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ABSTRACT
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mol ecul ar | elveed s difa sti hedtl eamjisd n ttiof i ¢ a&mdMutno t ty |
day, remains a growing field of research tha

technol ogi es

THE

POWER OF MOVEMENT
IN PLANTS

BY
CHARLES DARWIN, LL.D., F.R.S

ASSISTED BY
FRANCIS DARWIN

NEW YORK
D. APPLETON AND COMPANY
1896

Fi guFrondt i sTphiee o wefr of nmol@8bnye nCth airn .epsl abDnatrswi n
Higher Plant-Light interaction

Li ght Emsr$yyr c eEnand on Biegnntaall

Pl amsges |ti ghal edloy as an enersgyeedoial oeménot alal s
i nfl uences varprooucsd dpgheyasg lod wtgi tSpeécr fil ¢ f i gme
phot or eacgepteomtp® oyense |Tihgeh ts pecehqporipaelsun b at né uel
phot osynt afergomg4 00 ,itecn oM arkn sy nt het i cPAAR)t.i ve
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However, pktantasbr es,deindesipuwdeiinegnt hs wolatnrga vnigo Ife
UV (28071400 fhamw)e &tRo( 7t0l0e 8 0 0 whchognht r i b uig® stehreni n g
proces$sedhot omorphogenesi s

Hencleantps empl oy specific pigments and photor
and irradiance | ev@fl st e dciefnfseer d ntg hal achsaang es:
carotenoids are the most 1 mportant for the
nutritional i] oBloethlhu e ereadn &l g tnadelved ryb dd bw( Ch)ll,or op
which has absorption peaksb(aGb)l43@atad® 366 @m
[2] Phot os yenftfhiectiisscntcpt ri cately ,defeidnetdo blyi gthh e
wav el eansg twesl | as thlenifnaetnsihegsioded itglhe pabsor
assi mrbaepeoemds on the intrinsictpay,sheakoela
content of the phoTbuwshoef cah egmivcean waevaecltei nognt ht.h
i nto powwwries with the wvariation d3.Thpectr
relationship emphlasieakesthédel cghti ahvironmeni
modi fy not only growth metrics such as bi om:
involved in the synthesis of essenti al comp
pivbbal photosynthes.iis and photoprotection

Pl ants rely on specialized phot oraencde pwthoircsh tso
t o regul at e a plethora of pl ant mecshpaomisserss,
Phytochromes (PHYs), krmnedvn ( RR) maij pht rreac e(pR)
( CRYs) , phototropins (PHOTs), and the ZTL/ Fk
ul travi Al)etwaA e(l &\h gt-Bysr, e aindt @arheee UVosuseBs({ UVR
ul travi éBl)etwal e[@d@WnV gt hs

Light quality (spectral composition), guant i

t i me anidn fslpuaecnediem @ v phlocaomutgthe rshomrdésponses to di

| ovgegrm acclimati zatiDaml yoveaeasonah ohamages]|
term reFsopgampbe, the R: FR ratio remains stab
cover, but significantl ySudecsehewserduhangloWw
[71 Al ower R: FR ratio in the evening has been |

aspsesngnatlhlei ngnd of t he a8t Mowei fgircoawiinogn ss eians (
physi ol ogi cal ppeantdti enrgn so nc hsaenagseo ndad s hi fstusc ha mad
altitude,arndomattihttudceuat or tloe nihsepWiretrhetshée gh e
el evati ons, anhde rlea tiist uadne sifn cbrl euaes el di gpitrogpdoPrAtRi,ioonan
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contrast, trheed rlatgihada ofR:rFeRd) ttoenfdasr t o decr e
n[3e t

e interaction between | ight and circadian
synchronize their phymsigpHtoggxllHoopr e x @ ny ¢ ¢
tegration of | ight and circadian signal s
ghl ighting t hnee dciosnipg aegxla lttiypv@ifsritihgehrtmor e, t he
ants to percei ves ucchha nsglseasit Inaw elnigthibtyg qualget »n
ables theimr tgr awtalptsthat egies to avoid sha
ni[ilglh t1l 2 ]

reover, the quality of l i ght can have pro
ampl e, red and blue 1 ight have been found
thocyanins, which are critincarecpaeS8hihordyy
e role of Iight in plant st e¥frleasgshtr ecsopnadn ste so
tivat e protective mechani s ms to mi tBi gat e
otoreceptor UVR8 hasghebbicmagewn htaa iemihtaina te
nucl ear genes involved 4% Spmbtactyngbaimbc
hi bit physiological and biochemical adapta
e i mportance mwlfardt griiggiilni eregarl ati ng

ght as a Growth Regul ator

anmotr phol ogy, physiardegyt,r@amgl yneit mfolo.u e Vsaoneido Wws
ght spectra regul atdaptkiewe prreptmEssssr phe.gee.r
ot ot popt s myanrtbhieosmass,s afr c amual ateived op me,nt al

r mi rseteiddn,ngs devel opmefdthe wagwdriyi nvépi @md | fir
owtslo mpl ex t o crreovsesatla Whketnéf taecat lo Ipihkoed or ecept or
ytohoemwoe&krsd exter nal factgasd fBuwcal lay Iby
r instance, bl ue | ight has been shown to
hmanni ac glltudrn eedsian vitro, while red | ight ¢
cluding sweet po[tdhA dbdiatnido rcahlrlyy,a nltihgehmtum nf |
ot and shoot growukitnmhtoagbpomo Ay ladts i(dp wo fss
e interplay bestivgeneansl!licimgyhcti aaln df oaru xriengul at i n
anscriptiamdiddceoi(tAa@8cRbiHYaTsOCHROME | NTERACT

FACTORS$)Proteins interact to optimiz[@Rigmowtt

Ar

abidoggbastitutive P{COPDmMortpeh cng emeidci alt es t h
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transcription factors that regulate seedling
controlling gene expresd2onMdueowgr phohe mdy
bet ween gene activation and repression is e
l i ght en2ilLTbememnt e grsaitg noamli Itoifn @ ti hehrt envi r on me |
as nutrient availability, further complicat
exampl e,r odhieg moAloiami dopeil ses the ELONSATEDL I
HYPOCODBWHLYR which coordinates the growth of ¢
nutrient[2@dhdesodobrdneation is vital for opti mi

pl ant fitness.
Li ghtReadnblde meost asi s

Reactive oxygen species (ROS) are involved i
signal mol ecules required for a range of bas
i n responses to bj 2.8]Tche nmdo satbiiomp ccr tsanmte sR@SS
(D), superoxit"le hwudioryf) (Oadidcasli m@H@t Thay g
mol ecul es, h oweevdegre,d asrweora dawblteo t heir t oXx
overproduction caumage dtiog edi f foxri elratt | e ormdal e
dangerous production of ROS, plants have dev
enzymati enaygdtanion components to keep |l evels
concent2rffat iPolnasnti]s have an efficient enzymat.
Superoxide Dismutase (SOD), Ca2hl asdmorf{E& AT h e
enzymatic antioxidants,at@aenldey | udlag hii oGEH xyya @
antdy ot her antioxidant mat ecopbsrsbuchfaavoani
(TRXs), and per@pbiredoxins (PRXs) |

Light plays a crucial role inbo®®®Iratdiuacmd roend
ant i osiimparctt i ng stress resphhestess yYamtdh etviec ad ll e
i's a major source of ROS iMor elolairedrtst, ,ipmdifetreesni
measur ed iPmottesydtoho®dtniBensi ty (PPFD), al so i
enzyme activities. Hi gher |l ight intensities
of ROS, whiehsinheuaatit vadgifiaemaocd fa ndnsdndsro xh idgam t |
conditions, excessive excitoé'*ahdn[—lé}argyltlee@di
bet weiegnh tll ignigg mawvapglsant strwas r egheaockesgdhanigd e
gene expr esAsnoainh ea nhailrgdssigsn mgaivviee @ ek endent |,
25 wer-ccedHerrbdent . Both c¢cryl and hy5 mutants s
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| NDUCI BLE RBRROEEINNR1) whomdeELINE2Z2ction is medi at
l' i ght -depemdenfy2. Maennacti vati on of CRY1 has

f or matRiOGn Tovfi s suggests that CRY1l not only fu
pivot al role in managing oxidative st[r2e8s]s, w
Beyond photosynthesi s, photoreceptors such &
redox regulation. Red and blue | ight percept

such asndS@Bcorbate peroxidase (AFX4) , Moelepiveg
UV andi nhtiegnhg ii tgyrti B ger specific responses t he
contributing to ROS schvehgiggalndy paodopnbot
h
h

e
0
roduAsconbate | evel and its oxi-Basitvesstap
e
Cc

~+

bi osynt hesi ss,off |pahveonnod iidcs ,c oampdo uchadr éwé¢ @m o i C
w n t o upregul at e pehremard pirmog an dhied e p Pptr low &

ver e, acute, Epposnut d moadazcbrtehedeW) Dxi dat i
orbate and the accumubatioheomedioabdethdt

c @ —~ T O

S
S
X i datasocno.r dfah e ctohnet reassagr bate pool i ncreases
conditiontsheretfliecs i a@82mati on process
Similar to light intensity, | ight eduelcitt yofmeE
andl F®ht ROS andiantaissypiecarkt £ way.

In | ea@amptodt hec & ez2dubiinagesd, ayel | ow | ight,, for
whereas red | i ght H@e c/'@erads enda It chred iaaroduenity coef (M
compared t@Bwhistenill Bgkt me mriaan) ri 3feuoensv e[r sBl vy
exposur édChaaveeurmruwl ati on dr ast i c,avh IRl acgohnhpaan ceedd

i ps oduicnt | @hoianbebdBag ®s §1 c a L)amigreasbtirdiospess @5 86el y
Li ght -dgeupaelnidteynt changes al sAoc cnoadiifnyglaynt iucmxdied:
l i ght r at iLoac(tlu:c3h). 3laettptiuacnet s( & Elcaudnil tait eerd, AisA B
(Fagopyrum les),ulBhhtiumcreased the amount of t
activity of anti oxi da3npt.l retneryensisd edea g, ersesd otno
activity of APG|LutCAThi CSIO®R, Raaisdcwalsle dwerGSSH
obseinveduc Cmiceams s Lshnd evbuis@Bhrti ggeri ng cadmi urm

ol er awlRH liegshhto wtehde o p p o siintcar @ @ fssftednesti, B P T heg e |

~—+

observations | i gpbeteanst emotrreate il a@dntt i tvlee tihradiu cR |
antioxidant system

I n conclusion, the quality and quantity of |
antioxidant responses 1in higher pl ant s. The
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synthesis of bothzgmaymataotaodi dant s, t her e

to oxidative stress. Future research shoul d
which different | ight speptthAwayd i nteasi buse
paving the way for optimized agricultural pr

Artificial Lighting in Research and Horticulture

Over the past decades, humanity has faced se:
fields, including the effects of climate <c¢h:
qguality of agricultural amrddsulctAddint iroensaplolnys,e
COVIID® pandemic has had a profound negative |
on the gl obal economy,-feognsupdPRhyt Ehaainif gatli
be

under mining efforts to achieve some of the ¢
he 2030 Agenda, signed by the United Nati ol

t ween food siadp phlays arneds ud ¢ ma i n unqguanti fi

~+

d -seucschabl e food production system requires

mmuwhtgh is capable of providing new knowl

o O 9
o =S

ut also efficient data management lkmaowlpe dge

—
>

e gener al popul ati on. I n order to make foo
various strategies have been proposed. Among
[4B represents one of the most significant ad
key objectives including reducing food waste
sustainabl e Theo dc prooedputc tafonsust ai nabl e agric
incl athiengse of innovative technologi ésn tHhat
vast array of techinpimogitDemdgesupphp&bD)i hgchhbbog
i n popul arity as regards the wuse of addition

Light Emi tt EDPTgc Dnod eAgpp | i ¢ &Ptoitems iaand Benef i

Artificial l i ght has been used ionv arrecseenatrudrity a
186t8he Russian botanist Andrei Famintsyn ap
resedtdme|[ technol ogies for constructnichngdt heg
fl uor(eBlc)ehptrgehs sur ¢ HRAM) bpurgeis sur e s odthwrhi (dP $)a,m
(MHL) dndgmt tdiiodje L HMEIA)v.e revol utionized the
of fering preci sectcroa,t riodt eorwvseirt y,i gahntd spph ot op e
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Compared to traditionalsevieght i mge¢tapnpnsiagmenal
sourd&eguhriegh2er ene;may refwf risapigddd o ysd)g;ni f i cant |y
|l i fespadmced hedtherenb v siecmrmdn ger g,l icd srenygi ng

utilization, a n d; rceudsuilcai rnilgd achvoiod g negga cyo sd sl ect i

precise chadaeeadl §hegsare free from hazardc

| ead, thereby reducing environmental risks

LED |Iighting has Kenbmehbhedommentstagei cwml tur
vertical farming, greenho¢BbBseguBpoetohd \f cotri src,i eannt d
and horticulture, the possibility of Tbhbesusmi
of monochromatic |lights provideldi ot £)EDr € pm e

valid opportunity to (i3$paowadnecbaendshe i pcope
performance, Il(aisit)i cstydyoft tehep photosynthet.
monochr omiamp ic ckiniogul tepdlgeet o sy nt hesi sstriedy amethg b

0
pat hways reguilmdirimagnsdby stlamgditng of sedondarny

increase crop resilid3Mertepovenei usameht &I EDs
prove to be a promising strategy for reducin
entire food supply chain while | owering mana
Recent studies have demonstrated that target
i mpact the accumul ation of beneficial <c<cBompou
|l ight has been shown to enhance anthocyanin

nutritional and[48h®i mo RiadRRti ghntopertaitenent s ha
to boost carotenoid content in tomatodf, | ea
One of the most significant advahtagebki ght L&
and intensities to match the specific needs
farming systems; afyer edx dBpPloea,r faylstpimeci se | i
optimizing space usage and ensuring wuniform
benefici-abl d®erchopg® such as | eafy greens, h
gualityr andd yprasad vec tgidos ent i al

Greenhouse growers have also adopted LED tec
phot operiods, particularly in regions with
integrating LED lighting withl eaawue afl| ¢ wegmhitr
crops such as str pdvibeBay cersd amrdo maitciumgp eplsant

LED Iighting has been increasingly studied

stresses such ast edmwpoeurgahttu,r es aflliuncittuya t iaonnds . Re
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Il i ght treatments can modul ate physiological
I mproved st@d@ssForol BaatdeAkcVe| ght exposure hac
upregul ate antioxidant enzyme activity, t he
temperatures [OfF water scarcity

Addi tionally, LED Iighting can contribute toc
optimizing |ight spectra and intensity, LEDs
l ighting systems. Studi es 6h0a&% ewhreenp csrwi et dc he megr
LED systems in commer fdiPal MagreecmdarmusesbBEPpet asty

optimization can | ead to redwuegul avtad e r | iughatg
exhibit i mpse vefdiddweaaitemnrcy

As LED technology continues to evolve, futur
reci pes t o-snpaexciiniiizce bcernoepf i t s . Emerging technq¢
and dynamic |lighting str atpegitasat iimmé Irbeaaslgd o wae
devel opmental stages and environmental condi
crop performance and sustainability in moder
However, challenges remain in fully optimizi

i nvest ment costs associated wi tshc aLlEeD girnosw earl sl
|l oh@rm energy savings anal pyodudti vciotnyp | @ «xii
interactions and pl ant responses necessitat

protocols for dspfferent crop species

The adoption of LED Iighting in horticulture
agriculture. By providing tailored | ight <con
nutritional qguality, and itnacnreeocausseldy srterdeuscsi nrg
resource consumpti on. As research continues
technol ogy wil/l play an increasingly vital
agricultural development .
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Advantages Uses

High Efficiency Vertical Farming

Customizable Greenhouse
Environmental Microgreens
friendly Production
Cold working
temperature Indoor
Mini-Gardens
Long Lifespan
Positive Impact Controlled Growth
Narr(cl)w-Spectral for Seedlings and
omain Increased : Transplants
DA et Increased quality
Increased shelf life Increased resistence
in postharvest to biotic and abiotic
stresses
Fi guAckv&nt ages, uses and positive outcomes of LEI
details are given in the text.
Effects of Red, Bl ue, and Green Light on |

Among the various spect f7al0 cnamp eerBddrutesncifO Alnidg
(5800 wmavyel eedptyhsdi stinct roles in shaping pl
secondary (rRetgaub ®ei8spmt studies have provided

of these | ight spectra, i mproving our under
pl ant productivity [3BRcontrolled environment
Red | ight i's pri mar ialaynha bmakibregl ibty Ircihd holryo pd
photosynt hesi s. Phytochrome photoreceptRors (
anBRlI i ght, modul ating photomorphogenic respc
avoidapcelf is <crucial for many stages of t
germi nati on, growth of st ems, fl oweri ng, t o
enhances | eaf expansi olnatainadn .o vWhren | u shae d miars sc

Rhi ght can optimize photosynthetic efficie

regul atliiognh.t Readn st i mul atel ealdi ndi viosi omgand |

st ems, and also | arger | eaf areas combined w
traits in someb5dul fTheatinareRayBRe®emshhf tawesen i n
shade avoidance responses, | eadi omggtbabi.oint ¢r a
Bl ue 1 ight i s essenti al for the regul ati on

synt hesi s. Cryptochromes (cryl Badnidghctr yr2e)c egpontd
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control devel opment al responses such as | ea
enhanced chloropl ast mov é&fentStuadi eept inmalcat |
enhances the production of secondary metabol
provide photoprotection and cont rBlhuwthea tianpplo
water use efficiency by regul Blti gBdti,gthd md teanld

reduce cell el ongopaconandesulutridiyg pilmnte stru
beneficial for indoor cultivatio®d®fwhere exce
The complexity is increased by the fact that

used. Uwmdv kleemptdmer ous s ttuhdahesibilaele sdownef f e
and root growblhchpwd sftotaeg mhi n@ggr eesi on gmdB]ext
However, thisdeamxdndeanti samspealisecs vari es accor (
bl ue region is present in the spectriwmmtamad et
el ongati onomotué¢d &dHe P shade avoi dREncgehr]ldsipor
tomato plant stem emol onBlaitglhhtn [gBllaamwtni ty be d

The combiBnaantRilamghdaf i s widely wused in horticu
bal anced growt h, opti mal photosynthesi s, and
Bl ight has been associated with increased an

guality of6lkdible plants |

Gr e(e@)i ght has traditionally been considered
absorption by chl orophyblilodl ojoymwmeevear at i ent hos
to this spleeReoemnt egesnaarCGlh gshug gpeesntest rtah eets d
ti ssuanBlhiaght , playing a cruci al role in |
whod &@&nopy pho@pPpsy@rnéaersilsi ght can modul ate sh
mor phol ogy byt hi ndRoatnh ¢ 1 igshi¢gg nwaplaltihmgay s, ,f owi ae x

cryptodépemde niel | as-i aodg ptadkehaMmaviatyisdlniad H ty ,
can reduce stress responses in pbhRecdugt ioavm
HOoand MDA content related to increased SOD
seedlings undetr 6d6rjought conditions

Studies have demonstrated that supplementing
bi omass production, particularly in mudp.il ay
The effect of tah ewaevfedreen,gtnhoti suni f orm but r at h
of other components of the spectprautnh vibdnge don t
region of radiation has an i mportant rol e i

region is influential in vegetative developm

17



iI's not raqui rtehck [g&&]e.n region controls adapt.|
conditions.

From what is currentl,y iav aiisl acbll¢ea g ot hoautrt ekhneocy
compl ex network of di stpian dtawaalrsd havernlhap kinogvl
so far needs 1t ®vibewlkhben fLiEEDmetde cohrnol ogyt aafl t hi

science for t he progress of wn dtdlrest apgi ng a
potentialities.

I

Contr-ehvedonment agriculture, optimizing th
essential for maximizing plant RamBidiught vhas I
wi dely adopaeedigr ¢\ #tDh syst ems, as it provic

efficiency and morphol ogical control

By manipulating |l ight spec#tmua,e mdaamdr oghreorwsd he
achieve specific agronomiBl iggphatl spr ¢cpor teixocansp
secondary metabolite production in metwli e nal
ratios can optimize biomass accumul ation in
beneficial in meatéemsayereocstutevani oor myl i ght

canopy [6hading

The effects of red, bl ue, and green |ight

interconnected. While red Ilight 1s a primar)
plays a cruci al role in stomacampacectgudgrad wtom.
l' i ght, though | ess studied, contributes to d
mi tigation. Understanding these spectral I nf
strategi es f ofri csiuesnttaipnladbrnte parnodd vecft.i on i n con
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1 photosynthesis

: ]
plant growth source to sink
carbohydrate

nutritional 1 transport

uality 1 growth of

stems and root

net photosynthesis and 1

photochemical efficiency U seed germination,
flowering, fruiting

gaseous exchange 1 = growth ad‘allptation
an

secondary metabolis U S
photosynthesis in
lower parts of canopy

vegetative growth 1
and leaves

growth of U l 1 defense to biotic
or abiotic stresses

stems and root

Fi gBAedi agramhehpwiarsghbleéfects of monochromatic
their combination on .[CIra@amathegirpsmt/h/ BinadR edredveer! . ocponme n

Towards sustainable agriculture: the exchange between scientists and farmers

The transition t owarredcse sssuisttaati ensa bd ed yaga micau | & ru
knowl edge between farmers and scientists. T
research with practical insights but also enmn
practices.

Hi storically, agricultural knowledge transfe
unidirectionally from researchers to far mer s
experiential knowl edge t havti rfoanrnmeenrtss paonsds ecsrso f
Recognizing this, contemporary framewor ks he
emphasize facilitation, participati[dolh, and s
A study analyzing a coll aborative pastoral

scientists revealed the strength of decentra

analysis highlighted the | mppertiaenrceee sofi nprh wi
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rating farmers i nfor mal knowl edge a
tive pathways towards sustainable agr
tization of expertisasihusthencemphds
egrating diverse knowledge systems. T
of knowledge and bridges the divide b
c underwsrnalndshlgt eorhs cange Iri ccaigot ma, bi di r ec
e of knowl edge between farmers and s
tur e. Such <coll aboration | everages tl
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Simple Summary: Light-emitting diodes (LEDs) offer several advantages compared to conventional
light sources, These systems are considered environmentally friendly tools to improve plant product
quality. Controlling the light environment using this technology has shown positive effects, such as
the potential to enhance plant photosynthesis and productivity, modulate the synthesis of bicactive
compounds, extend the shelf life of fruits and vegetables, and increase resistance to biotic and abiotic
stress. Among others, the possibility of using a narrow-band spectrum allows us to investigate the
effects of single monochromatic light. In this study, we evaluated changes in some of the biometrical
and biochemical parameters in lentil seedlings (Lens culinaris Medik.) grown under bwo wavelengths
and three light intensities provided by LED lamps. Red light proved to have a strong effect on
seedling elongation. In contrast, blue light affected the content of some bicactive compounds and
enzymes. Research in plant-LED light interaction can provide insights for applications in agricultural
conditions or indoor cultivations and contribute to understanding how light regulates plant growth
and development.

Abstract: Light-emitting diodes are an attractive tool for improving the vield and quality of plant
products. This study investigated the effect of different light intensity and spectral composition
on the growth, bicactive compound content, and antioxidant metabolism of lentil (Lens culinaris
Medik.) seedlings after 3 and 5 days of LED treatment. Two monochromatic light quality = three
light intensity treatments wene tested: ned light (RL) and blue light (BL) at photosynthetic photon
flux density (PPFD) of 100, 300, and 500 umol m~2 s~ 1. Both light quality and intensity did not affect
germination. At both harvest times, the length of seedling growth under BL appeared to decrease,
while RL stimulated the growth with an average increase of 26.7% and 62% compared to BL and
seedlings grown in the darkness (ID). A significant blue light effect was detected on ascorbate reduced
form, with an average increase of 35% and 50% compared to RL-grown plantlets in the two days of
harvesting, respectively. The content of chlorophyll and carotenoids largely varied according to the
wavelength and inkensity applied and the age of the seedlings. Lipid peroxidation increased with
increasing light intensity in both treatments, and a strong H2O» formation occurred in BL. These
results suggest that red light can promote the elongation of lentil seedlings, while blue light enhances
the bivactive compounds and the antioxidant responses.

Keywords: Lens aulinaris Medik.; monochromatic LED light; light intensi
thetic pigments; phenols; antioxidant enzymes; biometric parameters
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1. 1ntroducti on

Th interest in fresh sprout products h-as be

conscious consumer s due t o their outstandi n
s h
t h

free amino aci dasn,d arhde arngcaneiacs eaciind sh,i oacti ve

e
n

secondary metabolites such a$lpluSpsiondkataes
ortly after germination when various physi
e

transformation of macromol ecul es into mo

and miner al bi oavailability [1,2]. Sever al

phyt ochemical compound content, and the ant.i
by vémonment al and genetic factors, among wh
sprouting wuswually occurs in the darkness, a
rtificial l i ght sources <coulsd uefiifisanc3e t he n
ight can determine different responses in g
nd pl ant devel opment during the ontogenet.
pecific reception and signaldl phgmepsstembat.i
I fferent l i ght wavelengths and irradiance
hyt ochr omes, whi ch ar er eldnolwinghas rgrciempamy s
hototropin, and the ZTL/ hKRl/ LAARLZalcImps etxh s
resistance | ocBswa8velsersegtntsd t[i&,el1Q@,01lU]V. The
i gments are involved in the photosynthetic

- T W T T o u 9 r 9

n the | ast twbudieesdéscusedeonl the interac
at hways in plants. Due to such iIimplications
sed [11,14].

Nowadays, LED technol ogy has gained signific

cC T

due to the many advantages compared to othe
hig@hessur e nperrecsusruyr, e hs ayehiaulm,d ep bl nmpest BEDs s h o w
and flexible spectral use in ter-meaeofjywavéie
| ower operational cost, |l ow radiant-wheatbanan
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Currently, blue and red | ights are widely wus
hi ghl i ghtsipreggidpecirleEslponses [ 15

Mol ecul ar and physiological studies showed t
gr owt h, even though prolonged meamddlerdo niarteidc
syndromedo characterized by | eaapfacciutryl,i nlge aafn dt h
| eaf pigmentation [20]. On the other hand, n
l ength and chlorophyl | content of several p |
cherry tomat o s[ple/]i,e sanmnd dihfef egreennruts Br assi ca |
play a pivotal role in the regulation of the
Johnson et al. [22] have demonstratedrtulgatl ab

at various PPFD | emell'sm(,f reovne n2 Ot huopu gtho p6r500mo t |
increased PPFD | evel s. On the contrary, the

S
only detected at higher PPFD | evels.

Establishing whether 1|ight intensity may ha
growth and devel opment , and how these effect
still chall enging. Moreover ,efefewctstofdi esglsio
guality on biochemical composition and antio
Based on the above information, the aim of t
red |ight at different intensities on the gr
antioxidant capacities of |l entil seedlings.
Pr-oeal th products, such as | egumes, are Cco0mmc
due to their high nutritional value and ab
antioxidants (e.g., phenol i csryanweivghtami msgt
l engt h) and biochemical parameters (phenol s,
enzymes, and oxidative stress markers) have

1. Materi Med haodd

1. 2PLant Materi al and Growth Conditions

Lenteka(i Madils.) seeds were selected as expe
from the commercial source Alce Nero S.p.A. |
in 0.5% (v/v) sodium hypochlorite 230 luunttiion w
water reached pHO 7f orantdh rseoea kleadurisn wWiHa gent | e

for gas exchange. All actions were perfor med
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spread on the-sprbdtphgterayssedad.5 | 24.5 1

filled with only distilled wait®ergrdwahhs ctwam
germination and growt h. The -enhamhbenrg wilaso deqg U
l amps for | ight treatments. Lentil seeds wel
continuous red (RL) and blue (BL) LED Ilight

the day and ni ght Aaenndp etrhag urr eel amaissy @26h ugné & d It iy
were harvested at 3 and 5 days after sowing
collected and used for biometrical measur eme
put i nea foaigl, papnedi ately frozerm@or |bigawde m

anal ysi s.

1.2LRght Treat ments

Lentil seeds were germinated and grown under
LED |ights at three photosynthetic gnhoot?om f |
slin continuous darkness. The |ight wavelengt
LED) and were provided by LED AE80 | amps ( Aml
for each |l ight source was meas@r &€d (Diet h aa Opiiv
Padova, Iltaly).

1. 2BBometric Measurements

Ten seedlings per treatment were collected a
dry weight (DW) wusing an electronic anal yti c
dried &t@n75anN o2ven until a constant weight w
matter content (DM) was obtained by calcul at

percentage ( %) . For total, aeri al paoiml yand
sampled were analyz®d53%.ing | maged software
1.2CAl orophyll and Carotenoid Contents

The chlorophyl| and carotenoid contents wer ¢

some modi fications. I n detail, 0.5 g of each
centrifuged at 20,0001 g f otrants wds .s plehcet radsh
measured at 645 nm for chlorophyl | a, 662 n
Chl orophyl | (a, b, and a + b) and caroteno

equations:
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Chlegd mL) 11.24 OD662 1 2.04 ODG6.

Chl egh mL)

20.13 OD645 1T 4.19 ODG6
Chls (@/ mLYP)=(7.05 OD662 + 18.09 OD
Caeg/(mL) = (1000 OD470 1T 1.90 Chl a 1

The calcul ated vegl/ ge DWas expressed as

1. 2T6¢t al Phenol s

Tot al phenol s were d@itceaanitneewd mesti magd ,t haes Fporl ¢

Vill ani et al . [ 26] . Phenols content was meé
80% et hanol solution in a 1: 8 cweenitgrhitf/uvgoel du neet
for 10 min, and 0.05 mL of sufermamat ®&ntd5wand
water diilCuobedl Fei neagent. After 3 min, 100
20% (w.LL®WwabBaadded, andntchd amdetomrt ® QBans n i n
The absorbance was spectrophotometrically me
mg of gallic acid equivalent (GAE) on dry we

1. 2A86corbate Pool

For ascorbate (AsA) and dehydroascorbate (DF
was homogenized with four volumes of <cold 5
20,0001 g for 15 min. The r esuA,t ihHA, s ugpred ntaad
(AsA + DHA) accord2npg. to Paciolla et al

1. 2Hydrogen Peroxide and Lipid Peroxidation

Hydr ogen pOgr ocxoindtee n(tH was evaluated according
al . [ 28] with some modifications. The sampl e
0.1% (w/v) trichloroacetic acid (TAK®R)A atndt axle
0.5 mL of supernatant was added to 0.5 mL of
mL of 1 M potassium iodide anpAd iTrhoeu baabtseodr bfam
measur ed spectrophot odetpreiroxlildyat aobn 3#8s nas s
mal ondi al dehyde ( MDA) ciawDtAe rcto mpy eme a awsr idreg ctr
and Kirkham [29]. Pl ant materi al (0.5 g) was
homogenate was cegqtfrarf up@Cmiddn edtnL® ®GI t he su
mi xed with 1 mL of 20% TCA containing 0.5% (
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heat edGatr B® min, quickly cooled in an ice b
min. The absorbance was spectrophotometrical
was corrected by subtracting thei siinsmptecidffil5?

cmwas used to calculate the MDA concentratio

1.2S8l uble Protein and Enzyme Activity Assay

Samples (0.5 g) were grouniHCWiI tbhufffeceur, WdH Bme
M mannitol, 1 mM EDTA, and 0.05% (w/v) cyste

g for 2ACmimeasudgernatant was used for spect:H

and enzymatic activities. The total protein
al bumin as the standard, accordi ngtrtioc Ba sasdd yos
the determinatio®) odanAPODECEC. 1111.1.7) wer
met hod described by Paciolla and coll eagues

was evaluat egdiys mwtldtoimmamgatH 240 nm i mregaof ea-
tot al proteins, 0.1 M phaovs pdr.at Berbaxifceas e pdlc
measur edneu hibkgipAt-MN) &4 substrate. Theegeact
of total proteins, 0.1 M -MNj saAtMetD@itren buf 6
volume of 1 mL. The decr ease -MNM wabss omebaasnucree dd

nm.

1.2S0Patistical Analysis

Three independpht cht ebowecal performed for al
anal yses, means and standard iWelvk att é tn swd N SrD.
the normality of data distribution. whge n , t
ANOVA) , foll owed by Tukeybds post hoc test,

conditions using Minitab software (version 1

were considered st avtalsue cGal0.y05.i gni fi cant at

1. Resul ts

1. 3Efifect of Light on Biometric Parameters

The effect of different | ight qualities and
seedlings are.lshdwmdbéeetillguseed!| ing | engths
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treat ment on both days, stimulating the gro

compared to D and BL. BL showed the | owest v
Overall, the different PPPBY)Yvalfuedhe( BGOne 3OO
LED I ight did not affect seedling growth. At
under BL showed the highest valwue. This tren

hi gher under RLrivresdat daryt., Athebdht lghleast FW va

grown under RL, compared with those grown un
of light intensadly wawselodbsgtrivedNd ogi gni fi cant
bet ween seedlings grown in D and BL, and the

treat ment s.

5 DAS 5 DAS

FigulEffects of LED | ights and darkness on the
darkness (D), blue LED Iight (BL), and red LED I
intensities of 100 (&¥, 300 (b), and 500 (c) Omo
Tabll8Bi ometric parameters of |l entil seedlings at

(RL) or blue (BL) LED at three di'fsf)e raenndd a MR A Bhxls e
(D) .

Parameters
LED Aer i

DA [y PPF Aerial Root L Total Part/% Fw DM
Length (cm) (cm) Lengt ( mg) ( %)
Dar O 1.61 N3.48 N5.00 NO.454 N 100 WN 26. 8 af
10(1.06 N1.59 N2.60 N0.701 N 93 N 25.9 af
Blu 30(1.26 N2.62 N3.92 N0.524 X 93 N 27.8 2R
3 50(1.15 N1.27 N2.42 NO0.927 X 92 N 26. 3 2K
10(1.50 N 4.01 WN5.47 Wo0.377 N 97 N 23.8°P"K
Red 30(1.91 N5.08 N7.02 N0.388 K104  24. 3PN
500(2.09 N5.24 N7.33 N0.385 N 117 N 21.7 K
Dar O 3.16 W6.69 ™N10.12"0.587 WN123 W 18. 7 aR
10(2.57 "5.95 ¥ 8.60 NO.444 N 118 W 19.0 aR
Blu 30(2.03 WN5.93 8.01 N0.384 N115 N 18. 7 2R
5 500(1.94 N5.28 N7.26 N0O0.415 N121 W 19.0 aR
10(5.35 N7.92 N13.2720.678 N 145 N 17. 7 ak
Red 30(5.50 N7.25 aN12.4220.770 N 142 N 15.2 °K
500(4.99 N7.89 N12.7520.757 X145 N 13.0°K
Data are means NI &Dt émns =i 6di.cdDi é¢fehensignificant
on the same day wunder different treatment condit
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1.3CBl orophyll s and Carotenoid Content

At 3 DAS, the hpgagh@hsltandalt wesalf €hl Ghlwer e obt a
in both wavelengths, while the 'Iséwkash? )ev a INwe s
significant difference was found between BL
content of carotenoids reached "2shenhbghbst i
treatments. At 5 DAS®hht gthaelr Clelve,l| samd Carld w
RL30O. | nt er est ipnglme,ntas doecccruerarseed iinn aBlLI wi t h
significant differ embreat iwe r lee-itr netgppem st ileidy h tnr et ahtel

same -gluiaghitty tr®2)t.ment (Tabl e

Tabl &hotosynthetic pigment content of | entil s e
with red (RL) or blue (BL) LED at thr'é¢e) di hifehe
darkness (D).

Photosynthetic Pi'dDwdnt Con

LED
DASLigPPF Chl oroap Chl or obp Cthootraolp Caroten Chab
10C 82. 4 2N 33.723aN 116.23aN 47.923aN 2.46 <
BLU 30C 54.7 PN 21.6 °N 76.3 W 26.5°N 2.54 1
3 50C 90. 4 2N 33.82aN 124.12aN 45.423aN2.69 3
10C 84.12aN 29. 2 2K 113.32 K 39.0°N 2.91 A
RED 30C 64.1°N 22.3°"K 86. 4 "N 29.9 °N 2.88 XN
50C 81.6 2N 31.22aN 112.92 K 39.6 " "N2.61 &
10C 530.6 PN 155.2 °N 685.8bPN 185. 3P R3.44 A
BLU 30C 439.1°N 133.5°N 572.6°N 160.9° R3.28 %N
5 50C 323.3 9N 102.89 K 426. 19N 131.59N3.14 ¢
10C 421.8°N 140.1°N 561.9°N 138. 39 (3.08 7
RED 30C 6316 R 222.92aN 854.52aN 206. 72 R2.84 R
50C 518.0°N 188.6°N 706.6 "N 189.9 P "N2.76 =«
Data are means N SD (n = 4) Different letters i
on the same day wunder different treatment condit
1. 3CBangPkRlsen ml Content
The effect of LED |ight spectra and intensi:t

shown iIlh2 FLgnot el seedlings treated with RL50
i n dar kness ancdonudnidteironost.h elrhel ihghgthest cont ent
Omol?ston the second harvesting day wunder BL.
No significant differences between BL and RL
PPFD (at 5 DAS) were detected. Overall, we
i ncrease, the dry matter cont evret cpoerrced rmatta gen .
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B Darkness
B Blue light
H Redlight

D
g

5
I

Phenol content (mg GAEGDW)
$

0-

0 100 300 500 0 100 300 500
PPFD (>mol m?s™)

Fi gda2Teot al phenolic content at 3 (A) and 5 (B) d

darkness and under blue or red LED"s8't TheeVal oés
expressed as mean N SD (n = 4). Accor-diggi tiocar
di fferences among treatments (p O 0.05).
1.3ChAanges in Ascorbate Pool
The changes in AsA and DHA afterl3LED | ight t
M Darkness M Bluelight B Red light
30007 107 €
3
g"zooo-
§
£
9 1000+
8
3
. 0 100 300 500 100 300 500 0 100 300 500
Darkness Blue light Red light PPFD (>mol m™?s)
30002 10, P
3
\%2000- b
g b
g i h Ch
élooo— : v d l/
: 1 .
2 % 7
2 2
% %

i Z 2
0 100 300 500 100 300 500 0 100 300 500
Darkness Blue light Red light PPFD (>mol m?s?)

Fi ga3fscorbate (AsA) and dehydroascorbate (DHA)
and 5 (B,D) days after sowing (DAS) of Il entil S €
AsA contentm) j nbidae mpbEBahdgheéem) (LDBDAlI cont efpt bhuda
LED l#@yghand redAlTh&Dvaligads &r ex S pr Acddd dd sm@meaon T
test, the samesilgentitfeircsa nitn ddiicfaftetrpdno®éd na ricAn g atnrde g t
|l etters are used for the statistical anal ysis pe
on DHA .content

Lent i | seedlings exposed to | ight showed hi

significant BL effect was detected on ascortk
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and 50% congraovend ploarmRiLl ets i n the two days ol
|l evel s were observéiElatt BdDtOh amar BeDt Otmorhe sm w
than 5 days and with no significative differ
DHA content at 3 DAS did not significantly

exceptLB@OGOthee&®t ment, which showed a | ower v
with increasi.figpei asensbbyeleedbs ratio (AsA/
Il i ght treatments 03@,nD)i.n Gleanrekrnaelsisy , ( Fniog ugieg n i

observed between BL and RL according to the

1.3Lbght I nf0-apdcki pndHPeroxi dation Level s

TheXOHMdontent significantly increased in the :
compared tol4Ah&8)D (Skiegldriemgs grown under BL h
of .OH han those grown wunder RL 20, vAans | meca sewarsead
i ncreasing | ight I ntensity. The highest wval
BL300 at 5 DAS.

_A W Darkness

W Bluelight
B Redlight
20
2
[a]
-
‘o
o)
N
I
S 104 a
IS
b b b
£ b
C
0_
0 100 300 500
C D
g 150
o
‘o
°

=

Qo

o
I

MDA content (nm
o
o
1

0 100 300 500 0 100 300 500

. PPIFD (>mol m? sl'l)

' 3DAS ' ' 5DAS
Fi gddleevel s of hydrogen peroxide (A,B) and || ipid
darkness and under blue or red LED"Zg8ftatl 8&valnd &f
after sowing (DAS). The values are expressed as
|l etters -sndnchteanobndi fferences among treatments
The | evels of ' i pid petdb&,iDl.atAton3 aDAS showde
treat ment s, MDA content was similar and it
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un
I
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on

Di scussi on

e LED I|ligbhangctsgnsitzend kyanmde lsgpteictealay, mdrlro
nochromatic | ight to aclliiegghet ai tedrtaeat iumnd.e
nditions change among plants, swpelci knaowlid
cipeso for agricultural producti on, espec
owt h, devel opment , defence mechani sm, nut |
erefore, in the present sttudy, atnhde iinr felnwse
vel opment, bioactive compounds content, an
r data underlined that I ight quality and i

d biochemical parameters in |lentil seedl in

evaluate the responileuefmdreandhr omeaeteidd | NEHB

the transition from seed to seedling and
mor phophysiological traits of L. culinari s
antity. RL promoted epicotyl el ongati on,

ongation i s mor e rsoiwnn ipfliacrattnsine ithna nR Lh et rdei g h m
s | ower compared -groovrL mlnantDIl, etasids hH divee RLI 0|

average increase in seedling length of 2¢
ade avoidéan&e PYWSWHES)mME S8 1] . Low total I i ght
pectr al composition) are responsible for

oidance mechani smdg diasred olnisghlter edt iao,] owe @ B«
i gg¢RB8B2SBS8]. The phenotype observed wunder 1
rect effect of this wavelength on the el on
ssing blue Iight. Al so, |l i ghtcei wtean aist il @ ani

nditions a#hdkeripheent gp8AShrough the invo

|l e deserves further investigation.
|l ative to fresh weight only with RL, an i1
termined by a rise in protein content, sug

ter content augmenting,ttasr slupporfteuwn dyi n hi
der RL. Fast growth and increased water <co
ght on the water uptake and activation of
the cel |Iccensonngpattiioomm ocafndst or age nutrients.
mpared to blue Ilight, for which a promoter

enzymatic antioxidants. Relative to RL, t
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explained by xXObtlhevelerandtimg IHower AsA conter

activity. This might cause | ipid membrane pe
However, no visible symptom of suffering in
RL(CFigure 1).

At 3 DAS, I n RL, the root was | onger, S howi
devel opment of root apparatus. At 5 DAS, und
the aeri al part, as confirmedImydetele itmer apgp
first |l eaves photosynthesizing and increasin

and sugar production balanced the growth pr«
| ower aerial spmparte/dr caott 5 aDA® wmder BL treat
wavelength has an inhibitory effect on plant
A bluegerbimgphi ng effect was observed on most
compared to darkness and red I ight. BL ind
ascorbat@®comanentHs . R gOgrwatr idli in@mgi ntgh ee nkz y me s, CA"
di fferently modul ated by |l ight quality and ¢
increased in BL (higher astatbPAStewasumdgeit on
during |lighting Oiame .l cletnctiosa tkinoomsn (tphlaat’r2Hs c a |
I 510Mm) plays a key role in regulating plant
signal transduction [34, 35]. I n addition, t
contributed t-tooxiad nltaveli srgi momsel| Usi [ Bé&ed7hs
el ectron do®drmtido Hhedheerldacti on catalyzed b
[ 38] .

On the other hand, it is known that 1|ight st
the expression of genes involved in the ascc
GDR-gal actose phosphoryl ase (M&Gh)y [whd]c.h Hawgeu
ascorbic biosynthesis are stild]l poorly wunder
BL can affect the ascorbate biosynthesis by
as a negati ve tree gouloastyonrt hoefs iass choyr ibanhi bi ti ng t
content of AsA in |lentil seedlings grown unoc¢

promoting the production of this antioxidan

akectted the cell redox state of AsA (AsA/ AsA
i mbal ance.

I n the I|literature, it i's reported that BL
carotenoid and chlorophyl |l content [41,42].
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appeared i mportant for photosynthetic pigme
content | argely depended on the intensity ap
gualities. This trend suggestRd tibatdipheremed

depending on the quality and quantity of |
single and matched, could contribute to ide
i ncrease the photedsynthetic pigment | e

Phenolic compounds represent a broad group o
t hat participate in response to | ight fluct

metabolites is affected maidmsl yaclhy alsi gihtot opX ,C

antioxidant compounds [44]. Swieca et al . [4
seedlings grown under continuous | ight decre
from those odltatienede dgdloiimgest.i Some ot her stud
synthesis of phenol compounds as compared to
phenol content l ncreases, but this also dep
exopsure [47]. I n the earlier stage of devel oy
not reconfirmed in the older seedlings. Il ns

intensity ?650@m@mgledm underli viemy tSkatsiphemr:d
irradiance. At this growth stage, l ent i | pl a

flow for this secondary metabolite pathway.

1. Eoncl usi on

Light quality (spectral composition), guant i
days, seasonal variations, and geographic 1| o
the combined effect of | ieghtodgualuicthy ,a si rsriandc
effects, on plant gr owt h, devel opment , and
Therefore, in this study, we analyzed the &ef
intensities 00 10Msgt( 83O, mamaodchromatic |ight
intensities treatments | continuous |lighting
of lentil seedlings at the early growth st ac

whi chalbkeynwepositively influencenenwyznwvamatci d a(sR®
and phenols) antioxidant components. Red | ic¢
parameters (Il ength and fresh weiagrhites wihtoh ots

and irradiance of |ight, al so depending on s
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from this work and therefore the highlightec

by contrast those of red |ight on the morpho!
of the action of the | i gnhtt ntaocnhdiinteiroyn sa nuds eodn
modi fications, i nvestigating the action of

usef ul to improve the sustainability and ef
understandi ngnofoft lpd asmdasptteot di fferent | i ghti
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Abstract

Light intensity and spectrum affectbhughatams yan
cause photooxidative str egsgs gawedciansgcdaudleatoef sar
respolrhsees.ed and bdpectrregmoarse odedihei ve for t
process iannd,het hhuest,abol i sm due to the absorpt
t he perception byLi gehnei t p h o ¢ oLr BeDcpedpd solglsd vins g

exper i meunstiinngg a narrow band spectrum for th
monoc hr oméhtei cp ulripgohste otfo tehliusc iwdoartke whaosw di f f er

i nfl uence physiological and biochemi cBile par
effects-bahdndllan@aw RELED | i ghts at i nterrmolties
m2?s'(two |ight qualities I three |light intenst
bi ochemical, and mol ecrulyarg rcohvatfrha tdet@angesst | £ B n &

Medi k.3gnaveB teaidg-alt f ect eado mpthewrditi Nlee hi ghesssivahu
ascogbatat hi onegepEeArRX,endMhy R, and DHAR) an
activityexlreinkeirtadrdeysipiogBkes eienl.l Advgasn c e d vascul e
devel opment (notably xylem differentiation)
at the micToscopier playl bet ween | ight condi't
complexmuaintiahdcatfddcts the corrnebergroweéeh it

understandingmoae ebhitci dbnut ectop producti on

Keywolke@mstielns ( cMeidmani)$ oxi dantrse;d Hliugehtl] iignhtte;n

enzyme activity; gene expression; anat omy
XNo light LED light
_ * Anatomical characteristics

* Bioactive compounds

« Activities and gene expression of

antioxidant enzyme

O‘M

Darkness | Red (630 nm) Blue (470 nm)

« Redox state indexes

Created in BioRender.com biv|

Schematic representation of the exp
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2. Introducti on

Sunlight radiation is a fundament al ecol ogi c
l i ght energy is converted into useful <chemioc
the trophic network, ultimaetelestirnfalluamdi ag U
I n photosynthetic organi sms, sunlight i s the
environmental signal that regulates various
pl ant s, t he greguh atainodn doefvel opment al patte
phot omor phogenesis [1; 2], encompassing vario
such as germination, seedling establishment,
alll aegd by Ilight. Latitude, seasonal and da
pl ant communities) affect the spectral compoc
radiation, consequently i mPlaant srxgha@Vvandv @lr\oaev
mechanisms to sense and adapt to sunlight
photosynthesis [3].

Li gdhrti ven responses <can influence primary a
significant tFroai tisnsstuacnhc eas whiidled.in nature, t
advantage to maxi midcet rliimertt eclapttarryi,elid icmna
Light also affects secondary metabol iGinv ery i
the role of |light composition in plant biolo
gained more at t-emuiiroconmenntc oangtrriocluletdur e ( CEA)
turned ouetmitthhatngl idghotdef ¢ LEB)y titeictinal obgyght.

environmentally friendly andheconcmi carly fa
great tool for a deeper FhndelLE£tDan ¢ir mayfifaifec i @dnma
alternative to conventional | i-ghds gr s oo ctiels!
met al halide (MH), and incandescent (I NC) | a
radi ant hheoartt)e, r hoapveer ag i on al | i fespans, and
mercury, posing environmkeBDaldevi eks duson@f
advantage of tailoring I ight spectra and in

research and smart aAaQfheulatdwraemt agpbki odt iLoEnDss
reversed commerci al demand, increasing adop

t echnoad otgrieensd expe[cdt]eed to continue
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Light quality (wavelength or spectral compos
significant roles in adjusting overal/l pl an

specificity of photobiologistcalmiamnalgysi ghduee

l ndeed, many studies have investigated pl al
phototropi sm, phot omorphogenesi s, and photor
i ncluding combinations of | i ghti glpaaltirteyat anecht
experimented with in conjunction with abiot]i
how plants respond to cdmgl exomdmnwiat o mme rotf a lr
synergistically aFofrecitnss tpal nacnet, atrhceh istyencetrugries.t i
on plant archi t-;kecdwmenthad.e Peleoctwiend appropr
ornament al pl ant production can stimul ate br

leedi ng to desitedilidr phed¢to@appegipeumliannseend!| i |
mi xed red and blue | ight altered plant photo
l i ght and monochromatic bl ues oirn rleidg hiti gihntt e[ nl
pl ant metabolism and | ead to variation in th
( ROS) formati on and OHnhieoxddangts aevieal t yt hp
reprogramming in plants coulldi @lctdelsdshwist-hliing hs
associated redox control may | mprove stress
bet ween the activation of some antioxidant e
synthesHsgh Light (HH.) and drought [ 13;

The aim of this study, in addition to examin
wavel engt hs) and intemabki my | ( $0.0e)n sd ocOMleadanthd) li 5
seedlings growth, is to understand whether t
if stress has occurred, to measure and compa

machi mer yaddr ess t hesmez ygnada sitci oarst, i oxamdant s (
glutathione (GluaBOh) onreexd BEdldk dg ghdt at hi one (

enzymatic activity, transcriptional |l evel s o
changes were investigated.

These result s, alongside published and futur
envi r otnanetnh esi r n eeendhsa,n cp ontge nctrioapl lyyi el ds, qual.i
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2. Materials and Met hods

2.2PLant materials, growth conditions, and |

Commer ci al Lleerst iclJul wenmd s 1866 e dSeierd st lhwieg essesdud pf ma C ¢
a 0.5% (v/v) sodium hypochlorite solution f
(dH20) andi mbiibreddi still ed water under agiAlkti on
procewderceas ri eédr ottitom dir eAdtt eri ghmbi dPoti oas .
ger mi nat ed angprgouwtwinng nt rsaeyesd ( 32.5 x 24.5 X
filled withThdhestrlhlysdiweaa ecpdnatcreadl | ed cl i mat
temperat60&8 avtdabbve humidity.

Germi nati on anwle rse eadd n chigw e dobvet hd lipieg@lstr A he s o
l ight sources, with thredé RlLbdagktwaméleé@®GHritdym)t r
bl ue ( Boegahkt wawate | 8 Aabtt hpphhot osynt heti ¢ photon f
300, aamol!|eM( Takle A quadratic apipglhite ds hdaupriinr
phot omerti dd 24/ 0hk (dghitnhnghsystem consi stec

El ettronica S. re.eld.s, w\ircee nazlas,o Igtraolwn) .i nS c o mp |
environmental conditions.

Sampling for analysis was performed at the p
( DAS) , equal to the days after treat ment (|

i mmedi ately frozen i ni80AGu utdhtenri taf risgleyns iasmn.d st

Tab2lExperi ment al setup: harvesting days, treatn
intensity expressed in Photosynthetic Photon FIlu
Day of har ve ~Light intens

(after the tr Treatmen (emo | s

Dar k (D) 0

100

Bl ue LED | 300

375 500

100

Red LED I i 300

500

2.2D2termination of Proline Content
Proline content in |l entil seedlings was6] ,qguan

wi th mddigfhitcati ons. Approximately 0.5 g of p
using a chilled mortsad wndhpesett evolt hmas hoino
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acid. The homogenat egfwars T emitnuitfageat a4AG., 19
the resulting supernatant was combined with
mi xture containing 1% (w/v) ninhydrin in 60%
water bathndornr henhoapi dly cooled on ice for
Absorbance was measured at 520 nNnm wusing a
calcul ated wusing a sLtparnod a rnde caunrdv ee xpprreepsasreedd av
( DW) .

2.2Q8antification and Redox State of Glutath

A colourimetric asssaytwasglfotlt abwiednd opamnla.l y
ground in liquidhnilitiedgenmraosairngnadpwet hecolt
(w/ v) met aphosphorobt aicn dedap reatt diardit s at The t b
centrifugedfart 2%, Mi0Muties at 4AC. The resul't
used to measure reduced glutathione (GSH) | ¢

met hod described bylJPaciolla and coll eagues

2. 2AdcorHaitteat hi one Cycl e Enzymes Assays

Enzyme activities were determined spectrophc
Reductase (DHAR, EC 1.8.5.1) and Monodehydr ¢
batches of seedlings (~0.5 g) wertagranddpes
ground tissuwed waist lhofmowgre ni oiHCmeexbf ab0i mN BuUi
supplemented with 0.3 M mannitol, 1 mM EDTA,
homogenate was cegftori fagesi mt 2A8AC008&nd t he r
were collected for total soluble protein det
was measured accordihiy, twsithmg Bowawdhergdememhal
DHAR activity was measured spectrophotometr.i
265 nm (extinctilom caerdféexpeassddadglaomonmdln.AsT
reaction mixture contained 50 Og of total pr
buffer (pH 6.0).

MDHAR activity was assayed a$yVdesori bwdndpyt R
in absorbance at 340 nmldnm@xtanndc teixopnr ecsoseefdf iacsi
mi'tmdiprotein. The reaction mixture contained
mM AsA, one unit of AsA oxidase (Sigma Al dri c
acetate buffer (pH 8.0).
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Ascorbate peroxidase (APX, EC 1.11.1.11) act
by Nakano and Asada, 1WwWithhel eghtraomodohi baff
sodium phosphate buffer (pH 7.0), 0.25 mM ED
The homogenate was gd®mt rli5f ungemdit @®ts B8, GO, ar
used for protein determihatreactindneway mamnhi tC
HOoand 35 mM atsac otribe cermzxzy deanax ir efalcd i mea anti ixon
contained 25 mM sodium phosphate buffer (pt
absorbance at 290 nm over 1 min was —recorde
extinction coéddnamncd eextprods 2e d7 @amdimmot e iAs Ao x |

2. 2E8pression AMCR ysis by qgRT

Tot al RNA was isolated from batches of seed
Hi l den, Germany) as described ish™)t haen du sgeura | mat
calculating the A260/ A280 ratio, for which a
were wevaluated spectrophotometrically at 2 ¢
Ger many) . The RNA integrpayt wats tObéesmmpkdst
gel . Tshter afnidr scDNA synt heérei sSupdgVSalointe t UBH exrgmo
foll owing the man@RPECRU warsd s eirrd otr Mmeat iucsn sn.g

Green PCR kit (Qiagen) accordi ne¢ CtRo rtelaec t maomus
amplified as foll ows: 95 AC for 15 min, foll
and 72 AC TORABOOFX Conned®tadsy Hteemu( Risq CA,

for t heThkdcaPmaQBAdusekeeping gene was selecte
egeri ments, no template controls were also

nor seadl it Datekxkepr essi on usi NF®médtehabd.mpAlrlati eac
performed.Tihne tpriipmheircsatiesed i n thislstddyawér
202dnd pubfiEvdledat non and characterization o
pl ant @Pod¢losa@aUniThessist y)[2F hBafiul] l 2@24ation i

Referencédbessetuences are as foll ows:

APXor waTTdGCTGTTGAGGT CAWLEFGEE CTRGATCACTAAGCCCCH/
MDHAR Fo+{GWLGA TGGTGATGTT GCITACA C (RReAVGATSTEGT CGC CAT
DHAR FOo{TWAICLCTCAAGGAAAATGGCGOEGCCRAVEGT B@GAATGACAT

ACT FoOoiGWAICLCACAATGTTCCCTAGT,CTREL\CENITSTEGCAAT CCAC
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2. 2Afat omi cal Structure Sampling and Observa

The stem anddagolodt sl eonft ifli vpoel a5nt s fr om each tr

fragment s. Spleocsg@gmaht g, wetr&r teimmcg skd¢em above
rostdamansition zone, to inthadeallmpt Bs swe me a
through a graded alcohol series and embedd

We hr hei m, Germahyyyoxpaesagl omehacryl ate ( GM/
DML S, Leica Microsystemswi Wht al dr gi Gat maamger
was used f or eebrsbeerdvdaetdi osnasmp | Reess iwe r €  sne cutsiionnge c
a rotary miRM>bS bdne grceistzai ned with Toluidin
O6Brien e?l] adand(Pa6HKeR[.etMoarlp.h o(nmedt8r2i)c [par amet

using tshaercpemnal ytical software | maged. Me
sectional di amet esresc,t i sothearh amrde arso tCSCAr)gs sxy | el
me an vessel d umemnalareassaln | umsectairemal biar
Vul nerability I ndex

2.2S7atistical analysis

For each parameter i nvestigated, a test f ol

homogeneity of théeWirlehplWctheées. wibeuSbddpitoode
the data di swtayi mwtail yrs.i SA odne areidamwdag . ( AMNOVA)M
means of the different treatments (comparis
di fference (HSD) post hoc test was run. Lett
significantly difdemenuiusi Md | GraanmH BFasdk sPrwiegm 9
San Diegoww@Agr dfhApad. com

2. Resul t s

2.3PLoline accumul ation in response to |ight

Proline is |Ilinked to the preservation of <cel
2)1lindicate that the amount of this osmolyte
hi gher | evel s observed in seedlings grown ul
dar kness. Further mor e, pr o, isnteowiervge |l & siagn ief
during(8rdekhpost haocompagt sfamm )AADIttaispRIBewD o f
Omo | m | s I, no significant di fferences 1in

treat ments on either harvesting day. However
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the blue Iight treatment induced a greater

Proline |l evels éapebdeed pattentmenswityh the |
Omol m | s 1, intermediat ehivgahlewsets aat 530000 sOdmoc
trend was more pronounced under blue | ight.
15000 O 3 DAT
I a O 5DAT
3z i h b :
o 1
gloooo- . L L
§ - o] b ; . b
= e ol bo
ESOOO—
£ |
° 0 |lOO 300 500 l(I)O 300 500
Dark Blue light Red light
Treatments
Figarw®f fects of dark and Ilight conditions on pro
treat ment ( DAT) . Data are presented as means N
usi ngquaghn&dNOVA with a posttbhos TuokégaHS8Dstasi stLe
0.05. Greek |l etters are used for the statistical
one run on 5 DAT. Dark, compl ete dar&r rdcoammdi tBil aures
LED I'ight (PPFD = 100, 300,ba5n0d0)Re dReldED ilgihgtht s(oA
500) .
2. 3GRutathione pool wvariation under | ight tr
The effects of Il i ght emalyimay i anant nbehdahny
measuring the glutathione pool content .- On d
dependent trend, with GSH cont @&amoldentr]e assiin,g

GSSG content foll owed the remoler sne ] pat2i) ¢A n F
Consequentl vy, the GSH/ GIuTOT ratio was redu

i ntensities compared to twdhtti omd eofmed 6 %t andnt

l ight and 48% and 64% under red | ight, respe

in darkness was comparembl emtp shdse observed
On day 5, |l ight exposure |l ed to an accumul af
i ncreased, whereas GSSG | eveB)s. rfeovai me@tdh rleil @

the | owest values o0E&EmodSHmM werse 1r,e ciomntdsardrheadn dltO¢
s T, and the hgngohesm |vasl ule.s Aactr 05560 al | treat
i ndicated a gogtHutaetdbxostapeobf t he

59



A B GSH I GSSG B3 Dark B3 Bluelight B3 Red light

s . 1
0 £ L
H‘m-a § wod Oovs T
2 8 ao00 S o g be
23 n a g; AB A s — 0.6 b
3 ! s P B B B o <
=5 b 6o ' “op000r =
sg o» o G ol
ggzooo 2 %3 ?) q 4
ge > cd [ R—" ©
g 4 i d L2 02f
)
Park Bluelight Red light PPFD (emol m2s?) PPFD (emol m2s)
B
600 800( 1.0
S A
2 £ L oat -
gg b g 6000} B -E I be e be l kS
ii::g ¢ g F‘gaooo— 7 [ c é T g
8% \ & Eo o 5
gs v v e o o 2 o
Ee ° - T 4_9 2000 z ©
g 2 0.2t
G > H
T T T 0.0! T T T
0 100 300 500 100 300 500 0 100 300 500 0 100 300 500
Dark Blue light Red light PPFD (emol m2s™) PPFD (emol m2s)
Fig@2a2@Ghanges in glutathione pool in lentil seedl]l
or cont i-nnawwrucse sloER | ighting in the Red or Blue w
500mod m | s T). Panels €A)santt B8Bandeprdagsat amee
From the | eft to the right, GSH and GSSG content
of GSH to total glutathione contenter.eDtatlae tatreer
statistically significant di fferences between v
comparison test. GSH, reduced glutathione; GSSG,
compl ete dar&nesBl dasPbFiDgtre-basdd @8Wwue LED | ight (F
500) ; Re ds oluirgchetb,a asdorl®evd LED | ight (PPFD = 100, 3

2. 3A8tivity and Ex®tesatdn oo Aycodbrb&hey mes

The enzymatic activities of APX, MDHAR, and
corresponding genesglimtvat vieaneé ncy dhlee aswerdaa
gr own und-kandnakrglwt cd3n)d.i t Bloms I Fg gt consi
predomi nant effect on both enzymatic activit
no significant differences were observed bet
For MDHAR and DHAR, enzymatic activity and ¢

day 3, blue I i ght significantly enhanced bot
red | ight. By day 5, no signadicheervdedfbete
treat meremel atn B0® T, whereas blue |l ight r em:
l i ght intensities. I nterestingly, gemeel em pjr e
s T but was conmpaxfedd! en tjo srefd | i ght a
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i ga@3ef fects of the dark and I ight conditi
|l utathi one cycle and related gene expression.
PX (D), MDHAR ( E) , and DHARTr(eH) ade Be aenxdp r5e sdsaiyos
|l eft and right in the graphs, respectivel y).
ndicate statistically significant di
ulptie comparison test. Lowercase and
ame ti me. AP X, ascorbate peroxi dase;
ehydroascorbate reductase. Dar k,,
lue LED I ight (PPFD = -sldWr, c 300 d r58edd ; L RR dl il g gth t
00, 500).



APX activity was altiegh ereeidd ilnigghtt han i n t hose

pronounced response under bl ue 1 ight. Howev
bet ween blue asmblrend || isght emad | dFy0s3 T aAwach ol ;@ r |
conditionsi,ndbkced highter tMRHARTr aptdi dHAIR laey
decreased from day 3 to day 5 off Sydawt poswhih
for multiple compa&hlisohisghtdaitat @osi tsjholwad a
the |ight spectrum played a dominantepehdent
trend was evident.

2. 3E##fect of Light Treatments on the Anat omi
Figures 2.6 and t2heg,tnramspween s orred @it ¢ganlm swmit @k @ s
l entishndt gmotwa i n dar bhees dadgdetesidewn i n tr
sectionh}ps?7 (Fhg.root exterior of all seedlings
a singlecelldwerproofnounced predomi nancwaldfedt |
parenchymatous cell s, and the stele. No air
tissue, and the cells were roughly isodgdhtamet
treatments. The st elye 1a0c% ooufn ttehdes fdaott iaal p@dooodir re
roots (data not shown). The transversesesdect i
by three protoxylem arms and a metaxylem reg
clearly dist2.BYui sAmakloeni cRilg.di fferences bet
within the stele, particul arl y iXyltehme edegrea
arranged in a triarch pattern weyr eunddesrt i megd
treat ment “asta 5f0Wl IOymodevrel oped metaxyl em wer e
parenchyma cell s or met axylem vessels und e
aerenchymatous spaces were noted at the cent
m g T 2(.E7) g.

Focusing on the differtehset empaflami c&l Crpesshsd we
sectional area under the darkness treat ment
While for the numbesighikXxvcemtvds$éksences w
gualities of |l ight at the same iIintensity, fc
area red | ight gav®&abBeghem taeulrtoott.Ramt lolnd ¢
cresesti onal adieaamestheorweadndno signi ficant wvari a
Red500, which displayed the highest values,
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parameters. The total Vessel Lumen?g#yr eian sawtaesa ¢
there was no variation across the other trea
A significant variation in the number of xyl
i n seedl| ngs treated with dark and red | i gl
Comparitshemsr @edul ts concerningfthdeMsamr mMVande
are shown in Table 2.2 andhenREIlgures @i 4t Ai
l umesn shown | nFiFg.B5 r2e dp eBc taindelaypwatOCGomceal niamg &

of t he vshlielm

condiendohs ght

treat ment

Ibsgmtotdse gni fi cantly

af f @axrtk xvyl

promot(EelRi d.ar.ed) xXyAs

from rootan dae¢ apbsérved thatemoédshl edht ot he a
variability in the size of vessel | umem?’s and
(metaxylematic vessel s) compared to dark a

di stri buttrieoant.e dD asreke d | ngs exhi biigtetde ast neadl |seere c
di spl ayed -siinzteedr nveedsisaetles. These findissgsd oinn dif:
the structure the xylematic vessels and t
Tabl &An2at2mi cal ptaemmaeatc risn olfsgretrimi nae¢ ed!| iamgl gr owl
dar komressnder Bl ue and Red LED light for 5 days.
PPFD Crosssectional Crosssectional Mean Vessel Total Vessel
] Xylem Vessel
Treatments (umol Diameter Area Nummb Lumen Area Lumen Area
umbper
m?s?) (mm) (mm?) (um?) (um?)
Dark 0 1.05+ 0.062 0.82+0.062  29.43+ 3.55¢ 66.96+ 9.46%®  1978.08+ 307.23%
100  0.96+0.08%  0.53+0.06%  29.50+3.21° 51.80+2.86°  1528.68+ 194.53¢
s BluelLight 300 1.00+0.102 0.72+0.17°  37.50£3.79°  48.77+6.52°  1820.83t 227.58
= 500  0.91+0.082  0.55+0.07%  46.00+8.52%  50.75+4.42° 2306.52+ 211.08°
® 100 1.02+0.082  0.68+0.08*  37.40+2.79°  85.16+22.80° 3122.27+654.68
Red Light 300  0.99+0.07%  0.62+0.10°®  35.00+7.24°  77.19+17.73%  2702.29t 844.29
500  0.94+0.102 0.53+0.09°  57.67+12.582  76.77+14.36%  4352.24+787.212
Dark 0 0.78+ 0.08 0.49 +0.09*  42.50 +4.95 43.67+9.12  1841.17 +257.19
100  0.77+0.08 043+0.09  26.50+2.27 57.83+13.94% 1542.99 +454.0%
55 Bluelight 300 081+ 0.05°  0.49+0.02 2529+41(%  70.52+14.97° 1783.86 +473.49
o} 500 0.78 +0.1% 0.43+0.07  23.33+46FP  79.71+19.3% 1841.96 +620.18
x 100  0.74 +0.09 043+0.04#  36.75+538  56.97+9.8%¢  2081.98 +424.98
Red Light 300  0.72+0.07 042+0.04#  37.38+532  56.75+8.77¢ 2107.52 +381.68
500  0.89 +0.09 0.64+0.1*  38.67+6.5%  139.75+34.95 5356.99 + 1477.88
Data are presented as means N St Dev. , n = 5. D

significant differences between val uceossmp(apr i<s oOn. 0t5
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epidermis

transverse section:

Fi gdilei ght microscope view of

B)Bl ue (C, D, E) , and Red (F, G, H) treat ment

al phabetical sequence reflects increasing |ight
represent 10Mmpl 3M0)] anthtGOwhri kel e I1G,g and H cor
50mod m | s T wunder red | ight.
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2. Di scussi on

Light regulates plant physiology through t he

factors. However, undergytoawrt chi ragh dh adve vieil gplptmeand
external changes remains a complex chall enge
plant early growth patterns to |ight and the

and ant i onxs edsa,ntwlfiecshp essppeecciifeisc .

Theement study i nvédiet iagpaptl @ £ att h eone foff & reftwanwt d fn u C

LEDsBl ue and Red) lig#d®niong 38@mothfmsthe 800 erygehsat {1
early devel opment of Il entil eswaldikdoggsomandf atl
guality and quantity on |l entil gr owt h, anat

i nvesjtwihgdhperd | i ne cont e nanidtogxliudtaattidvebhneet aptoeoj!l v i
of some (APXy meaDHAR, and DHAR) and gene expr
antioxidant responses.

Our resul troldmewltetvaetl sp were significantly ir
accumul ation in seedl itrhgasal aerxkpiobseesde utmaud farnt i ik ¢

osmol gteften a rceoxnpmonsentso dtwsesho steedtd | NYc @A

Omo | m ) s T, no significant differences we
However, at the |l owest (100 Omol m | Isi ght ar
i nduaareod e sigac@mehkhati on than red | ight- Pro

dependent pattern, peaking at 500 Omol m | s
On day 3, the GSH/ Gl uTCQdle preant d epb éei xbhg ebhn d weeds ta na t

500 Omol m | s T, and the highest in the mi(
i mbal ance at these intensities, particul ar |l
increased with G33®Gtr @ mdiemesd t gyt alwlhe.l eThe GSH
good redox state across all treatments. This

rat her than wavel engt h.

Whil e proline and glutaddpemeenteypganthte@elicra,atd i
(AP X, MDHAR, DHAR) and gene-glextpatlsisoma ¢ N
predominantl iyglaf.fGemntl aitl ¥ Wy, bl ue | ight had a
l i IDIHAR and DHAR activity and transcription
day 3, with differences diminishenxgobdbgddagedl
with blue | ight haviHwogwetvhee ,s tArPoXn ggeesnte efxfpa e s

enzymatic activity, showing no differences b
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Seedlings grown in dasd&atisendh atdh d tahl ¢y mBhstesm @ mo

andot amshtoeowm@Wsaul ar differentiation influenc
at 500 Omol m | s T, fully developed metaxyl
same intensity resulted in |ess. The deidghuendgte
red |light at 500 Owmalearh ejd ssefe,dlwhiglse etxlhi e iltie
These ouug@wwenas I mpact on .hydraulic organizat

2. 8oncl usi on

Analysis of the |ight quality and quant-ty e
nd i Rdteepnesnidteynt r esponse according to the par

cid proline and the tri pfefpecitdeed ghyut lait dplh to n e

a

a

enzymatic activities and transcripifhesalresg
hi ghlight t hebaancdt iBlnueofL EnDasr riormamteigax ad a mgs ,en
sl owi ng t heandlewdladajurge mtg o x.iNdha trbcawed sRedk ssEDs
specul at e, can | ead to an increase in water
ti ssues.

Therefore, the antioxidant machinery i s con:¢
di fferent ways, probably with pathways that
pat hways triggered by t heer etsytpien go ft or aidnicaltuidoen ;t
action of mac hTihnee rnya nciopmuploanteinotns .ot hehesg spath\
Alighto can be promireisngtant dpriha sb puvrageir d ti im
I mportance @fHtiursg ntge mfewollogi es to fill knowl

and to effectively use these tools in agricu
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Abstract

't i-lsnoveh I pl ants are phohtaotaortedbhye opbsicmblrgahno
functiont hofoulgihglhitf et bceygehime t t | n(QL Edd)oadlhen ol ogy
revolsad i amiti fici al l i ghting i n controll ed
regulation of |l ight quality (spectral Compo s

opts mg resource managemé&hé andegrapi per oébr nB
production caplanth §gpbdwt hemphdwneet he quality

of product s, and allow faomphple®giyspechaitkieétr 6 a
neelds .t hi si svaisdiltyhgaeétiects of wvariation in |
of agronomic and hdfitekd!| uompkb in(dalilpbegroe lilno
Sar z,ama )t hoft hecepragmseedtbngmgualbiet yr aShesepd sa nteir rx
ger mi nat ed, and seedlings were cultivated
wavelength 470 nm), Green (G, peak wavelengt
White (-8Wpeb)Xmacdh spectral treatment was appl
25 0nod m | s -hio uu n denroStubpsledgi ucedaty | wee2ll i ngs wer e
in open field. Mor pahes soend csaele dd a rnagmse todirus7 i, w elrde
the nurseryolphawiengvhti t @nfsipé lacht @ o it diet itgwnswp & n c
and fruit epreodiutcihieodhr ews ul t s obi aidnedtheen tlhi agihs
g ualciotuyl d rpd aunitatmoampholdeggilnopmem@&nasati ng

knowl edgd igmtpliarnter acti ons and fostering col
could contribute to a more integrated and ef

KeywoQuadst bilt.a, plenpaba d-aamndwLED | ight ; nursery phase; 0

Morphological

characterization 2) TRANSPLANTATION
a
%
& ﬁd &
2 1) GROWTH )
o ’ NENGZ T
. = Y
@ -
' —dh
Vo :
@
ate
Number of foliage bundl
LU0 A0 1 1 b e bl ety
White Red (RL)  Green(GL) Blue (BL) Number of fruits
(WL) 630 nm 520 nm 470 nm Length of main stem

Schematic representation of the exper
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3. Lntroducti on

The cultCwautur bint acfopnenpoon!| y k npsvinmnmaesr zsugcuchhsién id

pumpkimol ds significant i mportance in gl obal
growth cycl e, and adaptability to diverse er
horticultur al pl ants and is l|l,argepyeypentdiurceg
component of the economy and | ocal consumpt i
i nvol ve -fbioetlhd ogpredn gr eenhouse systems, and al
climate of arher eMpeidan,erirtasnecul ti vation i s not
Optimizing growth conditions, particularly |
both in nursery andnipean nfgi edlid dsee t(tLiEnDg s .t elcihg
transformative tool in hloroavewml!| t ught epeet i |
i nfluence plant morphol o[gly], physiology, and

ght guality, especially the spectral C 0 My
vel opment . Red (R), blue (B), and green (C
fects on plant gr owt h. Red I hghtf | 0Dwe rkinrogn
otosynthetic efficienmgdibat eidnfRateliBtauyesy | p lo
nversely, regul ates stomat al openi ng, phot

mpact plant archit ecettuarbeo laintd¢ epnrhdadnecestdi bsieq ot

w T < O O T o o9
> 5 O O T ™" o

derappreciated, penetrates deeper i nto

ot omorphogenic respondeéseimanbdowed leghtl| a
everel y6deapgl et ed
|l C.pepostudies have highlighted the interpl
responses. Lalji8de menstarlat e(d2 Ot2hla)t di fferent
antioxidant enzyme activities and phytohorm
Wang et [@a%]dep2024rd quantitative trait | oci
influenced by | ight environments. The rol e
et hyl ene, i n mediating | ight responsessi ghnaasl ih
networks that i ntegrate environk®ntal cues w
The application of LED IlIighting extends beyo
where suppl ement al |l ighting can mitigate the
et al . 1@2phA)si zed the intedaktghe anhfecesmpe
mor phol ogy, suggesting -pesiehitemdald ocultategyti iesn
guality affects not only growth esdestsash n
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germination and early seed][ #Adhegt ad el veedl ohpanve ngd p €
wavelengths influence hor monal pat lvwaysTrhii snp
is particularly relevant for nursery practic
and robust seedling producti on.

Citizen science initiatives have also played
how participatory research approaches can op
bet ween scientific r es eaarrntihn ga ncdo[ namfuandi 6tjiceasl ap
I n conclusi on, the integratio@Guaodr WikDaf tgeesthan

pr omitoifovg enhancing agronomic traits througt

the complex interactions between 1|light gual
essenti al for developing opti mizesd tcoulletriavnactei
nutritional guality both in nurseries and op

spectr awisl le fufteactitrso bsust ai nabl e agricul tural |
chall enges.

Ther etfhoer eai m of tihnivse sttt gkad e sect o mfar tsipreecd r diimf
LEDSBI u€r,een Reddmndldr csapdec { Wamt e¢ g@ nmi rmasleed!| i ng
growth of fGuedudr bpiutna)rkmgienp o{thseu ¢ ¢ eosfs fturlanspl ant i
planting in open field.

3. Materi al and Met hods

3.2PLant materi al and treat ment s

Seedmsumgd®uaaur bi(tvaarp e pddebreer eplulr@&@jhaasende Rggar di ng
t he nur sreerlyatpehdasteo t he product iexm eao ft msoekd dpll ianc
i n grown chambers at the Untirviearls ittoyo%afgpdBaacreid,i
Ca&faar mSweds ssd ewiit i sodi um hypochlorite 1% f
ti mes with 9@ euntliel dtilseg igH eadf Ht he washing so
5 times). Thengertni matnicchimr,onodoverni ght at room
di st kO liemdbiH i tcieo.n Tthoeo ks epeldas wer e pl aced in pe
i mbi bed with 5 miO wfatetrer iThe ¢i aatielsl edniaini
growth chamber equi ppedntvid hsaedledd eweme < ED] 4
Il i ght treatment taéa@gi Bepadtoumel¥pondi hdg&gD | i gl
Nar rsgppvect rum Red LED-slpieghtriumg ,Gr&)e nNdarmEDoM i ght
spectrum Bl uei WhEDa | phgdsttaimo bfdha x d wét opher i od of
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(l'ight/ dar k) . Foll owing the appearance of th
were moved into pl asd(iTee raarctcaion eUhs fvoebriBadadgs oirit
di Piano,l tRopeddady i | Per | iJrel ,| t@urisaima@ot al g)

1:t/)y¢r.atTihbe rel ative temperature ane 5PACmiacdidt
6070% (day/ night) . The seedlings were sampl e
ol ;F)or each t Rdaatghants,eefdiivengs were then tral

company Sapaglidi Casa

3.2Ef2al uaRliaomt o®@rowt h Par ameters

Mor phol ogi cal and growth pardeagé@lermpepaant s . t
l ength of (tHan d ympeRchojd lytehe f i rcsat vildeeddglEdapmfd, tF
wi d(tchW) and t he( FiTard datElOdg@ahs wer d nmeogpseunr € d .
pl ants, tfhel inaignd el mdvlees and fruits and t he

3.2S8at iAntail yali s

The phenotypic data wer e sGrbgphcRaed Rroi ssm a%.i4s
Softwar e, San Diego, CAONewdgA,anawWww.sgrsa ohfp avda.rc
foll owed by Tukey's post hoc test at a 95%
nor mal ity was c¢ofWiilrkmetde shty. t he Shapiro

3. Resul ts

3. 3GfLowtar amenheNgr sery Phase

Mor phol ogi cal and gr owt € peasreaendel ti enrgss waetr e7 , e vla
after ger mi3igti orhe( FfmMeq@wrua ed traits included

the first true | eaf|, cotyledon | ength and wi
and the first true | eaf . Light qguabngst iso gy.l
Seedlings grown wunder red or green |light ex

whereas thosespegpbseth whi beobhdght (control)
shorter struct baeetsy | eldaomd oawtereep £t ,r emai ned un
conditions.-dagweveeedinngsd, the first true |
green | ight and gmalglu€seh BuRBENr bl 8e | i ght

75



15
= 10] > 3 White light
S @ ;
= 3 B Red light
IS ) .
2 3 B Gree light
3 >
Hl Bilue light
Cotyledons Cotyledons Hypocotil Cotyledons
length width
= Z
° 0]
= 4
2 3
— N
Cotyledons Cotyledons Hypocotil Petiole Cotyledons First true leaf
length width
15
= =
A @
= bt
5 g
3 3
Cotyledons Cotyledons Hypocotil Petiole Cotyledons First true leaf
length width

Fig8rG& owth parameters on-o7lCA)r bipdl aa(nptkespadnudr i2nlg (tC
phase. The values are expressed as mean N -SD. A
significant differences among treatments (p O O.

3.3GRowth parameters in Open Field Phase

After one and a half mont h6Fo§ut eR)d snpol Asn tdgantiif
di fferences were obseregad doemgvie epifaF ialgnee.nt efri@&a 2 ix

transplantation success rate was uniform acr
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3.HDI scussi on

The results of the morphol ogiCawualur dnd e dpleiphod s

reveal significant insights into how | ight
demonstrated that | ight quality notably affe
exposed to red and greehelnigghs, exwhibipeichgasmh
white |Iight or blue I'ight showed significant
research i ndiifciac i hgghthawawe@leengt hs can modu
particularly through mechanisms involving pt

red arnedd flldigg,Mlh7e] .el ongati on of stems and petic
to enhanced cel | 18llomgat e ®ni pgbowpedswmislee | eynma

significantly influenced by | ight conditi ons:s
This observation suggests that the initial S
petiole growth td4 l®jFumi bker mogédt tTcthetsrenifi
the first true | eaf -gepdei ngtéeem Iindhtaats21ih
del ayed effects on | eaf devel opmeeat.raydi cd i
the differential responses of[29dedkei nganstpl
resul ts, showing a uniform success rat@® acr
pepeedl i ngs can adapt to field conditions r
growth phase. This resilience is critical f c
qguality may influence eamé ye 93 @ wit Ihty eprdiim @admaertt \eir
and grmat dr aln environment s.

Overall, the findings underscore the i mport
charact €ri pteepadd icnfgs during early devel opment
i n hypocotyl and petiole elongation, al ong s
highlight the complex interplay between |ig

ssudies could further explore the underlying
speci fic phystioghnoarlna ynegs paactdhed uci date how | i gh
and devel opmentachbng ek hegip®.e pypagnpdon got hlreas ehor t

speci es.

3. BBoncl usi on

LED technol ogy kasal &nigpiofbiecdirmarl l T ghting 1in
whet her they are aimed at sciToretriebiy¢ LEDallgd
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haracterized dypndelspeictelay paowvowes the oprg

ight to i mprove knowledge of plant physiolo
e to find the best 0l i ghdv eleapadeaatiocdt aon iopm,i nx
utritiohlhald iquatanye, understanding the mech

evel opment coul d | eaqgduatlo ttyh es agersieod unogteit canh doef
armers. The lpstvdbti sbmdobBewdbi sgant to stre
apabl e of overcoming the traedptanwiaswealdd

educe the use of pesticideBhiog umdaerelaisree ¢ hte

keepiessgearch in this field by matching the
hysi ol odiy,rmonah goxat hways, ,plhether exeptesrs i Ding
tress responses and mor e.
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ARTICLEINFO ABSTRACT
Keywardz: Wild rocket (Diplotaxiz tenuifolia (L) DC ev. Dallas) iz a leafy green vegetable appreciated for its
Wild rockes pungent taste and healthy properties, often consumed az a ready-to-eat product. The cultivadon

Light emitting diades

system iz crucial in determining the owverall quality, while postharvest storage iz fundamental for
Postharvest storage

. preserving nuiritional qualicy, phytochemicals, and vitaminz. This study aimed to investigate the
Antioxidant components . . . N . - - . -
Microbialogical qualizy ph‘,’tu—chem_.lcal content and microbiological quality of soilless (.:S)_ and sofl—l.}nunt! (5B} wild
Blue light rocket during cold postharvest storage under blue, red, and green Light Emitting Diode (LED).

Blue LED inereased chlorophyll: and carotencids in 5B after two days of storage, and chlorophyll
a in 55 after seven days. Furthermors, it reduced H,0; levels after two days (55 and SB) and lipid
peroxidation in SB. Red LED increazed phenols in both 55 and 5B but waz detrimental to chlo-
rophyll, carotencids, and oxidative markers. Green LED had less significant effects. Microbio-
logical growth varied with LED treatment: green light increazed mesophilic bacteria in 5B, and
red light did so in 55 by day four, while blue light reduced bacterial growth at the end of storage.
Owerall, Blue LED was the most effective LED in preserving postharvest quality. Soilless culti-
vation was particularly beneficial in reducing lipid peroxidation and maintaining cell membrane
integrity during long-term storage, and it might alzo be more effective in preserving ascorbic acid.
Conversely, soil-bound cultivation methods eould enhance initial polyphenol content or better
preserve it during early storage. Thiz zoudy highlights the complex interplay of pre-harvest
conditions, postharvest quality, and shelf-life performance.

1. Introduction

Wild rocket (Diploaxis renuifolia (L.) DC ev. Dallas) is a leafy green vegetable belonging to the Brassicaceae family, widely known
for its pleasant pungent taste and health-promoting phytonutrients, like minerals, vitamins, and antioxidant compounds [1]. Besides
its organolepde and nutritional properties, wild rocket is appreciated for its fast growth in different climatic conditions, adaptability,
ease of propagation, and its —two to five growing cycles per season [2].

Wild rocket is often consumed raw in minimally processed, ready-to-eat salads together with other leafy vegetables. Its processing
generally includes only sorting, washing, rinsing, and packaging in medified atmesphere. Therefore, it is important that the visual,
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Abstract

Wi | d rDad opK eott a(x i (sL .t)enuG fDallilaas) i s a | eafy gre
its pungent taste and heal t-hgpapropeduceés, Tae

system is cruci al in determining the overal/l
preserving nutritional guality, phyt ochemical
phyt ochemical cont ent and micr obbioounodgi(c®B) qv
rocket durangeswol 8t poagd under bl ue, red, ar
Bl ue LED increased chlorophylls and caroteno

a in SS after seven o&ysveFsraheemotwp dayse

peroxidation in SB. Red LED increased pheno
chl orophyl I, carotenoi ds, and oxidative ma t
Mi crobi ol ogi callL KD otwrt dha tvraa n te:d dgvrirdedsno plhiig hitc ibre
SB, and red Ilight did so in SS by day four,
storage. Overall, Blue LED was the most effe
cultivation wafsi cparltiicul aeddycibregqel i pi d per c
membr ane integdgreirtmy sdwmriage , | amgl it might al s

ascorbic acid-bofmahhveuseiyatisonmnl met hods coul
cont erett teerr preserve it during early storage

prhear vest conditions, -lpiofse¢ hpewvfeect mgynae i ty, al

Key woWidlsd ,Loicgkhett e mi tPoisntgh adivesea s i sotxd rdeagng com
Mi crobiol oBlocall gght ity
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4. Introducti on

Wi | d rDd Ml eott a(x i(sL .t)enud Dal il @as) is a | eafy gr et

Brassicaceae family, wi del vy known -pfr@emotitrsg
phytonutrients, l' i ke minerals, vitamins, and
and nutprriotpieagrales, wild rocket i's appreciate
conditions, adaptabil ittwo teoca sfei wd ¢rroowiangg td yo
Wil d rocket i s often consunteedatr asna li and ani tna greatl t
| eafy vegetabl es. l'ts processing generally i
i n modified atmosphere. Tvhieg edlo,r epnutinti tiiso nian
gualities are maintd aifmed throughout the shel
Pedoclimatic factors including | ight, t empe
practices |ike cultivation system, nutrient,
cultivar, are among t he mopsas tihmprovretsatn tlg iufaécitto

of fresh products [ 3] . -bToougnedt h(eSB)wictuhl ttuhrei ntgr &

cul

—~+

ivation (SS) i s being increasingly wused

vegetabl es, f wfuhfilhlei m@d nmnlde deimgimdy aad obt ai
hi gher qguality. l ndeed, SS cultivation allo
conductivity, the dissolved oxygen concentra
specifically | owers the risk of microbiologi
After harvest, sever al physirod omiircatli opnr,o creis
senescence. These processes ca+#igiegmoiff ifc @msthl
l i ke wild rocket, because they | ead to water
[ 6] . Addi ti grealtliyme tdhfe suwohraproduct s | ar gel
mi croorgani sms that can proliferate during s
Li ght intensity, di stribution, photoperiod,

physiology and gqguladafty wdgdtealdlye sanidn ntome f i
storage [8]. Among the differleinght igmit tsiyrsd ¢

show unique advantages in terms of selective
| ower <cost, and | ow heat dissipation with r
possibility Iteoctdivne [s9,elc]r.a Semi ssi on all ows

|l i getnsi ng pat hways, which can trigger desire

mini mzing unwanted effects.
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LED application enadhlidse tamdi miulabenye of hd r £1s¢
wei ght | oss, senescence, ri pening, and enhan

I n a previous study [ 11] the effect of nutr

responses, quality, and antioxidant systems
Recently, Villani and coll eagues [ 11] eval use
supply Il evels and cultivation systems on gtr
cont et tiewncuvi.f obalal as, highlighting that t hi
cultivation method. Nonetheless, the i mpact
postharvest storage of wild rocket ngeswmngahn e

Red, bl ue, amnd wmhaiitng al BEDs he quality of most

period, promote phytochemical accumul ati on,
synt hesis of beneficial compounds | i ke flavo
However, since the effects vary by plant sp

necessary [8,9].

Therefor e, t he aim of this work was to inves
and red) and dhakwesst oqgual ihOeiypp aofsttawiil(sd .t)eonduks ¢f t
cultivated in soil and soilless conditions.

4. MMateri als and Met hods

During the storage at 4 AC, antioxidants conf
and carotenoids, parameters of oxidative str
and microbiological |l oadewer mi e al hatleedswi L B

rockehnampwesdt storage and to study the i mpact

4. 2PLant materi al and storage conditions

I n a recent stu®wnl ][] 23] (| wil &emeankyd)t waisd ecnuzlat,i

and SS growing systems using two input fert.i
The same | eaves harvested in that study were
on t he effects of di fferent postharvest I
mi crobi ol ogi cal guality. The eXxpexpereinrhe ntassl
the I nstitute of SdiNencesmabf REsedr hoGouaotncb]|

41A03Nj N; 17A04Nj E; 24 m above sea l|level). W
pl ants were cul tdematt ede ¢ tno rtsweaeajiwmdpeppeedd f Do r S
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cultivation. Leaves of plants growing in SB

kg ''fimr SB and a nutrient solution containing

April 28th and May 10th, 2021lil2wkcemn Aébaehipg
time t-bet freshet |l eaves were | mmecioatdelty ons
Postharvest | aboratory. Freshly cut wild r oc¢

physically damaygeeld,o wdeedhy darnadt e7d.,0 o 0. 1 g of |

polypropylene trays (10 I 8 I 3.5 cm), distr
and avoid dehydration. The trays were packag
stored in the domestic refrigerator (Panason
4. 2P@stharvest LED |light treatments

LED Iights (OSRAM GmbH, Germany), consisting
in parallel, were disposed on the top of =eac

shdliffe period with a phot emo If2lsn(xS udpepnlsei neyn t(aPrF
1). The PPFD was measurFrReadiwsmneng ra (Dmeoldt.a HDHRN C

ltaly). Four treatments were applied, as rep

-Darkness (D) storage was used as Control

-Blue (BL): monochromatic blue LED with a pe:;
-Green (GL): monochromatic green LED with a
-Red (RL): monochromatic red LED with a peak
After two, four, and seven days of cold stor
repetitions per | ight treatment and day of a
removed from the trays, wei ghued, nandogmmedIiT
frekdrzieed and stored at 180 AC until further
mi crobial analyses.

4. 2D8termination of dry matter content

For dry matter (DM) content measurement, 15
an oven for 48 h or until a constant weight

of the ratio of the dry weight to the fresh
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4. 2CAl orophyl |l s and carotenoids content

One gram of | eaves was homogenized with 15 r
for 15 min. The absorbance of super naandmgnt wa
respectivel vy, and at 47 0a bm abodrat d ar) o taenndo i cdasr

contents were calcul ated acco'tfdriensgh twe iRgeHt. . |

4. 2DBtermination of ascorbic acid and tot al

The contents of ascorbic acid (ASC) and tot e
expressed dsfrneg hASMilkght and mg ©Ufrgshl wei g

respectively.

4. 2HB®:cont ent and | ipid peroxidation | evel

Frozen | eaf samples (1 g) were ground in |igq
(TCA). The details ofmeasuraecmd mtns pafocelssersb aa
532 nm f or 0egavnadl uMMDtA ncgonH ent, respectively, we

4. 2Miircrobi al qgual ity

Ten gsraanmsl es were transferred to sterile sto
solution and homogenized for 1.5 min in a s
i ncubation at room temperatur eigqudtesccawpk@G i
spr-phdted or onto count plates (Merck, Dar ms
manufacturersd instructions. Total Viable Co
( PCA, Di fco, 30 AC,Om8P$h9duyuddPmeuad moqars Bgppe
AC, 48 h), yeasts and fungi on Pd®@ahp. Dextro

4. 2S8B8atistical anal ysi s

A tway repeated measures ANOVA was used to ¢
cultivation method, and their interaction ef
using thePd®daAgorsttitast to deted minanwhet mati
performing ANOVA. | f ANOVA showed significa
determine differences bet ween treatments. S
GraphPad Prism software vaear SSiodn wa.r@®. 0 Sfamr DWie
USA. Reported data are mean values out of

experiments. The error bars in all figures r
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4. Resul ts

4. 3DdLy weight
The i nitial DM content of the samples was 1.
harvest and during the cold storage SB sampl
rocketdl XY Fi o significant dry matter change
compared to the dark, except for RL at seven
same trend was reported for SS | eavaersd @U tF
significantly (P < @Ont05)ThechDMawvwaed ftdwendM a ol
by the cultivation method, l4dyht qualities a
18,00
16,00 —e—DSS
14,00 —&—BL SS
T 12,00 ¢ —8—GLSS
E; 10,00 —e—RLSS Two way ANOVA P value
n;S 8,00 § --4-DSB 2 days 4days 7 days
2 6,00 — & - BLSB Light x Cultivation A b i
S o e e
2.00 - ultivation
0,00
0 1 2 3 4 5 6 7
Time (days)
Fi gurReld4atli ve weight Il oss (% from initial wei ght
soi l (sB) during 2, 4, and 7 days of storage at
green, and red) anSli gmirfkinceasnst adi faf ecroenntcreosl .at P <

l i ght samp6BPys o adarkeast .3 Da

carotenoidd

conditions against

4. 3CRBl orophyl Il s and content

Tot al
41) .
Tabl €h4 0 ophyl Ir atai,o)b,amdhdc aar:obt enoi ds | evels, as

chl orophyll content at the harvest tim

after two and seven days of cold storage.
Chl a Chlb Total Chl Chla:b Carotenoids
Sample Days - - - -
(mg kg' ) (mg kg' ) (mg kg' ) (mg kg' )
SS TO 260.2+ 3.8 140.1£ 1.3 400.3+ 0.56 1.86 200.2+£ 2.29
SB TO 581.7+ 14.2 91.3+£ 3.9 6729+ 17.1 6.37 186.5+ 4.5
DL SS 2 442.3+1.62d 278.6x 3.5¢g 720.9t5.12 e 1.59 282.8+2.40d
BL SS 2 316,4+3.1a 158.9+0.1e 4754+ 3.1 a 1.99 193.9+5.5b
GL SS 2 377,3+3.8¢C 189.3+ 8.8 f 566.7+12.6 c 1.99 217.7£5.3 ¢
RL SS 2 341,0£ 0.8b 158.5+0.3 e 499.5+ 0.5b 2.15 191.1+1.5b
DL SB 2 631.7+7.79g 105.3£6.7 c 736.9+ 6.7 e 6.00 204.9+2.1bc

8 8



Chl a Chl'b Total Chl Chla:b  Carotenoids
Sample Days - . - -
(mg kg' ) (mgkg' ) (mg kg' ) (mgkg' )

BL SB 2 765.5+ 9.2h 126.1+1.8d 891.5+7.8f 6.07 231.2+16.6¢C

GL SB 2 579.8+0.2 f 83.62+ 0.1b 663.4+0.1d 6.93  194.8+3.1b

RL SB 2 483.2+0.8e  70.91+0.3a  554.1+05c 6.81 161.4+0.8a

DL SS 7 627.8+5.87¢c 139.1+22.1c 766.9+16.2cd 4.51 176.1+2.66b

BL SS 7 679.5+34.3d 120.5+11.7bc 800.2+42.6d  5.64 223.7+12.8b

GL SS 7 622.3+12.8c  104.6+4.0b  726.9+16.8bc 5.95 202.9+3.9b

RL SS 7 564.6+ 9.0b 101.1+ 0.5b 665.8+ 9.5b 558 187.5t2.7 a

DL SB 7 660.6+7.6cd  107.3+1.3b  767.9£8.9cd 6.15 204.8t25c

BL SB 7 642.0+5.6cd  81.5+0.7ab  723.5+6.2bc 7.87 214.4+21c

GL SB 7 563.3+14.6b  118.1+13.3bc 681.4+1.3c 477 181.3+3.8b

RL SB 7 458.7+246a  632+7.4a 521.9+31.9a 725 1454+65a

Two way ANOVA P value

Source of variation 2 days Chla Chib Total Chl Carotenoids

Light x Cultivation zzz zzz z z zzz

Light zzz zzz z z zzz

Cultivation zzz zZzz zz zzz

Source of variation 7 days

Light x Cultivation zzz 2z z z z 2z z

Light zzz zzz z z zzz

Cultivation z z z z z z z z z z z

Mean values N SD are shown for n = 5. Statistica
indicate groups that eaehsogherfi Cankl 9. @b f eGent
are not significantly different . -bWiulnd r(aScBK e tc olneda
Il n SS, after two days of storage, t he chl [
under BL, GL, and RL treat ment respeaamndely
bcontents decreased during two days of stora
chd(43 % |l ess than control) At the end of
chl orophyl | i n alda ntdrkecabthmeennttss b(octah. f200r 9% hile s
significantumuR a¢i @n0>)f add orophyll s was i nd
| eaves at two days (ca. 32 %), while in SS |
0.05). After two days, n SS | eaves sttdryed

| ower compared to other samples, while SB |e
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es treated with blue | ight resulted in i
tenoids content decreased in SS | Bawes [
However, in SB | eaves RL decreased car

content was wunaffected (GL) or had a 21
sed to RL showed the | owpestedatotBhoaddc
hi ghest carotenoid content. Similarly, S
e compared toOvéeereahl ghebéséreasmens ssugg
t ment and the cultivation method, as wel

hl orophyl |l s and carotenoids in rocket | e

8corbic acid and polyphenols contents

ay two of refrigerated storage, the roc
er ascorbic acid (ASC) cont d2A) .c oBwyp adraeyd f
mi |l ar trend wabsouonbds egrvoewdn Iwe avhe st hnea isnotiali
their soilless counnéopahesdardare®amede
r seven days, suggesting that t he metho
rbic acid content duringoead!| ygr sivar d geea.
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phenols content increased under RL at tv
days in t42B) SBOhedagst wbi of refrigerat
ivated into the soil showed significantl
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(l'ight and cultivation method) and their int
and polyphenols in the rocket | eaves.
3000
d
2500+ Z
2 7 < ‘
T8 z t
< 20001 z 7
o v d 4 Two way ANOVA P value
= Z ‘RN
0 15004 7 c g ; 4 2 days 4 days 7 days
2 2 7 2 ” ? ?’ Light x Cultivation A i R
! 1000“ g ‘ 2 ? g 2 L?ghtk dk dkk ETT
= ﬁg ’,‘ 4 4 Cultivation ks it ai
7 B N 7 12
oot EHE L] i
7 ” /4
0 2 4 7
i ——-15-
B E
)
[=2] | < f £
g L d '? g Two way ANOVA P value
-g ? ? ? 2 days 4 days 7 days
o 2 ? g Light x Cultivation e s ihde
l; 5 g 2 g ? Light dokok dokk dkok
'S 7 7 ﬂ f Cultivation i achi U
= 7 7 ? Z
o 7 7 7 /
g ’ / 7 X
© .. 7 7 5 /
oLl v 7| 12 /A 2
0 2 4 7
[] T0O_SS M dark SS M blue_SS M green_SS M red _SS
= TO SBZ dark SB & blue SBE2 green SB & red SB
FigurfA) 4As2corbic acid (ASC) and B) polyphenol s ¢
(ss) and soil (sSB) during 2, 4, and 7 days of st
(bl ue, green, and red) tdamad cGarclodn assnn. nknny ftowd ome:
significantly different at P < 0.05 by ANOVA. Da
fresh weight
4. 3EfAfect of I|ight treatment on H202 content
The I evel of some markers for o2x0)datnidv eMDsAt, r e
evaluated and reddl| tAs aslodBdAdp wiom i Biagc.i gwo of
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| evepOiof IHHaves grown i n samilleveBys ddaeyc rseeavseend,
SB |l eaves stored under ®f showed the highest

A 157
=
- 10
o
ON Two way ANOVA P value
IN 2 days 4 days 7 days
o 5 Light x Cultivation i i wEs
— Light EETS e g
Cultivation g g St
0_
20-
B.--..
& ;
= 4 {
= 15+ Z 7 7
3 15 1 10 . .
£ 1 il d dd g4 |4 b apl
= 2 ’ ? ¥ ” u a ’ Two wi NOVA P value
Sl 8 w0 B ikl o
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On day two of refrigerated storage, the rock
showed significantly | ower mal ondi al dehyde

compared to those grown #3B)s.oiSi mainlda rsltyo,r etdh el
under BL and RL exhibited significantly | owe
exposed to GL and RL showed higher MDA | evel
days, SS |l eaveanstiyl Il onwad dMDAnicfont ent compar

red treat ments, whil e BL and RL enhanced th
Overall soilless cultivation and greenxObight
content and the interaction of both | ight tr
stress in rocket | eaved3AMuarnidngB)r.efri gerated
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at two days and increased in GL and .RLSitnridaati
BL significantly decreased moulds and yeast

mai ntaining | ower | evels. &€)soOaerahlk, ehdglotf
significantly influenced the microbiological
day two and four, while the interaction of b

bacteria woaws$ hamdteortthe PseudomonasAispp.
C) .

4. Di scussi on

D. t emcwi.f dDlaild as is one of the most popul ar
area due to its health and nutritional prope
the cultivation of wild rocket ,ht ongaentehleyr SWB tah

eharvest factor s, i's i mportant in deter mi

©
—

tritional qguality, t he mi ner al s, phytoch:t
|l tivation managemqmealktitgyeat!| yrasheprddéees
,16,17]. As also reported in a previous st
owed | ower ¢ hOamap IWDIAI sc,o nAS*G,t ,H hi gher phe
ality than SB. During cold postharvest stoc

o w <© C

ivocal behaviors, highlighting that the gr

st harsvtesr age <conditions, such as -haghest I

® O S C

rformance of wild rocket genotypes grown
cultivation systems. They found ¢t Hat ot hemcirmapg
temperature and sunlight, cultivation systenm
Sever al studies showed that LED -Isipfeectamd agqua
fresh produce, reduci ng-rwepieghhtn gl,o sasn,d seennheasncce
of antioxidant compounds (A8CT, Pbbyphenepsor
able to perceive and transduce |ight signal
Specific |Iight wavelengths can be perceived

of phot or eceptohrrsgmensa meldlyuec)r,y pployt ochr omes (

physi ol ogi cal responses induced by 1ight i n
rhyt hm, and secondary metabolism [9].

Post harvest Il i ght application, especially Bl
openings and increased transpiration [19, 20]
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d not occur until four days, and, overall,

mparable to those stored in dark conditi ol
ntrol aimed to maintain asthbraosnagl dneectraebacslei si
curred at seven days in presence of RL 1in
storage compounds for | onger time and/ or

mul t aneous vdeelcsr esausgeg eosft sc htlh alte | ower phot os)
this study, | eaves grown in SB showed an i
counteract t heO. i nlcorwe aismetde nlseivieyl Bolfe gabblsat re
|l orophgt &d genes expression during the p
cluding wild rocket [19], and to extend th
paci tyes[u8l]t. cQunrf irr med this evidence, Sshowi
e concurrent dsacusdsee Bh, cthhdrevasset i mar tc o
derl ines their fundamexitddt ipweo tdama gvees rofl e
e increase of phenols with RL treatment ir
ecific monochromatic RL wavelength of 625

ese antioxidant co+wpdenadst wi hwpvewick@ht bess

s a higher i mpact on phenols thanmnOivaéeé uesl t
though higher than control in some instanc
udies [11,21].

clear positive effect of LED irradiation o
SS with all i ght s, especially after sevi
duce the microbial | oad améet abel iptreodufc2 2

velengths within the visible spectrum have
vegetables during refrigeraRéd sshocagevef
sayed in thiscoensidyt dr2t4d] c ool Usairgn aon t he
owth has not been disclosed, though it ha

rgeting photosensitive endogenous compound

e iinotne rbaecttween t he plant bioactive compoun
rvest storage deserves further investigat:i
antity and quality of microorgani sms.

e results of this study candi-lparsueisatt itrtee rr
d the nutritional quality, phytochemical C
cket |l eaves is governedubwurcommglhaxi lsimsc hvéd ir
fully unravelled [19,25]. The use of LED
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in terms of antioxidants content and microbi

LED exerts different metabolic perturbations
cultivations systems, | i kfeeStS amdct8lIBor &@phhhd:
in SB, while showed the opposite effect in S
the highest total chlorophyl |l cont ®natf.t edt htewc

and four dasy.s Roln inE rleeaasveed phenol s both in S

eaves (day OwandnMDA oium ) SB HI eaves, neverth
hl orophyl | and carotenoids content. On the

c
other tested parameters with respect toy the

the most effective-hbEDesbD Quabkbetyeot hei pdst
i mprove quality in terms byllantcaxotdameoi dso,n
pol yphenol s) . Overall, the observed differen
di fferent antioxidant status of wild rocket
able to difff ertlereat gt shu@lpioc activities during

4. 8oncl usi on

The results of this study cont r thbautves stto chensda
postharvest gdalfiet yperdmd marmhed .f |l ndeed, ag
transcriptomic studies under |l iexp rheosws i ppny taolcsl
amongamd elpaorswuest treat ment s, or even among d
environment al conditions. Hence, more data .

explore the potentinahlanacfe-dec e | Bmpr cawda mda riti ,on

results underscore the advantage of soill es
mai ntaining cel/l membrane integrity during e
Soill esagiowml tmay be al so more effective i n r

periodouBdilcultivation methods might enhanc

preserve it during early storage.

96



Refrigerator {Panascnic mod.
NRBN34FW1) 4°C / 85% RH

green 322 nm

red 625 nm
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SUMMARY

As we | ook to the future, our gl obal soci
sustainability opfopadratploaan gtr,o witrhc landdi ncd | ma
pressure on natural resources and the gr owi
the urgent need for innovative and sustai ne
I n recent year s, research on | ight emittin
s a | i gl taitenggu Igdytasintegmg r o wt h, deveTlhemeunitt albi
f

LEDs for plant cultivation has made then

® O W

nvironments, driving rapid advancBeymefnitmse i

~+

uning the | igbaanshpaenccter uen, omeE@soduct omatlty

need for pesticides Momdkoerevi,r drEen tcaolntaad rbtu
s h

mi

v
n
accelerate growt h, anadi mpn ot é e s eilpiss @Ee t
e
el f l i fe of produce, reducing spoil age
ni mi zi ngL dotoldy ,walsE®2 .t echnol ogy can enhanc
Despite these advancements, several -feosopdect
sector are not yet fully understood due t
smxea es cawldt/iowars studied, and the inherent \

This PhD project aimed to enhance knowl edg

faciliitampl ngati on on both | arge scale (e.g
domestic conservation). To gain deeper ins
pl ant phbgsowlbgydevel opment, bioacti vwee c o0 mg

i nveshowat edght quality and quantity affect
the i mpact ofonl itchret i mdredipthiayrestet sve-rari pe &h s
qgualitys;l idred pehldioEenaccep pl ants were used
commercial thkheé ex@mmiciec amidimotnygy &fi mi dms r €g Wipts e
Medi k. (EFacacbdbakph, P@pour bDt pcebaxi (la.n)dnbCf
(Brassicaceae).

As for the outline of this thesis, the |igt
on the redox bal ance uQuierrv edsitfifgeateinan {b egghatr
and ntaecaeolal (yfsresmh o-hleant t o the mol ecul ar | e
I nitially, we explored how variations in |
species (ROS) producti on, ant i oexn zdyammat irce)s,p
growth patterns, potentiall y medlihaet eodx ibdyata
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sponses oObservecvewmhekcinnti ¢ér psleceyd | beagwe en
vel ength in shaping plant st nas®$ a@pmbldyusei ol
d red LED lights at sgmot'edmét wbebight 10al t
ght intensities I continuous Il ighting) (
aracteristics during -eadbgyedr met hbltiag e
nerally enhance enzymat DHARRORBBOEZATMat AR
scorbic acid) ,antoingsiidleant ncomaeranthy dr og:

reover, el evaatnedd tphreol|l d exree | exwer sk géer it @ oo
edlings emphasise its role in modul ating
|l derdati ve respohewsr swuggestimgact, whi l

ch as seedling |IBeyngitrv easntdi gfart e smly vaeriag totm.i
Croscoapni cavhaengeeldl] ar ti ssue devel opmeas ( nc
seMfhede results have shown the contrasti:H
taboli smoaplolpdagwnit

the macro | evel, we evalmpegdak dgedrhmi natfil an
velopment in thetmamseglrgntphpefelf erathalo podcit |
applied four LED $pgdhttr umeWhimeetISED 1l)i @B
resppect rum Red LEDspeghtumgGr 8 nNRBEDeWwi ghi
ectrum Blue LED | i ght emal,?sfmaintdh aa pphhoa toopre
h/8h (light/dark). Signidudrciamg tmoe ywihwr oari
and gmpe emohtyEpbogc ot vy | and petiole elongat
edg@ai Tbe cotyledon area remained unaffect

|l ess responsi Hoeweoespedifakereaceatiantr

eatments indicatsgpdkcpdt enteifdlecwav e@wlne npghtoht c
sourcelatleoeastiogly, afteraospl antdati Gl i
el d, no significant diffeuggessi wgreéhabse

fects may di minisfAhesdetrhiimgeil agalt dadredinteie
vestigat-speaeciofni corrgeasnponses, Il i ght respor
owl edge exchange betweemprodiuent isatf ®tanadn:
vel op sustainable food producti on.

nal | vy, the study of the effects of thre:t
rk nes s -hoanr vtehset pqousat! iDti yp | coft awii(sld.tYyemiou@ & Yo, | (i cau
derbaseidl and soilless conditions contri bt

t wedrmarpyreasat colmaive®nhsgualoidtey,p earnfdo rsnhaenlcfe .
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bi ochemical, and transcriptomic analyses
expression v-any -lp®aswestn tpreat ments and amor
under controlled environment al cacdani agss
soill ess cultivation in minimising |lipid p
during extended storage, regardless of |1 gl
effective in preservidhgstasrcaogdi geraichds edlemn
cultivation may enhance the initial pol ypl
storage. These findings highlight the compl
treat menthsa,r gaemd iptoysst emphasi zing the need f
crop performance, shelf | ife, and nutriti ol
l ooncl,udihoms research advances our under st al
physiologpotpr ohiedreg i cal i nsights and pra
production. The findings contribute to th
agricul tuirmlt lpeg afcade esf gl obal chall enges.
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SI NTESI

Guardando al futur o, l a nostra societ”™ gl oba
che minacciano | a sostenibilit?® del nostro
cambi ament & apcrleisnsaitoinceo .sul T esempe renaglgpiao et aé i
cambiamento climaticoildiwemiefaiemd ips ithecie b.d e h b Q

Affrontare queste problusnoptrdadc h e hrei cloise ccer i ibn nh

Negl i ul t i mi dDnodmetita tware e(diBDsuha evidenzi
potenziale come sistema di illuminazione per
del | e.Lpi @mara@atteri stiche vantagi ceaoenpadiobgqheet i
negli ambienti di <co, tdaomzd omadiegwmendiomd adii @&

ed enkGamgilaa possibiheménde reg®patomroo ulturhiiza:

mi gl iloar aprreod ut bd evlielséa col t &aecr as c ertéaar ar easuinsetnel
agl i stress biotduwiilnaei naebcieostsiicti™, drii dpuecsetnidcoi d i
LED contribumsgbihnoranelltaeqaal it”™ puoruzgana
shelff e, mant enendol i freschi pi % a |l ungo e r

stoccaglgaoonsecgounent e riduzi o.Ne® nao s ltparootge persescio, ad

aspetti del |l "uso della tecnologia LED nel S €
compresi a causa delle variazioni nei disegn
e dell e variabchbl ogtainseche dell a te
Questo progetto di dottorato ha mirato a m
del | 6i |l lwbBMp,eazpoher facli'lapplriec aadi ecenmemdl dcea ligeu e
| arga scala (ad esempio nel settore agricolo
domestica). Per ottenere udal |cao mpoteerse iolnkee
regol azione del |l a fsitsaitool osgtiaade dadtlal e w@learnt e e |
| uce i nf |l ueinziazdipa | t eceeflcdisti alps taantnee Ivtad et at a | 6 &
sull "interazionradcaal tl ®, eleacdgadaticantie ppaesger f o
conservazione.

I n questa ricerca, sono state wutilizzate t
commereimdre,l a potenziale apptotabrkisi mdei
Ci siamo coarieetdd atil | smi hazi onlLee nls Dc dbkeud ndip @
(FabaCeaen bilt.a (pCupcou rDoiiptlaoct eaaxei jsL et)e nDud.f o(lBraas s i
Per quanto riguarda |l a struttura di guesta t
con un focus principale sull"equilibrigliredoa
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obiettivlionpgragp aet ias vioil v al | o snié @p(ba loe moa cercoo | a
sist)le.mico

Una ©prima analisi ~ stata rivolta allo stu
gualitativa e quantitativa dell o sspweltlte os pddac
reattive dell'"ossigeno (ROS) e sugli anti os
cambi amento del percorso di crescita e svilu

Le risposte ossidative ossleernvsat @ Meicknllae)spi ar

evidenki aduonltoensit™ e lunghezza d'onda dell a
stress n&ohe ampiaadtigizd a teif efl ewtictEiD delblanda strett e
intensit”™ di emo0OO%st BO0e eqwbadIOi t~ di luce T t
il luminazione continua) su caratteristiche n
f aismi #di alcirescit a. Le perturbazioni met abol ic
mi gliorato I componenti CANti ABX] dMDHARe N DH®W
enzimati ci (acido ascorbico). Un effetdo ind
| nolgtlailegv at i i vel | di prolina nelle piant.i
genica sottoldinegaueostial lmmglhea zamodwdloadiaone

antiossidanti . Al contrari o, l a luce rossa
sugger endal unhgahdéqgozedda esercita un'indwanib@mze o
peitiva stpaatraa noestsreir vbaitoamesturii ci come | a | ung
Il noltre, tramite | édanali si mi teesabpi vasdel a
sotto queste condi zioni erano |i nriusnuol tsattaid ioot t
di moslt'reaftfoett o dell a | uce blu sul met abol i sm

mor f ol ogi a

Per seguire | 6influenza della tipo di l uce
piantine @ucunulktidtha)npedsot at o condotto uno st u
fasi v icvhaei sstulclhee pdmrfapr man oe | pho sttamp GIc@ p®T & 5]
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