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Fruit quality and carotenoids in fruits of cherry tomato (Solanum
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lycopersicum) WisuilsuiuudaalauazlulsaSeundaiiy Insugnnadeunsidemeiyossdiuiu 3 wug laud Wug G1, G2
wazsuslandl (G3) lu 4 anmuandeu laud anmudasgn (ED) anmlsauSoudifinnsnssuas 50% (E2) ‘Lu‘limuwamwsu
wuugABMUILGS (@aunailuszan 25+2 exriaaidyd AU TnS 70% uazlitaouas 12 FlusseTu) Aifinnue
ﬂauLmeﬂwaam LEDs sineriu 2 wuy Toud uasdunsthBuuasens (1:1:05) Ailaranduuas 323 umol/m?s (E3) wazuas
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ABSTRACT: According to global warming has affected yield and quality of cultivated plants under open-field,
especially tomatoes which are susceptible to environmental stresses. Recently, plant factory has been developed
to solve the problem concerning poor plant growing environment. However, information about appropriate growing
condition management for cherry tomato under plant factory is limited. Thus, this study was to investigate the effect
of plant factory environment on fruit quality and carotenoids in fruit of cherry tomato (Solanum lycopersicum)
compared to open field and greenhouse conditions. Three cherry tomato varieties, i.e., G1, G2 and Nil Manee (G3)
were grown in four growing environments: open-field (E1), greenhouse with 50% shading (E2). Under plant factory
system (relative humidity 70 %, 25+2 °C, 12-h photoperiod), three cherry tomato were subjected to different LED
wavelengths, i.e., LED ratios red: blue: white (1:1:0.5) (E3) with photosynthetic photon flux densities (PPFD) 323
pmol/m?/s (E3) and red: blue (1:1) with PPFD 229 pmol/m?/s (E4). A complete randomized design with three
replications was used in each environment. Fruit quality and carotenoid contents were measured. Combined analysis
of variance was performed and the Least Significant Difference (LSD)was used to compare mean differences. The
result found that G1 and G3 plants grown under E1 and E2 conditions had higher fruit weight and larger size than
those plants grown under E3 and E4. In general, cherry tomato fruit under plant factory produced higher titratable
acid than that under E1 and E2 conditions. Moreover, the different growing environments had affected lycopene
and beta-carotene contents in cherry tomato fruits. G2 and G3 varieties which contained lycopene and f3-carotene
contents more than G1 variety produced the highest both phytochemical under E3, but G1 fruits was not affected
by those environments. This study reveals that plant factory growing environment could increase titratable acid
lycopene and (3-carotene contents in some, but not all, cherry tomato varieties.

Keywords: Light emitting diode; greenhouse; lycopene; 3-carotene
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uzidomavess (Solanum lycopersicum) \uuindild3uusemuna nagnivuiaidn saviAnu nsou dew
Uslnaanmileunaliveaunsasuussnmusiuivadn gaulumeansiueuyadasenng o 1wy ualsfiuesd Inniiud laela
TritusaduualsiiuessulandnineAndy 80% veualsiiuenamn (Nguyen and Schwartz, 1999) NNAUANTRAINEG
yliannufensulssnuusdemaresiiunltuiui uesudeiientilunasieussma sgrdlsinmunsndeuzidemaly
anwulasTeditamvansogna liandulse wuas sanlanmenaflivanzay Wy gungiigs uasaniizuds WWudy
Fadladufanandmalinandnuaraunimvesizifomeavesianas (Camejo et al, 2006; Kenyon et al,, 2014; Lahoz et
al., 2016)
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Anunsaviurandnmafunlauinnin 100 wintdleawisuiunisuantuaninwdad (Bantis et al, 2018 81989311 Kozai et al,
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2015) Tnsuaadutadvdfyvosnismdailusruulsanundndiv eswinssuudnaidussuula wlvldldSunasann
5950717 Fofuundmdanuddyuesnisdunssiuameiio fuiunsiduaniionddanusniuedredonsnaniialy
sruulsarundaiiy annsAnwdidiuninuin taleawdsuas (ight emitting diode; LED) gninuntdiduunaaiiilaua
dwiunswaniiaruanmidasazanmin Tnoudinnaen LED fiusvaviamannnitundsiiilauasdu 4 wu naen
Waeeisawwud naenileau (high pressure sodium; HPS) Ineviaen LED sinaaudfldluiinies anunsarivunninudunay
Prspdunasiifesnisld Smiadanudesmnudouldtios Jagtufinmimeen LED inldlunswdmusdomelulsudou e
duenudunasluaninlsadou (Matsuda et al., 2016) MNATANTEULMNUI MSefisnas LED Sy (430 wiluwns)
wazduns (660 Wiluiuns) fiflnnnanduuas 50 umol/m?/s Tutian 6.00-18.00 u. aunsariuySualalafiuwasiuduals
ﬁuluuzLf'uamﬂéﬂﬁaL‘ﬁ&JUﬁ’umsﬂ@mmaiﬁLLaqaﬁiumwaLﬁwﬁu (Xie et al,, 2019) Bnvsdafisnaauin uas LED snaaiuuasd
LA ATNEUSME 2:1 anansariuvsinalalafuluusidemedld WodlsusnidiuuadunsiodinGusasdi 1:1, 4:1

uay 8:1 (Xie et al, 2016) wlpsanwadsuuasduns Wuiuusdrdglunssuiunisasansialaiiuluuz@owmea (Weller et
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al,, 2000) vhanilgFluanmitfuasduns Snisgamgilumsugnidsmarenuninsavesuzidoma tnsgumgiilugag 25-30
pumwaluadmaliuzaimalinaninuaza1sdfngs (Camejo et al,, 2005; Dumas et al.,, 2003) Winswanuziawmely
anmilgamgiigeniilurig 25-30 ssrnwaloa svdwaliauauaransdfalunaanas (Tinyane et al, 2013; Riga et
al, 2008) eghslsAnudlaifins@numdninavesannuindonlunmsudnusid omavessneldssuulsanunandia
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Andun1snaasslugauaITenInafaunaInl 2561 - JuUNAN 2562 & @1UINVEIU AMINYATAIENS
uIngdevounnu Nunnassivgnvaaeuuzidommresisuiu 3 s 1iun Wus 61, 62 wasiuglond (G3) newus
61 fmasyiulauuuiados nansed neandvies wug 62 fnmsaiauiulauwuuidios nanssnay waandvuy uaziusia
udl (63) fimaasaivlauuuidos nanssd Swagndiina nsthuzdemais 3 Wusluvgnlu 4 anmwinde 1éun n1s
Ugnmeldanmudasgn (E1) msugnmeldanmlsadouiiinismsisuas 50% (£2) msvgnluanmdamelugasumuiues
fnsmunugamgiiuszana 25 ssrmwaldea uarlivasuas 12 Falusietu uazlvuasuandaiu 1éud uasuoadisnsdy
AunsAtnidudum (1:1:0.5) (£3) uazuasuondisnsndau Auasdtnbu (1:1) (£4) udazanmwiadoufimsliluse fuanu
qaunliiismesonisaiyivlnvesiivuarlvisinensiseiuaududunuiBnisdanuasann Pattricia, (1999) uazus
zaNMIAZBINILHUNTINABUUGLANYTa] (Complete Randomized Design; CRD) 1t 3 §1

ﬁ’uﬁﬂsﬁa;ﬂaqmmgﬁLLasmm%uﬁmﬂ’wéﬁwm%a data logger (LogTag HAXO-8, LogTag Recorders Limited, New
Zealand) AnuidunasvesusazaueIniy Talaenseaio OHSP-350P Handheld Spectrum Color Meter Tnetiudin
19981 11.00-13.00 u. Afleranduasgsiigauesiy Wenaan (45 Jundsaenu) ﬁwmiLﬁuLﬁaaLLazﬁ’uﬁﬂﬁay‘aﬂfwwﬁﬂwa
sheiaIoets nadouasssiumis duiindeyanunitswauazmiueinamendneaeiidefaalives uastuiindeya
ﬂ?mm‘uaﬂLL‘ﬁﬂﬁaszﬁﬂﬁﬁwLﬂ%m digital refractometer (PAL-1, ATAGO USA, Inc., Bellevue, WA) IAs1ERUSUIUNTA
wauadilnnsald (titratable acidity) Tnethuilenaiiuazden 10 ndu Wurhndulilausuna 100 faddns udr3slnmsn
fuasazaneludoslansonledunsgrunrandudu 0.1 ueda Ineldiadosinauidunsnig (oH meten) auasazaned
AR 8.2 msiasgiuiunalalafiulaziuaualsfiu fauUasann Gautier et al. (2008) wag Kubola and Siriamornpun
(2011) Inedazidomaiiu 1.5 n¥u 1Andwiazans (hexane/acetone/ethanol §nsndw 2:1:1) Usuna 3 fladdns (Auans
Aun1sinUfiseneendndu (BHT: butylated hydroxytoluene) mamimai%l,ﬂ%aﬂummﬁaqa 5000 sauraudl tuan
8-10 1l ganena1sazatdIuiieguuan 0.3 Jadans u1ieans lneiduenieu 2.7 fadans tiluinaAigandunasdae
\n3esiansgandulasinue iy 449 uiluiuas dwmiuiawduelsiiu wag 472 uilumns dwduialalaiu wagild
AnanAUsnalalaluaziusualsiiumunsnunnsgiu

AinsgianunlsurunNvemndnuasi dnviiteldlunisussiduanuuansnavesiug anmwandenuay
Uduiusvesiuguazaninuingey (Gomez and Gomez, 1984) Wisuiisuaadesieis least significant difference

(LSD) fiszaumnandosiu 95%

Nan1sANEILazITal

91NN1SANYINUIT @ninwindeunielianin E1 dauidunas (photosynthetic photon flux densities; PPFD)
gosrueMAduLasislusan1sdunszsiuas (photosynthetically active radiation) qa‘ﬁ'qm (1,662 pmol/m?/s) (Table
1) sosanlaun anm E2 (598 umol/m?/s) warn1sugnlussuulssundnitowuy 3 (323 pmol/m?/s) muandu d@iunis

Ugnluszuulssnundaiivuuy E4 den PPFD snfiga (229 pmol/m?/s) uagilawuanuamuniniaanyudn E1 861 PPFD ves
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wasnndgafian dedd1uinndn £2 Ussanaamsin vedl €3 de1 PPFD @UTu (161 pmol/m¥/s) wasduna (154
umol/m?/s) IndlAeaiu E2 fifien PPFD dh@uuasduns wihiu 153 wag 233 umol/m¥s audndu agnslsiniy 3 wag
E4 iF1 PPFD wouas UV uaw wad far-red #n ieifisudu E1 uas E2 Snviannndoyaanimernienui £1 way 2 fgamn
\Avgagauszanal 40 ssmiwaldea (Figure 1A) uazilgnmqiiadoingnuszanal 20 ssaivaldoa vaugi £3 wag £4 3
ungiiladvgean auviiadedinan uazgamgiindeUsvan 25 esmigaldea dutoyannuTuduivdnuh £1 uay £2 8

ANNTUAUNNSLRAY 63% &1 E3 Lay E4 daududuindiade 73% (Figure 1B)

Table 1 Photosynthetic photon flux densities (PPFD) and spectral distribution of lights in the open field (E1), in a
greenhouse with 50% shading (E2) and in container plant factory with different light spectral ratios from

LEDs (E3 and E4)

Light PPFD uv Blue Green Red Far red
treatments (umol/m%s) (<400 nm)  (401-500 nm)  (501-600 nm)  (601-700 nm)  (>701 nm)

El 1,662.4+6.6 93.1+4.3 437.4+5.9 590.0+3.2 635.0+8.3 592.4+7.3
E2 598.6+27.4 29.8+1.0 153.0+5.1 211.8+9.7 233.8+12.7 227.3+13.6
E3 323.1+6.6 0.4+0.1 161.4+2.0 7.2+0.2 154.4+4.6 1.1£0.4
E4 229.9+6.3 0.4+0.1 119.7+5.8 4.2+0.4 105.5+2.4 0.6+0.1
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Figure 1 Air temperature (A) and relative humidity (B) under the open field (E1), in a greenhouse with 50% shading
(E2) and in container plant factory with different light spectral ratios from LEDs (E3 and E4)

31NNIFANYINUIN BNSNAVRINUS anmwinasy wazUfdunusseninuiuduazanmwindeuiinaneynanumued
fAnw1 (Table 2) Wwiinuaveswienaniaauiug nevauswoanmuindeslunisuanlvlufienadediu lneusidemeadl
mtnuasnigalevanluanin E1 wagihimtdnaaanasdevaniuanin £2, E3 uay E4 nuaau (Table 3) 8nvisvwinna

'3

Youiug G1 fanuninuavennageigadieugnluanin E1 diug G2 uaz G3 Nanluanin E1 Tanuninawazeningas

]

'
aa v =

ﬂ’iwﬁuﬁﬂaﬂﬂiuamw E3 way E4 wilifanuuanstanisadfdudundgnluanin £2 9INNIMDUAUBIVBINTINHARD
anmuandoslunsugndsnaniienuaenadesiunsdsuniamesnuiana Wetuinaeinisanas vinluuakadivug
\&nasgie Ueeatid et al, 2017) uanantuANUuLasiduuzd omaldSuluransoenaenaunse e i uiisfinase
Wnnuazvuiana Bertin et al, 2000 Xu et al, 2012) Insluanin E2, E3 uag E4 (598, 323 uay 229 pmol/m%/s

auadv) dermnudunasiialdlunsduaseiuasldaindt E1 4 (1,600 umol/m?/s) tneluaninugnitdaanuiduuas
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anavdanalriinsazanalsevnsiuaultey Iuihlrmimunuasvuianaanas (Tinyane et al., 2013) 8n79deiis1891U31AN

\uuasansiuiikasovuanaiinnIeamailun1suan (Gent, 2007)

Table 2 Combined analysis of variance for fruit size, total soluble solid, titratable acid, lycopene content and (3-

carotene content of three cherry tomato varieties evaluated in four environments

Environment Error (Ex  Genotype Error (E x
Source of Variation (E) Rep)® G) GXE RepxGP CV.%@ CV.%®
Fruit weight 358.362** 3.908 239.447**  65.603%* 2.237 17.29 13.08
Fruit width 140.989%** 1.619 230.184**  14.722%* 1.206 5.13 4.43
Fruit length 303.186** 2.043 506.682**  59.597** 3.061 4.92 6.02
Total soluble solid 0.3204™ 0.6053 3.8124*  2.9709** 0.77648 9.46 10.71
Titratable acid 1.64282**  0.00734  0.04932**  0.0821**  0.00314 11.38 7.45
Lycopene content 155.54** 3.47 1019.74%* 63.95%* 3.89 16.37 17.33
[3-carotene content 35.813** 0.762  170.837**  15.095** 1.066 18.99 22.46

Table 3 Fruit size of three cherry tomato varieties grown under the open field (E1), in a greenhouse with 50%

shading (E2) and in container plant factory with different light spectral ratios from LEDs (E3 and E4)

Genotype E1 E2 E3 Ed mean

Fruit weight (g)

G1 27.16 a 1477 ¢ 873 ef 6.17 gh 1441 A
G2 1758 b 12.02 d 8.25 fg 510 hi 1284 B
G3 16.31  bc 10.63 de 6.73 fgh 379 i 706 C
mean 18.03 A 1369 B 795 C 6.07 D 11.43

Fruit width (mm)

G1 31.66 a 2693 d 20.80 ¢gh 20.11 h 2488 B
G2 31.08 ab 29.50 bc 28.46 cd 2524 e 2857 A
G3 2392 ef 2230 fg 19.42  hi 1830 i 2098 C
mean 2889 A 2624 B 2289 C 2122 D 24.81

Fruit length (mm)

G1 4595 a 39.77 b 2790 def 28.67 cde 35,57 A
G2 2795 def 2580 f 26.54  ef 2292 ¢ 2580 B
G3 3052 ¢ 2951 d 2250 ¢ 2085 ¢ 2584 B
mean 3481 A 31.69 B 25.64 C 2414 D 29.07

“Means within row and column followed by the same common letter are not significantly different at P < 0.05 by LSD.
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nmsAnymu nansiBemaisanuiug fusinauvewdsiiazanetld Uiinansadilnnsald lalafiu wazuusi
uelsituuansnsegedifodfynisada (Table 2) Tnewus 63 wagnduma fusinamesudsitazansiilalalafiu waziusi
uAlsiiugefian (8.69 aarnuU3nd, 16.71 wag 7.18 mg/100gFW md1iy) (Figure 2) Upixfifiug G1 nagnildndes fusuna
vawdeiavarenls laladiu LLagLUﬁWLmIiﬁuﬁwﬁlqm (7.72 93AU3NG, 2.20 wag 0.92 mg/100gFW and1du) Liieaan
Usualalaiuvesuzilowmanuuinusinaiudonua (Toor and Savage, 2005) fai Anavoszidomadsiianuduiiudgiu
Unallalafiu Tnevsinalalafivlunadanuduiusiviung sagniifdunsdaiviinalalefiuiiganimagndmdos (Aras et
al, 2000) faustinlalafiudussdusznoundnunnis 80-90% vasunlsiiusssiianun (Nguyen and Schwartz, 1999) ulu
wgidowmadsfiansngnuiaidnaiinfe witualsiiu defivseanm 4.3-12.2% vesdiaualsivesd Tneusualaladiu
waziudualsiiuiinuluszidomame fSimnuduiusilumanin nanfenaiifuimnalalafiugeziiuinauiualsfiugs
e (lahy et al,, 2011; Lenucci et al., 2006) villuiiug G3 ﬁﬁlaiﬂﬁugq Jaflansiuiualsfiugaguiy

ogslsfinuaunaresuzdomansiaviugiinisneuaussieanimuasiiuanseiu (Table 2) IngUSinavesuds
flavawthldveaiug 2 fegefigailovgnluanin £2 Tunendususiug 63 fvsnaveaudsiiazmeildmuiiovgnly
anm E2 wianmuedenlunsinuillaifnadeusinuveudsiiavaehlfuesiug 61 (Figure 24) Faanunsnosungld
fugfifUsiamendsitaratetnldge (uitife 62) Snldsudviwatesnivdsuuaseruduuaargungiannn s
fUsinmedeitazanetlgs Quiidae 1) (Tinyane et al, 2013) dwiudnuasUSunansaiilnnsale Tunaveiug Gl
way 63 fusinansniilnmsnldgeiiandovgnluanin £3 uazanauiiovgnluan E4 (Figure 28) lnonavasisatuiiusi

Ugnaneld 3 uay E4 duunansafilmnsaligendtluanin E1 uay E2 Sauansliiiuinluanin 3 uaz E4 Nlgaumngien

9 Y

v
a o

Duanmfunzanlunisazauusunansaii lmmsald (Aldrich et al, 2010) 0¥ Riga et al. (2008) 5789131 BVSwaves
gamnilunisugniinadeuinansadilmmsaldnnnitauduiasiunnsaiy

youriuzdemaiug G2 uaz 63 fvsinallalafiugaiianidlougnluaniw £3 uazanadluanin £2 uaz E1 mudisy
(Figure 2C) au1s05u1eladn Tuanm E3 Suasdunaviniu 154 pmol/m?¥/s wazdiuas farred s (1.1 pmol/m?/s) veusdi
a0 EL waw E2 Tuasdunsgs (635 uay 233 pmol/m?/s) iuienifu usivsansaninuandeussiiuas far-red g9 (592 way
227 umol/m¥/s) Insuasdunsannsadniiliinsdaaseilalaivlunzdomdls winas farred fnadudimsdunsisila
1afiu (Bou-Torrent et al., 2015; Toledo-Ortiz et al.,, 2010) lngwadsuwaIdnag (Red light photoreceptors; PHY) Wudh
wsddalunseuiunsainsinalunzi@ema (Weller et al, 2000) vhauldFluanmiifuasdunsuazanailoagluanmis
wad far-red g4 (Alba et al., 2000; Schofield and Paliyath, 2005) sigluanin E1 uay E2 H8n31dUY0IuAT LA BUAY
far-red f1dsannsvhanuves PHY lunisnduiu PHY azvhauld@luanin £3 Ssfidnsdrnvosnasdunssionas farred g9
shliimsdaamesilalafiudiutu (e et al, 2019) Tnsusdomaiug 62 uar 63 fuiinalalafiushandougnluanin ea
fousiinanin 4 & was farred ¢ usaniw E4 fanuduuasdunsiiian Soilddnsavaulalafiuldtios deiu nsuia
Snmduvosasdunsionas farred axtasifinUiinalalafivluusifemald awiidsssuiuasdiundinasons
dunsrzilalafiulunpdoma (e et al, 2019) Hailgamglinsugndsdnadensduaseilalafiu Tnsanin E1 uay £2 3
gaumnlunnnin 35 ssrealdoa geninaniw E3 uag £4 (25 asmwalioa) lnsanmidoumgigsariimsavaulalafilusa

ana nggamgiuasUsunadlalafivlunadianuduiusivulunisau (r = -0.90, P < 0.001) (Tinyane et al., 2013)

P P

druvmnanuiualsiluszdomaiug 62 uay 63 dangefigailouanluanin E3 (7.45 uaz 12.62 mg/100gFW)

U 9

wazdlAngandindevanluanin E1 uag E2 (Figure 2D) a5ungladn aaumgifianuduiusmsauiunsdunsgiudualsiiu

Y
o

Tngluluann E1 uae E2 flgaumgilogludis 35-40 asmiwaidua dnadudinisdauasgiusmualsfiulunauzilomna (Dumas

et al,, 2003; Gautier et al,, 2005) Snviawug G2 uay G3 fivgnluanm £3 SUsunanudualsiugsnidevgnluanim Ea
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a1 W '

lagan i E3 uay E4 ﬁuﬁqmmmmﬂu agnslsfimuanin £3 e PPFD (323 umol/m?/s) uasdindu (161 pmol/m?/s)
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Figure 2 Total soluble solids (A), titratable acid (B), lycopene content (C), and 3-carotene content (D) of three
cherry tomato varieties (G1, G2, G3) grown under the open field (E1), in a greenhouse with 50% shading
(E2) and in container plant factory with different light spectral ratios from LEDs (E3 and E4). Different
letters indicate a significant difference (P < 0.05, LSD test) between growing environments of each

genotype
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