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B Red & Blue light-emitting diodes
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Chlorophyll b

J3-carotene

Chlorophyll a

Light absorption
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1 The following sections focus on the differing light absorption spectra of photoreceptors and their resultant plant
NBalLR2yaSad C2N) Y2NBE RSGFAfa 2y (GKS LK20G2NBOSLIi2NBQ &GN
mechanisms, please refas the following prevailing review articles: 6 dzi S (iJing & Lin32020;LegrsEt al.,

2019; Jenkins, 2014.
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26 KS @I NA 2 dzay SHAHiRSTK NENBSOD S 3484548 Aa IAGSY Ay ¢lot S m

¢ ofcBNmMOSaasSa Ayo2f gAyd LKEei20KNRYS | Osa2yao
Seedling establishment Germination
De-etiolation
Gravitropic orientation
Plant stature Shade avoidance
Leaf, shoot and root architecture
Stomatal development
Reproduction Transition to flowering
Photoperiod Entrainment of the circadian clock
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2n addition, reductions of ultravioleA and blue light as well as greenriched light conditions are also perceived
as shade signals by plants. For details the reader is referred to Smith et al. (2017), Pedmale et al. (2016) and Casal
(2012).
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Shade avoidance
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3 Neverthdess, keep in mind that hypocotyl length is also strongly controlled by cryptochsignaling (as
described in section 1.3.2.2.2). Hence, hypocotyl growth is under complex light environmental control.
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FWrow, EUE and LUHEe the highesunder PFD 250. 3:1 669 /465 200,250, 16 hd* 2020
WUE greatest under PFD 250 and 300. 300
FWrota, Paeighy St€nbiam, Lvo, LA, g Pn EO yield and LUl 1:1, 663 / 450 Rihan et al
Ocimum basilicum were reduced under RB 1:1, while increased under F 1:1.5; 300 16 h d* 2020 '
1:1.4. 1:.1.4 663 /435
Lactuca sativa " g{ﬁ WtDbNtJg . yt To?h I.D%tag HAT 8 BoenCTPC 1:4, 1:1 Spalholz et al
PR ~ . indifferent between treatments. 4, 1:1, " palholz et al.
$vl?/ gu; 5 ir{f 15 'f LY WwSR hrdwitefluSed BnQet RE5124; R\, 1:4 659/452 200 18hd 2020
LA, ko, Lsiem TAC indifferent between treatments.
Chl reduced underiB; and RB;, increased underdB;.
While WUE reduced undeirB, increased under 4B;.
FWroreduced under B, increased under 4B;.
R/Fm, g2 -bérgamoteneand NUE increased under 12 1-1
. . RiBz. RN " Pennisi et al.
Ocimum basilicum TFC reduced underB, increased under 4B;. Zi’_f'l’ 669 /465 215 16hd 2019
Linalool reduced underiR,, increased under48;. '
EUE, AOC and mineral concentrations increased un
RB1.
h-bergamotene reduced underB.
Chlb reduced under BBy, increased under {B;. .
Lact fi Chla and chl increased unden ;. i(?ll 661 / 449 200 16 h dt Naznin et al.
acluca sativa AOC increased undei §,, reduced under f3B;. 19'_ 1’ 2019

Car decreased undendB;.
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Chla decreased under /3B;. 491
N AOC increased unde 8, decreased undergB;. P . Nazninetal.
Spina@ oleracea Chiband chl increased under. ;. 11%11 661 /449 200 16 hd 2019
Car decreased undenrdB;. '
FWrota, chla, chlb and chl decreased, while car and )
Brassica oleracea  AOC increased undey, &, 4.9:1, Naznin et al
. . . 1 )
var.sabellica Chl a, chl b and chl increased, while AOC decreasec 11%11 661 /449 200 16hd 2019
under RoB:. ’
Chla and chl decreased unden B, increased under
RioB. 4.9:1
Ocimumbasilicum Car m_creased undenrB:, decreased underB;. 10:1, 661 / 449 200 16 h dt Naznin et al.
Chl b increased unden ;. 191 2019
AOC increased and decreased undeiBRand RqB; '
respectively.
Preighs FWhodecreased under /B, increased under
RioB;.
Chla, chl decreased under B, increased under )
RioB1 4.9:1, Naznin et al
. \0D1. . 1 )
Capsicum annuum Car, AOC increased undesi®, decreased undergB;. 11%11 661 /449 200 16hd 2019
Chlb increased under&B;. '
DWrota decreased, butne, flower initiation and Fruifo
increased under {3B;.
Ocimum basilicum TAC and methyl chavicol increased undgh R Hosseini et al
A A I ' h1 &i - . : 1 .
DNESY Wa2 thBf > pihehedand'l,&ineole increased under  1:1, 2.3:1 660 /450 250 16 hd 2018
.301.
Ocimum basilicum While methyl chavicol increased undeiBR AOC, TPC. Hosseini et al
- ¢!/ I f AYiBefs igrslonetand neral increabse 1:1, 2.3:1 660 / 450 250 16 h dt '
t dzN1LJ S W! 2018
under R.3B.
Cotyledone size, cll, car and TFC indifferent betwee
. . treatments. :
Ocimum basilicum 1:2, 1:1, " Lobiuc et al.
W{ 55804 DS FWrotaand TPC reduced underB 51 660 / 450 120 12hd 2017

DWrotaand TPC increased, and TAC decreased und:
R:Bs.
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Chla, car and TFC indifferent between treatments.
Ocimum basilicum  Caffeic and rosmarinic acid increased und@,R 1:2, 1.1, " Lobiuc et al.
WwS R wdzo A reduced under BB;. 2:1 6607450 120 12hd 2017

TAC increased and AOC decreased ungr R
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Plant species  Effect Light Pea Light Reference
spectrum | ? < intensity
and
duration?
Re70, Bizo,
Under RB+UMA, Lengh ROOR0, ratio of bulbscalesegenerating roots and R/Bs,
Lilium car decreased in comparison to RB, bulklgtbulblets diameter, RG:2dB, )

. 40; Palka et al.
candidum Rootengih chl and Sugasicontents tended to decrease, however, numbe  RBYo, 400 20 of UVA 2023
bulblets and ratio of bulbscales regenerating bulblets with leaves and pkgnol RB+UWA,

content remained indferent between multichromatic treatments. RBFRq,
Wao0-750, FL
In a greenhouse experiment, all supplemental LED light treatments
reduced HypQngth Rreigniand SLA, and increaseddgnand substomatal
CQ contents compared to solar light alone (control).
cucumis All supplemental LED treatments but 48Mncreased SQI, Stem, Lwidth, Sun + W:
: LA, mesophyll conductance, EMs DWahoos FWaoo, DWkoot, Rength RSA, _ . Sun (128) +
sativus : ) UV-A; W+B; Yan et al.
. R/olume Raciviy I comparison to control. ) na LED (180);
seedlings ) W+UVA, 2022
Of all supplemental treatments, U¥ increased chl contenBnand g, Tr, 15 of UVA
WeAl YySA L W+B+UVA
Stentirmness Cellulose content andecreased stomatal limitation value the
least.
Of all supplemental treatments, cytokinin content and LUE were greate
under UVA.
395 and 40%,m improved most of the assessed growth characteristics
photosynthetic rates compared to control. 363
Brassica DWsnhoos Pnincreased with increasing LA wavelength. Resss+ 375’
oleraceavar Only 405nm increased LA in comparison to control. Wise/s58 + 385, 150 £+ UVA*  Choi et al.
' 375405nmincreased DWhotin comparison to control. Bise " (for 7d PTH) 2022
acephala . . 395,
Leafki, remained indifferent between treatments. + UVA 405

R/Fm started to decrease after 1 day of UV exposure; after 5 days, RO.
increased with decreasing LWwavelengths; TPC, TFC and AOC were

4The reader may also be referred to the followingiesv articlesLandi et al(2020), Bantis et a{2018), Neugart & Schreiner (2018), Verdaguer et al. (2017),
Huché-Thélier et al(2016) and Jenkins (20149 the studies by Semenova et al. (2022) cited in Table 10.
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increased after 7 days under all Wtreatments compared to the control
treatment.
PAL and CHS gene expression and PAL enzyme activity increased un
supplemental UMA treatments in comparison to the control treatmien
however, remained indifferent between UX treatments.
Additions of UVA equally increased F3Mboy DWshoos DWkoo, SLW, Sugé;
R/FnZ pss UVR8 gene expression, transcription factor genes and genge W
related to the GL biosynthesis pathway and GL accumulation. 350750
: with 250 =
. Compared to control, 12 h UX exposure increased&ynand chl
Brassica . : elevated 40 of UVA
contents, and decreased time to flowering and car contents more tha Gao et al.
alboglabra Rsssand to 380 (for
2 - UV-A treatment. 2022
Y[ dol 2Q . a lesser 0, 6,
Only 6 h UMA treatment decreased nitrate contents. extent B 12 h dY)
Only 12 h UMA treatment increased Stesam + UVASO
Leafo, LA, NPQ, gP, gL, ETR, PreteifiPC, TFC, AscAC, AOC and contr  ~—
of mineral elements remained indifferent between treatments.
375-395nm increased DWhooy tended to increase Fi¥\oos LA and chih Waoo.700
comparison to control. with 365
Mesembryanth While only _385 and 3956m |_ncreaseo_Pndur|ng the day, all UMA elevated 375, 200 + UWA’ Lee et al.
e-mum treatments increasedPnduring the night. Rssoand to 385, (for 7 d PTH) 2021
crystallinum All UVA treatments enhanced TPC, AOC, PAL activity and contents of  a lesser ’
. . 395
pinitol, myainositol and sucrose, decreasedHm compared to control. extent Bus
+ UVA
. , o +
In a greenhouse experiment, My, DWshoos Chl, caremained indifferent SUB\(EQ)
between treatments in both cultivars. \
: : : UV-A
In green leaf lettuce, all UV treatments increased protein concentratior 24 h d for
Lactuca sativa UV-B increased F¥y, however, DWoo, LA and AOC remained indifferer Sunt 54 PTH: UV
Wh Sg wS between all treatments; UNB and UVA/B increased caffeic acid contents UVLA; 340, B2h dl,for Lee et al.
g 3 NB Sy butdecreased chlorogenic acid, luteolin and apigenin contents. U\:B; 313 4dPTH: LV 2021a
{ G ND In red leaf lettuce, all UV treatments inhibited kM DWkooy UVA UV-A/B '
. . . . ey AB2hd
treatment increased TPC (incl. luteolin, quercetin, apigenin), AOC tenc
. . . . . for 2 d, then
to increase; UNB and UVA/B treatments decreased LA, luteolin, apigeni
: 4 h difor 2
UV-A/B increased cHi contents. d PTH)
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In a greenhouse experiment, tB/(6 and % exposure) and U¥/B (3 and Sun (71_9) "
. . . . uvd:
9 h exposure) increased TPC in tomato fruits, however, TPC remained UVAA
indifferent under UVA; chlorogenic acid increased under-B\and UVA/B _
: , L 24h d* for
(3 h exposure); caffeic acid increased untlB+A/B (3 h exposure), 6d PTH: UV
however, decreased under 9 h exposure; chicoric acid increased unde ’
) Sun + B 1.5h d?
Solanum A, UVB (6 h exposure) and LA/B (3 and 9 h exposure); luteolin )

. . o . UV-A; 340, for2,4and Leeetal.
lycopersicum  decreased under UB (3 h) but increased under tA/B (3h); apigenin UV-B- 313 6dPTH (3 2021a
Y. ply pQ increased under UM, UVA/B (3 and 6 h); kaempferol increased under UV-A/[B 6, oh): '

UVB (9 h), UMA/B (3, 6 and 9 h) in ripe tomato fruits. U’V_AB’

UVAA increased lutein and-@arotene, while UNA/B increased lycopene ir 15h d for

ripe tomatoes. 2' dfor2 4

Protein and nutrient contents, AOC remained indifferent betw all !

treatments. and 6.d PTH

(3,6,9h)

While 387y Y A Y ONB I & S RpsyG67 i 402 Hecreaged v

TAC.

While 402nm tended to increase DW4; 367 and 38Thm tended to

decrease D\\Mas

While 402nm increased LA, 36¥m decreased, and 38¥m tended to

decrease LA in comparistm RB alone.
Lactuca sativa Pn gS and LUE increased under 367 andmfizand tended to increase ReseBasr + 367, Samuoliene
Wal A120 und_er 38_7nm compared to RB. . o UVs 387, 250+ UV% ot al. 2020

While Tr increased under 3@im, Tr remained indifferent between other 402 ’

treatments.

367nm decreased HAn.

NPQ remained indifferent betweendatments.

While 402nm increased and 367 and 38t decreased sucrose contents

compared to RB, fructose and glucose contents increased and raffinos

decreased under all UV treatments compared to RB.
cucumis Internode.engndecreased under both UV treatments, however, decreast Sun + Sun + '
sativusW | A more under UVB. _ o HPS + 340, 150-200 Qian et al.
seedlings Internodeniamdecreased under UB but remained indifferent between UV-AorUV¥ na (HPS) £ UY¥s 2020

UV-A and control. B (for 4 h db)
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Stem weight per uniStemengmand sturdiness increased under {4\and
decreased under U compared to control.

UV-A increased SLM, DW; DWkoo, however, DWenmremained indifferent
compared to control.

UV:B decreased SLM, RMW;, DWsem, DWkootand delayed fruiting
compared to control.

R/Fn, FWiiicremained indifferent between treatments.

All UV treatments increased TAC, enzyme activities of CHS, F3H and

and decreased TFC, enzyme activities of LAR and ANR, car and chl

compared to W in dark purple tea leaves; however, DFR activity remai Wit
Camellia indifferent between treatments. UVMA;  311; 200+UV&  Lietal
sinensigp vz A @ UV-A increasd TAC the most. UVB; 365 (for4hdY 2020

While UVA and UVA/B treatments upregulated structural and regulator UV- A/I,S

genes in the anthocyanin pathway differently, B\decreased most

structural genes involved in the phenylpropanoid and flavonoid pathwe

compared to control.

Ly I INBSYK2dzaSI I RRALDWRY Righs 2 Bifviak

and Leaf, compared to control treatment; Leafgnwas increased by

supplemental 380, 430 and 564n, however not by 40@8m; Smallest

differences were observed between 46t and control.

Chl, car, kaempfer, AOC and ProteinSol were increased by all supplen
Brassica <aT ¢!/ Ay ONEBI #mSoRy; BAC and TPC ingfeRsea unc 380, 4001000 +
alboglabra & dzLJLJ S Y Sy (i k400); querefir add Shigarncreased only SUN+ 400, B;UVA(for Li et al.
W. | bdby & under 380 and 406m; vitamin E remained indifferent between all B; UVA 430, 12hdtfor 2020a
leaves treatments. 465 10 d)

< 400) ins(eased total GLs more than44\(380nm) compared to

control.

At <a RSONBIFIASR YI [/ IHMbWpaalz %y |

& dzLJLX S Y Sy { Inh increasedPdzdntent;Scontents remained

indifferent between all treatments.

Brassica Ly I INBSYK2dzaS3: | RRALDW2.YLéafeRnBndl 380, 400-1000 *

campestris Leafo compared to control treatment; iRigns TAC, kaempfeand quercetin SUN + 400, B; UVA*(for Li et al.
Wal {Ay2 O2yiSyia 6SNB AyONBI &% Rnmnmp@lLeagelIL] B;UVA 430, 12hdfor 2020a
leaves was increased by supplemental 380, 430 and Hi®G5 465 10d)
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vitamin E and Sugayincreased only under30 nm; AscAC was increasec
by supplemental 380, 430 and 56#.

While supplemental 406Gm increased total GLs, 430 and 4686
decreased total GLs; no difference in GLs betweeA380nm) and
control.

lff <a RSONBIFAaAaSR YI /&dzaJLa By SHV I
430nm increased P; S remained indifferent between all treatments.

In a greenhouse, supplemental B and-AVhcreased FWia, F\Wshoos
FWkoots DWrota, DWahoos DWWkootand Proteig contents in both cultivars.
¢!/ YR !'h/ AYONBIA&ASRI YR YAUIN
in both cultivars.

In red bok choy, d increased under 38830nm; car increased under 40(C

460nm; TFC increased and Sug@® SONB I a SR dzy RSNJ | 380 iggt)?%ojr
Brassicarapa GLs increased under 380, 400 and #60but decreased under 43tm. '
. ) Sun + 400, UV-A Mao et al.
(Red and green In green bok choy, chl increased under 48D nm; car decresed under i 1
) . B; UVA 430, (12hdfor 2020
bok choy) 460nm; Sugadsicontent increased only under 430n but decreased 460  10d PTH)
dzy RSNJ I ff 20G§KSNJ adzLJL) SYSyialt <a
430nm; GLs increased under 38th but decreased under all other
treatments.
In both cultivars, TPC increasedyuohder 400 and 436m.
In general, amino acid and AscAC decreased and/or remained unaffec
08 AadzlJLX SYSyidlf <ao
Compared to control, F¥doos DWshoos LA, Leaf, SOD and CAT activity,
Sugago, Proteirso, TAC, AscAC increased under allfUNtensities,
. . P Rs65B4s5FRias 237 £
Lactuca sativa thrZ\é\l/ten\q/::],tSSLA, S:R ratn, g5 chl, car remained indifferent between with ‘65 10,20,30 Chen etal.
WYt SSQ ) L elevated R (for 13d 2019
20 and 30 pmol mstincreased TFC. + UVA PTH)
30 pumol m? st increased TPC, MDA and decreasgB.f -
O,-generation rate increased with increasing-4\intensity.
Compared to control, F¥oos DWahoos LA, Leak, TAC, AscAC and Sugar ReesBussFRuas
. . . : ) 237 £ 1Q(for
Lactuca sativa contents increased under all L& durations, however, TFC remained with 365 5 10 or 15 d Chen et al.
WYt SSQ indifferent. elevated R ’ PTH) 2019
Only 10 d UMA treatment increased TPC. + UVA
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In a greenhouse, UX and UWB upregulated the expression of genes in
. e . : Sun + HPS
the phenylpropanoid and flavonoid biosynthesis pathway by upregulati (150:200) +
Cucumis PAL, C4H and CHS genes. Sun + HPS: na UVe B Qian et al
sativus 3 CHS was highly upregulated under both UV treatments in the leaves. UV-B; 340  (for 4 hdt 2019 '
WI A  WI O Under UVA, PALs werapregulated mainly in roots, while PAL was UV-A for 10 d
upregulated in leaves, stems and roots underBIV PTH)
Only under UMB, C4H was upregulated in all organs.
FWbhoos DWshoot FVWkoos DWkoow LA and caffeic acid content increased
more under385nm than 370hm compared to control, however, ferulic
acid, HO; and Q- contents remained indifferent between all treatments.
SLA anddempferol content increased under both tAtreatments
. equally compared to control.
Brassica TPC and AOC increased with decreasing UV< | YR Ay ONEB | 370, 6% UVAT | ceetal
oleraceavar. FL £ UMAS (24 h d*for
acephala comp_ared to control. . o . 385 5d PTH) 2019
R/Fmincreased andPntended to increase with increasing UV <
compared to contol.
While both UVA treatments tended to increase transcription levels of P
CHS and F3H, PAL activity was partially increased only under supplen
385nm.
Chl, FWhootand DWhooremained indifferent between all treatments in
mustard microgreens.
After 10 h UVA exposures, LA and TPC increased with increasiig U¥
while AOC increased, TAC and AscAC decreased underfalir€Afments;
h-T decreased under 36@n, increased under 402m but remained
indifferent under 390hm compared to control; lutein, zeaxanthin and 300+ 12.4
. nitrate contents increased under 366 and 38O but decreased under Resssiee5+ 366; e - ‘
Brassicguncea _ . ' of UMA* (for NI | |,
WwSR [ A 402nm compared to control; car increased under 366 but decreased Bur+FRs1  390; 10 or ot al. 2019
under 390 and 402m compared to control; S increased and P, Mg, Na £ UVAs 402 16 hd)

Mn, Fe, Zn, Cu, B decreased under alAUveatments; K and Ca
decreased only under 366 and 406&.

After 16 h UVA exposures, lutein and zeaxanthin contents increased
underall UV G NB I G YSy (a TTifcleased lordly@nder |y
402nm; TPC increased under 390 and #@2 nitrate content increased
only under 366 and 390m; AOC decreased under 366 and &80
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compared to control; car increased under 38, decreased unet
366nm; TAC remained indifferent between all treatments; P, S, Mn
increased only under 390 and 40th; B increased only under 38tn; K
increased only under 366 and 38fh; Mg and Na increased under 402
but decreased under 366 and 386h; Fe decreasktunder all UVA
treatments; Zn increased under 390 and 408 but decreased
under366nm; Cu increased under 40n, decreased unde366nm but
remained indifferent between 390m and control; Ca remained
indifferent between treatments.

All UVA treatments increased Steeagmcompared to control.

Solanum With increasing duration of supplemental ¥/ DWota, LAPE psij G5
chopAersicum increased. Rs50Baso 220 + UVA* Kang et al
Y. SA 8 A Y While 16 h UMA exposure increased ETR and TPU, 8 and 164 UV (9:2) 369 (for 4, 8or 2018 '
¢ 2Yl U2 Q exposure increased afxiacompared to control. + UVA 16 h dY)
seedlings Praoe 1, Yematchl, FFn, LMA, SRiaiaremainedindifferent between

treatments.
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fFFolFaAra Ay ALAYIFIOK® {AYAfI NI 20aSNBlFa2ya 6SNB YI R
| RUEF a2y N} GSamdpyiREN) NBRt e IR ¥ INBBYt DpHhinka Ay
f SF@Sad ! yR ¢SNY AKAYIF Syiyt 3K (6 ninyh@NS | F5230R/ RIAKIK | WE | Do
ddzy b 206SENI oy (I R dbd I By @3 a SOSy Y2 NBr0S¥AaKitaey (vrrIRS NIER
6 KAIASE K G @

¢tKS NBlazy T2N) G6KSaS SYEAXSRY &l dSyi®daYa SR AL i RyaEi KB
aLSOASE A& GKS loAfAGe 2F 3INBSy fA3aKG (G2 LSYySiEING
OF y2ILA SBHBR | YR OO0 A dz§y SK{2viA2(&E SHin MyiTOS S nimt X1 2 A ®aTY )
FfdX mMppyod 2KAES . fA3IKG A& NIYLIARfE@ [ 0a2NbSR oeé
Ad aiNBy3Ifée | 0a2NDbSR o6& OKf2NRLKeéeffa Ay GKS (2L f
f SI gEMNBGC A 3
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Adaxial Blue light  Greenlight  Red light

Cuticle
Epidermis

Palisade
mesophyll

Spongy
mesophyll

Abaxial

Stomatal
pore

CAIdZNS LINB &Syl a2y 2F Y2Yy2O0KNRYlFaO o0fdzSX 3INBSY | yR
LINPUES 2F F €£SITFT AffdzYAYlIdBRINNEFSROBMBEY (KBA G RI Eik |

i Kra 0SSy FNBdZSR G(KFG RdzS G2
MU (GKSt OKD2BBLIKENI 042Nl 2NB3yYy GKBRDs o1 y26y | a
6H0 GKS a0FgSNARYy3d 2F D REBXKIsETGEFR ¢ SI 8Sa o61yz26y
o0 GKS LIXIydaQ LI Np#kt NBbSOe2ya 2F D fAIKG omn
D LK2dG2ya INBE RSSLX & 3{NSRa YLEgNGIRE AyFi 20 [ yS2 LAASSa @ Y/ R2 Va
f20GSR Ay GKS t26SNJfI&@8SNAR 2F fSI@3Sa yR OFy2LRAS
SYyKIyO0S (KS LXIyiaQ LK2(G2a8yiKSa0O OI LI OAaB§TOE AY
{YAGK SO ¢CKU®EI HK@TOOAfAGE 2F D LK2G2ywaSalss 03T dx 2y |
RSSLISN) aSOe2ya 2F tSIF@Sa FyR t26SNJ LI Iyl OFy2LASa
AK2dz R y2 f2y3ISNI NBYIHMANY fy$AILB QDI R 2V E PK 2 Nb Odz
LY RRAsa2y (2 (KS&aS RSGSOGSR O2yi(iNROGdzem2ya 2y (
gAGK OF&asSa Ay 6KAOK Y2y20KNRYlFIaO I|yR ONRBIFROIFYR
RSOSt2LI¥Syiod ¢FotS ¢ GISPAWIR aldi¥Yi KRBT S¥Ra@aERAEKA &
gl @St SyaikKa 6SNB Ay@Sasdl SR alye 2F GKS UyRAy3a
tfkhyiad INBSY dzy RSN OARBA @ TGS RDE KIKG KNS RO (ASYNADE o O & d
C2ft il onyinwdydze3a KR2F Y2 yee FRNE YANfofGdzYR Yy lopdyias GKS

-

O~

5The partial reflections of greenavelengths are the reason for the green appearance of plants (Smith et al.,
2017).
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I N} 0ARSBIRAAYIA NILARtE St2y3aFiSRe ¢KS &FYS addzRe
ol Ol INRdzyR 2F wpmobWE Ko 3 NER SR D SNJHpKIvy BEBESREXYyEFERAR
GKIFd D fA3KG OFy Fyidl32yal S GKS AYyKAOAa2Yy 2F KeéLRC(
.2dzf e SO Fftd owmnnt0 |t az2 gEuE2YRWSRE AEKKGG  SYE 22yy230 KINSRAY | (bk
I N} 0ARSBIRA & yAyldf {l & RRABKS &diddzReé RSY2yaidNF 6SR miKI G G
AYRdZOSR AYyKAOA@a2ya 2F KéLROz2Geéf Stz2y3alez2yad {Stfll
2F¥FNI0OARSBIRAAYIA AYONBLIAS AySirNpy@YrdsAING R SoONES: R ANG 3
bdzSy 0SS NrdGSaod ! &@SIN tFTGSNE %KIy3a SiéG Ffd oHammO |
AYRdAZOSR RBLISYBSYHEIANGYYSNY 2A08p W YDNBF ERYEFAO RRA2 2 Y
G2 O2yadl yid wl ORv@NMPa R AZFONBNVEASERKR LISe2ft S Sfi2zydl a2
2NASY Gl GSR f S OISRl @ORBILIROBSINIASRO S yy2GSR KSNB GKI
.2dZA @& Si FfEd onnnTO | yER YAKISAET 250 &IKIFAR SO H OOM & Y BER

AYONBLIaSR t!w ANNIRAFo2ya & D 6la I RRSR® b2ySiK$S
AKIFRS | @2ARIFIyOS LKSy2GeL)5a ¢oKSy t!w AyaSyardae o1 a
I RRP

{AYy0OS G(KSYyZI 7T dzNINEBRNROGERRVIEHY B &t RCGS@B2A R yOS Ay

ALISOASESEF YL ST {y26RSY S Itd 0nnmc0I pK2 Ay@dSaas
dzy RSNJ AYONBI Ay I bIBWD ANINBERES & NdTUOD [dEpsAm IKay3d o6 O1 3
G2 ONRFR D ¢l 0SolyRa 6AGK RAGSNAYy3a D LISH]1 6 @St S
@ NR ol O%laYs Pdrty s O dzOafxday & MD dé0l of 3R HORdd S ad SYHGKSYy Ay I &
02 Yt oy dzy & 2 BISBBESEONHYS NS BB NIO@zy | Yy RdayS g dz0Ss | &
St2y3leay3a LISez2f Sa wiyLIKA 2yedaasS | @R &l @/0RA YNI NBAF&aKA yo3 LIS ND Sy
GNBYR 61 a 20aSNIISR oNB SryFmadzNg SHISK I [oa ntmSp0F AlyNB | &3
Ay@S&aedl SR G2YFHi288 GSYyRSR (2 AyONBlFasS 6AiGK AyON
wdzy1tS O6Hnamyl 0T ¢6K2 Ay@SasdriSR (KS RS@St2LIVSyd 2
fIKG GNBIF GYSyida | f.4523 2B280 RS N2 N SORES2AyBRAER ¢ NIzZ¥ NbzY

&y I LIR NJyIo2NNKAG y@zY | WR 2 8z LIS GAS (fdBRRIAMN B s o f mS NI dzy R
O2yGFAYyAy3a tAIKG GNBlIGYSyda Ay O2YLI NrAazy G2 GKS
OHAM®pPO O2y UNXSR GKIG AYONBlY&FHY A ya dzo ORiy/dediz Wyai awF 6.1 C
aKI RS | g2 ARMWOS SNRIZOS2 ViaySa | | taSd CX W BHam ot F2 diy BK §
2F ol &aAt Fa ¢Sttt & GKS f Sy3aiw2Yvame 15 AyR(INNBAGF O DA (08 f
I NB | SR (G2 | 6KAGS [95 ol Ol INRPHNERI I §& WKBYRGKSH

pul
¢

P H



/11 t¢9w m™m DSYSNIf LYyGNRRC

SlidzZ £t ATS t!lw AyiGSyarideod | 26SHSNE %Kl y3 {2 IHytddY O H n
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G2 RSONBLIasS Ay tS8gdz0S sKSy . gha Any GNBO 2yrayidtyeld awlzo
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Y2Y2OKNR Y| g©0 DILIo@ cNBLX  OSR | oF O]l 3INRdzyR 2F G KAQGS
bdz2NBaAOSyid ftlYLAD® | 26SOSNE Ay (KAA SELSNRYSydGlft a
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ngYAEFm NBalLSOsa@Stevs $KAOK F3IFAYy NBLINBaSyida
LINE RdzOe2yas |yR GKS 2 ol O]l 3INRHzy R ™ HhEARG YAKAOMNBYRE
NELINBEAAaSR yiK20&l yAy LINR R df@alizKySINI ddy2R/AINNG [ fafy 30 WIS o
W2K1Fy S Fftd O6HnAnMHOY LyABYRSIN 2§ R QRANELINRYR (B Rt A XK
02y GSyild 2F IylikKz208lyAya Ay NBR UyRAY It SKEOKE OF W2 K
I g NA old2( S\REaARdzr f | 6a2Nlle2ya 2F &aK2NI D ¢+ @St Sy3icr
ONB LIi20KNRYS&a:L $6KAOK NB 1y2¢6y (G2 GNAIISNI GKS | OO«
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2F . 6A0GK D Ay | Ozyaillyd w o001 INPKERIKIOZY (16F8W
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2F DO AZEGY2 OKIy3ISa Ay OKMNR NER2 A B ROINBSWiI & Sd FNB|
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AVNI 0 ARZILBABZY OKNE Al YiKSYdzZY 'yR YFINARI2fR dzy RSNJ Ay Ol
f AAKYYOpHMR 2 fAIKG gAGK KAITK LISKWYDSyda IBA 3 yWRIAzA Y S

t I NJ] 9 wdz®|EATRES gHIBMYRISHE S I NOKE AR FaSYSLRFSARG 42F D f A 3K

pn



/11 t¢9w m™m DSYSNIf LYyGNRRC

/ 2Yy&AARSNAY3 (KIG D tA3IKG KFa 0SSy akz2gy G2 aidN
AYRdzOS St 2y3le2y YR SELIyaAz2y INRsGKASZ 2yS YAIAKI
NBadAZ §a SKRNS 2 IKdzt SA AIKS | RRAa2y 2F | yRk2NJ NBLX I OSYS
NBadzZ 6SR Ay AYyONBlI&aSR yNZYH &R SHONIBROGZO a1 21 ywaYUE v Y- @Yz SN
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Plant species  Effect Light BIG2 t SI73 Light Reference
spectrum ratio intensity*
Partial (20%) replacement of RB with G did not changgyR DWota,  Res7Baaz,
Solanum S:R ratio. RBG, Zhang et al
chopersigum Partial replacement of RB with G in the presence of FR enhanced RBFRy, 11 525 150 2022 '
Wa 2y SeY Puigemore than RB with FR alone; however, 8/ S:R ratio and LA RBGFR
remained indifferent. [R:B 3:1]
FWroincreased linearly with increasing % G; EWWFWénhoos LA, Ree7/Bass +
Pueighs Internodey,, chla tended to increase linearly with increasing Sun
Solanum %G. RGoB + .
lycopersicum ¢ 2 L3 f S| Fcos@l Ly inafieced. u Sun 531 171 Kagg;gt al.
WY 2 YSS{ Middle leaf canopy: cla:bratio, car increased with increasingdfo ~ RGygB +
D T codsgs, Lrnunaffected. Sun
Chlb higher in leaves of middle canopy than in leaves of @mpopy.  [high R:B]
Addition of 15 pmol ni s? of G 505nm to W owincreased F\Wia, W
F\N_eaf, FV\étem D\M'otal, D\N_eaf, DV\étem Stenﬂength Stemllo, LLength LWidth, W:;\:
Ocimum Lo I.‘M compar.ed to WW’ LA .|nd_|fferen.t. . W+Giigh Schenked et
basilicum Partially replacing RB intensity inigfwith G (W+Gigy) increased [Waoo700 505 108 ow al
Wal NR I y- FV\A’otal, FWeaf, FV\étem D\M'otal, DV\étem SteMength LLength LWidth with 123-|igh 2019
compared to Wign, DWea; LA, ko indifferent. clevated
Chlicontents and ratio of lengts Lwian indifferent between all
treatments. Roeaareod
Lactuca sativa Substituting G for B triggers shade avoidance responses.
WwwSE Q 9 Substitution increased bng, LA, F\8hootin both crops and Pefngin Elevated
Ww 2 dzE | A kale, however, decreased chl (more than FR substituting B), TAC G 180 incl.
Brassica Assimilatione in both crops. BTGMEB with 526 0, 20, 40, Megglzt al.
oleraceavar. (Parametersvere more strongly or equally affected by FR substitu F4§% ' G 60 of G
sabellica B than G substituting B (Table 7).) %
W{ A0SNR

6 The reader may also be referred to the following review articles: Landi et al. (2020), Smith et al. (2017), Wang & BphadZ8dlta & Maruhnich (2007)

and to the stulies by Liu et al. (2017) cited in Tablé&&jjo et al. (2021), Andrade et al. (2017), Carvalho et al. (2016), Noguchi & Amaki (2016), Alvarenga et al. (2015)
cited in Table 10
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/[ 1T1Tt¢9w ™
LDPPetunig 9h Sun +
Ageratum, Flowering acceleratednbtended to decrease in LDPs with increasi 7h
Antirrhinum, G intensity. daylight 0 Mena &
Arabidopsis PreightOf LDPs significantly reduced under G treatments than unde extension 2 g
) . 521 Runkle
SDP: R+W+FR. with G or 13 2019
Chrysanthemu  Flowering delayed,Ns and Rieigritended to increase in SDPs with with 25
m, Tagetes increasing G intensity. RssgtWhaoo
700t FRa3
Multiple
Begonia LA, FWoia, DWhotaindifferent between treatments in all species. Waoo-700, Park &
Pelargonium, In Snapdragon,Rgnreduced under RB. RssoBaar W: 558 160 Runkle
Petunia In Petunia, Rsigntincreased, and flowering accelerated under W witl  (5.7:1), RGB: 531 20182
Antirrhinum high % and intensity of G with 55&. RGB
(1:2:2)
DWroindifferent with increasing % of G in all species but radish;
Solanum o o . ;
. high intensity, increasing % of G decreasedrfyih radish.
lycopersicum - I . . .
« LA indifferent with increasing % of G in all species but wheat,
Yol NI e . T . . )
. . cucumber, lettuce; at high intensity, ireasing % of G increased LA
Cucumis sativa i . o >
Wi 688 wheat, cucumber; at low intensity, increasing % of G decreased L
Cabsicum lettuce.
anr?um AssimilatioRe: indifferent with increasing % of G in all species but
. : 2 A .
DI'LE A T2 SOOI LT oL enen neasig ol ORI e G i
2 A Net . .
2 Y RSND Stemengnindifferent with increasing % of G in all species but tomat Waaozoo, 580/5&_30’ 200 Snowden et
Raphanus i 0 o . G, 525; al.
. ~ Soybean, pepper and lettuce; at high intensity, increasing % of G . 500
sativust®/ K S increased Stemngnin tomato, at low intensity, increasing % of G ResdBso, G in RGB 2016
. $t GhBimeS Dangth ! Y. 9 RGB 530

maxWIl 2 & (i
Lactica sativa
W2 | f RY
DNBSy Q>
Triticum
aestivium

W a1J238

increased Stepagih in soybean, pepper, lettuce.

Pet engiincreased with increasing % of G in soybean under low
intensity and in radish under high intensity, indifferent in other
species and treatments.

Chl content indifferent with increasing % of G in tomato, radish,
soybean, wheat; at high intensity, chl content decreased in cucum
at low intensity, chl content decreased in cucumber, pepper and
lettuce.
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Cucumis Partial replacement of RB by 28G had no effect on growth (FMY,  Reeo, Birs, Hernandez
sativus DWrota, Lvo, LMares Chl concentration), morphology g&yns LA)Pn RBs 0.7 532 100 & Kubota
seedlings and g in comparison to RB treatments. RGB 2016
W+G (5221m): decreased nitrate content, increased Sygeontent
compared to all other treatments. Wao0900 %

Lettuce W+Y (5961m): lettuce appeared sparse and twisted. Biso, Gsoz; 07 522 135 Chen et al.
Chl, car, AscAC, Suggrontents, FWoo, DWrota, DWkootincreased Yso6, Rseo; ’ 596 2016
under W+G in comparison to W+Yilt, F\Wota, St€nbiam, Lvo FRso
indifferent.

Rs25, RBes
Addition of 10 % (15 pumol ni s') decreasedPrn highest under [9:1, 4:1,
ReoBzo. 73], 1.1 Kang et al

Lettuce Chlicontent highest in RGB treatment with B:G ratio of 3:1; howeve  RGBs 2:1 525 150 2016 '
decreased in RGB treatments with B:G ratio of 1:1 and 2:1. [with 3:1
G had no distinct effect ondagn Lwian, S:R ratio. elevated

R]

Partial substitution of B with G in the presence of a fixed proportio

of R enhanced FWsotand LA: decreasedin both cultivars. [5625815;

Density of epidermal cells and stomata showed an increasing 73] o 01
Red and green tendency as B was replaced by G in both cultivars. RG’ [9’_1] 1j1 518 173 Son & Oh
leaf lettuce TPC and AOC tended to decrease as B was replaced by G in botl RGE; 2j1 2015

cultivars. (8:1:1 ’

Chl contents tended to decrease in red leaf lettuce; however, tenc 7_'1.'2]’

to increase in green leaf lettuce. o

Under RGB, Fi¥b, FWshoorand DWo, Sugagoicontent higher, LA RoscBass,

. _ ) RGB [both :

greater, nitrate content and S:R ratio lower than under RB. ; Lin et al.
Lettuce : i with 500-600 210

Crispness, sweetness, shape optimized under RGB compared to 2013

: L elevated

Chl, car and protei contents indifferent. R]

With increasing intensity of G, D¥W.tand DWsoottended to increase,

Petwisth and Pnincreased; LA remained indifferent between G 510 100 Johkan et al
Red leaf lettuce intensity treatments; F\Whta, Liength Lwidth @and PetenginShowed no G 524 200 2012 '

distinct intensity trend; int¢ & A G & x ‘fshofi516nMi2 € Y 530 300

promoted TAC.

p o
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2 A G K Ay ONRBtendetl 16 HecrBases Patgntended to
AYONBF&ST [! NBYIFIAYSR AYRAZFTS
Liength Lwian and Pefignd K2 6 SR y2 RAAGAY OO0 |

FWrota, Lvo @and car indifferent between treatments and cultivars.
In green leaf cabbage, otntents tended to increase under B and

Red and green BG; Patc,\.ngmincreased under. B; Pll_eﬁgfhand Stenengndecreased BB(Z;’;’ 500 Mizuno et
leaf cabbage under R; LA and TAC remained m@fferent._ . G 505 50 al.
In red leaf cabbage, LA tended to increase in botto@aining ' 2011
treatments, TAC increased under R; Stegaand chl remained Reco
indifferent.
Res30B470 100-130;
Addition of increasing amounts of G light to a constant RB [5:4], 41 increased Zhang et al
Arabidopsis background caused shading symptoms, including petiole elongatic RG:sB : 525 with '
. , 2 1:1 . . 201%P
upwardorientation of leaves and decreased TAC. [5:4:1, increasing
5:4:4] G
Rs40, Biso,
Pn Stomatao, Lrhickincreased under RGB; decreased under G and  Gszo, Y00, 520 Xiaoying et
Cherry tomato Chl abnormal under Y; palisade and spongy tissue cells in leaves RB[1:1], 3:1 590 320 al.
abnormal under G and Y. RGB 2011
[3:1:3]
Baby leaf TAC, xanthophyll,-Barotene, chl, TPC, AscAC tEMDWrotay Lo, FL_+ ) Li & Kubota
o UV-A; B; 526 300
lettuce SteMength Liength Lwian indifferent compared to FL. G R FR 2009
Hypaenghincreased under G and BG (with G B3) compared to
Arabidopsis monochromatic B. _ G, 563+10 10 Bouly
TAC decreased under BG (with& nm) compared to BG 1.1 582110 20 2007
monochromatic B.
Banerjee et
Arabidopsis G reduced Bnduced early flowering. G, BG 1.1 563 2 al.
2007
LA, FWswand DWowenhanced under RB supplemented with@4G RB,
Lettuce in comparison to RB2nand chl contents indifferent. RB+GFL, 535 150 Kim et al.
LA, FWota, DWrotay, Pnand chlcontents indifferent under FL with 56 GFL, 535 2004
G in comparison to RB. FL 580
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LA, FWota, DWrowand Pnreduced under GFL with 86 G in
comparison to RB; chl content indifferent.

Monochromatic G rapidly stimulates hypocotyl elongation under

Arabidonsis continues and under a short single pulse. G, 534120 %0.1 Folta
P Supplemental G antagonizes B and R light inhibition of hypocotyl RGB 52516 %1 2004
elongation.
Eisinger et
Faba_bean,_ G light reduced Bnduced stomatal opening. UVB, UV 550 500 al.
Arabidopsis A B, G
2003
Faba bean,
Asiaticdayflow Simultaneous exposure to equal intensity of B and G result&0 % B, 11 5 Talbott et
er, Peas, : .
Arabidopsis reversal of normal #hduced stomatal opening. G, 1:2 540 10 al.
Tabacco ’ Complete reversal occurred when G intensity doubled B intensity. BG 2:1 15 2002
Onion, Barley
Increasing proportions of 58600nm reduced DWba, suppressed ch  HPS, 200 Dougher &
Lettuce . 580600 Bugbee
or chloroplast formations. MH 500
2001
G immediately reversed-Bduced stomatal opening. Xenon arc
. . lamp + B
B immediately reversed-«{Bduced stomatatlosure only when B . .
receded G light pulse Plexiglas Frechilla et
Faba bean P . C . . . andlor G 505560 5, 10, 20 al.
Continuous monochromatic G stimulated a slight stomatal openin
. . o broad 2000
G reversal on stomatal opening depends on intensity; complete
: : ) : band
reversal occurred when G intensity doubled B intensity. filters
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Plant species  Effect Light Pea Light Reference
spectrum 1 2 -« intensity3

All FR treatments reduced fruit set, induced flower and fruit RW- 130 incl.

abortions, and _reduced R and DWW ' RW+FR: 700 0, 50 or _100 Chen et al.
Sweet pepper FR resulted in increased Stefgn Fstemand more upright branches. RW+ER 800 of FR; 2022

Only FR during the daytime increased fa\and DWeas 30 (FREOD)

o EOD
LAindifferent between all treatments.
. RB; RGB; 150 +
T e woER a0 34 40or o0 IS
' ' RGB+FR of FR

¢K2dAK fAIKGEG AyidSNOSLI A 2ph@ndPny

remained indifferent.

At 7 DAT, Rigntwas found to be increased with increasing FR in all

three cultivars.

At 16 DAT, chl content index was found to be decreased with

increasing FR in all three cultivars; TAC was found to be decrease

GAGK AYyONBlFaAYy3a Cw Ay NBR St
Lettuce At 20 DAT, lengthwas found to be increa_sed with inc_rea_sing FR ina 204 + Liu & van
cultivars three cgltlyars, D\/%ootwgs,fourld to bg increased leth increasing F  W+FR 730 5.76 of ER lersel

AY O Wl AGUES DSYQ YR W KSN 2022

At 21 DAT, LA was found to be increased with increasing FR in c\

W[ AGGT SY/DISIYNR | FRQ @

At 35 DAT, LA was found to be increased with increasing FR in c\

WDNBSY { I f lLehve® ilinQtB be{indré&ayed with

AYONBFaAy3a Cw Ay OOd WDNKSWSs {

F2dzyR (2 06S AYyONBIl a3KSNR{ K Sy

DSYQ®
Bell pepper FREOD increased Internodggi Pieighs LA, SLA, decreased and W; 734 rerE;ilr?ed Lanoue et al.
cultivars chl contents, however, did not affect Frwt FW it W+BEOD; constant 2022

“The reader may also be referred to the following review artidlesidi & al. (2020), VicZn et al.(2017), DemotedMainard et al. (2016), Frankhauser &
Batschauer (2016), Pierik & de Wit (2014)b&ti et al.(2012)and Franklin (2008and the study by Carvalho et al. (2016) cited in Table 10.
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With increasing R:FR ratiacfdecreased, &m and Internodeengtn W+B&FR
increased. EOD;
W+FR
EOD
With increasing FR under a constant background of Wgt-Lwidth, 207 +
; : ) ] . Legendre &
Lettuce LA, canopy size and QW increased linearly. WAER 735; 4-28 of FR; van lersel
Increasing FR was more effective than increasing PAR at increasi 733 111-245 2021
incident light and biomass. + 533 of FR
FR increased R\ DWeas DWroty LA, RUE, LUE, l4iowever, SLA
Lettuce andPnremained indifferent. RB; 240 219 Jin et al.
Effects were plant densitglependent with FR effects stronger at lov RB+FR + 52 of FR 2021
plant density compared to moderate and high plant densities.
FR increased canopy photon captyrgaily carbon gafnand biomass
in both treatments. 350 incl Zhen &
Lettuce Canopy quantum yieldsind CUEindifferent between treatments. RB; W 730 ) Bugbee
. , s : + 50 of FR
Photosynthesis increased linearly with increasing photon capture 2020
enhanced in FReated lettuces through increased LA.
. Adding FR (up to 4%) in a background of PAR increased canopy FR + 7112 525,400 + ) Zhen &
14 horticultural ) : . ) ) 732; 40-140 of FR;
crops species photosynthesis equal to adding PAR in all species. SUN; 735. 510 + 50 of Bugbee
Effect decreases with increasing FR wavelength. RB; W 7461 FR 2020a
FR increased individual and total BV fruit sugar (fructose &
glucose) concentration, accelerated fruit ripening time, upregulate
Tomato expression of genes associated with sugansportation and RB; 735 150 Jietal.
metabolism, however, RB+FR + 50 of FR 2020
Fruitve, DWhota, Se€@o, flowering time, sucrose concentration
remained indifferent.
RB+FR increased R, DWrow, LA, SLA, canopy size, chl a:b ratio,
Sugagscontent, PNUEax Pna/chl, RUE more than RB+ERD ) )
compared to RB RB; 200;
Lettuce S:R ratio increased under{®D, however, S:R ratio remained RB+FR; 740 * 50 ofF R; Zou et al.
. RB+FR + 50 of FR 2019
indifferent between RB and RB+FR. EOD EOD

Nitrate content, NPQ increased angkdecreased under RB+FR,
however, remained indifferent between RB and RBEE®D.
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RB+FR decreased chl, car and N contentgs more than RB+FROD

compared to RB.

upesy P, Rh Z/F.0ndifferent between treatments.

RB+FR increased Sug#dplucoce, fructose, sucrose) in tomato fruit:

and decreased fruit water content compared to RB, however, mali

acid contents remained indifferent.

First, FWiuitwas higher undeRB, at fruit maturity higher under

RB+FR. i

First, starch and citric acid content were higher under RB+FR, at 1 SUN + . 125+ 106j

L HPS+RB; 106 + 110; Fanwoua et
Tomato maturity higher under RB. . i
) o - , RB+RB; 739 200; al.
cultivars Dilution by soluble and storage compounds indifferent in mature _
: RB; 200 + 40 of 2019

tomato fruits under RB and RB+FR. RB+FR ER

RB+RB increaséd\i:in both cultivars compared to HPS+RB,

increased citric acid content in one cultivar, however, metabolism

other fruit biochemical compounds (glucose, fructose, sucrose, sti

and malic acid) remained indifferent in both cultivars under both

treatments.

FR increased.dagih F\Whoos DWhootOF all crops (more pronounced

. under high than low B:R ratio). .

Seedlings of o reased DM basil and one lettuce cultivar. . Rigo Bls_o; Meng &
lettuce . o . R; B; RBs BsoRiso0;
cultivars and HypQaenghand i remained indifferent in all treatments. + ER 732 BaoRuo Runkle
basil FR decreased chl content in lettuce, but not in basil. B +30 of ER 2019a

TAC increased with inaeing B:R ratio but decreased under FR in -

leaf lettuce.

Increasing FR increased &M DWshoos Liength HYPQength however, BooRost

reduced chtontent (more under high than low PPFD) under both _ om0 Meng &
Lettuce o . RB; BrsoRuso;
cultivars light intensity treatments. RB4ER 732 + 30 or 75 of Runkle

Increasing FR increasegids and Ly, only in one cultivar. - FR 2019a

DWshoos chl and TAC increased with PPFD. '

FR increased individual and total BW Ferit, Fsiem flower

oL . Sun +
appearance rate andyb.(more pronounced with increasing FR), _ 150 + .
RB; Jietal.

Tomato however, decreased Euves W 735 30 or 50 of 2019

DWrota, LAPN Freotremained indifferent. . F’R FR

FR reduced resistance agaiBsttrytis cinerea

Ly dNERRC
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With increasing FR, LA, B3, Fruit,, individual and total FW.i, Sun +
petiole angle increased, flowering and fruit ripening accelerated, ,
: RB; 150 + .
however, leaf absorbance, cal chlb, chla:bratio, car, gdecreased. , Kalaitzoglou
: - RB+FR; 0, 54,119 or
Tomato Frootand Pnremained indifferent between all treatments. 730 i et al.
L RB+FR 154 of FR;
FREOD resulted in similar results observed under RB##atments, 2019
. . o EOD 17 of FREOD
however, Reighiwas increased, flowering was delayed, individual ai
total F\WEi was reduced.
Substituting FR for Biggers shade avoidance responses.
Substitution increased bagin LA, F\hootin both crops and Pedngnin 180 incl
Lettuce and kale, however, decreased chl (less than G substituting B), TAC ar R+ ' Meng et al.
AT . 733 0, 20, 40, 60
Kale AssimilatioRe: in both crops. B, G, FR of ER 2019
(Most parameters were more strongly equally affected by FR
substituting B than G substituting B (Tab).)
All overhead FR treatments increased InternQdg, Stemengn LA,
LLengtHLWidth ratio, FWota, DWrota, FWerit, D\/\l:ruitcompared to RB
alone. SUN+RB
With increasing FR, Sugafglucose, fructose) content decreased in ICL 144
ripe tomato fruits. Zhang et al.
Tomato FREOD increased LA more than the long FR treatment during the * ';I)Q (12735 +O?ﬁ£;§§Dor 2019
DW eas DWsemwere increased under 12h FR andilFROED N FRéOD
treatments, however, not under 0.5 h FEOD treatment compared t
RBICL alone.
Dry matter partitioning remained indifferent between all treatment:
FR increased R, DWewit, DWleas Lrhick Feruit, F:S ratio and
accelerated flowering and fruiting, decreased LA, chl conteat,.F
FStem LWG Sun +
SteMengih vo, S:R ratio, FWe, PN g5, remained indifferent between HPS:
all treatments. ' Kim et al.
Tomato Fruityo, FWitincreased under LED and HPS treatments comparec LED!CL_' 770 230 2019
_ _ e RB; R;
control; Fwi, F:L ratio increased under LEDs compared to control. RAFRS

While LEDs increased R, individual and total FW.irand DW it
DWrota, DWeas Lrnick Feri, F:S ratio compared to HPS, HPS increas:
Nodey, compared to LEDs.
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FR light preferentially excited PSI; RB excites PSII.
U psiincreased with increasing FR wavelengths from 678 tonnd3 ,
Lettuce a A Y Asgibetken 703 and 72¢ Y Tesitended to decrease from SUN; 678 202 Zhen et al.
RB+FR 752 2018
721 to 731nm.
Adding75%’ Y RAR yaii FFFSOG w
FRincreased/tended to increase Stesmyn Stem caliper, DWhoos LA,
time to flower in all three ornamentals (more than G).
FR did not affect sturdiness.
FR increased DW:and quality indexnly in coreopsis, decreased
Nodey, only in petunia, decreased select macamd micronutrients
' in coreopsis and pansy. _ . _ . 105, 210, 315
Coreopsis, Stem caliper, DWo, DWbhoos Sturdiness, quality index of seedlings RB; .
: : : . incl. 7% of  Craver et al.
Pansy and generally increased and Stesn macre and micronutrient RB+FR; 740 FR 2018
Petunia concentrations generally decreased mihcreasing intensity, RB+G
: ) or 18% of G
regardless of light quality.
Nodey, remained indifferent between different light intensities.
LA decreased in petunia, remained indifferent in coreopsis and
increased in pansy with increasing intensity.
Time to flower decreased aoreopsis and pansy, however, remaine
indifferent in petunia with increasing light intensity.
With decreasing R:FR ratio, Sigmnincreased in all species; LA,
DWshootincreased in two ornamentals. Bay+ 96 OF
Lno, DWeas S:R ratio, Assimilatiqn, Pnremained indifferent RB + FR 2
. . : ) . . 288 of R+FR
Geranium, between light quality treatments in all species. with 1:0, (R RFRy: Park &
Petuniaand  FR promoted flowering, especially under low light intensity, and ~ 2:1and 731 ée F;ﬁ A Runkle
Coleus decreased chl concentration only in petunia. 1L:1R:FR R ‘;FR“’_ 2018b
Under low light intensity, DWo:decreased with decreasing R:FR ra  ratio R256FE285
only in geranium. SOTTESS
With increasing intensity, Assimilatignand Pnincreased.
Geranium, With increasing additions of_FR, Assmllaml@mcreased _Ilnea_rly in RB + FR Bs; + R+FR
) geranium, snapdragon and impatiens, however, remained indifferc .~ " (Ruzs; Park &
Petunia, ) . with 1:0, ]
Snapdragon in petunia. 31 1-1 731 Ri2sFRs; Runkle
.’ With decreasing R:FR ratioselghiincreased linearly in all species; L/ 7 77 Ri2eFR2; 2017
and Impatiens . ) ) . 8:1, 4:1 ’
increased linearly in geranium and snapdragon, chl content decre Ri2sFRg;

Ly dNERRC
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linearly ingeranium, petunia and snapdragon, however, LA remair and 2:1 of RsFRo;
indifferent in petunia and impatiens, chl content remained indiffere R:FR ratio ReaFRy)
in impatiens, DWhootremained indifferent in geranium and

shapdragon.

Inclusion of FR accelerated flowering in snapdragon, hvewe
remained indifferent in geranium, petunia and impatiens.

FR addition immediately y O NB #sigvt8cR inaseased further with
increasing duration of FR radiation.

upsiand Pnincreased and NPQ decreased with increasing amount  RB; W Zhen & van
Lettuce . " 735 0-800 lersel
FR (ranging from-80 umol n? s%) under a constant background of + FRs 2017

RB or W with PPFD 200umol m2 s?,

| 2 5 S @&SibdEreased and NPQ increased with increasing PPF|
M5S3AO0ONALIs2ya 2F 0O0NBGAlI a2y hf FINB UHRAGSRE YR BoRGLME 0ERoRG ¥ J2ENRSBWY | aaAYAf | a2y
YI aa LIS NJ dzy Avéi.X € 15 | oFf dzSpBiyRYHAG Y nNd 7 OF N2 Sy 20K 2 yAirS yAINBOLIKIOIS 'O 0\t Dyl NEY B | ¢
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LISNJ dzy Al 2F Ay O RSHE SWRAZRAS NI23/T BS YRa I *{ T { Yawiil® ® KE RIGS 12 F ilo MR TaoXt &3 lanz3 | NE
G2Grt Fyik20elyAy O2yidSyidsz 2 I' oNBIFIROFYR gKARMGIYODIKE GAGKAY t!w O6LIK2G2E8)
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N} y3aS KIFIZGS LINBR2YAYlIyGfteé NBAdAIBESR2 Ny WwBFB NI Y yBX EL
YENNR G Y2y20KNBYlIaO YR RAOKNBYlIaO [95 &eéadSvya |
b dz2 NB a O S yuiINB &yaRdzNB 3K2 RA dzY € | Y LA @

o -
<

Ly | dzyAljdzS &dGdzRé o6& |y S Ffd oHamToONR NS &2LJ2 )
[ 95 &LISOGNHzy GKIFEG Ofz2asSteée NBaSyofSR Ada LKziGzae
Y2Yy2O0KNRBYlIaO w FYyR . gl @St Sy3adkaz +ft NBaLRyasSa o7
K228y i KSa O NI GS0 ¢BWBR Sy Kil VDR AHIRSNNHERS @i Adz3
G2 | Y2y20KNRYlaO w GNBFGYSYyG +a 6Stt & &a2f dzof
Y2Y2O0KNRYFaO . (GNBIFGYSYyld 6SNB F2dzyR G2 mopSp NBRAZIOS R

0SAY WANBNENR LI I+ o2y ad 2F fAfe& odA ofSia 6SNB F2dzyR dz
{AYATI NI &Y (K2dzZa3K bl @2y2f AYyRAOS&a 2F 3INBSY |IyR Lz
dzy RSNJ adzLJLX SYSy il Y2y 2 OKMNTLISO 6. aAX IR R 1TF NRISTI g
dzy RSNJ adzLJLX SYSy it Y2y20KNRBYl a0 mwmiR@EX (i NB2IYVED NB RS
F2dzNJ aLISOASA RS@PSt2LISR 06Sad dzyRSNJ G KS adzLdLX SYSy il
@ASt RNIZLIKBKtf2 O2y iSyida FyR GKS 20SNIff ydzyYoSNI 2F R!
6al Ge&dAll 9 Y26+t alAY Hnmpod ! yR fLad odzi RSUYAGS
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OHNHHO Ay@S&aadl SR GKS f SI %5 YOMBAYE ARy 202D 20yKiSS yYi R A200
O02YLRdzyRa AyOfdzZRAY3I | NISYAAAYAYS FNISYAAAY®RO I OAF
TAAY 6AGK fAGES wo d 6Stf & dzyRSNI Y2y 20KNBYlFa O w
O2y G SYNLI S2YR AAYAO | OAR ¢l & F2dzyR dzy RSNJ 6 KS Y2y 2 OKNER
GN}AGa 6SNB KAIKSAG dzy RSNJ KS 2 (XBKENKNBI HOSQPEGE
0 KS MRS G yd | YRIRA div8 RIYIGAW LEHINITYE (KS 1 602088SYSyoea2yS
f AIKG ONBaywdy @ I éGn 2dzi LISNF2NXYSR 08 Y2Yy20KNRYlFaO w
8AStRaA 2F tS3dz0S [yR a2ftdzofS adaAl N O2y(iSyiGa 6SNB
GAGHYNR blE@2y2AR 02yiiSyida 6SNB KAIKSadG dzy RSN vY2y
FYY2yAdzy O2yi(iSyia o0RdzS NBI RRBREGANFEBdE DRV PSOY aSKRSEC
Y2Yy2OKNRBYlaO w YR .3 NBaLlSOa@Ste owkKly3a Si Ifos |
gl & OKINI}OGSNARAT SR o6& dzydzadz-ffe KAIK FNYOe2ya 2F D
I 84 A WAINGQIS & P

4 LINBGAz2dzateée SELXIFIAYSR Ay 4S0s2y modnodmz O2Y06A
K2 Nb Odzf G dzNJ € F LILJX AOlFa2ya Rdz2S (2 GKSAN KAIK LIK2I
LISNF2NXI yOSa G(KSe& O dzaSo20OBINBABRE T aw.02 Y NBIR G Y & Wb &
LIK2G20A2t 23A0Ft NBaSINDK &a0§dRASE (KIFIdDIYRYARIGKAYBS
fAIKG ALISOGNI 2y LA Fyld LISNF2NXIFyOSay

4 YSyoa2ySR [|Ay2 OBKEONBKISNDISIaTE a2 B iAT 6t Af & 2 dzgizR  dzy
GKFG AyOtdzZRSR I O2YLI NR&2Y (2 Iy w. GNBLFGYSyld gAi
fSaa tSIFI@Sa LISNIfAfe odzZ 6t S O2YLI NBR G2 2 otlFfql
dza S SEOMSWB 020K F2dzyR (2 06S KAIKSNI dzyRSNI Iy w.
Y2NLIK2f 23AS&8 IyR @AStRa NBYIAYBRAVY RAVBNEB YR ¢B5NBEE
GNBFGYSyda oYM YR oYMO | DSNI padaYSnSRIBEOZFHAAA
aldRe 20aSNBSR AyONBlI&ASR OKf2NRLKeftft O2yidSyda dzfF
KSIKBRAARS UYRAYy3Ia ¢2dd R K2fR GNHzZS I+ DSNJ f2y3ISNI S|
AYTF2NYE oa@S Aad (fKIS oaHindeRg®0 T2NB YU 2WAF (206 LBE F yGa | yR T NHz
GKS NB&aSIFNOK G(SIY T2dzyR y2mRAaBWRYIOBR WwSias9SYi RINE
2F2AN0 SEOf dzaA 2y 2F Cwo Ay (GSN¥a 27T GFENEG  YlyaRa NBI2Nk
LIK2(G288y i KSa O LI NI.YSiEING A WINGRNDGI SISt 2B | 26 SOSNE
5SNBE AYyONBI &A&SR dzyRSNJ 2bCw O2YLI NBR (2 w.bCwI | YR f
G2 w. ® b20iSé2NIKRY | NESYiKSE Oy RANSHE SRt SAAMBFI 1 KE2 |
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AyiSyaride 2 MIIEMA AGENBSVIGVISY (RSGSOGSR KAIKSNI |j dzl y i dzy
LK2G28a8yiKSaO NIGSa | anlastie OKEYDON b dANES YAH RS KE § N5 W
2 ZLISOGNHzY O2YLI NBR (G2 | yFENNRBg w. &LISOGNHzyd [ A]S
AYLINREOSR LIK2G288y(KSaO | Oo@AasSa mayyRYS Ng Aliliske 2RNU T & NIB K
St S@FGSR w0 O2YLI NBRGK 2S5t §@wil. SR NG Ay SGKNE &+ y i KSYd
RSGSOGSR @OSNB O2YLI NIofS INRSGK | gNARodziSa Ay o6S3z2
2 fA3KG GNBILGYSyida 6AGK AyONBlF&aAy3dI FNIOea2ya 2F w
SSRtAy3a ailz22R 2dz2i Ay GKSAN addzReé RdzsS (2 G(KS RS
202Gt fSy3aGK 6AGK AYyONBlFaAy3a w FNIOsz2yad Ay (K
f AIK(I OKIl y@&E SAY IR2NTEF ydilt N (1oKRIdeEAXSyY  (15KLSS O
O osla o0Said dzyRSNJ w. O2YLI NBR (G2 Ittt ONRIR 2
2y oltY ¢gSNB INBFGSNI dzy RSN byY ow. OAWBH NIBFS yiii2 olv &
LISObMIEWViYOEZ YR (K2dAK YIEAYdzY ljdzZ yidzy SYOASyOe
GNBIFGYSyia 06KAOK RAGSNBR SAGKSNIAYYOKSAKSBSWIKKIES B/
YR S&aaSyaslt 2Aft O2yGSyid 202YIOIVYRER ol YI 65 NBG &I Wi .
GKS ydzYoSNJ 2F y2RS&a la ¢Sttt a OKf2NRLKeff O2yi:
GNBFGYSyda O6wAKIY SG Ff®d®X HauHuO® !faz2x Fy SiG Ito
f $S§dz0S @PRSKI NB2 RAGSNBY (I OoNBDWWAAKE A FRI 64 10KE )
TNI Ooa2ya 2F wu 6AGK Fy w. GNBFGYSYids RSGSNNAYSR
Odzt e @k a2y 2F ANBSYy S53dz0S o0 SOKWIBEY (GK! A MR lIR& Ry K5k
YR NB2G eASfRa&a +ra ¢Sttt la fA3IKG FyYyR SySNHe& dzas S
G2 GKS w. GNBFGYSydGod {AYAfFINI@&z LidzNLX S fS§dz0S 3aANB.
w FNEDoa#K2dAK NB2(G YlIaa ¢la t26SN) GKIy dzy RSN w.
GNBIFGYSyld é6AGK t26 w TNIOo2ya 6+a& y2G adaadlotS FT2N
YR @AStR& Fft2y3dJaARS  A3IKNB HayARa ySYONFE f 8za NBE K08 8
CdZNI KSNX2NBZ (02 1OWRBENBRY { SFdABROFY 6SySUG FNRY ¢
SG Ftd 6nnmpd O2YLI NBRiynyiwbNESGI & BY¥ * NpOU®DAAEISOANE 7
d {waTympywd +tyR Iy w. GNBIFIGYSYyd O6Nrs2 oYMOUD LYy O2Y
2NJ Sljdzt £ €SI F fSy3atkaz tSIT @8AStRa FyR StSYSydalt
GKS SELI yarzy |yR ydzyygsSy PEyiLSYdEar adnk SR 2 (¥ (RIARIORS
$SNB INBIFGSNI dzyRSNI w. 3 6KAOK YlIé& KIF@S NBadzZ §SR TNJ
2F w dzy RSNI w. O2YLI NBR (G2 Ittt 2GKSNJ GNBIdYSyia 2y
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NBFiGYSyida 2y (GKS 20KSN¥® Ly GKS &SIFINIo6STF2NBs (GKS
LISOGRanvidmo nmAGK |y w. GNBIFIGYSYld ONla2 mMdpYMOD | yF
GNBFiGYSyia SEOSSRSR 2M) WBHAIBHUBR AgghgRABERBREAZI{ O
O2yGSyiGa O2YLINBR (2 w. 6AGK GKS SEOSL2y 27F fdzi§
CKS oy Yy SR adidzReé oms KIAIOK S ASRomnMMNRIR 2 [95
ASROMKS LIK2(G2488y(iKSa O | oFR20NABe AWK I HLIFIAKIONIZY AZX 2 NBRY
AYyONBI &S GKS t£S5gdz0SQa tSHT FINBF FyR @AStR Y2NB
f SgdzOS €SI @dSa Sljdz £t @NHiIl2a So 200KKS wWNI (SN2 Fi YISK/AiH2 &
gAGK St SOFGSR wo

| 26 SOSNE (62 O2YLI N} o@S ailidzRASAa F2dzyR yIFNNRG w.
ALISOGNIY 'y w. OGNBLFLGYSY(d 6AGK |y AyONB®IOE IR oLONBIIAN
I yR NB&adzZ 6SR Ay o0A3I3ISNItSIH@Say KAIKSNI oA2YlaasSa |
02 2mysivod | 26SHSNE GKS FLILXASR 2 GNBFGYSYyid O2yaai
KAJIK LINPLERZNB2YRY 20K® FHYRNBEWSYSdA¢PSR f S§dz0S
f AIKG ONBIAWAYSY @ é&n 2azd LISNF2NYSR o6& w.
I OOdzYdzt o2y YR ydziNRe2ylf O2yiGSyiaz | ©dzdN
dzy NB I 842yl 6f & KAIK LINBLRZNb2Y& 2F D FLYyR , o

.85aARSa GKS FIO00 GKIFIG 6KAGS fATIKoay3d O2yRA02Va
la Sttt a GKS INBHICES(t A IME SYigMNR Yy Yy &HioldKIPS H
NEOASHSR REGE Ot St NEley REARE KA ([a9 50 KIFAIA KO NBRKRR 6A (K
LIK2G20A2ft23A0Ftte | O0a@S NIYy3IAS IINB F6fS (2 AYLNRGS
FINBS 6AGK ¢S3IFAKAYLF S nrhntmeo ok yROOISKSY2 3S 62 yyA y13S NH
RSY2yaidN}G§SR AyONBlIaSR ljdz yidzy @AStRa&a dzyRSNJ 6ARS
61 @St Sy3aik O2YLRarezyd 2F (GKS (S&aiGSR 2 fA3IKEG &LIS
GdzRAS&ad WEKSHI MAIGSOIEBLIHAAs2ya 2F 6KFG A& tz22as8te R
0KS 2dzi02YSa |yR Ydzad NBOSAGS alLISOALE FgSyes2yd

Ly | olaiaft addRer O2yRdzOGSR o0& YA JAYNGRLID a4y
RSONBIFaSR ¢gKAT Sw LINPRIZ2QW 2fyAay S NI &8 AYyONBIFaSR Ay GKNB
YIEye LI NYYSGSNBE NBYFAYSR dzyl 6 SOGSR 68 (GKS RAGSNAY:
dzy RSNJ G KS aLISOGNHEY SHAIGKR SO SHNNIO&aPEIMNBYRY WKDagasdy
KAIKS&0G dzyRSNJ GKS AYGSNNYSRAIFIGS aLISOGNHzY®d LYy | RRA
TN OQo2yas O2yiSyda 2F YI22N LKSy2ft A0 FOARasz ftSy3i
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YR G(GKS 02y CBOWAlENE Ae22yy aNJ ISR 2F YI 22NJ 6 SNLISYy2ARa |y
RSONBFaSR® ,ty SiG Ffd 6HnHHOUY F2dzyR GKS Yzaid 02vY
LINELISNBbSa F2NJ GNYyaLRNI sKSy | 2 amws Odyday Sit®OR Yy & A
LINELI2ZNb2ya 2F . @ 2KAfS INBSYy fS§gdz0OS NBaLRYRSR Aya
RAGSNBR Ay (GKSANILINPLR2Nb2YyAad 2F D YR wX LJzNLIX S f S
ALISOGNHZY 6AGK f268Wa Dk KAVWKSNI wf @QINP IR NB O ® {AYAEIN
LJdzNLI S f Sgdz0S ¢4l a F2dzyimyidyy RENINK 3 yva SIS S@NIzERO wn n NI
LJdzNLJ S FydK20elyAy O2yGSyid 41 a AYLNROSR HiEdzRA B R dz
08 aAO]lSwE2 SO02YHIPNBR YdzZf o LX S 2 tAIKG &ALISOGNY SAGK
YENNR 6 osmRBSOEYRER G KFG w & &20ILIAS OB 4852 yiaK S6 cyodaY 6 S N.
FyiK20el yAy O02yiSyidaz nfKoiAyONBAAS SYSHGl ¥2ySNBfic (
OTHYO &dzLJLX SYSyile2ya St2y3ldsS akz22daz AyONBFasS A
NBRdzOS OKf 2NRLIK&fd2 0200810\ 25H MRiyONBRAMPO ® 2 KA ¢
PiH YYO NB&dAZ 6SR Ay (KS KAIKRBREE BARf RERYRS§ DG a
dzLJLJX SYSYGSR 6A0GK w o6cop YYORINSadZ RSRBRY f § K820%a &
dzLJLX SYSYGSR 6AGK . 6ncn y¥w8aNBHE600R K$gAdKS8aavyRe
dzi GKS KAIKS&G YAYSNIf O2ydSyida FyR LMzNLIE S LIAIYS)
GKS UNRG (G2 addRe GKS Aybdzs$SyO0S 2F yIFINNBg [95 4 @S0
2 [ 95 fA3IKG &ALISOGNHzET / KSy S Fftd o6unmcy F2dzyR K!
@AStRAa dzyRSNJ 2 gAGK &dzZLJJ SYSydalrt w 6ccn yYo FyR

GAGK &dzldLd SYSyidlt w HWYRENI2g Bad Ky MONBIHS Yyl SoyrkiS fdf
ta2 AYLNROSR (GKS &2tdzotS adzal NJ O2y 4 9wiha & SAEF oSS @&

A 2 4 A 9~

FdSOGSR NRB2id IyR aKz22i @AStRaz LK2(G2aeyik&e2® LAY
adzLlLX SYSYUSR ¢gA0K Cw oypn yYu yS3ra@gSte FaSOGSR
LK2G2a8yiKSa O LAIYSyld O2ydSyidasz yAIGUNIXGS O2yidSyia
GAGIEYAY | O2yiSyiad | 2¢S QSNEA@NRKNG I ASS ISy 34l kd STt Sy NG
GKS LK2G20A2t 23A 01 Sy alA AP S IKRI 2IDEDRIYS (1 & 8 .4d2BorS 5w
CdzNI KSNE (K2dZAK NR2G RNE ¢gSAIKGA 2FiynBYuzOS GISNGBI A
SYAaaAreyy oldyiny YY RLIpzh2aeyiKSaO LAIAYSyld O2yidSyida |
GSNBE SyKFIyOSR dzyRSNJ I O6NRIFR &LISOGNHzY AyOtfdRAY3I
LK2G28a8yiKSeaO aaAYAfloeazy NIGSBRE &St yidzyoBS®E NIYRE &
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GSNB F2dzyR GKS 0SS INBIGISWIngayRS MOAIG KO N2 IKR 3K &LJIS Ol NI2
ONRIFIR 2 ALISOGNHzY ¢gAGK | 26 w. Nre2 & S@Ffdz SR ¢

¢ 1Sy (23SGHKSNE G(GKS KNBa KANMBK FRy DopysH RERMON YR
G2 2yS Iy20KSNJ NBYIAYy ®F yRBEBRIKAFYRZNIAABRS yHY &d NP
St SOFGSR TN} Oo2ya 2F w y2o00Stofée 2DSy NBadzZ G6§SR A
YFINSRf &8 2DSy NBadzZ 6SR Ay AYLNROSR tSIF ydzYoSNHE |y
AYLINEOSR GKS O2yOSyiNlresz2ya 2F SaaSyslt YAYSNITf A
LIKSy2ft A0azx yGkK20alyAyas GSNWFgy2zHRAT LIKSyef LINRLI y:

bSOSNIKSEt S&d4ax YIyen aSPSUPRI CwSDOEFEa G XNBMPAK | &
AYLINRGSR LI IYyd NAIARAGE yR O2YLI OlySaazr D Sylof.
BASERAZ YR Cw LISN¥AgSRBR2¥ &8I FYREKWNAXKSAY 23 Sa RA2 6 & &f
0SG6SSy | LILINRBAYY LSO Nddiin2 0SS 2F yS3ItAdAaotS 2N SOS
LX Fyd RS@St2LISyd |a LA3IAYSyd OzyaSyida FyR @AStRa
Lldzof AAKSR NBAaASHNDK UyRAy3Ia dzyRSNJ 6NBIR 6KAGS [95
LJdzo ft AAKSR RIFGF dzy RSNJ YIFINNRg fAIKG ALISOGNY T | K2 dzs
SEA&GlD 1 fa2r aLISOAITKS YIRS NBE drds (S OEA I|@STa (@9 ! 9 ¢
GKAOK OFly 0S8 NBRdAzOSR dzy RSNJ 2 O2YLJI NBR (2 w. o6t NJ
AdyAUOLyGte o6& AyONBlF&Ay3a TN} Ooa2yada 2F0w o,y Si

CAyltftes ¢S gAff ONRSDE | RRN & (2 6KAOK SEGSY
GN} RAa2ylFffe FLIWXASR fAIKG &a2dz2NOS&a olFaSR 2y NBOSy
aLSOGNHZY 61 & Yzaidte @89g3NSGOEY aANORKRaA b
YAONRLINR LI Il a2y 2F fAfé& odZofSdia ottt Si Ffox
YSI &adzNBER (2 06S KAIKSNE FyR GKS adz2yYlrart O2yiRdzOGI y(
LB & dzNB a2RAdzY 61 t{0 I YLA O2YLI NEBROANRIANGSNRAISE =2 | [
Y2NLIK2f 23A0Ft GNXAdGa FyR @ASftRazx AyOfdzZRAy3dI SaaSys
d2dzNOSa o! ft RENJFT FEA Sz yE3sid nonmirordy | RS ASINEE KK |t
dadzylle2y (KIFG GKSNB A& NRBR2Y T2N & mWSROHId il 6dzl93 NUJR
SPSt2LIv¥Syida dzyRSNI It{aod 1 faz23x IfiGK2dzZa3K [S2YyIl NR2a
SI adzeRiR aK i KSo O OKIF N} OGSNAR&EaOaAZ || 2 [95 &LISOG NHzy
KNEAIyiKSYdzyaQ OFNb2y 3JFAy & GKS 1t{ FyR 2yfé |
SiSOa@SySaao
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Plant species  Effect Light Spectral Light Reference
spectrum  rangé€ intensity?

W translated into the highest efficiency of lily bulblet formation and
greatest number of bulbs with developed leaves compared to all other
treatments. R; B;
Ratio of bulbscales generating bulblets, bulkdet, ength ROOKo, Chl b were R/Bs;
indifferent between W and the respective light treatments with the best RGB,;
Lily bulblets outcome. RBY; 370755 40
However, undelV, bulbletiam chl a, total chl and car were reduced RB+UV
compared to RGB; ratio of bulbscales regenerating roots was reduced A; RBFR,
compared to FL; Roghgnwas reduced compared to FL, R and RGB; W, FL
Phenokowas reduced compared to B, RBFR and RGB;sugar rediced
compared to B.

Palka et al.
2023

Pheight Petengihn FWotal, PN g5, chl b, chl a:b ratio, TAC, leaf anatomical
traits, SRpaxias SRdaxias TDwaxiai TRdaxiaremained indifferent between all
treatments.
Internode enginwas increased under C.
Lwidth, Lengtn,was highest under A, lowest under B.

Basil DWremWas highest under C, lowest under B. Wst 380-800 300
Chl a and car were highest under B, lowest under C.
Major phenolic acidontents were highest under C, lowest under A.
Concentrations and emission rates of major terpenoids and the
phenylpropanoid eugenol were indifferent between A and B, but lower
under C.

Kivimaenpa
et al. 2022

In agreenhouse experiment, the combination of W, B andAJkésulted in  Sun £ W;
the most compact growth, superior mechanical properties and most UVA; na
preferable growth performances compared to all other treatments. WB,;

Sun + Yan et al
180 2022

Cucumber
seedlings

8 The reader may also be referredttee review article by Landi et al. (2020) and the following studiési et al. (2022), Gao et al. (2022), Lee et al. (2021), Li et al. (2020) and
Qian et al(2019) cited in Table 6; Schenket al. (2019), Meng & Runkle (2019) and Snowden et al. §26tE8l in Table 7; Chen et al. (2022), Liu & van lersel (2022), Lanoue et
al. (2022), Legendre & van lersel (2021), Zhen & Bugbee (2020; 2020a) and 20&9¢tited in Table3; Ahmadi et al. (2021), Al et al. (2021), Chaves et al. (2020), Hsie et

al. (2019), Lazzarini et al (2018), Andrade et al. (2017), Noguchi & Amaki (2016), Batista et al. (2016) in Table 10.

Y H
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W+UVA;
WB+UY

Artemisia
annua

FW ea; artemisinin, terpenoids and antnalarial activity were highest
under W compared to monochromatic R and B.

Artemisinicacid was highest under B, followed by W and lowest under |
W and B exhibited 4 times greater antimalarial activity thanggsivn
plants.

W: B;: R

400-700

Sankhuan et

200£10 1 2022

Tomato

Stemength Leafio, light transmittance in the B and R range, chl a:b ratio
remained indifferent between treatments after 9/10 days of treatment.
FWrowa, LA, light reflectancé?nincreased with increasing light intensity.
SLA, RUE, pLUE, light transmittance in the Gerasig a, chl b, total chl
decreased with increasing light intensity.

w

400-800

300, 500, Ke et al.
700 2022

Tomato

Leako, FWbtai, LA, light reflectance in the B and R range remained
indifferent between treatments after 9/10 days tkatment.

Light reflectance in the G range were reduced, and chl a, chl b and tot:
were increased under W.

Pnwas highest underdB,, lowest under EB; and intermediate under W.
SteMength, DWrota, PLUE were reduced undesBr

RUE was increased@d SLA was decreased undeBR

W; RBy;
RoB1

400-800

Ke et al.

300 2022

Lemon balm

FWhotah, DWhota, Rieighs @nd Internodeengnwere highest under W.

LA under W was smaller than underiéh RB, equal to-Bch RB

with 435nm and Brich RGB witl50nm, but higher than under#8ch RB
with 450nm.

R/Fm and NDVI were equally reduced under W andcB RGB treatments.
EO contents were highest under W andi& RGB with 450m, but

lowest under Brich RB with 435m.

Number of nodes and chl contetemained indifferent between
treatments.

W:; RBs
RGB

380-780

Rihan et al.

125+ 10 2022

Cucumber
seedlings

In a greenhouse experiment, chl, Stegn Stenimincreased, SLA
decreased with increasing supplemental light duration.

Pn Liength Lwidth, F\Wshoos FWkoot DWshoot DWkoot SQincreased from 0 to
10h d?, but then decreased.

Sun £ Ws

400-750

6 h of 287;

8 h of 208; Yan et al.
10 of 167; 2021
12h of 139
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Tr, substomatal C{zoncentration and gincreased from 0 to 8 h'{ but
then decreased.

RSA, Rumeand Rcivityincreased with increasing light duration from O to
8 hd?, but remained indifferent between 8, 10 and 12 of
supplemental light.

SOD and CAT activities were reduced under supplemental light treatm
compared to sunlight treatment without supplemental lighting.

LUE was reduced under the &2 light duration, but was indifferent
between 6, 8 and 10 h'd

to provide
equal DLI of
6 mol n12 d?

Green and
purple lettuces

In green lettuce, broad W light treatments resulted in best and/or
indifferent outcomes with the respective narrow light treatmts with the
best outcome in terms of chl a, chl b, total dAfy, FWeas F\Wkoos DW eas
DWkoos LUE and EUE; Nitrate content was reduced under WR. Vitamin
content was highest under W and increased under WR compared to R
and RBFR.

In purple lettuce broad W light treatments generally resulted in best
and/or indifferent outcomes with the respective narrow light treatments
with the best outcome in terms of chl a, chl b, total ¢b, nitrate, vitamin
C, TAC, FML DWkoot, LUE and EUE. Under W hoee¥nwas reduced
compared to RB; FMk; DWeas DWkoo, LUBVEre reduced compared to all
other treatments; EUE was reduced compared to WR, RB and-RBUV
Under WR, FW.twas reduced compared to W, RB, RBAJ\And RBFR;
DWkootWas reduced compared to RR; DWeaswas reduced compared to
RB and RB\FA.

W: WR;

RB; RGB:

RBUVA;
RBFR

410750

200

Yan et al.
2020

Sweet and
bush basil

For both cultivars, from HPS to W to RR«ihcreased; #Fnwas increased
under RB, Rigniremained indifferent between light treatments.

In sweet basil, whilegyvas indifferent between treatments 40 DASWRS
increased from HPS to W to RB after 54 DAS; Léx@BWH EO content
were increased under RB; LEDs improved relative abundaricalobl,
eugenol trans-cinnamate; RB increased icheole compared to W and
HPS; abundance of methyl chavicol and®&\Wemained indifferent
between treatments.

In bush basil, gvas increased from HPS to W to RB at 40 and 54 DAS;
remained indiffeent between light treatments; while FMéwas increased

HPS;
Whgo780
with
elevated
B;
Rs32Bus2
with
elevated

400-780

470

Aldarkazali
et al. 2019
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under W 40 DAS, RWwas increased under RB 54 DAS; while;RQWas

indifferent 40 DAS, DM was increased under RB 54 DAS.

For all species, W resulted in best outcome or was indifferent to the

respective monochromatic light treatment with the best outcome in terr
Green and Of F\Mbhoos Rueighs Lo, ChI. Matysiak &
purple basil, While indifferent Lengwere observed between supplemental treatments  Sun * 400-700 Sun+ 130 Kowalski
flYoQa L enginh Of pgrple basil and garden rogket were rgdgcgd cqrrlparqd toR. W;R;B 2019 ’
gardenrocket 2 KAt S 2 gl a Y2NB STFSOUAOQS UKIY

lettuce and garden rocket, B was masfective in increasing flavonol

index in all species compared to all other light treatments.

When no FR was added, PMY, Ferit, Fstem Froots P2 psis ETR and lesion

area afterBotrytis cinereanfection remained indifferent between W and  Sun +
Tomato RB; Rarwas increased under RB compared to W. RieBr; 400-780 150 + Jietal.

When FR was added.ck Fsem Froots P2 ps ETR and lesion area after RBFR; W. 30 of FR 2019

Botrytis cinereanfection remained indferent between W and RB; DV WFR

was increased under W compared to RB;

In general, L, vitamin C content remained indiffererndecreased, and

L engnincreased with increasing R:B ratio under all light intensities. Ws with

Best FWear FWaoot DW eay DWkootWere found under W with R:B 2.7. differing 100. 150

The bestPC, LUE and EUE were found under W with R:B 2.7 and 3.6. _. . ' ' Yan et al.
Purple lettuce . . i R:B ratios 400-700 200, 250,

Lowest nitrate contents were found under W with R:B and 2.7. (0.9: 1.8: 300 2019

Highest TAC were found under W with R:B 0.9. 5 73 6 ’

In generalPn Lo, FWea; PC increased, andshgtn, Nitrate content, TAC, T

vitamin C content, LUE, EUE decreased with increasing light intensity.

14 DAS, Shogtgnwas greatest under ASRM and WFRgfisMwas

greatest under RB, followed by ASRM and WFRedhked under ASRM

and WFR; TAC greatest under RB. W: WR:

21 DAS, Shoahgnwas greatest under ASRM, followed by WFR and RB W’C-:—RB" Mickens et
Red bok choy \r/(\eltlj?uced under ASRM, Wi and WFR; TAC greatest under RB, followec WER: 400-800 180 al.

28 DAS, LA and TAC greatest under RB; SLA greatestA8#M, followed ,AF\{;BIR?M 2019

by RB and WFRydgreatest under RB, followed by ASRM, WR andRVG
FWshootand DWnoorgreatest under RB and ASRM; Sheghgreatest
under ASRM, followed by WFR; Shpeigreatest under RB, followed by

yp

Ly dNERRC
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ASRM and WFR; Ca, K greatestan W and RB, followed by WR; Mg
indifferent between treatments; P greatest under W, followed by RB ar
WGR, S greatest under W and WR, followed by RB; chl reduced unde
WFR;

All narrow and broad light treatments drove photosynthesis.

RB and WR were as effective for carbon gain as HPS, however, WUE
decreased under RB and WR compared to HPS.

During longday photoperiod, Raxgreatest under HPS, followed by Y anc
2 T psugreatest under W and HPS, followed by RB and Y; lowest LCP

Chrysanthemu found under Y and WRngreatest under HPS, W and ¥greatest under HPfS; W Leonardos
. , WR; R; B; 400700 0-120 et al.
m B and RB; Ci greatest under B, followed by RB; WUE greatest under V RB Y- G 2019
and HFS, Tr and Remained indifferent between treatments. T
During shortday photoperiod, R.xgreatest under WR and lowest under
U psigreatest under Y and HPS, followed byRigreatest under HPS and
W; g5, Ci and Tr greatest under B; WUE greatest undeM® ,and R; LCP
and R remained indifferent between treatments.
PPE was best under RB. Ws with
DWkriicacyincreasedunder WRsy, WRowand RB in begonia, geranium and increasin
. petunia, but remained indifferent between all treatments in snapdragor
Seedlings of LA, FWsa, DWhota remained indifferent between all treatments in all
begonia, spe’zciesmah ol fractions Park &
geranium, Pueigneremained indifferent between treatments in begonia and geuami of R (2(_3; 400800 160 Runkle
petunia and . 44 66; 2018a
but was reduced under RB and RGB in snapdragon. i
shapdragon . : o . 80 %);
In petunia, Stemenghand flower bud formation decreased with increasini RGB-
R fraction in W light treatments and was shortest/lowest under RB and '
RGB. Rs.7B1
FWsnhootwas greatest under R and reduced most under G, followed by Y
then W. W B
DWshootWas greatest under R andBRand reduced most under G, ' Bég
followed by Y, then W. nme 87 Zhang et al.
Lettuce Sugasowas highest under R, followed byBR then RB; and reduced v ng’ 400800 200 2018
most under Y, G and:&. I’?481 ’

Proteinsqiand vitamin C were highest undessBand RB; and reduced
most under Y, followed by G, W and R.
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TPC was highest under W andsBlowest under G and4R;.

TFC was highest undes:B lowest under Y.

Nitrate and ammonium contents were lowest undegBR and B,
highest under G, followed by, then W.

NRuctiviy Was highest under 48, followed by BB; and lowest under G,
followed by Y, then W.

NiRacivity Was highest under 4, and lowest under G, followed by R and Y

14 DAS, \@ resulted in greatest, while RB and WB resulted in lowest
F\Nl'otal and ShOQiiam

21 DAS, WG, WR and RGBFR resulted in greatest;FWG, WFR and
RGBFR resulted in greatest Shaet RB and WB resulted in lowest W
and Shooéiam

28 DAS, LA was greatest under RGBFR and WFR, lowest under RB, \

W; SLA was highest under RGBFR, lowest under WL highest VV\\;BR\?VB(E
Red lettuce under RGBFR and WFR, indifferent between all other treatmentg;dW WR' ' 400-800 180 Mickens et

was greatest under RGBFR and WR, lowest unden®B/aDWWwas WFIR;' al. 2018

greatest under RGBFR, lowest under RB and Whx:®as greatest under RGBF,R

WFR, lowest under RB and WB; Sha@tvas greatest under RGBFR, WF

and WG, lowest under RB; Chl was reduced under WFR and RGBFR .

indifferent between all otherreatments; Highest mineral contents (Ca, |

Mg, P) were found under WB, lowest under RGBFR; Lutein was highe:

under RB, lowest under RGBFR; pigmentation was highest under WB

RB.

DWkoos, | Were increased under W lacking G. W- W

DWshoos SLA, chl, car, chl:car, absorptares,gs Ci, TrF, ka, Prax< psts minus G Liu et al
Lettuce Ry, ETRY:max TPUwnere increased under W. 360-710 100 ’

Chl a:bratio and photorespiration remained indifferent between (480 2017

560nm)

treatments.

Lvo is the greatestinder RYB, W (high B;BRB (high R:B) and R, howevel R; B; RBs

lowest under B, RB (low R:B), W (low R:B). (high or Han et al
Lettuce LAis the greatesunder RYB, lowest under RB (low R:B), B and W (low low R:B); 400-800 150 2017 '

FWhota highest under RYB, followed by R and RB (high R:B), lowest un RYB, Ws

RB (low R:B), followed by BAW (low R:B). (high or
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Pnhighest under RYB and RB (high R:B), lowest under B, W (low R:B) low R:B
followed by RB (low R:B). ratio)

Zhen & van
400-800 0-800 lersel
2017

Regardless of FR treatment and lighy ( S y#&,PiM&rE copsistently RB; W

Lettuce greater, and NPQ was consistently lower under W than under RB. tFR

Pheignhtwas reduced under WB.

FWshootwas increased under WR and WB, reduced under WFR.

FWkootwas increased under W, WR and WB, reduced under WFR and '

DWshootwas increased under WR and WB, reduced under WFR and W'

DWkootWas increased under W, followed by WB, reduced under WFR ¢

WY.

Stembiamwas increased under WR, reduced under WFR.

Lno Was increased under WR, reduced under WFR. W; WB;
Lettuce S:R ratio was highest under WFR and WR, lowest under W. WG; WY; 400900 135

Chl a, chl b, ctdnd car were highest under WR and WB, followed by W WR; WFR

lowest under WFR and/or WY, followed by WG.

The loweshitrate content was found under WG and WB, highest under

WY, followed by WFR.

AscAC was highest under WFR, followed by WR and WG, lowest unde

and WY.

Sugag.was highest under WG, followed by WFR and WR, lowest unde

and WB.

Chen et al.
2016

M5 S3ONRLIo2ya 2F [ 0O0ONBDAlFIa2ya INB fAAGSROAVIZVAMKMad To @ INtb U2OMR S NM deyd GlI/K (I NBEaG
OnmmMAY O X  6xdff oRASIGY S SNJ 2 Ff 0 yziz¥ 6 S NE 2 & dzbAddeYSTi SAiFaNg I/ FOITNRGIISEty@ AR O2yGSydzx /1¢ T
I'A T Ay NDSD Sy NING 2 yhs 51 { B nekRal ToNaHZA (1D SRNN & 206 B TCIRBIES £ NP 2K RNBRBSARRAE BAE
6SAIKGTL 252 f RNE ¢gSAIKGZ 9h ' SaalSysltf 2AtI 9¢af IJF3i2NO LMBY & DdGyRRIBAINGIS GNI-dA(S
LI Nba2yAy3a (2 FNHA[(kE: ENET g8 dzZKB A QB NE o R YW HMIAY G24:CBNF ¢ €3 K FLINNBDERRVED yoE/A(BXK (N
LI NBo2YAYZRECU2YREBY@zY Cljdz yidzy SYOASyYHE S2F IRNEEKE 8BA BRINBXRAC BIRPKG F NBE K 65
C2%odie G201 fIFINDB aK 's STMBVY O EABKAYBphf O2 yWRded §l yOBY 19X RE | d hy ANMNIERABY O82Nb v ¥ ¥ ¢
ANNI RAF y® So vy dt LR (1 aaAdresslt[@Sre yIRahEF df NS | { 0 DRIIROR MBS Bit FL f SY@IKEN] 2F € St o
[19 ' tA3IKEG dzaS SYOASyOe oLX | yuh IRdME t BSFI 6K RUDKNY Ay & ( F AYVPERRBAEEL bEAKGET O ¥z
@S3SiGtk a2y AYRSEZI bAw RIK2AGNRKISSY ANGR dzQjlidzSySOK Abyt s Tb wy 2y vy A G NI G S NB ReezQLitl laySiz ¢
KSAIKOZIt KSY @t S [lI53I5D02K Gad (ByFJHAK ¥y i dzy 8ASER SYOASyOe 27F LK2G23a8adSY LLZ L
I RY2% %@ YEEAYFE LK20G238Wia600 NKAS2H&YWRKSHOPNE (6t 6 x V2 LIK2 6 27208 yORK sy 210K 2W 2
t N2 {i:BAf2fdzof S LINEX SM yT' ONGERYY WRSdhic N2 ™OB Ow il 8T 6 BB Rl yR Nif dpEB & LIAANG &5y NI G S

yy
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wD. I' NBRZ aNJ‘ssy |-yF“z 0f dzSPOBMAKD X NWRA I 82 WR @®ihS B NBR DEO DAL BABOWONVEAF f &aG2Y!
RSyarie oWavg&NIFRYEAIE &aG2YIH a6 REHBAERZ2 DY dAYBISKE VIYNE  {{Y!FOE § bS5 ORI @ dASINE |
RA&aYdzilt a8z {vL T éééﬁemmeauu ot fo 2 (s @ oM BED S 3 R SIS ESINKY pUINY S &2 % dfodzBF MIdzaF NE ¢
FYyGK208FYAYs D2YOEEREL ¢ 6 NROK2 VS RES &A BIRE B Iy tdzY ® SINO 'Y VWS> REF/A AN 80 2 Y IdAY GISING 2ryr2 A F
G20t LKSYy2fA0 O02ydSyisz ¢t | I'm NR 263NS rLsz\lamfﬁmmmyxmuazesymmsyﬁéweetEIKfu O
' YFEAYdzy Ol Nb2E@ftl o2y NIGS 2F wdzoAadz2z 2 T NEl-ﬁz'lymnmmNusg A FR A yaa &BE
Ay Ot dzRAY 3 dzft NI GA2E SG 0SHOAISYIOE ROENIZEWD B, 21 9es‘wmqa\ﬁu NI 3 o pcn

HONRBIFR 61 @S6FyR NIy3aS 2F GKS FLIWLXASR 6KAGS fAIKGOD

[ A3KGE AydSyarded ra 3IAGSY Ay YAOEBW®W2{S LISN) alidd NB YSGSNIFYR aS802yR oxY2t
1t NEB LJ2 Nb atysH .2T|wﬁeésbc'3m,s\|y BIANT & yR LINBLRNb2Yyad 2F w YR Cw fAySINIe@ AyéNJSl-aéR
P2 KAGS 6AGK FRRAa2YIlf Y2y2O0KNRBYlIaO 3INBSY [95 fA3IKG GUNBKIYEPSNWHE RbBaAEOKSRK
cw, . NPLWBBSONRIR gKAGS [ 95 aLISOGNHzYY gKAOK Of2aSteée NBaSYo fiSkan &l KaSH dzfke2di 2 5 &

y @
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Mdc 9&aaSyelf 2Afa dzyRSNI [ 95 fAIKoay3
INRPYlFaO LXLFyiGa daeylikKSaras bOREGSYBIONER DERt 4 § ONBzDOS dA
60dzi y23G bRANYX (i FRI @R ayYRIIRRIEBAREGE § R dzt oF (NN FOHFINERDK O =
AAAYAODOYYNRS dzi S (2 KN GCEH AREY Y AN Rl ¢ gNIF Ol y2 i
L2ffAYylIi2NAY &4SSR RAALISNESNAdZt yYRNNFAGDAFE b WH SYR S
02YYdzyAOl a2y 0S¢5 SyhRSTFISYWRAE @It by Dld SRS AWIHRIYKRE IBdAAT |-
LINE SO0 GKSEYSF NERSYISENT ( dzNB KB WaRS NIy 20 & dzafAS § S G | ¢
HAHHT WSKYlLY S f®X HnmcO®

C2NJ OSydGdzNAS&as Kdz¥kya RAEBS RAMBENBEDA V&R | &K $BF €|
Gt lafS 2Afa F2NJ KSNINY YSRNBDMFNG S5 OdL2AHY T NBA Y F R2 MING
YR AYyKFfla2yas 9ha IINB y2i 2yfeée dzaSR (2 GNBFG |
AYRAALISyaloftS AYyaINBRASyida 2F Ke3aAaSyS | YRNRE&YSEE 7
l RKS&APSE yR LIS&da0OARSas 9ha NBLINBaSyid ONHzOALIE OF
AYRdzA Gd®AESSE SO0 Ff @ HAHHT wSKYlLYy Sié f®X HamMcO®

9h¥l Ayfe O2yaraid 2F GSNLISYyRNRHUEs QIKISH @ 5t kDRXEII ya2 Al
1S5G2¢RE®S 2NAIYAO adoaidlyOdOSa 2NAIAYIGS FTNRBY RAGS
A3SYySNIGSR GKNRAAK O N®W2dzK| ghaaadigikKSO RAASKNAIS aY 2 €
Ydzt e 1 dzRS 2F Fdzy Os 2 yal £9 ha NR2dylidde (i2dES yi(KkaSs Oehday (G1HSA Ay G SN,
Y2t SOdz Sa o0AyOfdzRAYy3a LISLRS&as SyieéevySazr NBOSLIi2NAZ
fALRLIKAEAO 9h O2YLldzyRa (2 ONR&aA O0A2YSObONIFGgHK&ae I yR
AYGSNI OG 6AGK GKS&aS RAOGSNES Y2t SOdzA S&a OAlF gk OKYS)
F2NJ GKSANI SYOASY(G F0&a2Nll2y o6& fAQGAYy3a 2NHFyAavYa |
0Kdza X LIKINXYI O202 DA QUGS OKHYR GKSRKLISES K26SOSNI I NB 2y
' f P HAHHO D

Ly GKS F2NBFNBYy(d 2F 9h NB3IdzlFes2ya Aa (GKS RS@S
oA23SySara FyR 00dzydzZ a2y 27F 9h &l Kk NBLINEREES3/ V2 diT
LI NI 2F GKS LXIFydaQ 3ISySaO O2yasildze2yd | SyOSz 9h
LX Fyd &aLISOASE 6GKS 3ISy2iGelISuxr (GKS alLISOAUO0 RS@GSt 2L
SEFYLX S5 tQfe22ayS8 OR2NINSS Sy ST 2yi23SyS&ara +FyR 2Af
NBEOSItSR Ay a2YS$S [ NEXNIPOF el yaikiA OKF NGBS 2 F Ay Rdza G N

9 Detailed descriptions of the diverséolynthetic pathways of essential oil constituents are not an objective of this
introduction. The reader may be referred to Rehman et al. (2015), Vogt (2010) and Sangwan et al. (2001).

dn
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@2dzy3Sad S AR 32 F davl NEBENLNE dyE S a @ A B ¥R KL ICBINILSSy S6 / N2 (i
MPTTOD {AYAL | NIRGO®PdinS NOVEISRIERNINTY §KS 2Af 3t yRA
al IS WAl RPHFOARHZNAYI GKSANI LISNA2R 2F YIFEAYFE SELJN
3t | yRdz | NF (i IN® QK §3B kIR LI NwO &l (6 SN1LISy S aeyikSaira 41 a
tf SIF@S&a wmu (2 wn RI&da 27Tyl IRRAPANZY 1052 dEK A fy®RA Ji
LINEINBAAABS RSOtAYS Ay 2Af @& ASASR I6 NKS AOR2GNISHYEIANG B 21
6la GKS Y2ai RSAANBR GSNILISYS Ay YAyiliao AylIONBAwWSaE (
O5dzNRAE LINY LI Y 3 . NARgSYZ mohyHod ' & | NBaddh 2F (K
LINE RdyGles (KS ljdzt yailé |yR lidadfAde 2F RS&AANBR 9ha T3
KI NBSaio

.Sa4ARSa 0SAy3 SESNILSROAN0 IYIFYBNE2 IIRSY (LIKe aA2f 23
KAJIKf& adz&aO0SLloftS (2 SYBRAIBINSYIRE adz2vOl RNESR! a8 6 S
wSKYFYyyYy SG Fftd onnmco YR {Fty3dslty Si Iftd dnnnmidx
08 3S23ANILKAO RAAGNAOdzea2Yya YR &aSrazyltt @FINRFaz2y:
LINBDRdaRAY O2yRAe2Yyavx odzi 0S02YS Y2RdzZ F GSR {KNRdAAK
a2Af O2yRAsz2yazr alftia tS@Sta yR FSNbBEATSNI I LILIX AOI «

l RRAa2yIffés (G(KS fAIKGAQ AYGHyam (@A $tyRa ljldyr R AG2
I 8¢ SEIFYLISaEa YI& 0SS YSyez2ySR KSNBIDSNP hyS YAIK
ddzyf AIKG AyiSyareSa aravLi e RdzS G2 | OO0St SN GSR LX Iy
SEIF YWKS8HZAK KAIKSald 9h &ASftRaA 6SNB TFUixRY dizy RBded Fld.
[0 KAIKSA&G 9h @AStRA ¢ SNB T22FdzyTRIZEAY &adzy= SA BKKIS yo [SAE L
KAfS y2i arayarUlollyT &SSiasyd K OK Fw@Es 1%y Sy Kl yOSR
dzLJLJX SYSy (Gl a2y adzmailyslfté AYONBIFIASR 9h LINEPRdzO»s 2\
Ay@Saoedl GSR Ay | LIRG SELISNAYSY(d dzyRSNJ USt R O2yRAa
ELR&SR! taK26SR St SOFIGSR 9h LINBRdzOs2yaszx odzi YSyi
ONBI&SR YR 20KSN) O2yasiidsSyiia &adzOK Fa YSyiliKzyS:
SyO0S: G(G(KS OKSYAOIt O2YLRaAa2y (KB likbStatie amaf add
{OFLYYSNAYAZ HAnno®

9SSy G(K2dzZK 9ha I NB ONYr®RHafl NA\RA Y BA 8P & ST NI Y d2
AAAYAUOl yit e KIELNBRFINNBRFASWE g3 (288t O2yaSyida | yR
2Af O2YLRaAa2yad Ay YSRAOAYLIf YR FINRYlFaO LXLFYyidia o

=
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FNB FFANI® dzZ FORYANBRGE &S 2dzNJ 1y26f SRIS | yR dzy RSN
dzZaSR (2 YIFyALWdzZ FGS FYR AYLNRGS SaaSyslft 2Af 02yiG$:
YFEYYSNI A&d &daff OKINIOGSNATSR o6& Ylyeée 3LLAE® ¢KS F
NEOASsA NBESOFYyld AyF2NX¥Ia2y Ay (GKAAa NBIFNROD

' gIWPda 2F TFdzy Rt YRY OfS aBWRBY Sa [ 95 NBalLlRyaSa G2
jdzt f AoaSa F2dzyR Ay (GKS flLad R R A& 2F IANBLEG AYL
2yS tA3IKG a0SyFrNA2 GKFG UOdGa +Htfo

WSLINBaSyoy df NRo2 (e SCHSHRNZA 2yt & (y26y a alF3asSo gA
FLYAf &S DKEFEGFNR SiG Ffd dnnmdo AySONRaCEaT IAGS R (08K (G 2yy20A!
FONRLBZ RSER2RAEBSNBY G [ 95 tAIKGa IINR g SiENS H &Y SIz5RS NI yOii
dzy RSNJ Y2y 2O0KNRBYlIa O wx GKS YIFI22N) 6FlyR adNRy3feée |
dzy RSGSOGSR 2NJ 61 & F2dzyR oA XKSt KAIXKBa D2 WEBS Yy &b MISo
OF YLIK2NJ 6F YR A a aINSOGISNERING od2yNY/SSND f Rt 0 dOR W IRA MR Ylay & M R |
GKATTHINR LIIZ QSN2 £ ¥ | dzy & LdS OA DD Rf BKRK (i1 S NEF aidy Syl @ 2 yeidhhT
02Ny S2t | OSil GS I QO I i SR H2F RBHEKANEE REAERSNI DI 02
AVIEDGNR LI AYGA FoKEAM 1 SP2(/R S SWHBW SHoOI NBy S oLIAYySe yR &a68
FTNFINI yOSs NBAaALISOa @St e | BNIDLNE 2 LK KBy &f IR 20D32ljid
AAGAY 3 2F RIKBKBEf AaBIDOYGBY 6SNB SyKl y OStRS NB/E&RSINI A R
aLISOASE NBAaLRYRSR RAUGSNBYy (@A N2 IS Niat 2F U RSsWw2ly®
GKS Y2y 23G§SNLISy SvImpAYWISRS ySS ¥ COMAYIdE | ( SR ¥2Rii O RBND DY
'yR M 0y | O NPl KYBIAREHTaYSEtAy3d YR aLAOes 022t Ay13
Y2aild dzyRENIRDIWEZ fA IKG O2yRXADPR YBY b i MID oIRA GuiKD8E {Sk YOR YAIK
gl a 2yte NENZDSNBRY @AV RANBORYRRKREBEIO6AGK Ada Lidzy3 S,
KSNbFf FNBYIFO 61l& F2dzyR dzy RSNI wx .3 DI |yR w. fAZJI
dzy RSGSOG SR fdyRISINI GiSI BYSyid Ly R RRA oK SA NU2 % @S MILISIO
FaSOGSR o6& G(KS f AIKGt aj delof NBSIS GBI RESEIR S & 90 @ dh ApSESR & £ 2 F 1

GMOEET W O BAMOH O O MBDTW. S O0Ihd neHAISNIARLIE R BYSRIZFNR Y2 . w O m
O METE W0 RIMpPR DLRoomgpl fS&8&8 RNI&aO YIyySNdp

9F NI ASNE 2yS 2F (KS NBaSINOKSNE FNBY (KS | 020¢
O2yiSyda 27F (KNBS&SYGE [(aE3 OOSE StoE8aBydziRSNI (i KS A RS,

(o))
O

10 Currently, no comprehensive scientific literature reviews aboult Lifhting affecting essential oil contents and
compositions exist.
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0NBYSyta FLILXASR Ay GKS &adGdzRé +020Ss FyR taz2 206a
eASt Ra RSONBIF&ASR TNRY wi wkf AlEKG GINER yIRESYIRN JX0RS IST i |
eASf Ra RSONBI&ASR TNEBYdzy RS MfiiRBKwr (NS ylidyRENER VERR/D IS & K

R THNBR $BNB> f @St ey REBENA K yOdzA s Bl a2y LIS
RNIFyGtezr 9h eAStRa 65N yreddiy @A SBNPGRSH A Ty
dzy RSNJ USt R O2yRAe2y& FT2NJ GKS &l YS RdzN} a2y 6{F ol f;

lfaz2 o0St2y3aAay3a G2 GKS [FYALFOSIHES FlLyAatesr GKS &l
0KS XKedY@dz YYz2yte (y26y & GKeyYSO dzy RSNy Gi&8Siml Y
I F2NBYSyoa2ySR aidzRASa® Ly O2yiN}ad (2 DKIFGFNR Sid |
F2dzyR (2 RSONBIa& FTNRYRwT22t{@65RGB&2 DI O2yRAa2Yya
@ Ke Ydza OBCNIY 2N GeK yNE @z dzb3 P NE2 X f AY2y Sy S o Y2y2i
fA1S FNIANFYOSUO 61+ & F2dzyR (2 0S5 adomaidlysttfte AyC
AYRSLISYRSyld 2F (KS alLlSO0ASad 126SOSNE AyoaORPER o4 A
O2YLR&Aa2Yylf OKIy3ISa 2F YIAyYy O2ym g RISHNIVAY DR 06 2R

< w
-

RSAONAOSR gAGK | b2NI LD YVSPEKOBYVRK sR2RKRAERI NRBFAEL
Y2Yy20SNLISy2ARa (KeyvYz2f ILiPRYSYRYI GBNIRl yERS NANBISI AN ai 22
GKSY S

S Ay NBaLlRyasS (G2 (KS RAwmSNBYy (I t AIKG GNBFGYSYy:
.lheo&aldl SG Ftd ounnmcO &MEFMIRIAGONEDIRDSENDBEH SOK
DA DRF RAo02ya SELBRY&ARSRNV.(2f AldKey3d ¢K2dzZ3K (KS&S OKSY2(
GKS NBaSINOK (SIFIY ¥F2dzyR GKFIG 9h O2YLRaArasaz2ya ¢SNB
RAGSNAY3I fA3KG ljdzdftAaSa | DSNI nn R& $&A R&N yIRALE 3| o
O[FYALFIOSIFS0T 6KAOK gSNB 02ttt SOGSR TNRBY (62 RAUOSNEB)
IAINBSYyK2dzaS 6DI 0O 2NJ RAGSNBYG [95 fAIK(I RONf Ryd2 Vid
GKS &FYS &aLISOASH® A yOR YILRIBORASKHG SIRMRNOA G NB Yy St | yR
GSNBE F2dzyR Ay (GKSANI KAIKSad O2yOSyiNlsa2ya dzyRSNJ Yz
020K SO20e1L)5ax GKS&S Y2y2(0SN1LISySa ¢SNBKAIS 25 (ST B A S
dzy RSNJ . YR DI O2yRAe2Yy&d Ay (KS S020&LIS FTNBY LATIF
0S KAIKSald dzyRSNJ. Ay LEflYaQ tSy2y olfYZ GKS& 4SNF
oFfY 6! KYFRA SiG f®d® HAHMO D

11 A chemotype describes a morphologically indistinguishable variety within a plant species whose secondary
metabolite composition is chemically distinct.

12 An ecotype describes a gerslly distinct geographic variety within a plant species, which is genotypically
adapted to its environment.
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lfa2AaSAYA S Ff o 6HnmMyhoOATRRYLIONEER 6 (f dorv S OB i & 1S
LN} YALFY ! NRS&GLY YR a206FNF1SKod 2KAES GKS YIFEAyYy L
SalGN}Y32tS 6AGK || fAO02NAOS 2R2ND | 6 IY2 yROdNR YAGEOK A 3 10§
F2ft26SR 08 || Y2y20KNREYboOYywikKSIRNEENELG E3y i SO pi @
F2dzyR Ay KAIKSald NBf I 3:@S ITRdyt RIgYSRS oy RIKN Y 22y 200rKMERd
dcardT Ay (XKISAAINEDBGIe1LISd [AY2ySySsy: a4 GKS &aS02yR Y
dzy RSNJ 20 GloypR f 2 6 SaW Mz RENSE waInNmSy SO020eLSs gKAES &
OF®p YR f26Sail :dzy REHIISObPRE BO0OANPTIKS LIzNLIE S SO20¢

¢ 1Sy G(G23SGKSNE it 2F GKS &aiGdzRASE 02035 &aK2s
Odzf o @ NE>X OKSY2(ieéeLlSa IyR S@Sy SO20eL)5a 6AGKAY (K¢
jdzt f AoaSad Ly YlIyeée OFLaSas24RSSNOKLI2Y&AKSHNIDS GRyza & LIHIE R
SYyR23Sy2dza O2y(iNRf 2F (GKSAS RAGSNES I NRYlFaO LI} Iy
adzoadlyeslf FYyR OFy 0S8 3aNBFGSNI GKFy SuS0iGa AyRdzOSR

¢tKS ySEG aS0e2y NBOASSGa RAUGSNByOSa Xy Ly 2¢S8E R
GKNBS 2F StS@Sy aiddzRASas 9h @AStRa 2F GKS Ay@gSaesdl
GNBFGYSyliad { SYSYRPRASBENBY® 6hnORyiSJyHASESNI TNBAK
LI I yda dzll2y SELIR & dzNB Z(n2.+ CEMNBGARXAD oR2R0 B WG KB dzii (i | NB Y A
GKS 3IAGSYy 9h O2yidSyda NBtIGS G2 SIiNild2 FNB&EIKE s BAEXKK
®3ds 9h &ASER LISNI G2Glf C20d {AyOSs I DSNIcn RI &3
aSNIWSR dizy ROSENG aatfj ybRt tC[@hED 2 Y LI NFHR 2/ RE[CHRWAEBRTA i YI @
0S NBI&2yl ata8yS GKIFIG GKS 2@0SNrtf 9h @AStRa O02d#A R
adzLJL) SYBy dliR. ! f 2y3 GKS alyYS fAySas ' KYFRA SiG ¢
LISNJ AN} Y 2F &aK220 RNER 4SRNy SPAGEBISEa®2. dzF 2 NBY Sy 2
2PSNI tf aKz2z2i eAStRa la 6Sftf & GKS adomadlyel ffeé
RAOKNRBYlaO w. occn YR nmcnT TYo N}a20 |a O2YLI NBI
RSAOWKWO8RAAE addRRe &dzA3S&G GKIFG 9h 2AStRa OFy o6S A
SG +tfd ounmy0 aidlGSR Sldzt 98008258y adiVILIONIDE MEAT o
I FeasNd K SE LR & dzNB (0 2dzNO[ K 2B0ENBK  2TNJ Y2\ WiKE@ KOHiE YAaKS 6 ydRe ¢
RFed 69h50d ''a (GKS &addzRé R2Sa y20 AyOfdzRS Ay TF2NXNI o2
OFLyy2( 065 SaaYlI(iSRd | 26SOSNE &aAyOS wNISIHYIOFDMNBE &8 S RN

N O
o Uy

O«

13To my knowledge, the influence of different LED light intensities on essential oil yields has not been investigated
yet.
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GKS RIFEAf& fAIKG SELRAMINBE F2NJ I RdzN} a2y 2F F2dzNJ Y2)
0A2YlIaa 6SNB LINPolofeé O2yaAiARSNIofeée KAIKSNwOIKIY dz
SELR adzNB o

Ly O2yidN) adsSa My AhOIeyAiS taRal ywBNB RSGSOGSR Ay (K
GKS &GdzRASE ovep CH2yKRA R{AlF oSTGF tIATEAY 6Sain Ff @ omayYidd F2 dzy R
SylFoftS KAIKSNI 9h @A St RETIYKE yA yY 2Fy22d0NK NRIE Ya8SDIS O/ARE alEan2(
aGdzRRAS&a o0& {lylKdzdy Sd Ff®d O6nHnHHOX DKFEGFNR S |
Y2Y2O0KNRYImOPY.0 mnpFl OAt A4l GS 3ANBFGIGSN Boy¥dh SARa
YSRAONJSHA &GS &l FHIAPSIZ 04 1LISOASE YR ALISENNYAYI® {AYA
NEO2 OINS R I MKSHYOdrkKS LINPLRNY YV A6 3RE. ABBbPSNNpKIY (K
Ocygd¥0 0608 WAKFY SiG Ff®d OHAHNL D

2 KATS TEREFENLFTEFEA SO 1682 &ARA S O B RIS EIANRDAIAW A i
RSGSOGSR 3INBIGSNI 9h O2yiiSydia dzyRSNJ Y2Y2O0KNRBYIl a0 w
2 iomyG AIKG GNBFGYSYyd 6AGK KAIK FTNIOoa2ya 2F D FyR dzy
0St2y3AAy3a (2 (KBSNFIHRAZ OGS FhAYKE &3 LISOG NI pYIYYOR 02 Y
AYLINREGSR 9h @&ASitRAR YRANBK NBKYIys Or2[y92s f AJKay3Iad oO{ I yqF
OHNHHOUY DKIOGFENR SG fd SHAMPO D

¢tK2dZAK 2yfeé GKNBS 2F (KBBRBSYYAYS2NBRPIRRYZOERADG
BAStRaI AYONBlIaSR 9h @AStRa O2NNBtlFGiSR gAGK AyONB
FNBlFa o{lylKdzady SiG It ®X HAHHT WAKIY SiG If®dI Hamp
A St Ra Oly AYRANBOGt & AYLINRPOSR o0& adzZlly eAxy3a )
G261 NRa (K248 LIyl 2NHFIyad 6KAOK O2yidlAy GKS 9h 3
GKS Y2aiGx GKS NBOASSH IR s NRENIRK d2MBNE YdzNNS yivi £ & yIE2 OYNER:
O2y Gl Ay StS@IGSR LINRLER2Nb2Yya 2F . | yR wo

lfaze NIERAFIoa2y &aSSya (G2 68 | LINBYA&AY3I £ A3IAKID
{SYSy20F SiG td 6nHnHHO YSYyo2yBREBEBINBYSNIPGERBSPERE
SELRAadZNBE 6KAOK RAR y2i 2yfteée OKIFIy3aS GKS fAIKG |dz ¢
GKS SELISNAYSyGlt LISNA2R 2F cn Rld&od glPSEEYHAKAEF
AAAYAUOI yaaitSe (@2 yiKR62aeyiKSaO | Osg@Aled | SiyOSI 4K
adzLJL) SYSyidle2ya o0AyaidSIR 2F | RRAa2yav GNHzZ & O dzi ¢
SELX 2NBRO®
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LY FRRAeo2YYX G(GKIG w fAIKG 61 & ZABYRKIY AyONBKES
UsS aiddzRASa o{lyl1Kdzzy Si It®dX unumT ! Nrge2 Si | ®s3
GKFdG w fA3IKG YAIKEG 6S 2yS 2F GKS Y2NB SiS0e0S 61 O
LINR G S22 a0hy3 | G204+t 2F oop LINRGSAya aaz20Al GSR
Y2Y2O0OKNRYFYY0 v @OSMB I dy Yoy RBSYWO &  Hocm pRAGSNByYy o £ (SN
RSGSOGSR 6{Fyl1Kdzy S If o3 nREMBDIISR @z\6i NIha (02 YL
dzy RSNJ Y2y 20KNR2YlFaO . (KIFy dzyRSNJ Y2Yy2O0KNRBYlaO w3 0
GNBFGYSYyly¥laAryaisyR @RAOK k& nO2YyY2yfeé | LILIXASR | yF
YEEAYLFE o0d2Wlle@yon®s®r (KSANI O2y(iN}asyd UyRAYy3I 02
GKS @&Sftt2¢ Nry3aS 2F GKS fAIKG ALISOGNHzYd ¢KIFG Y2y
O02YLRdzyRa 6l & aKz2gy o6& ! NIgez2 @iANIKS® adzoambybiyRSE
adlrisSySyido

la SOARSY(l GKNBdAAK2dzi Fff [95 addzRASa adzyyYl NAI
RAGSNAY3I fAIKG AydSyaresSa |yR fAIKEG ljdz2 fAaSax |yR
RIdaLladflB® LYy SEIFYLX SE 2yfé SAIKDaHDBdmE (X Bt 02 ¥ 3 RK
08 WM YONBIaSR (KS SYAaarazy 2F YdAZalLX S [INRYlFIaO @2
LIKSy&f LINRLI y2AR&a0 Ay SEOA&ASRILIGhdgbld BEXSESNE Y&/ NBIA
GKFG GKSasS SAIKG Kz2dz2NE 2T Y 2,y2 QB NEIY [ 8o INBRMAXKSIR SIR2LYRS:
SYyraarzya Ay KIFINWBSEGSR 40N} 606SNNASA yR of dz§86 SNNA
RIéTa 2y 20KNRBYlFaO w yR . SELR&dINBE LINA2NI (2 KI NBS
RADGSNES INRBYIaO 0O2YLRdzyR Of FaaSa oAyOf didgdy d K $RLIS)
G2 NI AAS (KS SELINBAAA2YKSIONIST M2 267 BSK/S tehvaADbar §lS G &C8- 3
6Cdz S Ff ®X HnampOL®

| 26 aSOSNB (KSaS OKIyTSHEAYSOBEDYNHIRBSBR29a DKUY
YR b3d2SYy 9 { | {cCSRLBWONMDED G/KISYNRANI I 0 diyyR I tySiND AR YA |
ALISQNB ¥l AYySR 0St2¢ (KStRSHSABRHKWR SAIRE HBRK2A ROt &
F GNRALID KO FRDINI (162 Y2y iK 2F Y2y2O0KNBYlaO w fAIKEG &

HmmpéSNS ¥2dwéxmwmé%m%dmmﬁ DKEFGFNR SiG If o Hnm¢m

AAAAAAA

2T Y2Yy20KNRBYlaO . tAIKG SELRAANBISPHPEALE VWRP2AKRIXE
FyR D fA3IKG SELIZadNBa NBaSyof SR (GKS SyYyraaaizya NBf S
O2YRA92YyaY THPEINBAWSOS PRI § MDA Y2y Sy S dzy RSNJ w= D
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McidR NBALISOBStRNIDK LYHASAA 2 WAD 2 F O yDERH ySS AHEBIAIRIS NB R p
SEOf dzaA @St & dzy RSNJ GKS . fA3KG GNBFGYSyid o0b3deaSy 3
SG Mg oy ! AONRTT A SG |t & 081 n2vly ovl-l\aéz_mﬁl-él\ﬁa/\ﬁl- |- GRERYA Lz

AN oA oA = oz

dzy RSNJ 2y S (NBRSEWSYil 6 KEt BzfyBSy0D y2 G KSNI 6 ¢l

phenylacetaldehyde
Ilna\ool
bergamotene 2-phenylethanol

carene

cadinene

myrcene
carotol

ocimene

neral caryophyllene meth\,rl salicylate
citral > geranial benzaldehyde
citronellal elemene > benzyl alcohol | benzyl benzoate
camphene
farnesene
phellandrene
germacrene
limanene caneong
menthol guaiene
| |
y— sl eugenol Methyl eugenol
| thymol
terpinene > chavicol |Methy| chavicol |
sabinene > apiole

pinene

CAIdgNB 2y iKSaAra 2F Yl 22N g2 MBISEH ONRBII2e/@ @FY LID day
GFNRBY fSD (2 NAIKIONER+dIUTBNEWRKKNRFLK B (18I WKIKGI X
RAYSGKetlftef LRBNRLK2aALKIGSE Ltt ' Aaz2LlsydasSyeft LX
FINySaetf LRBNRPLK22ALKIFGST ttt I LIKSyefLINRLI y2AR LI Gt
O2dzYI NAO I OAR®

myristicin

l'a adFrdSR 020Ss GKS tAad 2F addzRASa oKAOK RSa
SELR &dzNB A & SHNES AoyddAl 60K DA NJ dzy RSNI eAy3 OF dzaSa FyR
dzy1y26y FyR ISy SN}t aziilol Sy Syld &0 KANS oKM NIR 1Y LEE | Y LI ¢
O2YLIR&aAoa2ya 6SNB A RSYDIUSIRY (AK/dzl KASIA fRBERAISY &2 vy (i & LIS C
G2 GKS [FYAlFIOSKRY THNRNRRK Q@2VWEBNI2ya 6AGK UGBS RAD
OHmowpY 2 " &Y SYA SR FNBY | OoNRFIR gKAGS [95 UGNBIFGYSy(
02YLRdzyR O2yOSyi(iNlIea2ya YR AYONBlFaAy3I tcCc5a O2dz R
lfa2s GKS O2yO0SyiliNloe2ya 2F (KIS Al (N2 Yal g S/ NI RIAAS

1 ncluded in this simplified depiction are major volatiles detected in the LED studies as summarized in Table 10.
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I A1248F1F GOKStW29R@MANIWSY2AR fAYLFT 22t mwdKARDKE K NBLIK S
1y26y FT2N) GKSANI LIX Stalyid odzi RAasayOil ao0Syidaz RAR
AYONBISEA W2 NIQGYONBI&AYy3 w. NlIoaz2ad

/| dZNNByGftesx Ad FLIWSFENER Fa AT Y2Yy20KNRYlFaO w |yl
O2YLRaAa2ylf OKFIy3aSas K2¢gSOSNE 020K tAIKG GNBFGYS
NEIAZ2ya (M@dzOOFENWOCINSBF GYSyida 6AGK St SOFGESR LINE LR
A0NRY3I AYLIOla 2y 9h O2YLRRaAoso2ya la ¢Stttz O2dzZ R A
SSO0G 2y Y2RAFeéAy3d 9h O2YLRaAA2yANGR. d ddRIZAt Ay 0SS
Y2Y2O0KNBYl 0002 @SiawadaGiayd® 2y 9h O2YLlRaAiez2ya Ay (GKS
OHnmMcOX [FTTEFENRYA SG Ftd 6nnmyos 1&a8AS8S S ftd o6unwm
GKAGS [95 &aLASOINKS NBENRYIZRAG O2YLl2aAs2y Il yAKI y3S:
RAOKNRYlIaO [95 ftA3IK(G (GNBFGYSyiliad ! yF2Nldzyl iSteés K3
ALISOGNIE O2YLRaAaz2ya 6SNB y2i 2N yRdzOKBS|j dz2 615 f/ & NR.
R26y LI NbOdzZf NI & AybdzSyelt 41 @StSyaikaod ! yR | DSN
GSNLISYy2ARa YR LIKSyefLINRLIyYy2ARa ¢6SNB F2dzyR G2 o685
O @S NIRAIFI 02y SBSA33RISGR dzy RSNJ [ 954 (Kdza FF N¥Y { dzo
GSNBE 204SNIBISR dy RENIRE RERMNN2 WAL o2& o60Sdavs {SySy20
Y2Y2O0OKNRYlFaO [95 (NBIiGYSyia o0AyOf dzRayVBASt SyDiKay ROS
[ 2fljdzK2dzy SiG Ff dZ HamMoOOX RAOKNRYlFaO w. o0!KYFRA S
[95 GNBlFGYSyida oSo®3a3d wiAKFry S Ff®d®X HnHHO YR dzyRS

126 OKFftSyaay3a AQl [A9E5 (2 fl2aN2 OAAMGGKS &3LUSSAOMUID 9 h
YIe 06S SESYLX AUSR o6& (KS LIKSyefLINRBLI y2AR SdASy2f o
Al GKS LIKSyeft LINBSLOIZA P | 1A2RAIRE GHEIROKK R 25 6SY 04 R
dzZLINB 3dzf SR o6& !+ FyR . fAIKG NBIA2Yy&E 618 RSEONRO:!
SdzaASy2t O2yOSyiNloe2yad sAlGKAY (KS&S NIy3aSao Ly | 002
O02YLRdzyR Ay o0l ait Sy @NITRHR AKSWKAIKISNG DR yid2 o NB I R
St SOITHSRYIR: 6t dzS 61 9S6lFyRa O2YLI NBR (G2 + ONRFR gKA
| S0l YyR& O6YADBAYNSYLIN Sida 3tz ln Sadeaifey 2 (iSAEDYIG6 v | 80 d
IANBIFGSN) dzyRSNJ Y2y 2O0KNRBYlFa O w (GKSY Y2y2O0KNRYLl a0
Si If® o6unmo0 YR [/ FINBFtK2 Si td® ounmcov | NB RR;
0SAy3 StS@IGSR dzf BFRI WRAYRY2MNSGuzy & 0826SNE | YR o
fAIKG NBIA2yEDD
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jdzt yoaaSa 6AGK REFANEKS Sh aljide 8o Koyt y aSyaz2Ne Sgl f
AYLINR OGS GKS avyStt yR GFadsS 2% I G NARSGe 2F KSNDHas
08 O02yadzYSNE® ¢KS D2¢gSN) YR LISNFdzYS AyRNBYNBh YI &
Ff SN} oas2yad @Al [95 fAIKG aSky3daaod Ly (GKS ySI NI Fdzidz
LINBKI NSaid o0Cdz SG FtdS uwunampod 2N & LRadKINBSad GNE
SG Ff ®dX wHnmodidNI IGfSEAS a] NS A FIOA LI GSR G2 AYLINRJS Y
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cloftc@ausSyalf 2Af O02ydSyida FyR O2YLR2&aAo2ya 2F | NEWINHAOEWLYR YSRAOAY I

Plant species Effect Light spectrum Light intensity  Reference

45 DASIn vitro cultivation induced the synthesis of more EO compound
than pot cultivation after continues light exposure treatments (24 d

Acmella oleracea Regardless of cultivation methotfans-caryophyllene and-&idecanone * e 60 Dedino et
; R<610640 al. 2022
increased upon R exposure.
h-cadinol and 4epi-cubedl increased upon W light exposure.

60 DAS, total EO contents (0:022 % per FW) remained indifferent

between all treatments.

Proportion of linalool increased under LAB and (to a lesser extent)

under UVA; 120 + 10
UV-C rgduced proporAtio,ns of Iinalogl,,sabiAnene and fenghong, inguceAd FL+ (3.9 of_UVA'

OcimAurp basilicurr § dz3 § yg f i YSii @ ef SUKSNE HYRABYSRHEB UV-A; 0 2 of UVAE; Semenova

WwSR wdzo Odzd So S y-Bulndsgh& h UV-AB; ;smd UVC et al. 2022
[60 DAS, UM and (to a lesser extent) UAB increased F\Mk; Rieighs UV-C respectively)

DW/FW ratio, LA, chl a, compared to control without UVsi&MWicreased
under UVA; LA reduced under &, TAC increased under-G\and (to a

lesser extent) under UX, however remained indiffereander UVAB; chl
b, car increased under all UV treatments compared to control.]

3 month oldplants were exposed to light treatments for 7 days.

A total of 289, 260 and 335 terpenoid proteins were detected in the leg
after W, B and R exposures, respectively.

R induced the highest number of differential terpenoid proteins (53)

followed by B (3}, then W (20). W (main peaks

Artemisia annua R resulted in high proportions of sesquiterpene and tetraterpene (car) b Uusand 200+10  Sankhuanet
<5440 2 660\B al. 2021
synthases. <
45

W and B resulted in higher proportions of functional proteins related to
MVA and MEP pathways and high proportions of sesquiterpene synth
Among the LEBpectra, R was most effective for regulating terpenoid
proteins.

15The reader mpalso be referred to the studidsy Hikosaka et al. (202Bjhan et al. (2020 Pennisi et al. (201@nd Hosseini et al. (2018) citedTable 5Kivirdenpa et al.
(2022), Sankhuan et al. (202Rihan et al. (2032Aldarkazalet al. (2019) citedn Table9.
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Melissa officinalis

WLE T YQ

3

EO contents remained indifferent between all treatme(@270.32%).
Citronellal and other monoterpenes were highest under R and RB in b
genotypes; linalool highest under RB, lowest under GH conditions in b
genotypes.

LY WLEIFYQZ Y2y2G3SNLISySa gSNB |
elevated also nder B and GH conditions; while sesquiterpene contents
6SNBE KAIKSald dzyRSNI . Ay WLEl YQ:
O2yRAUAZ2YEA AY WLATIKIYQ®

Ly Wldnén¥ kighestunder GH conditions and R; myrcene highes
under W and GH conditions, lowest under. I y-RcarerE highest
under GH conditions, followed by B, lowest under R; limonene highest
under W, lowest under R; X@neole highest under R, lowest under RB
' yYR DI O 2tgrpirferie highgsi uhder W and R, lowest under B;
cissabinene highg (i dzy’ R S NJthujonk KigRestwwuideriGH
conditions; thymol highest under B, lowest under RB; carvacrol highes
dzy RSNJ . T f 2 ¢ S & dcargaghiliSng.highest uyider Bplowes
under RB; eugenol is increased under W, howeveynder R.

L Yy T WK l&-pirere highest under GH conditions and B, lowest under
YR wT Y&NOSyS KAIKSAG dzy RSNJ -3-3
carene highest under W, lowest under RB; limonene highest under B;
lowest under RB; 1;8ineole highestunderWandB,2 g Sa i dzy F
terpinene highest under RB and GH, lowest undecid&abinene reduced
dzy’ RS NJ 2 -tHujgnie highdst under B; thymol highest under W,
f26Sad dzy RSNJ w. T OF NI ONRf KA-IK
caryophyllene highest undertzconditions, lowest under W and B;
eugenol highest under GH conditions and R, lowest under RB and B.
[In both cultivars, LED treatments generally increasegnoVWDWshoos Lo
YR ' h/ O2YLI NBR (2 Rrbindiehssd niodt Sy
underRBA Y WL a &iboldred®d@most inder RB and R, followed |
2T LY \lodineréased mdsttunder RB, followed by R and W; in
WL a ¥ | Kskoth€@eased rhost under RB, followed by R, then W and
AY Wliddcréa@ed significantly fromRZ wX DI X 2 (2
Lyvoincreased most under RB, followed by R, then B and W.]

DI X eeoWW
B <460, RB:3,
W <ago760

300

Ahmadi et
al. 2021
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After 40 days undein vitro conditions, number of VOC compounds
differed between treatments: 24, 25 and 26 VOCs detected under3-D
78 and 102; 28 VOCs under BX¥Dand 139; relative contents of major
VOCs differed between treatments: linalool (3% highest under
PFDL102; linalool acetate (19.%) highest under PEID; cisi -farnesene
(36> 0 | -samatalene (8%6) highest under PFLB9; massoia lactone
(6.7%) highest under PFI3.

[After 40 days under in vitro conditiongi,3roos DWeas DWbhoos generally
increased, while cldnd car generally decreased with increasing PElay L
Rvo, DWkootgreatest under PFD 78, followed by PFD 102 and 139 PW
highest under PFD 139, followed by PFD 78 and 102; LA highest unde
139 and 78, lowest under PRD; SLA lowest under PEBB, followed by
PFD 78 and 102.]

Aeollanthus
suaveolens

W <s00.800 With 20,57,78, Araujo etal.
elevated B<iso 102, 139 2021

After 40 days unden vitro conditions, number of VOC compounds
differed between treatments: 20 VOC detected under FL; 2 ufdand
Y; 24 under B, 5, B and R; 25 under® and RsB;, 27 VOC under W;
relative contents of major VOCs differed between treatments: linalool
(33.3%) highest under W; linalool acetate (18.2 3sanhatalene (7.%6)
andcisi -farnesene (39.76) hignest under FL, massoia lactone (9.6 and
9.5%) highest under G and Y respectively. )
[After 40 days under in vitro conditionsnds; highest under G, followed by
Y and R;Nsreduced under Y, R, B,2BB Ry, highest under FL and W,
significantly reducednder R, followed by Ygd:highest under G and B,
significantly reduced under R; DM/decreased from W, to FL, to G and
RBs, then Y, R and B; BWreduced under R, Y, B anth RBDWkoot
decreased from FL to W, to G and.RB> RB.2sand B followed by RBs:1
and Y, then R; DW decreased from FL and W, to:RBnd G, to RB 5,
followed by RBs:1, B, Y and R; chl a highest under Y and G, lowest und
and RB2s, chlb highest under W, followed by G, Y and FL, lowest unde
and RBs:q; total chl decreased from Y, to G and W, to FL, R, RBB,
followed by RBs.1and RB2 s, car decreased from Y, to G, then.RB R
and FL, followed by RB,, then W, B antRB.2s]

366800 With
elevated
B <450, G<s10, 42 Araujo et al.
Y <s95, B<uso, 2021
R <660, R B.S:l;
12513 FL

Aeollanthus
suaveolens

After 45 days undein vitro conditions, only little differences in mayor 2 &700With 36 Chaves et

Lippia filifolia terpenoid VOC compositions were observed: limonene (6.3 anéo}.7 elevated B, al. 2020
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thujene (17.1 and 17.%) and caryophyllene (6.4 and 84) highest under
B and RB respectively; while Bieole (57.1 and 564 0 |-t¢rfnene
(61and6:3x 0 gl & KAIKSalG eafidd&Swas Righdsty R
under W and B (12.6 and 124).

[After 45 days under in vitro conditionsegh:greatest under R and W,
lowest under RB;xShighest under RB; Nshighest under RB, lowest und
R and W; FW highest under RB; chl a highest under W, lowest under
and RB; chl b highest under W, lowest under B; total chl highest under
lowest under B; car highest under W, lowest under B and RB;s§ugar
concentrationhighest under RB and Bwest under W; sucrose
concentration highest under RB, lowest under W; reducing sugar
concentration highest under RB and R; MDA highest under RB and W.
lowest under B.]

B <450, R<gs3,
RB<u4g/664 With
elevated R

Lippia rotundifolia

After 45 days undein vitro conditions, mayor VOC compounds differed
between light qualities: myrcenone (33%8) reduced under B, myrcene
(23.5 and 21.66) highest under R and B respectively, limonene (13.0 ¥
highest under Bgisocimene (12.615.5: 0 derpineol (0.60.8%)
remained indifferent between treatments, linalool (1%%) highest under R
[After 45 days under in vitro conditions, Shegt.greatest under R, lowes
under B and ;5 Lno highest under BB, lowest under R,1B; sand RB;;
DWshoothighest under R, 2B, and W, lowest underiB;s and B; DWea
highest under B;, lowest under R and B; RWand DW. reduced
under B and 8, 5, chl a reduced most underB, followed by W; chl b
highest under W, lowest undefR and R; total chl reduced under R and
RiB1; car highest under B and R, followed byHR]

2 466800With
elevated RB,
R<e60> 460,
RBs:1:1:25 11

Hsie et al.
2019

Perovskia
abrotanoides&
P.atriplicifolia

In both cultivars, proportion of major compound camphor was lowest o
nddzy R S Ndinen& was significantly enhanced under GH conditions (
YR y®p 22 NFcareds dvated Gntled B (T1.44and 666
respectivey) and R (8.1 and 8.6 % respectivakgns-caryophyllene

highest under W (10.2 and 8% respectively), lowest under GH conditio .

(49and3:%¢ NI & LISOG A @ hamuléenk highastuhded WN®. B
and 7.7% respectively), lowest under GH condigdi3.9 and 3.%6
respectively).

2 38780,

W 656665
466475, RB:3,
GH

300

Ghaffari et
al. 2019
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In P. abrotanoided:0 yield decreased from W (2.9, B (1.%6), R
(1.2%), GH (0.%) to RB (0.%); camphor highest under GH conditions
(22.8%); borneol highest under GH conditions (1%)) lowest under R
(4.6%); borreol acetate highest under W (792), lowest under R (3%);
1,8-cineole highest under GH and B (15.9 and %4 #espectively) and
lowest under W (4.26), camphene (3.%) only present under GH
conditions;

InP. atriplicifolia EO yield decreased from B9%), R (1.7), RB (1%6) to
W and GH (1.%0 respectively); camphor highest under W (Z&) 1,8
cineole highest under R, W and GH conditions (31.0, 27.1 and®21.3
respectively); borneol highest under W (134), lowest under RB (5%);
borneol aceta¢ highest under GH conditions (124), lowest under W
(3.7%); camphenad under W, but decreasing from R, B, GH to RB (4.(
3.4, 2.7 and 2.36 respectively).

Thymus
carmanicus,
T.kotschyanus,
T.migricus,
T.vulgaris

In all cultivars, EO vyields decreased from R, RB, W, B to GH condition:
In all species, limonene was substantially increased under R and
significantly decreased under GH conditions.

In T.vulgarisand T. kotschyanus -térpinene were highest under R
(4.1and 18% respectively), lowest under GH conditions @né 0.2%
respectively). However, substantial differences between species were
observed in terms of EO yields and compositions akas&hll other
components.

InT. carmanicusthymol highest under B (52%), lowest under R

(18.5%); carvacrol highest under RB and R (10.3 an#h8Sspectively), W&‘:S&S’B
lowest under GH conditions (294);p-cymene highest under GH , @75’ G:Ifi
386760,

conditions (30.26), low umler all other treatments (0-2.7: 0 T !
terpinene highest under W (8%),nddzy’ R S N@rpin€ne highest under
W (10.7%), lowest under B (1%); limonene highest under R (2243,
lowest under GH conditions (198); linalool highest under W (1529),
lowest under RB (0.%).

InT. kotschyanughymol highest under W and B 42 %), lowest under
RB; carvacrol highest under B and GH conditions¥2rdspectivelynd
under R and Wp-cymene highest under B (5%8),nddzy RS NJ w- |
terpinene highestinder R and W (12.5 and 124 respectively), lowest

300

Tohidi et al.
2019

MAan



/11 t¢9w m™m DSYSNIf LYyidNRRCc

under GH conditions (0%); limonene highest under R and RB (20.0 an
17 %), lowest under GH conditions (04); linalool highest under GH
conditions (21.84), lowest under B (1%).

In T. migricusthymol highest under R, RB and GH-488%), lowest under
W (19.6%); carvacrol increased under GH conditions §8) -cymene
highest under R (3.%), lowest under B and GH conditions @0

NB a LIS O dterpdéne Bighdst under R (129%),nd under GH

O 2 ¥y RA Gtargngrie Righkst under R (4%), lowest under B (1%);
limonene highest under W (31%), lowest under GH conditions (Q43;
linalool highest under W (1%), lowest under GH conditions (24.

InT. vulgaristhymol was highest under \(65.5%), lowest under GH
conditions (39.%%); carvacrol highest under W (34, lowest under R
(2.9%);p-cymene reduced under W (830 Terpinene highest under GF
conditions and R (11.0 and 1@&respectively), lowest under W (28;
limonene highst under R (2.26), lowest under W and GH conditions
(0.9% respectively); linalool highest under GH conditions ¥2.9owest
under B and W (0.8 and (%9 respectively.

Mature spearmint plants were exposed to light treatments for three

weeks.

Under R and G, released VOCs were similar to GH conditions (limonetr

17.7, 18.1 and 16.% respectively; carvone: 79.2, 75.3 and 85.9

respectively), however both main VOCs (lirene and carvone) wened

under B, instead, carvone oxide (6594, 1,8cineole (22.®6) and ocimene  GH, R<as, Nguyen &
(7.8%) appeared (whilad under all other treatments). B <us3, G514 Saleh 2019
h LAY SYRB Y Sy Sz ©Odudrinhe, Mdfyophyllene released in

higherconcentrations under B (4.6, 5.2, 1.3, 1.4, % 3espectively);

sabinene released in lower concentrations under R 0(l Ibourbonene

released in lower concentrations under GH conditions’ (0L T ¢

terpinolene remained indifferent between treatments.

Mentha spicaa

After four month, EO yields (0.@5 per g FW) remained indifferent FL +
Petroselinum between all treatments. R - R <so0) Ascrizzi et
crispum w adzlJLJX SYSyul GA2y 2 y-phéllardreng (2&@fahd 12 h of FL, 60 al. 2018
decreased carotol (8.%) and apiole (10.%) compared to FL (17.2, 7.4 then4 hof R '
and 15.5% respectively). as EOD

Mp
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EODw O dza SR | -phefaqinge(246), Ay |

appearance o€isi -ocimene (2.4%), methyl carvacrol (2%),
bicyclogermacrene (4;8 0 Jarnesene (14:8& 0 xadinene (3.%%), 7
epi-h -eudesmol (7.4 %);

an increase itransi -ocimene (432: 0 xaryophyllene (1.90), trans -
farnesene (3.36), germacrene D (1392).

Whilend under EOER, terpinolene (7.1, 5.%), pcymene (2.5, 1.80),
1,3,8p-menthatriene (17.7, 18.%0), jnenylpropanoids myristicin (19.4,
23.7 %) and apiole (15.5, 1@4) are high in relative abundance under FI
and FL+R.

Lippia gracilis

After 30 days undein vitro conditions and differing light qualitiep;
cymene highest under:R 5 (32.4%), lowest under R and B (24.5, 2%9
respectively); carvacrol highest under B (4&), lowest under RBs (41.1
41.6: 0 Ipinéne, limonene, umbellulone, thymol methyl ethentained
nd under B, while indifferent between other light qualities (@31, 0.4
0.5, 030.5, 0.30.5% respectively); myrcene (I:70 Jerpinene (1.3%),
terpinene-4-ol (0.82 0 NB R dzO S Rerpush&iigNdst.urider R
(7.4%), lowest under B (3%) cissabinene hydrate remainead under B
and W, while indifferent between other light qualities (028 %);trans-
caryophyllene highest under B (£1:70 Thunhulene was only detected
under R (0.3%6).

Highest number of VOC compounds detected under R [@6gst under B W <Sha, R<ha
B <ha, RsBi,
(10). iy
D25

[After 30 days under differing light qualities using apical segments for
micropropagation, tnosincreased from M, 5, to RsBi, to B and W, to R;
DW eatincreased from B and:BB1, to RB: 5 to W, followed by R; D
increagd from RBs to W, followed by R, then B; chl a highest under B,
lowest under R and W; chl b highest under B, followed by B &g Ehen
R.sB1, lowest under W; total chl highest under B, theB:R followed by
R.sBiand R, lowestnder W; car lowesinder W, followed by B, sand R.
Using nodal segments under differing light qualities for micropropagati
Lshootwas increased under R; DM/was increased under B; RWwas
reduced under B andBBy; chl a lowest under R, followed byBR; chl b
highest under RB: and W, lowest under:B; sand R; total chl highest

42

Lazzarini et
al. 2018
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under RsB; and W, then B, lowest undeiBRs; car highest under W,
lowest under R.

Regardless of segments usegholincreased under W and R, decreased
under B; DWhoothighest under B, followed by R; B\ Ilowest under

R sB1, followed by B sand W; N§, Lvo remained indifferent between
light qualities.]

After 30 days undediffering light qualities using nodal segments for

micropropagation, relative abundance of sabinene was highest unzs |

(12.9%), Y (13.090) and B (12.%0), while reduced undenB: (5.8%), RoBs

(7.4%), R (7.%6) and FL (81 0 Ipineéne was highesinder R (17.4%6),

RioBs (14.2%) and B (12.9%), lowest under B (7 %) and kB0 (8.3%);

trans-caryophyllene decreased from FL (2205 RB:1, W, B, BBio, G, RoBs,

R, Y (17.%); germacrene D highest under Y (19%)7 RB.0(17.2%),

lowestunder R (13.086) and RB. (13.5%); bicyclogermacrene highest

under RB, lowest under RB: (9.6 0 Iphellandrene remained fairly

indifferent between treatments (5:6.9 %).

LY FTRRAGAZ2YZ C[ AYyKRBOL NS Fednendcish . Wre

saby Sy S K& RNJ GiSSINILaA2¢NSSERef epbicycle R,B,Y, G,
Hyptis suaveolens sesquiphellandrenegsismuurola3,5-diene,trans-cadinal,4-diene) R4B1o, RoBs, 47

compared to LED treatments; R inhibiteidsabinene hydrate and RiB;, W, FL

caryophyllene oxide, /B inhibitedcisa I 6 A Yy Sy S  K-@uBeNdndi

Number of VOC compounds decreased from R agigh 838), G and o

(37), B (36), W (35)7B (33), Y (31) to FL (30).

[After 30 days under differing light qualities using nodal segments for

micropropagation, N highest under BB, followedby B, BBio, W and R;

Lsnoothighest under G, followed by R and Y, then FL, W aBd R

highest under W andiBs, followed by BB, B, R, then#7 and FL; D\

highest under W, followed by RBs, lowest under G and ¥;.EMghest

under RoBs, RBigand W, followed by R and G; [R¥/highest under Mo,

RioBs4, followed by W, R, then/B; DWioa highest under RBs, followed by

W and BBy, then RBrand R.]

Andrade et
al. 2017

In the GH and the LED chambers respectively, evaluated parameters 100

Ocimum basilicurr differed between seasons and between temporal replications. R<ha, Baso, (R,B,RB, G, Y Carvalho et
RiB1, G<s2o, 150 al. 2016
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VOC emissions changed over time (weekly measurements betweerd 2
6-week old basil) and changed differently under differiigdptiqualities;
highest diversity of VO®gasfound during week 4 (carboxylic acid esters
fatty acid esters, fatty alcohols and aldehydes, maoerad
sesquiterpenoids, phenylpropanoids); only meaad sesquiterpenoids
and phenylpropanoids remained relatively high in intensity after week -
Addingai KANR < G2 w. AYONBlI as®h&®k SYA:
sesquiterpenes and phenylpropanoids by at leastfl8 in comparison to
RB and GH conditions; R, B and RB enhanced emissions compared tc
conditions; while RYB and RGB increased monoterpenoicsiemss RBFR
increased phenylpropanoid emissions.

[LA and F\Wwwere maximized when RB was supplemented with G, Y
FR.]

Y <600, FR<735,
GH

(RGB, RYB,
RBFR)

Plectranthus
amboinicus

Propagated cuttings were exposed to light conditions for 70 days.
VOC emission analysegre only conducted on the youngest leaves.
Generally, R increased monoterpene emissions (short RTS); B increas
sesquiterpene emissions (long RTsin&eased emissions of compounds
with intermediate RTS.

Compared to W+RGB, B resulted in the greatest VOC emission chang
followed by R.

2 KAfS 2bwD. | YR -0.5NLBYySIYESS Rfaf vk gNGS
than other treatments, B additionally increaseslease of germacrene D
and elemene compared to all other treatments.

2 KAETS D | YR wLINP §-PiteBeSEhadditidridly indreasec
release of limonene compared to all other treatments, and R increasec
release of fenchyl acetate and bornyl aatet.

[Preignincreased under R and G; LaternaliBcreased under G and R,
reduced under B;rhicand FWearincreased under B and R.]

B <470, G<s2s,
R <s60, W+RGB
(3:1:1:1)

Noguchi &
100 Amaki
2016

Three
chemotypes of
Lippia alba

After 40 days oin vitro propagation, differences in EO compaosition were
more influenced by chemotype than by the light qualities.

[After 40 days of in vitro propagation, chl and car increased under RB;
Pueightremained indifferent between chemotypes and light treatments.
While RB increased FMin BGEN)1 and BGE{82, RB decreased kM
in BGEMNI2.

Cl Z 400350
with elevated
B and low R,

Rius0Bsso With
elevated R

Batista et al.

41 2016
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DWraadiffered strongly between chemotypes and light qualities: While
resulted in greatest DWin BGEN)1, RB and W resulted greatest RW
in BGEND2 and FL resulted in greatest Ry in BGEMN2.]

Camellia sinensis

At preharvest, R and B promoted accumulation of volatile fatty acid
derivatives VFADs, volatile phenylpropanoids and benzenoids VPBs a
volatile terpenes VTs within three days of exposure compéoethrkness.
In addition, R and B upregulated expression levels of-8ftkygenases
LOX involved in VFAD formations, phenylalanine ammonialyase PAL
involved in VPB formation and terpene synthase TS involved in VT
formation.

R and B had less influence on harvested leaves.

Dark, B<szo,
R <660

75

Fu et al.
2015

Achillea
millefolium

After 45 days oin vitro cultivation of rhizomes, with decreasing broadne
of the spectrum number of VOCs generally decreased (FL (29), RGB ¢
(28), B (27), R (26)).

Sabinene was increased under R (3)3 decreased under FL (99;
borneol was increased under FL (1%}, decreased under R (00 = |
caryophyllene was slightly decreased under RGB and Fting@e was
slightly decreased wer G (5:3: 0 Xubkbene was increased under RGE
(21.6%) and G (18.%), decreased under FL (943.

[After 45 days of in vitro cultivation of rhizomes, BW DWota highest
under B, lowest under G; MMincreased under Bilootincreased under B
and G; kootincreased under B and FL, decreased undexddeRreased
from B, to FL, to RGB and R, lowest under G; survival rate was decrea
under W and G; rooting rate was increased under B but decreased unt
chl a and total chl increased underdgcreased under RGB and R; chl b
increased under G; car increased under G and FL.]

B <us5, R<s30,
G<s15 RGB, FL

25

Alvarenga
et al. 2015

Mentha piperita,
M. spicata,
M. longifolia,

After 60 days of cultivation, EO contentsh\df piperitawere highest under
R (7%), followed by RB (5%), then B (3.%), W (2.34%), lowest under
FCs (1.40).

EO contents oM. spicatawere highest under B (5%), followed by R
(4.3%), then RB and \(2.6% respectively), lowest under FCs @)

EO contents of. longifoliawere highest under RB (49%) and R (4.%),
followed by W (3.8%6), FC (3.%) and B (3.20).

R <s50665,
466475, R/Bs,
W <ggo.760, FC

500

Sabzalian et
al. 2014
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[After 60 days of cultivation compared to field conditions, Pn was incre
underRB and mostly decreased under B, followed by W ang:idhd
FWrota Were decreased, water and EO contents were increased under i
LED treatments.]

In excised petunia flowers exposed to 8 hours of treatment and compa
to dark treatment, phenylacetaldehyde emissions increaseder R and
FR, followed by FL, then B; benzyl alcohol emissions increased under
FR; 2phenylethanol emissions increased under R, followed by FR;
Petunia x hybrida benzaldehyde emissions increased most under R, followed by FR and
Wa A G OK St then B;benzyl benzoate emissidansreased under R, FR and B, followec

Fragaria x by FL; isoeugenol emissions increased under FL and R; methyl benzo.
ananassa emissions increased under R, FL and FR, followed by B; eugenol emis
W{ (G NI 606 S increased under FL; methyl salicylate emissions increased under FL, E
CSaiAodlrtf R Dark, FL, Colquhoun
Vaccinium In strawberries exposed to 8 hours of treatment and compared to dark B <uss, R<ss, 50
. : etal. 2013
corymbosum treatment, ethyl caproate emissions increased under FL but decreasec FR<s5
W{ OAy A f underB, FRand R, hexyl butyrate decreased undeisB;hexen1-ol and
Solanum methyl butyrate emissions remained indifent.
lycopersicum In blueberries exposed to 8 hours of treatment, hexanal increased und
WYayHQ FR, emissions &fans-2-hexenal and ‘hexanol remained indifferent,
trans-2-hexen1-ol emissions decreased under FR.
In tomato fruits exposed to 10 days of treatmenis3-hexenal emissions
increased under FR but decreased under-Riedhyl1-butanol and 2
methyl butanal emissions decreased under all LED treatmeist3;
hexenl-ol decreased under FL, B and R.
After 70 days of light treatmentshe first, third and fifth leaf was
harvested for headspace GC analysis.
Volatile emissions were higher under B (185.6 m§R¢gy/), followed by W
(76.0 mg kg FW), indifferent between BG, G and R (5@912 and 26,3 W <43, B<uo, :
. . Amaki et al.
Ocimum basilicunr mg kg* FW). BG<s00, G525, 50 2011
B changed VOC composition the most. R <660

9 YA AaaARIF Sgimened and limonene remained indifferent
between treatments; myrcene and linalool were increased under B (31
and 28.7 mg k§FW) and reduced under G (1.8 and thgkg* FW) and R
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(1.9 and 1.0 mg kKgFW); 1,80 A y S 2 f-t&rpirlengé Rere increased
under B.

w5 S8 ON 2ya 2F | 0oNBOAloa2ya NB fAAGSR Ay | IjpKiyor®=OLL D 2 NFROS NS k! INB Sy I YA K
o]} NQUSY ARazZ OKft TI' OKf2NRLKeEftZ 51 N] T [ &k NLSSa aRNES G SIH2 KR X Nup 2 ) MSING 262000 AR/RERS
GSATAKGEL (B2 GFE RNE 6SAIKEGZ ®Ih & NGBSy ol NB [ 20AYE Sy (i9sh 5C/T' TSYyURSt R O2 Yy R eyBWw> C[ T
C2 I' FNBAKsIg SIASIKH =F NRaks A&R2K G F NGAIK, BBRIFAK (ENEKEZK ¢ SAEMKYE0 5D O/ TINBEBya f OKINRIY |-
DI ' ANBSY K2d= % O[St S Yok & INBSCSy Il KRE Y idzYIo BINA[(NFO T IpEMmed 3,5 ¥l NER2G[ t Sy3idK
[(keho AK22 (el Y Bl R G[KAOlySaaszx as5! I YIf2yRALFf RSKe RSTIKRAILIKIE (\SEHLI yli2KieH BEl AKX 1 & &
YR y2i RSGHFOHIDOSNI R{F (yazRItfl [AFILKSy ettt FyAyS Y YoRuyVAZGEME BehtBG EX | £6 YKSAHR G 2
LK2G2a8yiKSa0O NIt 8EYWE 'w.NBIR NBRKIiy B c @ fhdzS fAEIKg[]Z)fdzD"c'JéNJ RBERENR ANBSY weé ¥ RT' 0 NE
ALISOAUO ("Y1 X iTNDIdzYooBEWNI 2 F aKz22daz ¢!/ TSNIFSIFS & gk OR8 Nyd rRUyioSyt (A8 Kei{ dro

dzf G NI} @A 2 iy YIOASH K i+ @z yiN) GmyAS&Ef ARG O@fmhetS Tl ge FOAR RSNAOGIa@®Sasx +h/ T
LIKSYyef LINPLI Y2ARE HyRI2EFIWIT Sy ARSAEISYysSasr 2 ' oNRBIFIRoOFYR 6KAGS f A IKiiyiYdzaedzl £ £ &
bl ylAy3 N.Ea;\zya AyOf dzZRAY 3 dzf GNIWRBYSd 6! +0 ! yRk2NI Cwox , ' &Stf2¢ fA3IAK
HAIKG AyaSyaardi A& NBA FSY SANY | YROBBDO2 fy R ldS(WJzéJdé

ol yARSYaUSR O2YLRdzyRa | NB SEOft dzRSR FTNBY (KA& NBODAS
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Parametet Supplemental light fixture3
LED HPS FL

pumol m?st 9%  pmol m?s? %  pmol m?s? %
PPFD (40¢¥00 nm) 212 91.2 132 92.5 57 95
PFD(360;760 nm) 232 100 143 100 60 100
PFDBUltraviolet (36@399 1.7 0.7 1.6 1.1 0.6 1.0
nm)
PFDBIlue (40@519 nm) 65.7 28.4 16.9 11.9 8.2 13.6
PFDGreen (520559 nm) 335 14.5 7.0 4.9 13.5 22.4
PFDYellow (56Q624 nm) 56.9 24.5 83.6 58.7 27.9 46.4
PFDRed (628700 nm) 55.3 23.9 24.3 17.1 7.6 12.7
PFDFar Red (70760 nm) 18.7 8.1 9.0 6.4 2.4 3.9
R/FR ratio (660/730 nrh) 2.8 2.4 0.1
DLI (mol ri? d®) 10.6/11.7 6.6/7.2 2.9/3.0
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Compound Lightemitting diode Highpressure sodium lamp Fluorescent light
(LED) (HPS) (FL)
RE o pug 100 mg Lov® % ug 100 mg lom % ug 100 md Lowm

Monoterpenehydrocarbons

h-pinene 938.0+0.4 0.8+0.1 14.03+0.& 0.8+0.1 11.41+1.7° 1.0£0.1 7.22+1.TI°

sabinene 977.8+0.4 1.4+04 34.21+8.% 1.5+0.6 33.57+6.4 1.3+0.5 13.95+1.%

myrcene 991.8+0.3 1.6£0.2 35.16+x1.8 1.5+0.2 28.50+3.6% 1.8+0.2 17.19+1.@¢

h-terpinene 1020.8+0.3 1.9+0.4 39.47+4.3 2.1+0.7 33.43+x3.2¢ 22+0.8 19.72+2.1°

p-cymene 1029.1+0.5 85+2.2 157.70+27.4 8.3+2.5 123.90+8.%» 6.9+25 55.16+4.7

limonene 1033.1+0.3 0.6+0.1 9.81+0.72 0.6+0.1 8.22+0.8° 0.6£0.1 4.59+0.5°

I-terpinene 1064.4+0.8 15.2+5.4 323.20+56.7 16.0+4.7 259.90+49.0** 20.1+6.3 179.50+22.8°

Oxygenated monoterpenes

cissabinene hydrate 1071.7+0.4 1.3+0.1 28.41+2.3 1.4+0.2 25.38+1.6¢8 1.3+0.3 12.31+0.8

linalool 1100.9+0.5 2.6+0.7 61.92+11.3 2.7+£0.8 52.22+11.» 23+09 21.25+1.9

borneol 1173.6£0.3 0.9+0.4 44.44+2.6 1.0£0.6 46.50+5.9° 1.5+0.7 31.75+3.7

thymol 1297.6+1.8 54.6£6.9 1134.00+86.3 52.9+6.4 917.10+142.% 50.2+7.9 429.90+57.3

carvacrol 1304.6+1.1 2.4+04 60.82+4.% 2.3+0.5 48.82+8.2¢ 2.0+0.6 21.42+2.9

Sesquiterpene hydrocarbons

I -caryophyllene 14366+0.5 3.1+1.3 47.69+7.12 3.67+1.1 49.50+7.C% 3.32+1.1 21.91+3.%4

% of total extrad®! 94.93+1.50 94.68t2.22 94.53+1.95

Total volatiles [% gLowv]™! 2.7+0.22 2.3+0.25 1.1+0.10
wS(iSyoez2y AYRMIGET NBY B apBy (B2 dzYy® LYRAOSE { IBNBYKINGBEHIY 0SSR a YSIHya &
"t SNOSY Gl 354 ¢ SNBCLOH teQdet FRIFSIR FINBSYNI DA S A 3 qugza\lmfsrf()aozryqa FYR LINBaSyGSR Fa YSIy:
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DAEL5 O2yRAe2yad d GKS alYLXSa0d t NBASYyIdsRiFHNDI YSISY TI RAdzy (vd BN @2 2Fo (TR dAS
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HPS 509.4 + 72.88 102.6 + 16.87 1273 + 334.0
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[Wm2]i2 cultivation  to HPS [%)]
[kWhm?]
LED 257.7 454.6 313 1.92+0.15 396.3+54.31 54+1.4
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FL 299.4 528.1 20.1 0.30+£0.03 39.1+3.% 0.4+0.1°
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PFD % PFD % PFD % %
PFD(380-780nm) 150+149 100+99 150+£13.8 100x9.2 150%+13.4 100+8.9 100
PPF§400-700nm) 149.1+9.8 994+9.9 1488+9.1 99.2+£9.2 1259+6.3 83975 80.5
UV (386400nm) 0.15+0.0 01+£00 015+£0.0 0.1+x0.0 1.2+£0.0 0.8+0.1 2.5
B (400500nm) 64.1+28 427+44 33+08 220+23 302+05 20.1+1.8 26.0
G (500600Nnm) 0.8+0.0 05+00 468x13 31.2+28 453+x12 302zx27 28.2
R (606700nm) 84.3+£4.7 56.2+5.6 69+29 46.0£4.2 504x15 33.6+x3.0 26.0
FR (706780nm) 0.8+0.0 0.5x0.0 1.1+£0.0 0.7x0.1 23+0.3 153+£1.3 17.2
B:R ratio ~0.8 ~0.5 ~0.6 ~1.0
B.G ratio ~ 80 ~0.7 ~0.7 ~09
R:FR ratio ~105.4 ~62.7 ~2.2 ~15
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Tablel6 ¢ Effect of three light qualities on the chemical composition of 24 identified essential oil compounds, essential oil contehyiald
of Mentha x piperita var. piperita cv. Multimentha.

No. Compound RI Samples Identification RB RGB SWN p-value?
Percent (%) of total essential oil composifior
1 h-Pinene 1030 RM, MS 0.45+0.03 0.48+0.04# 0.45+0.06® 0.03
2 I -Pinene 1120 RM, MS 0.73+£0.03 0.77£0.0#  0.73+0.06¢0 0.01
3 Sabinene 1132 RM, MS 0.38+0.02 0.40£0.02 0.40+0.03® 0.01
4 i -Myrcene 1175 RM, MS 0.42+0.03 0.45+£0.0® 0.45+0.0# 0.02
5 Limonene 1212 RM, MS 0.36+0.06 0.42+0.06 0.44+0.06 0.06 Q9
6 1,8Cineole 1221 RM, MS 2.52+0.18 2.54+0.19 2.49+0.23 0.91 f9
7 Transi -Ocimene 1248 RM, MS 0.15+0.02 0.13+0.02 0.14+0.02 0.16 @9
8 3-Octanol 1404 RM, MS 0.18+0.03 0.17+0.02 0.16+0.02 0.16 9
9 Menthone 1480 RM, MS 26.57+3.14 19.72+3.94 28.87+3.5% ~ 0.01
10 Menthofuran 1502 RM, MS 16.90+1.25° 18.19+1.06¢ 15.20+1.92 0.02
11 Iso-Menthone 1508 RM, MS 1.75+£0.18 1.39+0.200 1.96+0.212 ~ 0.01
12 Linalool 1561 RM, MS 0.26+0.03 0.28+0.03 0.33+0.04 0.06 @9
13 Cislsopulegone 1591 MS 0.64+0.08 0.75+0.10 0.60+£0.08 0.07 9
14 Translsopulegone 1603 MS 0.38+£0.02 0.37+0.02 0.37£0.02 0.12 a9
i -Caryophyllene & 1611 RM, MS
15/16 NeoMenthol 1615 RM. MS 1.09+0.29* 0.89+0.27 1.33+0.32 0.05
17 Menthol 1654 RM, MS 1.21+0.31 0.85+0.26 1.05£0.25 0.07 09
18 Pulegone 1665 RM, MS 43.06+3.42 49.72+4.36 41.41+3.25% ~ 0.01
19  «-Terpineol 1687 MS 0.16+0.02 0.15+0.02 0.17+0.03 0.24 g9
20  TransVerbenol 1693 MS 0.09+0.06 0.11+0.04 0.09+0.06 0.30 69
21 h-Terpineol 1712 RM, MS 0.15+0.01 0.17+0.01 0.17+£0.01 0.06 Q9
22 Germacrene D 1724 RM, MS 0.95+0.27> 0.79+0.2%* 1.12+0.268 0.05
23 Piperitone 1745 RM, MS 0.24+0.04 0.17+£0.0# 0.26+0.03 ~ 0.01
24 Piperitenone 1941 RM, MS 0.24+0.03 0.26+0.03* 0.27+0.09 ~ 0.01
TOTAL [%] 98.89+0.34 99.19+0.45 98.66+1.03
EO content [96] 3.21+0.55 3.20+0.54 3.21+0.55 0.99 q9
EQO yield [mg shelf® 65.45+9.63 59.85+6.78 55.83+8.37 0.42 (9’
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No. Compound Rl Samples Percent (%) of total EO compositi6n
1 h-Pinene 1028 0.34 £ 0.07
2 i -Pinene 1116 0.51 +0.06
3 Sabinene 1129 0.33 £0.03
4 I -Myrcene 1174 0.38 £ 0.04
5 Limonene 1209 0.41+0.18
6 1,8-Cineole 1216 3.13+0.35
7 Transi -Ocimene 1246 0.50 + 0.06
8 3-Octanol 1406 0.32+£0.02
9 Menthone 1476 51.53+4.40
10 Menthofuran 1497 2.42 £0.90
11 IsoMenthone 1503 3.83 £0.01
12 Linalool 1563 0.23 £ 0.06
i -Caryophyllene & 1611
13/14 Neo-Menthol 1615 2.57 +0.33
15 Menthol 1655 25.78 +5.01
16 Pulegone 1659 1.33+£0.89
17 Germacrene D 1717 1.32 £ 0.07
18 Piperitone 1739 1.30+£0.14
TOTAL [%] 96.22 + 0.003
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Basil cultivar Wl yAasSQ W/ AYYLlE Y2 W5 NJ hLJ WeKFA al =
Parameter DAS ILow Irigh lLow IHigh lLow Inigh ILow IHigh
14 1.2+0.2 1.7+0.38 20+0.38 2.8+0.4 1.8+04 20+0.4 1.2+0.3 1.7+0.4
Plant height [cri] 21 3.8+0.4 59+0.8 6.7+0.8 85+106 3.9+0.6 5.7+0.8 43+0.8 6.3+1.%
28 94+12 148+18 144+16 174+28 6.0+09 96+1.¢% 98+1.4 145+1.7%
35 198+14 229+18 253+22 268+23 100+18 159+1.72 199+25 226+2.1%
Light intensity at 14 115+ 17 230 + 33 117 + 17 236 + 34 117 + 17 232+ 34 115+ 17 230 £ 33
canopy level 21 122 + 18 254 + 38 130+ 20 270 £ 40 122 + 18 253 + 37 123 +19 256 + 38
[umol m? s1]2 28 138 + 21 312 +48 155+ 24 331+51 128 £+ 19 276 + 41 140 + 21 309 + 47
35 175 + 28 376 £ 60 198 + 32 411 + 66 140 + 21 320 £ 49 176 + 28 373 +59
14 1.0+0.0 1.0 +0.0¢ 1.0+0.0 1.0+0.2 1.0+0.» 1.0+0.2 1.0+0.0 1.0+0.0
Leaf pairs [rf] 21 2.0+£0.0 29+0.3 2.0+0.2 3.0+£0.2 1.6+0.3 24+0.38 2.0+£0.2 23+04
28 3.0+0.6 40+0. 3.2+0.3 41+0.2 25+0.38 3.4+0.4 29+0.2 3.7 +0.3¢
35 40+0.2 40+0.% 4.4 +0.8 51+0.4 35+0.38 46+04 3.8+0.8 4.1 + 0.3
21 0.7+0.8 20+0.% 0.8+0.5 20+0.% 0.0+0.0 0.0+0.% 06+0.5 1.9+0.2
Branch pairs [f] 28 3.0+0.2 3.7+20.4 2.0+£0.2 3.0+0.2 0.0+0.6 1.1+0.8 1.9+0.% 29+0.2
35 3.0+00 40+0.% 43+0.38 50+0.4 05+0.5 2.2+0.7 2.8+0.8 3.7+04
Flower buds [%8] 35 0 100 0.0 43.1 0.0 0.0 0.0 93.1
Fresh weight [d] 35 134+12 189+1.6¢ 240+28 287+36 7.1+1383 185%+26 164+2.6¢ 21627
Dry weight [g] 35 12+02 30+08 21+08 37+053 05+0% 16+03 15+08 32+04
Leaf dry weight 35 0.7 +£0.%e 1.9+0.2 1.4+0.5% 2.1+0.8 0.3+0.% 1.1+0. 0.9+0.2 2.2+0.3
[a]*
VOC 14 40+10 54+1% 42+09 54+16% 86+05 148+3.2 9.6+2.2 7.6 +2.%d
concentration 21 7.6 +0.9 7.3+ 1.4 6.1+0.8 6.9+27% 118+16 11323 9.0+1.9 7.4+ 1.9
(Mg g bwi]* 28 81+18 91+18 7.0+16 78+28 85+x22 80+18 116+19 13.8+43
35 99+1.7 97+13 114+3% 88+24 79x1.0 8.0+23 13.1+23 91+3.2
VOC yield 35 72+0% 186+09 156+1.2 17.8+28 26+02 85+06 105+05 19.2+0.5
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No. Compound RF ILow IHigh
DAS 14 DAS21 DAS28 DAS35 DAS14 DAS21 DAS?28 DAS 35
Percent (%) of total volatile organic compound composttion

1 h-pinene 938 - - 0.3+0.0¢  0.3+0.06 - 0.4+0.3° 0.4+0.Gbc 0.4+0.¢
2 sabinene 978 - - 0.3+t0.0  0.3+0.0 - 0.4+0.G%¢  0.3+0.0° 0.4+0.¢
3 i -pinene 982  0.9+0.® 0.7+0.0 0.7+0.F¥ 0.7#0.F 0.9+0.¢¢ 0.8+0.°® 0.7+0.F¢ 0.9+0.¢
4 | -myrcene 992 - - - 0.3+0.¢ - - 0.4+0.2 0.5+0.¢
5 limonene 1033 - - - 0.3+0.¢ - - 0.3+0.6® 0.3+0.¢
6 1,8cineole 1036 8.2+0.%c  7.0£0.4 6.8£0.8 7.2+0.53¢ 8.4+0.2 8.2+0.3 7.9+0.8° 9.3+0.3
7 trans-R-ocimene 1050 - 0.5+0.0 0.7+0.% 0.9+0.7 - 0.7+0.F 1.0£0.2 1.3+0.B
8 camphor 1154 1.5+#0.® 1.3+0.2 1.3+0.2 1.4+0.F> 1.440.60° 1.5+0.2 1.5+0.2 1.3+0.P
9 h-terpineol 1197 - 0.7+0.0¢ 0.7+0.0 0.8+0.0¢ 0.8+0.0c 0.8+0.0 0.8+0.%» 1.0+0.F
10 methyl chavicol 1204 76.9+1.4° 785+0.2 77.4+1.0° 74.5+1.2d 76.2+1.° 75.4+1.F¢ 74.0+1.9 68.9+0.8
11 cismethyl cinnamate 1294 - - - 0.3£0.7 - - 0.4+0.2» 0.5+0.%
12 transmethyl cinnamate 1390 0.9+0.® 0.5+0.6 0.4+0.6¢ 0.3#0.0¢ 0.6+0.0 0.4+0.0% 0.3+0.60 0.3+0.G
13 i -elemene 1402 - - - 0.4+0.PB° - - 0.4+0.» 0.5+0.¢
14 methyl eugenol 1407 - 0.5+0.G 0.5+0.6 0.5+0.6 0.7+0.¢ 0.6+0.¢ 0.6+0.Fvc 0.5+0.0
15 aromadendrene 1446 2.4+0.4bcde 1 6+0.2cd  1.4+0.Fe 1.3+0.2 2.1+0.B 1.8+0.2 1.4+0.F¢ 0.9+0.1
16 i -farnesene 1461 6.2+0.8 47+0.3 4.2+0.3c 3.4+0.3¢ 4.6+0.2 4.0+0.2¢ 3.3+0.4 2.2+0.3
17 h-amorphene 1471 1.6+0.2° 1.1+0.Bbc (0.9+0.0cd 0.9+0.F¢ 1.2+0.B 0.9+0.Pcd (0.9+0.Pcd (.8+0.F
18 bicyclogermacrene 1498 2.6+0.%d 2.1+0.2 2.8+0.3 3.6+0.2 2.1+0.F 25+0.49 3.7+0.% 4.4+0.2
19 +-cadinené 1521 - - - 0.3+0.¢ - - - 0.5+0.2
20 cisnerolidol 1529 - 0.4+0.0¢  0.7+0.F 1.0£0.? - 0.7+#0.F 1.1+0.2 1.5+0.B
21 h-cadinol 1657 - 0.6+0.7 1.2+0.E 1.8+0.7 0.6+0.0 1.2+0.2 2.1+0.4> 2.6+0.2
TOTAL [%)] 100+0.0 100.0+0.0 100.0+0.0 99.8+0.2 99.8+0.2 99.7+0.2 99.8+0.2 98.6+0.3
VOC content [%] 0.4+0.F 0.8+0.Pcd 0.8+0.F¢ 1.0+0.2 0.5+0.F¢ 0.7+0.F¢ 0.9+0.2°¢ 1.0+0.Bd
VOC content [mg totalphs!]® 7.3:0.7 18.6+0.9
wL T NBuEy'a{ZW ARIRSERADSNE Y Zs X BABNE 6AGKAY | NBKg npRAOI GS &aA3yAU0LY
vt NBaSYGSR I NB YSIy eMl5a GZFy RA YR £S 50 9o iiRyS/NINB/f e @B yiga® ASNASa 2F y
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"t SNOSY U { NG LANB&ISH (AT (2NHaGSR g2t Fat S 2NHIYAO O2VYLR dAHME © A Y SNISOMKEBTRINF i S0 BMHLS 2
6wL mMmMTn0X OKIF@AO2t hiKwdy dzindwglS Oven pSHdaES y2E NNVOF WA NBoycSt 052 Sdrtéd | RiAnyy@wiL s v Ldlo (DK dzf NSy 25EE O
GKS GlrofSao
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¢t NBaSyGSR I NB OFf Odz I (3™ yFEIOGINLFDHSE S ZFi IRINEx hy/l gENWGE $YOINR art F2dzNJ aLJ ol £ NBLI A C
¢l oHIMSWSE | 9 PSS L odzyRFYOS 2F YI 22Nl @2ft af S RINBG YR OBRLIR UK RE AR3YO0SR:
[ 95 fA3IKG AydSyaradae GNBlIGYSyida 20SNI aYSo

No. Compound RE ILow IHigh

DAS14 DAS21 DAS28 DAS35 DAS14 DAS?21 DAS28 DAS 35
Percent (%) of total volatile organic compound composition

1 h-pinene 938 - - 0.3x0.0 0.2+0.0 - - 0.2+0.0 0.2+0.0
2 i-pinene 982 - 0.4+0.0 0.3x0.0 0.3+£0.0 - 0.4+0.0 0.4#0.1 0.4+0.0
3 i -myrcene 992 - - 0.3x0.0 0.3+£0.0 - - 0.4+0.1 0.3+£0.0
4 limonene 1033 0.7+0.2%¢ 0.7+0.2 0.6+0.6® 0.5+0.%c 0.7+0.@ 0.7+0.B°® 0.6+0.F¢  0.5+0.0
5 1,8cineole 1036 2.5+0.5 3.4+0.4 3.4+0.4 3.6+0.3¢ 3.9+0.8b¢  4.4+0.3 4.2+0.6°>  3.9+0.4%c
6 transf3-ocimene 1050 0.7£0.2 0.8+0.F¢  1.1+0.F 1.4+0.2 1.0£0.% 0.9+0.F¢ 1.7+0.3° 1.8£0.2
7 terpinolene 1095 2.910.¢ 2.4+0.6 1.8+0.2 1.2+0.3 3.1+0.8 2.2+0.6 1.3£0.3 0.8+0.%
8 linalool 1100 - 0.4+0.F 0.6+0.fc  0.9+0.3 - 1.2+0.8b¢  1.3+0.4 1.2+0.3
9 camphor 1154 1.1+0.2 1.3+0.3¢  1.3+0.%c 1.5+0.2 1.740.4> 2.0+0.3 1.9+0.2 1.440.2c
10 borneol 1174 - 0.4+0.1 0.5+0.1 0.7+£0.1 - 0.5+0.1 0.8+0.2 1.4+0.3
11 h-terpineol 1197 0.4+0.G 0.4+0.6  0.5+0.fc 0.5+0.0 0.5+0.%c 0.5+0.0¢ 0.7+0.R 0.7+0.B
12 methyl chavicol 1204 69.7+1.9bcde 73 0+2.6b¢ 73.5+2.0 71.7+1.Pcd 68.7+4.2de 68.6+1.8¢ 66.4+3.3 70.1+2 3bcde
13 trans-methyl cinnamate 1390 1.1+0.® 0.7+0.» 0.6£0.F 0.3+0.0¢ 0.8£0.2 0.4+0.F¢ 0.2+0.G6 -
14 i -elemene 1403 - - 0.3+0.0 0.4+0.7 - - 0.4+0.7 0.7+0.2
15 methyl eugenol 1406  7.2+1.8 3.0£0.4c 2.2+0.6d 1.4+0.2 4.2+0.6> 2.0+0.4 1.1+0.F 0.91£0.2
16 h-trans-bergamotene 1437
17 aromadendrene 1446  4.6x0.7 4.4+0.8 4.3t0.3 5.2+0.8> 54+0.3° 57+0.8> 6.5+1.F 5.3+1.Fb
18 i -farnesene 1460  3.8+0.7 2.6+0.3 2.6:0.4 2.2+0.3¢ 3.5+0.8  2.1+0.3c 2.0+0.%c 1.6+0.4
19 bicyclogermacrene 1497  1.0+0.2e 0.8+0.6  1.1#0.2cd  1.4+0.B°> 1.2+0.2cde 1 1+0.2de 1.6+0.4c 1.8+0.3
20 ‘-cadinene 1514 - - 0.3x0.% 0.4+0.%¢ - - 0.5+0.B° 0.5+0.2
21 +-cadinene 1521 - - 0.3x0.% 0.5+0.2¢ - - 0.7+0.B° 0.9+0.2
22 cisnerolidol 1529 - 0.4+0.0 0.6x0.% 0.8+0.F - 0.8+0.2¢ 1.1+0.20 1.3£0.2
23 spathulenol 1578 0.5+0.F 1.240.55 0.7+0.4c 0.6+0.2¢ 1.0+0.2 2.0+0.3 0.6+0.2¢ 0.6+0.%c
24 epih-cadinol 1633 - - - 0.3+0.0 - - 0.3x0.¢ 0.4+0.2
25 h-cadinol 1657 0.4+0.1 0.7+0.F 1.1+0.2d  1.5+0.2¢ 0.8+0.2¢" 1.3+0.3cd 1.9+0.4% 2.3x0.3
TOTAL [%)] 96.7+0.7 97.5+0.6 97.9+0.4 97.6x0.4 97.2+0.6 96.6+0.2 96.5+x1.1 97.6+0.9
VOC content [%)] 0.9+0.%¢ 0.9+0.2c  1.240.2bc  1.3+0.2b 0.8+0.2 0.7£0.2  1.4+0.4 0.9+0.3¢
VOC content [mg totalphi']° 10.5+0.5 19.2+0.3
wL I' NBO®BYlo[2y ARRSE | DSNJ a26Ay3IT RAGSNBYy thLSiNﬁnq:szwK)\y I NRBg6 AYRA
t NBASYGSR I NB YSIy elsa GZFy Rl oYRL &S 30 9ayiRyS/NI NB/f |16 IS vi & ASNASa 2F y

MT C



/11 t¢9w n h OA Y dayA fop @ dzY
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No. Compound RE ILow IHigh
DAS 14 DAS21 DAS28 DAS35 DAS14 DAS21 DAS28 DAS35
Percent (%) of total volatile orgarsompound compositioh

1 1,8cineole 1036 3.0+0.72> 2.5+0.6° 2.4+0.8 3.4+0.7 3.3t0.72® 3.1+0.3° 2.7+0.4> 2.6+0.6°
2 trans-B-ocimene 1049 0.6+0.0 0.6+0.1  0.5#0.2 0.5+0.1 0.6+0.3 0.7+0.1  0.5+0.0 0.6+0.3
3 terpinolene 1094 1.620.4 0.940.3¢ 0.6%£0.2° 0.4#0.F 1.6+0.4 1.0+0.4 0.5+0.Pc¢ 0.5+0.fc
4 linalool 1101 7.9+2.2 13.8+2.3 18.8+1.8 23.7+3.B° 13.6+3.0 20.1+2.8° 27.2+3.F 23.5+5.0bc
5 camphor 1153 0.8+0.1 0.6+0.1 0.6+0.2 0.5+£0.2 0.8+0.1 0.8+0.3 0.5+0.2 0.5+£0.2
6 h-terpineol 1184 0.9+0.1 0.8+0.2 0.9+0.3 0.7£0.2 0.7£0.1 0.9+0.2 0.7+£0.3 0.7£0.5
7 methyl chavicol 1203 26.8+11.3 20.5+5.4b 15.3+7.p¢ 8.745.0 17.7+10.6°¢ 12.0+4.8c 9.1+6.%¢ 9.8+4.2c
9 eugenol 1364 1.7£1.1 1.6£0.5 3.1+x1.6 5.214.8 3.812.2 1.5%0.7 5.915.1 2.1+2.5
10 trans-methyl cinnamate 1391 8.7+3.8 30.2+6.0° 35.1+8.2 33.3%8.4 20.246.4°d 34.4+6.2 27.5#5.68° 36.9+12.%
11 i-elemene 1403 0.7+0.0 0.5+0.1 0.6x0.2 0.9+0.3 0.4+0.0 0.6+0.2 0.7+0.2 0.9+0.3
12 methyl eugenol 1406 27.5+10.8 13.2+3.72c 6.7+1.9" 4.0+2.80¢ 18.2+8.9bcd 7 5+1.Gde 3.3+2.79 0.9+0.2
13 aromadendrene 1446 2.2+0.6°c 1.4+0.8bcd  1.3+0.2  1.3+0.4¢ 2.3+0.6°  1.9+1.Pcd 2,0+1.2¢d  (0.9+0.3
14 "-humulene 1451 - - 0.4£0.2 0.6+0.2° - 0.4+£0.0y 0.8+0.3 0.7+0.2°
15 i -farnesene 1460 5.6+0.7 4.3t0.5 3.0+0.3¢ 2.2+0.5f 6.7t1.G¢ 3.5+0.5¢  2.5+0.%ef 1.6+0.5%
16 h-amorphene 1471 3.1+1.¢ 1.24#0.3c 0.8+0.7 - 1.6£0.3> 1.0+0.2¢ 1.0+0.0 0.6+0.2
17 germacrene D 1479 - - - 0.4+0.¢ - 0.3+t0.0  0.5+0.0 0.4+0.B°
18 bicyclogermacrene 1497 4.3+0.6® 3.6+0.3 3.8+0.2° 4.3+0.3 4.0+0.3° 3.8+0.2° 5.0+0.2 4.9+0.7°
19 !-cadinene 1513 0.8#0.2  1.0+0.2> 1.1+0.B®* 1.4+0.2 1.1+0.2° 1.2+0.B® 1.6+0.6° 1.5+0.53°
20 1-cadinene 1521 - 0.5+0.0  0.5+0.3 1.0+0.4% - 0.6+0.» 1.3+0.3  1.0+0.3°
21 cisnerolidol 1529 1.3+0.3 1.3+0.F 1.6£0.2¢ 2.1+0.2 1.4+0.2 1.8+0.3 25+0.F 25+0.4
22 epih-cadinol 1633 - - 0.4+0.F  0.60.%c - 0.5+t0.F 0.7£0.B° 0.7+0.F
23 h-cadinol 1657 2.4+0.68 25+0.2 3.2+0.6¢ 4.2+0.3° 2.6+0.7 3.4+0.8% 51+0.8 5.1+1.06°
TOTAL [%)] 99.6£0.5 100.0+0.0 99.7£0.5 98.4+0.6 99.6+0.7 99.2+0.8 98.6£0.6 97.8x1.0
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VOC content [%)] 0.4+0.7 0.6+0.F> 0.7+0.2° 1.1+0.4 0.5+£0.2cd  0.7+£0.3bcd (0.8+0.2bcd  (0,9+0.20
VOC content [mg totalph']° 15.6+1.2 17.8+2.0
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No. Compound RE ILow IHigh
DAS14 DAS21 DAS28 DAS35 DAS14 DAS21 DAS28 DAS35
Percent (%) of total volatile organic compound composttion

1 h-pinene 938 0.4+0.0¢ 0.4+0.6¢ 0.4+0.0¢ 0.4+0.P¢  0.4+0.0¢ 0.4+0.Fd 0.5+0.3°  0.5+0.Fbc
2 i-pinene 982 0.5+£0.0 0.6+0.2¢  0.6+0.fc 0.7+0.2 0.7+0.0y 0.6+0.%¢ 0.9+0.® 0.9+0.2
3 i-myrcene 992 - 0.4+0.1 0.4+0.Fe"  0.5+0.Pcdef  0.5+0.06f 0.5+0. Pef 0.6+0.@® 0.7£0.2
4 limonene 1033 0.7+0.B°>c 0.6+0.F°¢  0.6+0.Pc 0.6+0.B¢c  0.7+0.G 0.6x0.% 0.7+0.B°  0.6+0.Fvc
5 1,8cineole 1036 4.4+0.3 5.2+0.5 5.6+0.7 6.6+0.8¢ 6.0+0.G%¢  6.3+0.8 8.2+1.Gbcd 9 5+1.P
6 terpinolene 1095 3.3+0.720cd  2.6+40.3  2.3+0.20c  2.2+0.B¢c  2.9+0.3 2.1+0.2¢ 2.0+0.2¢c 1.3+0.2
7 linalool 1101 1.6£0.7 2.7£0.4 4.5+0.8 8.8x1.5 5.4+0.4 8.3t1.2 16.0+2.3  28.445.0
8 h-terpineol 1197 - 0.3+0.0 0.4+£0.6 0.5+0.0¢ 0.5+0.0@¢ 0.6x0.% 0.7+0.7 1.0£0.2
9 nerol 1227 0.9+0.F 0.9+0.2 0.9+0.7 0.9+0.7 0.9+0.7 1.0+0.7 1.5+0.2 1.7£0.2
10 eugenol 1364 - 0.6£0.2 1.0+0.3¢ 3.2+0.89 2.1+0.9efa  4.9+1.0° 4.6+x0.3 9.0+2.3
11 i-elemene 1403 - 0.4+0.7 0.3+0.2d 0.3+0.2d 0.3+0.0 0.5+0.% 0.5+0. pcd 0.8+0.®
12 methyl eugenol 1408 75.7+3.20 74.2+1. 2 72.3+2.2 63.0+3.9¢ 66.3+1.%c 61.0+2.7 48.4+3.8 25.2+4.3
13 h-trans-bergamotene 1437 1.9+0.F 1.7+0.fc 1.7#0.Pc 1.740.Bc  15+0.F 1.7+£0.Gbc  1.7+0.Bbc  1,9+0.2°
14 aromadendrene 1446 0.4+0.2cd  0.3+0.0 0.3+0.6" 0.3%0.0¢"  0.5+0.B® 0.4+0.Fcd  0.4+0.Fde  0.4+0.Ppcd
15 h-humulene 1451 0.4+0.0¢  0.3+0.0f 0.3+0.6"  0.4+0.@d 0.2+0.0 0.4+0.G 0.5+0.%c 0.8+0.F
16 i -farnesene 1461 4.4+0.8° 3.2+0.3° 3.240.2 3.440.3>  4.0+0.5° 3.7£0.2 3.9£0.4 3.3+0.3°
17 h-amorphene 1471 0.8+0.B 0.5+0.0¢ 0.5+0.0e 0.5+0.6  0.6+0.0cd  0.5+0.0cde  (0.6+0.Fcde  (0.6+0.(cd
18 bicyclogermacrene 1498 1.8+0.2 1.8+0.1 2.0+0.Fdef  2.1+0.c 1.9+0.Fdef  2.1+0.2cd  2.3+0.2 3.1+0.2
19 !-cadinene 1513 0.5£0.G6 0.5£0.6 0.7+0.7 1.0+0.P 0.8+0.Fd 0.9+0.%¢ 1.2+0.2bc 1.3+0.2
20 1-cadinene 1521 - 0.1+0.1 0.4+0.6 0.6+0.0¢ 0.3+0.0 0.5+0.%e 0.8+0.7 1.4+0.B
21 cisnerolidol 1529 0.6+0.00 0.6+0.19 0.6+0.F¢  0.7+0.0° 0.6+£0.0 0.7+0.0¢ 0.8+0.%cd 1.2+0.2
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22 h-cadinol 1657 1.1+0.1¢ 1.1+0.3 1.2+0.2% 1.1+0.0 1.1+0.0 1.3+0.Fef  1,5+0.2cde 2 .3+0.F
TOTAL [%)] 99.4+0.4 99.4+0.2 99.4+0.1 99.1+0.3 98.840.3 98.3+0.4 98.8+0.4 98.3+0.3
VOCcontent [%} 0.9+0.0c¢  1.2+0.2° (0.9+0.2d 0.8+0.% 1.5+0.3 1.1+0.2bc 0.8+0.2 0.8+0.2
VOC content [mg totalphs']® 2.610.2 8.5+0.6
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Dependent variable Goodness of fit

W yA W AYYIl W51 NJ We KIE A
Plant height 0.88 0.87 0.85 0.82
Number of leaf pairs 0.75 0.96 0.78 0.87
Number of branch pair¢ 0.76 0.90 0.90 0.92

w{ dzYYlI NAT SR I NB (KS
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I RSONBFIaAy3d GNBYRFH&yYy2ad&h3INDRR OSYW (OIBD 25/1ANJg h LI f & ¢ K
AGNRY It & RSOAL (hOASMIAYK fofk lad K SO @2 S8 SSy RSY2yad NI
Hnnc FYR {1TFo6s5 9 .SNYytiaGKI Hnnuo
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O2y il AySR Ittt RSOSt2LISR S @3Sa LISNI ok &aAf LI Fyd AN
GNAOK2YS RSyarsaSa RSEUNYBO sKK2 &IK Se Dfpa 1 38 oFR BSy
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20 aSNUSRAdy OZNILI NI @ 2¢p (12! £ Ay O@®OCKHR aAlYRADIGEGA T
Odzt @ @I NJ NBI OKSa AilG& YIFEAYdzY +£h/ | G®Gdry dsbKSNIK HISF 2 N
O2yOSYyiN}Yozy§¥ ROONBHASs2Yy LI gSNY (GKIF{G KhOAYINBODA 2 d:
o aA fOMdh &z IENEG QWWAYIR W[ Sy3e8SftQ 6{ 1 635h®A Y.dS'NYO KK (ro
6az3IKFIRRFEY SiG & o BHLWEIINIOYS Y (2% SIONBNEY FIRE K SN2 SLINR @S

2 KSy O2YLI NAy3a G2d0Ff +h/ @&ASftRa LINRBRAZOSR i (K
KFR | OOdzydzt  iSR &dzoaidl yal f f4eKIINBd KIBEMNI & h2 T lj@k FodI1S¥
RdzSG K8 Odz a @I NEQ 20SNIff INBI (G SHNE 1ol FC loTfopNBa a.8a |

MY H



/11 t¢9w n hOAYdzy o[F@&Af A Oc

O2YLI NR&2Y (2 [z /e \eSMSRER & IR SSNISFl SR o0& Y4, mwdnx d
Ay OdzZ a @I NE W/ AYyYylY2yQy We¢KFIA al3A0Qr W yAaasSaq FyR

LG Aa 6Stt (1y2s6y OGKIG GKS bl @2N 2F ol aiat Aa R
aLPOA GSNLISYySa YR LKSyefLINRLISySa o6F2NJ ol aAf | NRYE
SEGN}Y Olla 2F GKS OdzZf oI NE W yA&adSQ YR WeKFIA al 3AC
GKNRdzAK2dzi (GKS Ay@Saoedl a2 IANAK SRAEfISISANTEMEAFDRIAD G 3
NBEIFNRft Sda 2F GKSANI RS@St2LIWSyilt &Em@é 7 VRKtNAKIo
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RSOSt 2LIVYSy Gz Y2NB YIGdzZNB W AYyylY2yQ ol aata 6SNB (¢
fAYFE22f O60AYLI Nby 3 GINMEESEat bANY Y YINEY I BHA ¥ IRNINE X I 1
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51 N] hEIsfo do @IKoAf S GKS LISNOSYy &> adgf RIBNINBR dzOIS BD S Wi @
AAIYAUOl yiteée RNRIAE (02K Sh pSayHR 2723 Td2yliRSSNY 85 IS X & JI o v 3
dzy RSNJ f 26 fA3IKG AyiSyareSa A& y2i 2yfteé dzyadzZadl of !
RSOSt2LIYSyYy iz odzi | faz2 ¢gAGK NBIINR G2 YSiGKet SdzaASy:

LY | RRAaZSER My DHSWI N] hLl £ GAl adzhdlotS €Az
O02YLRdzyRa OFy 0S8 O2yGNRfftSR yR &A3yAUOLyi(fé& NBRdz

odT Ly O2yiaGN}ad G2 LzNLIX S ol aAf>X ANKSY oF aAif

584LIAGS GKS | O0OStSNYGSR ohakt i REDINBEN S Pz 2013
W/ AYYIEY2YyQ YR We¢KFEA al 3A0Q 02y @SNISR GKS (L& Af | o
GKFYy GKS olFaat LI ydaodrlod Sh Sipd30azx & ONB S RO dady & S INNE
dzyaf YIFINJSGlroAftAdGe o6o0laSR 2y (GKS Y2NLK2f23A0Ft Ot
St SOGNROIt Sy SNHGE:iO®R dd RY LASNPRIRES RIBISOEEHNBAWRE A2 dzf R
2yfée 06S REONBRBESRMDGRt ®¢d6fS Hcod LYy GKS2NBZ | fA
OedO0fS LISNJ &SI NJ O2detb®R 0S ISYSNIGSR dzy RSNJ L

g

¢ ofqS AH2pYl 44 SYOOOY X TOF @ dRMOaz0 NE INB SY dzy RSNJI (62
AyiSyaride GNBrGYSyGao

Basil cultivar Biomass efficiency
[g KWh']*
ILow IHigh P

W yAasS: 56+0% 34+0.68 0.03

W/ AYyYyl 100+13 52+08 0.01

W51 N] | 29+015 34+0.6° ns

We¢KFEA « 67+068 39+0.2 0.01

SA0SNBYG fSgSNBR GAGKAY || NRPg¢ AVRADBYSUPAIPRUOSHSE |
AA3AYyAUOlFYyG®

Mt NBASYGSR FNB OFt Odzf I G § BT ChSONILINE FodzGIS\R LIS &1KA 6256 K (K82 dg
SELISNAYSy Gl tod NBKS 25Fy Ruagit YA KS GNALFE LISNAR2R 6op RE&@a | DS
NBLIX AOFoa2ya LIBN fAIKG GNBFGYSYy

Ly O2y(mMRaziR &8EBNI Odzig2@if R2yad Ofy RISNITL 2 Ay Sy ¢
Odzf RBNLMIYRSY (i LINPRdAzOs BA (& md aA Séd BRIIBRODS bE s F8EH |
I RIF LJG I2aGFA fAKISE INBSYy ol & Rf AQdzasSAloNeky ool din 0R Sdif oNAL6iSS | @
0AZ2YlF&aa SYOABKBNWS O20RNBR. (12 GKS o0A2VYidad yS VAN WD R
oA2YlFIaa SYOASyOASa 2F O@d 5FN] hLIkf oSNBdGadl saac
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GNBF G YSyHipad 0.¢3@IHd3aS OGd 5FN] hLIlf RAR ypRRAMNBIYAK G F

GKS GNRI € LJSNJ\Z[REAEIK(DdzbﬁQJRéSEyézyESNIZII? NBadg & Ay
LISNJ 8SF NJ I yR (0 KSt ZB3 & ST ILINE RidgOG8ERdRl (§ SR OdzA o S N&

¢l ot DYyHSNEE O2yadzyLlle2y YR 0ARBDRYEZY! 6] A QaDEHb NEB A
IANRPGY dzy RSNJ 62 RAGSNBYy(d tAIKG AydiSyairesSao

Basil cultivar Marketability* Energy Energy FW [g pot] Productivity

[DAS] consumption savings at marketability loss [%]

[kWh] at [%0]
marketability
IHigh ILow IHigh |Low |High ILow

Yryaras 29 33 327.9 161.1 50.9 ~119 -~115 ~9.1
W/ Ay Yl 27 30 305.3 146.4 52.4 ~18.7 ~17.0 ~34
W51 NJ 32 na 361.8 na na ~14.9 na na
We KI A 30 33 339.2 161.1 52.5 ~15.0 ~134 ~10.7
51 { I' RIFI&d8& | DSNJ a2 gAfK3ITA TR A B AR WHSMRAKHST K Yl Sy a A
I @I AL c')f So
Mal Ny SidloAftAdle A& ROVYBRRK & NLIW bz 6 S KE 2ORKALIINE vopdlyA NB Ndi ynS N
h RSN NszOK aNft SNE +y 2NABIFYAOT yaAs SNBABRYCA IRNENBASY 61 f R
ol aAf FTNBARS gISH IRINM B aaHiA S Re SIMBA y 3 S| OK Odzf 9 FF NEQ LI
SIOK ftAIKFHBINBLHYSY i ow

¢Frof@d OKIASOIofS ONRLI OeOf Sax oA2YlFaa LINRRdAzOs2y s |y
ANRPGY dzyof YINJSOGlIoAfAGRD

Basil cultivar  Crop cycles FW Productivity Energy consumption Energy
per yeat [kg areat y1]? loss [%] [kWh y1] savings [%]
IHigh ILow IHigh ILow IHigh ILow
Y yAaa 126 111 ~108 ~9.2 ~14.8
W/ Ayyl 135 122 ~182 ~149 ~18.1
W5 I NJ 114 na ~122 na na 4126.6 17817 56.8
WYe¢e KI A 122 111 ~132 ~10.7 ~18.9
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HCNBAK ¢SAIKEG ] 36 LIDHNIFFERLISNN WS ypSINGE IONB IOdaE M di-S RY 6 & Y dzf o |
FNBAK ¢gSAIAKGA FiG YFENLSOFoAf AW gk KRS (yRdAYAGHIIRG 0 2EMIPLAFFE A
Oe Of Sa LISNJ &St N

0QyYLINRPGSYSyid 2F ol aAiAf LINPRdzOea2y @Al SdzaiNBa

Ly 3SySNIfs o0SySUOAlIf SuSOia AYyRdzOSR o6& &aYlff R24aS§
SiS0ia MENVIIRET SG [ fdX HamdpdE YR o6l airt LINRPRdAzOS
I YRk 2NJ &K RS &G NB &1aSS &R AAlyS NaBlyaia £6 Sly2S BOeAvidz St SOt a 2y
KSFHfGKY 9@Sy (K2dz3K (XB [2y0&KSNISIRY AyCGO davyiz G K& y a 2 LI

IAYYEY2Y FyR OO0, NKUIMB 2d yaih OR AdRERSEINI LG NS a Ay NBHAB v & § 1
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OF LI oAftAaSar 20Saride LINBOSyezys FYSEA2NIoa2y 27F K
AybdzSyO0Sa 2y @I a0dzZ | NJ Fdzy Qe 2y &0 KIF @S 0SSy | §N& o dzi
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h/ YIFGdz2N}yea2ya YR KAIK 8ASftRa 6F&8 RSAONAROSR Ay &!

A
0NB&& BRSNIGER hINB DENMBA SNISH F | LIESNENE SNNSIR  HoyAR Y
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SYOASYyO& Y2P&E Widd OK O2AyOARS&E 6AGK YdzadzYirSé¢Sd[ 915t @
aeaisSya FNB OdNNByildte (RStfSIIKNBOKZ OBy t 3BBOYAEEB H3
pSAIAKGE YR SaaSyosl K220 O2¢EDENIE EISNITF | RNBGIWHF A IK
NBE RdzOS R K&y R SIRJF R il yaRe a[(9S5R (GRemB Jl INSSRA @ Ra y 3 @

¢croyit K22y SYGMByO@ma | yR ASy®By$BEKeKE B¥OdNBa °
LINE RdzOo 2y 2F LISLIISNNAY( tICh BY ddi KS LKENR P b dBdzRE P K 4 1

RB RGB SUN p-valuet
Photon efficiency [umotis] 1.16 1.25 0.99 not applicable
Fresh weight [g kWH3 13.03+1.73  13.62+1.85 10.44+1.43 0.98 (9
Leaf dry weight [mg kWH? 834.8+76.11 77247471 601.6+42.11 0.01
Essential oil [mg kWH?® 21.53+3.16 19.76 £ 2.30 15.52+2.33 0.58 19

ww., I wWSRkofdzSZ wD. T' wSRkaINBSyko6fdzSZ {!b I | NbUOA

aSly LKzd2y 200REANIOS ES®RINNWONE AyLdzi 2F tAIKGE UEGQ

LISNJ 48S02yR RAJARSR o6& 22d# S& LISN) 4SO2yRO®
20|

°t NBASYUSR IINB G2dFf FNBAK ¢SAIKIX RHEEFIRNEE 6 QA KK
G| INABPLISINME o YSY (KT & BIRaSRI Oy & @Y oI Ko V2F 558 5QKS Y 966A (i F
2F GKNBS AYRSLISYRSy(d aLl alyfl NBLI2ATOlcore yKil NIBNE (f SART KLJ
NEBLX AOFoa2y | yR 't MR i NBI 0 WShal LISNI fo Akl HISNS | &iLarSae/|
NBLX AQOFoa2y0 ALY @D Ipy i SNBSS REVGNYAY SR | OO0O2NRAY 3
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A5 S0 Af SR AYTF2NXI A2y 2y [954Q LK2G2y STFAOASYyOASa Oy
22 pPlease bear in mind that LED photon efficiency values highly depend omakienjty to the LED light source at

which the measurement is taken as the photon output (light intensity) increases greatly with decreasing proximity

to the light sourcePlease also keep in mind that photon efficiencies are currently based on photoriis witht is

currently defined as PAR which excludes UV and FR light rafrgethese calculations, average PFDs across the

whole spectrum (38080nm) at plant pot level were use@vhich allows a fair assessment and better comparison
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23|n contrast to the thyme and basil studies in which LED exposure began after sowing, the peppermint study

began 36 days after stolon segments were cultivated under greenhouse conditions. Hence, the efficacy

calculations do not accoumibr the biomasses that were accumulated prior to the LED exposure.
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