.2dSm™ EC1.2dSm™ EC1.2dSm™
)
EC24dSm™ EC36dSm™ NaCl0.12% Sucrose5% L 2c1002%
+Sucrose 5 %
Sucrose 3 % NaCl10.09 %
0, 0, 0,
Treatment PEG 5% NaCl0.12% +PEG 5% Sucrose 10 % +Sucrose 5 %
Sucrose 5 % NaCl0.16 %
0, 0, 0,
PEG 10 % Sucrose 10 % +PEG5% Sucrose 15 % +Sucrose 5 %

NaCl0.23 %
+Sucrose 5 %




Y DB 4 TICB A EA~OHE B LR MA R BRI —ILIADRBIZRITT 35

RELMRET L7, MR ER 1~3 LR, I
g% 4282, THREDAZETUBA M OEHEEX
ofz. EBS TRINITOBRERET T 5720, £ 1~4
EEMEEZ, SO BREERL (BHE% 38 H, 0l
A 10 H), MAEREZEC06dSm™ &L, SHBEELE
Bl 20720 ECfEZ#h#N, EC12dSm™ (BHE
0.02% 7% AL B ), 24dSm™ (0.09%), 3.6dSm™ (0.16
%), 4.8dSm™ (0.23 %) &%o7=.

IWHE LRI EESLICE T (cm), # L E
(g), SPAD i, 7>b 7= EBFHIELS. SPAD {Hi%, ¥
#FE 5T (SPAD 502-plus; (k) I=H#3I/ V%) EHWVT,
ZEEDPSEIEBIC 10 MOEERRY, COFHEERKD:
10 BRI OEFE, TRTOEDFEHEZRDI:). TV
ToVEBERHBEHRICOESEMAEBITRALZEDPS 1.0XL0
(cm), 505 g BWMUMELZ: (MERKIZINNZIVHDIF
ELBERTWS)., FRILAY VR IR TER, 50
% BEEE 5 mL CHI - ABL728, 4B RER (U-5100;
(B ) B 8/EFT ) T, 530 nm (2B AW IEEEC LB BIL

7= 912

hea %

FEER 1~3 2B AR RX T, £MBIEFACTHLIEERM
THREIRPEVHIBRSRSN. B T ura,
‘BYHAT ELICERR 1~3 TEMUAAN RUE TR
HEEDVHS20O0, AR RW252 i Tcashrolz
(Table 2). Hi EERIREERE THBE, ‘T ITELTIRE
B% 1128175 PEG iMEITo72 L8 X, EER21ZBTLE
15 0.12 % AL X CTHIMAS A SN2 A8 (Table 2), 04D
MHEX T SVFA, By, EHICEBR1~3FT, %
EEIIBWCKRERZ IR TE L h o7z, SPAD fHI3x g
KEORTAMN ARG 2 5L EL L AEMM RSN (Table
2). TN TEVER, TNV LTI EER L, 2188
WCHAED EC 28 LS IonmMA Abhizds, oy
" CRERIOENHEX TEEERALNE o7
(Table2). EER2TIX “INF A, ‘B4 LhicaE
0.12% UEX T7 UM/ TV EICHEIAA SN (Table
2). SHIIEER 3 TIT o7 RAEEER TR BB R oz
(Table 2). NHEERICLBNTF—7 BN h o728, E
B 2 CHHE 10 % 2R MU £ X Tl R R B ATAS
iz LrLER 3 TITo7 B8 PEG O H2@RmL 7z
MR T BREDERASNIE DT

Fig. 1, 2 IS BIER Lz 5B BEEHCEAT VM T

Table 2 Plant height, fresh weight, SPAD value and absorbance of anthocyanin (ABS%) in experiment
1, 2, 3. Growth period was 49 days. Treatments were started at 35 days after sowing. Mean +
SE. Note that the data for the sucrose 10 % treatment in Exp. 2 was not collected because
plants had died before harvest time. Values within columns followed by the same letter are not
significantly different at P < 0.05 by Student’s {—test.

SPAD

Exp. 1 Plant height (cm) Fresh weight (g) ABS%
Treatment Prunai Rouxai Prunai Rouxai Prunai Rouxai Prunai Rouxai
gggtg‘:l_f)Ec 167+03a 145+04a 127.7+12.3a 780%85a 18.2+1.1a 225+0.7a 1.4%0.2a 2.1+0.3a
EC24dSm™ 16.6+05a 15.3%0.2ab 130.6£15.6a 104.3+15.3ab 18.9+1.1a 22.8+1.1a 2.6+0.2b 2.2%0.1a
PEG 5% 17.0+0.4ab 16.1+0.3b 135.0+12.9a 110.3+6.4b 18.9+0.52 22.1%0.7ab 2.7+0.2b 2.1+0.2a
PEG 10 % 154+1.0ac 16.0£0.4b 111.7+159a 99.0+3.9ab 20.3+0.7a 24.3+0.4ac 3.1+0.3b 2.3+0.2a
Exp. 2
Control 135+03a 12.9+02a 105.1=8.0a 77.8%6.0a 18.8+05a 23.9+0.2a 1.7%0.2a 2.9+0.4a
EC36dSm™ 135x0.2a 12.8*02a 103.5:84a 80.3x51a 21.5+0.4b 26.0£0.5b 3.2+0.3b 3.60.3a
NaCl0.12%  13.8=03a 13.6£0.2a 129.5+10.6a 98.7+52b 26.7x0.5¢ 27.0£0.5b 4.9+0.1c 5.1*0.5b
Sucrose 10 % - — - - - - - -
Exp. 3
Control 1244022 11.3+05a 124.6+12.8a 795%10.8a 20.1+0.7a 23.3+1.2a 1.9%0.3a 2.1:0.3a
NaCl0.12%  13.1%0.5a 11.8+0.6a 1455+9.3a 103.4%+19.7a 21.2+17a 26.920.3b 5.10.1b 5.3%0.4b
0,
Sucrose 3 % 175,050 134+03b 12756.1a 884+106a 17.2406b 19.9+07c 1.9+0.1a 2.0+0.2a
and PEG 5 %
0,
Sucrose 5 % 1g6.08b 12.1+0.6ab 133.3+107a 80.2+82a 17.3+05b 22.5:08a 2.1%0.la 2.2+03a
and PEG 5%
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4 cm

Fig. 1  Coloring effect on Prunai plants.
Treatments. a: control (EC 1.2dSm™), b: EC 24dSm™, c: EC 3.6 dSm, d:
NaCl0.12 %, e: PEG 5 %, f: PEG 10 %, g: sucrose 3 % and PEG 5 %, h: sucrose
5% and PEG 5 %, i: sucrose 10 %, j: sucrose 5 %, k: sucrose 15 %, I: sucrose 5
% and NaCl 0.02 %, m: sucrose 5 % and NaCl 0.09 %, n: sucrose 5 % and NaCl
0.016 %, o: sucrose 5 % and NaCl 0.23 %.

EOSHTTREERMETIIER 2, 3OHRTIIFRIC 156 % NHERTIERPLBNAFAELL. FEEEICEHLT,
BWIL T A, SHRIIGHESHL» TR (Fig. 1d,  EE4 T T4, ‘BodA" LA BRI HE
2d) 2&ph, SHITHIFERAEATL . 5% HX TIIAEEZALNLE o723, 4 10 % BE
Table 3 IIFMED AT 52 HbEBE T o/ RER LT O 15 % B X TIRHFHEEDE L EPH AL (Table
ERDINTHEIIWHER IR HEFAARES N5 3). SPAD EICIZHARER B M A% A2 o7 (Table 3). 7k
TLBNzZLph, FEB 4 TR HEZEIL fR, T=VEIBLT, EBR4 T TrA modAT Ll
B TALBL R, BSDIK T ASA b7 (Table 3). WHE 5 BEUT10 % M X TR IRRICH L T Ash
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4 cm
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Fig. 2

Coloring effect on Rouxai plants.

Treatments. a: control (EC 1.2 dS m™), b: EC 2.4 dS m?, c: EC3.6dSm™, d:
NaCl 0.12 %, e: PEG 5 %, f: PEG 10 %, g: sucrose 3 % and PEG 5 %, h: sucrose
5% and PEG 5 %, i: sucrose 10 %, j: sucrose 5 %, k: sucrose 15 %, I: sucrose 5

% and NaCl 0.02 %, m: sucrose 5 % and NaCl 0.09 %, n: sucrose 5 % and NaCl
0.16 %, o: sucrose 5 % and NaCl 0.23 %.

72 (Table 3).

SVEIE RaE, Fig 1i,j BLO 2L, j TRLZEINC, 0y
£ DEHE 10 % LI K CRE KON, TVFL T
RN T 3EEZ, SHITERERITL.

FEE 5 T, EER A OEOARIMT AERICAMLT,
EER 2, 3 TRADOMESASNIAERINZ FKHITHIZ
LERAT. SNEIWRELVSRIRO B ZMTHAI LS

BHICANT WA, EES TIIHE M2 35IC4EH LT 38
A CLEBEIZ10H) L4 HREL TR X T
BRI AREL, # EEHEEOZF L VR ALNT:
(Table 4). SPAD f I BHHE B M 2572 22572 (Table 4).
TN T =l IR XA R X G A A b7z
25, LB X B TOZEIASNL D o7 (Table 4).
SR ZE MBS A&, Fig. 1, m, n, 0 BXU 21, m, n, o TR
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Table 3 Plant height, fresh weight, SPAD value and absorbance of anthocyanin (ABS%) in
experiment 4. Growth period was 42 days. Treatments were started at 35 days after
sowing. Mean £SE. Values within columns followed by the same letter are not significantly

different at P < 0.05 by Student’s #—test.

Exp. 4 Plant height (cm) Fresh weight (g) SPAD ABS%
Treatment Prunai  Rouxai Prunai Rouxai Prunai Rouxai Prunai Rouxai
Control

(EC12dSm™)
Sucrose 5%
Sucrose 10 %
Sucrose 15 %

13.4+0.4a 10.8+0.4a 110.2+6.3a 55.4*2.0a 21.6+0.6a 24.5+0.7a 1.5+0.1a 2.60.2a

10.6=0.6b 9.2+0.3b 93.4+9.8ab 48.8+3.4ab 22.1+0.4a 25.3+1.2a 2.8+0.2b 4.0+0.2b
7.6=0.2c 7.0+04c 55.0+0.9c 37.3+3.9bc 18.9+0.5b 20.8+0.4b 4.0+0.1c 4.8+0.1c
8.0£0.4c 6.0=0.4c 70.8+4.8b 28.2%3.1c 20.7+0.5ab 25.3+0.5a 1.9+0.2a 2.5+0.3a

Table 4 Plant height and fresh weight, SPAD value and absorbance of anthocyanin (ABS%) in
experiment 5. Growth period was 38 days. Treatments were started at 28 days after sowing.
Mean =SE. Values within columns followed by the same letter are not significantly

different at P < 0.05 by Student’s #—test.

Exp.5 Plant height (cm)  Fresh weight (g) SPAD ABS%
Treatment Prunai Rouxai Prunai Rouxai Prunai Rouxai Prunai Rouxai
Gonire) B2 1062080 1002040 60.2274a 4265340 1882062 2395082 142012 22502
0,
Sucrose 5%and 1.0 14 46:02b 30.9+3.3b 21.8+25b 18.9+0.3a 21.7£05ab 4.1502b 4.0+0.2b
NaCl0.02 %
Sucrose 5 % and
e g "¢ 53£05b 38203 15.0+13c 122%13c 19.1204a 23.4205a 35:02b 38203b
0,
Sucrose 5% and 5 5.0 41 4.6402b 18.0+4.4bc16.2+2.3bc 18.551.0a 19.8:0.8b 3.7+02b 4.2+0.2b
NaCl 0.16 %
0,
Sucrose5%and 5.0 41 49+0.1b 33.2+4.3b 15.1%2.0b 20.0+0.4a 23.3+05a 4.0+03b 43+0.2b
NaCl 0.23 %

L7239, ‘av94" @MBX ok RBashiRImaas
Nz A TClRIESDOXPALNELDDINTE THM
BRICHELTH AR RPEONLILI R TR,

COERS IBEREL, RROFREPEONEHBLAZ
EEMERLL: (F—2IRE%W).

& =

R TIEM LB B AEME L EEO—DoD Tk
ELT, RERERELREICTEFIEOHELEREL.
BHOKEEN 2012 SFICHRL: [HEERSERICLS
HWEEBRETHONEOCICEREORIE] kb,
mEROR)/NREHELZEORBREA»SIZSE, HEH
BREPOIEZD 5 BB ARONBEEERLTBY, FHi,
20 25 40 KO LB WS CHBISER S AR
Wb, Lds. Tz, NBITHBEEOBATEIHET 2L
WARENSN TS P, ChE T AT REEY T35
BIBEEMIIRERTENKRSHEEOTE), B
RITBERD DD otzht, AR LMY TIHIBTARE
RV=T VI AOFBORAETMIL, T THEEDIR

BEHELMIBIENTETHEILERL, HEEOHR
BABRICER THLM UMD LEELSL. MY THICE
WTRESNAEBRERLIRAZEDERETHY, P Td
FRERI—TLIAL, HEOETHTh, EEIBHLEE
R BIOBENSVEEND Y. RERLIRZEEA
THEFY TH CAEETEAZLIREBDBIREZ 4L,
EEOREILT2EWR TORERMMENDHLLEE ZONS.
AWFFHERHL: “TF1 BIC 0odA’ otk
BT /M7= EE Z BNz (Table. 2, 3,4). TVhY
TEUAL, B AERETFELT, EERNANAZRIETS
Z&R, PR LM CEER M EEH STl MAEE LA W
i, VAO%E, HEREE, PUEEME Ho4 VA%, Hii
JE LR, JAE FFEREdGE mhalXru—VKT2
E, BRI ITIZL0%E 3 KBRESHALAICSHLTY
B RTINS TSR ERL, BB TADITER
BB OEEFDDOTHLIERMON TSP, Y
THIBVTRIEE RV R 250 RIREO R
EFHOWALRERBR—TLIADFERAZRET H-0DH
AL LBENTVES Y158 Ul o h oD EidE-2R
HEBORBERLHEZEBOSILLE NI HBELEED



NP THBRSE G T I BB EA~OEBLUERMARE R - 7L ADREBICRIT T 39

B, REVBLBILLEBa3NG FNUICEYRE - &
EELBEIAKEKLLEEZOLNS.

ARFFETH, BR U -H BRI EL T L7 filE
B, HBEO&EBEEETLILZL-THELZEDLE
EMTEBIEFTIT BT, T TV EZEMEES
FeLT, MREREL LTABLAIEEERRMT A AT
LA, PEG #FIHLIZBBEAN R 90 g2 EmL-8 A
VAR L7z

BEAAMNADEANRIZTTHEBIIZAOA TS, L
ML, M OBEIZOWT, AN ZAOREHM, ERICRET
BHEIISLENTWAY, EAMN RV E DL %
HENPRANLOPZEBERL, BFIIEANREMATLIE
BEFFCIREFDDLN D, FIZITARICELT, avv
FORBBEHRIEIZB VT, NaCl 2 RBITHEMT 5, &
fa, BEbLME, NERS, AREEDOREPEEL:D. £
MUzEBE, NaCl RSB o aolizky, ¥
BBIUERPOMBESELETREOS% 5 25% 12
EREEBIEHNTELIEARENT VS, $77, WAL
IONLF ARG BIESHONTHE D, FUb 7=
RO THIERICEELTWAZENS, BANN
AWT YT o ARGEN H DL BETE, HENFFY)
VBB ogfy N my Yy B RS DM TT VN TS
VEER, BRBUBIIREANASCREWALEHET
BIEPHILN TS B9 MR TS50, I
WINT BET VN Ty BEHHMABIERMSNTEY D,
RO RIMCENT VM7=V B IS 23 R AHHE
W TGN ER BRI BT EIESR-.

KB 2, 3 TREEROA /MUK TT UM 7=V &H
BINL724% (Table 2), ABEHICIIATHTHo7z. ZOH
HIZBHRE TRV, S OLDDY ) T DOE
B OF-AHEREICBIISEDEADENILS BRI H-
FTepblihiev, EB S TREROBEIII»DLT, &4
BT/ T7ovOEMSHON (Table 4), BRI 7
WFA arg EbICEERIcALNT: Fig. 1, m, n,
o, Fig. 2, m, n, o) 2&H 5, IWAM REFEAM ADHF
FHRICLYFREEDPREIN IO TRV HIEEZLNS,
FZIIBAOKRES, MEETIER, HENELEDLS
LEZONEDS, AR R,OREERELZ, A~
FRLMBIZ AP LIAMZRL, EC 0.6 dSm™ ORI
WHE%E 5%, AIE% 0.02% OEECHRML, ALEL R
HRTOK 10 HE LT A2 Y THHEE 25N S (Table
4,Fig. 1,2). A EOHHIRERLIADRELTHY,
FIIRRTEEEZONS, LOLERS ICBITAHEE
TR B RICHARZELNE T A ARSI (Table 4). 413
G EAHERLEPORBIZRETCELLTOREICE

TIBFETHSD. F-ARROEBRRLRTIE, WERAOH
BRINCIZ2HRBOBRIBHETES EROBENE
MTHLIREERRETIIREAEWEOREELE DGR
DEBENE Y. 22T, ABFRICHIT HHELEIC L 5
FEYARZ7AF TR, WROBFA - BIERREOBICRAEL
ABYAL BERTzD, BHIBERETE [COvira-F/
NTMZEDBF BRI VAT L] 2 CHZELTY
B30 CO AT - FINT VIR B B I A IS
EORWZBLRFBEZFAL, BT — - KaXMTHSB
Zehh, EROFTBBWRAEICHRTRL - RIHRBE
HERBZENPEENTVDE D, ZORKEEETHIET
RELRBREZRHOEEICFS TELLDEELTE
), ST REEL T ZEATRdDOLNS.

i 3

ARAETE, Y THEGT TREZELIQWRER
VE AR BT HIEERE L. HBRSREH#ET 5 e
i), METEICERL, AHEEOFGFEEETHIL
T, BREFRELOPERE LR, BELRIELRE
BENTHIEICERIN T 5280k, Rtz E8 LI TERT
EW ol TRV T oA SN S BIEYIZH
Tl BRI R EB AT TRBLE ZONS.

# 2

BREERER D RICOWT, PR 21 4 B MR T 5%
HREHREHDEEE BREEEYL) 220 ERE
Y DI RET Ly — I RB LTS

AL BT T BICHNTHHTE T, HIBEKRFFIE
HLK BEHTRER, REKER UHFEARK, 2HY
BRICEATEFHL LITET. $28 KRR TE R
AT FH— P RICEALEL LT

SR x|

1) BKHXK, HASE. Y LEEEOERILEMN
E L7 DEYE BLIO VAT L TH#MT 70—
7. Mem. Faculty B. O. S. T. Kinki University 26:
23-37. 2010.

2) FETFAHIE. LED JtilEE /-8 8 o5 g bH
DOFFE. BRYYARTA %3, 44:58-59. 2011.

3) ET#, hEMEL, KREEAR, MEFFHR. LED LiF
ERWAIXT OB AT 2 EBNE. 58
RERFEIRBFRRE. 63:115-118. 2011.

4) WARRF, BE KHEE, SRR Hl— a%%
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