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HE
EREHRR ALY ETAREERITEFOE RS EMREMEES - FFE
RARE AL SR R R AP MAGRE R £ 21KIE - 2EE LS hE RS R
XHSRERATFHE B THEMAGES E R L6 6048 B #F K82

s RS AR H AT OB ERIT AR5 - A—F A S FHZEE AMH
Jo A3 42 4R (730210 nm) ~ 42 (66010 nm) + & 5(520=10 nm) e & F. (45010 nm)
% 9 4 &8 2 % & =% 3 (light-emitting diode, LED) & #% & » 24 150 pmol-m?-s! 3
WA BB RS 12h HARS T B RGBS RIS R
VOCs #) R B4 b - & R 88~ > 4P RIRIE 5 B TR S EH P49 3-hexenal » (E)-
2-hexenal &y4 Ak tbfs] ; M4k~ B RS BR IR & A BMUE - #— % 2L 200
umol-m?-s iR A G A HEE IR 5 A4 FL 150 pmol-m2-s7 893 4r Sh S~ A2
Bk AR LEMGHEERE 9 8 - HALKRE 3 ARER TR
(linalool) ~ a-# it B2 (a-terpineol) ~ #% su-4-B% (terpene-4-ol) L & X, -48 ¥ 7K A4 (trans-
sabinene hydrate) % ¥ i #8 2~ A/t & 4 (oxygenated monoterpenes) s 48 ¥4 & ¥L 48 rg,
L3 e G BER S RN HALALEF O BIFRIZRHRYD - HAELRE 3
Bk » B85 8066 ik th Bl ISR > 1238 w3 R & o9 F 8% (octanal) ~ 5
% (decanal) % 4o fv 8% #8 (saturated aldehyde) s 48 ¥ 5 - A L4 /M R RFE 3 B
1 ¥ if #8 5 & 1t 4 4% (monoterpene carbohydrates) #2 1% £ 3 %8 5% & 1t & %
(sesquiterpene carbohydrates) & 48 ¥+ 2 o8 A 5K - AR L RBETRE 3 BZ - &
HEREERGETERBRS A mmut] AT RELR ¢35 E
BMALemiERE - £ BFERER EZHEEMAL S Wi y-k b i (y-terpinene)fv & 47
Y (caryophyllene){s 2 X % 69 VOCs 4 g o 3% & B 564 238 Z £ 300 pmol-m2-s7! 8%
B LS ALl SR P B % IR ¢ 4R B 4k B3R E £ 300 pmol'm? s 3
ARSEBHEBES AL ARy > ARG AHABEGHEALLRL 1 &
]’ A E T & &(maximum quantum yield of PSII, Fv/Fm)¥L 3% iz & 1% 2% 1% % (electron
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transport rate, ETR)#8 % 55 - KA X NERER BB SR LoMmey et o2 @ E
BEBEAFE TR A L 895k X2 F £ € (maximum quantum yield of PSIL Fv/Fm)
263 B 4% 3 K & J6 14 (maximal fluorescence yield, F'm) 2 F) 77 42 5 BLEAB B - 48 5
HREREBRICEMBER ASGARERGMB - AR — A2 FWERZ T RALL
AT RS L RFERERRILED TR ERK - SLEHATREA B
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Abstract

Citrus depressa Hayata, with its rich functional components and unique aromatic
characteristics, holds significant development potential. The composition of volatile
organic compounds (VOCs) in citrus leaves serves as a crucial basis for identifying inter-
and intraspecies of Citrus plant. However, limited research exists on the influence of
environmental factors on the composition of leaf VOCs in Citrus plants. This study
investigated the effects of light quality on Citrus depressa. One-year-old potted seedlings
of Citrus depressa were exposed to four light qualities: near-infrared light (730£10 nm),
red light (660£10 nm), green light (520+10 nm), and blue light (450+10 nm) emitted by
light-emitting diodes (LEDs) at an intensity of 150 umol-m-s!, with a daily 12-hour
photoperiod for seven consecutive days. Leaf samples were collected in the end of light
period to analyze the changes in VOC expression. Results showed an increase in the
composition ratios of 3-hexenal and (£)-2-hexenal after fifth day of near-infrared light
treatment, while no significant effects were observed with other light treatments.
Subsequent experiments were conducted using a mixed white light source at a base
intensity of 200 umol-m-s”!, supplemented with near-infrared light, red light, or blue
light at an additional intensity of 150 umol-m2-s!. The plants were subjected to the same
photoperiod for nine consecutive days. After three days of red light supplementation, the

relative content and composition ratios of oxygenated monoterpenes, including linalool,
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a-terpineol, terpene-4-ol, and trams-sabinene hydrate, increased in the leaves, but an
inhibitory effect was observed after supplemental red light exposure until the ninth day.
The composition ratios of oxygenated monoterpenes slightly decreased with blue light
supplementation on the third day, while the relative content of saturated aldehydes such
as octanal and decanal increased in the leaves. After three days of near-infrared light
supplementation, only the relative content of monoterpene and sesquiterpene
carbohydrates slightly decreased. The results revealed that all light qualities altered the
composition ratios of oxygenated monoterpenes after three days of light treatment.
However, the effect of light quality treatments did not induce the production of new
volatile compound. The main VOC:s in Citrus depressa leaves, including y-terpinene and
caryophyllene, remained the dominant components. Increasing the supplementary blue

! significantly decreased the composition ratios of

light intensity to 300 pmol-m2-s-
oxygenated monoterpenes, while increasing the supplementary red light intensity to 300
umol-m~-s! did not enhance the composition ratios of oxygenated monoterpenes and led
to a decline in the maximum quantum yield of PSII (F./Fm) and electron transport rate
(ETR) of the photosystem II. Furthermore, a significant positive correlation was observed
between the relative content of oxygenated monoterpenes and chlorophyll fluorescence

parameters, such as F,/F, or maximal fluorescence yield (F'm), highlighting the

relationship between the expression of terpenoid compounds and leaf photosynthetic

doi:10.6342/NTU202303817



performance. The findings of this study provide insights into the short-term effects of
light quality on the expression of volatile compounds in Citrus depressa leaves. They
contribute to a better understanding of the relationship between light quality and the
expression of leaf VOC:s in citrus plants, offering a theoretical foundation for the short-

term light quality regulation of leaf volatile compounds in Citrus plants.

Keywords: Shikuwasa, environmental factors, short-term light quality treatments, Solid-

phase microextraction, linalool, chlorophyll fluorescence
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F—F Wz

#A% (Citrus spp.) & B A &5 & Z G REHEY » 2IOMGEEAKRELE =
#2021 4 BiE 16,180 ¥ Ao 0 B & 48 R 2 ] (FAO,2021) - #5 B A % 7L HE A )
Bl AERAWTHSCRAET Y RTRG—I 0 sbsh REBER A
SRR TR EFNE K BETZORR - 2 2021 > AAMAERITESD
F ik 25,054 N A EH 465871 N EEE 1565 ML B R
AEAEL R 5H(15.4%) 0 BBAUTHRE ¥ Z B R £ B A -2/ FHMAEE
¥R AR A IR L 2SOV RBES RN AEEERAE(R
%.2013)

& 1% & #.(Citrus depressa Hayata) & % B A w4 T AR EER 2 AN E
B BRI M AL % Hu(B), 1962; Chang and Hartley, 1993) » % 4B % # k2 %
Shikuwasa » % F F4% 2 B (H IR, 2006) - &5 F#Re % R R BA IRA R
FROEFRESERERAGIZBETH — ERAMOHERZ URT T HAE
2 (&, 2018 ; 5F,2011) -

HMAGEE R BRI a R AG BN BEN RN EZSF 51T
BEBREREEE S M ARG ERR > AN ARN AR LR EAET
JE o 7T S REEAR B Ry £ B & 3R(B,2020; Lamine etal., 2018 ; Lin et al., 2022) -
BE ot LS M E SRR S B TR wIRBETHRE  ERE

B @ BB ok R R O B 3 5 M AL A 4 04 48 R (RajCevid et al., 2019) »

HEEBA TP o e K40 k3% K (light intensity) ~ F 8 #i(light duration) 2,

4 (light quality) % » £¥ KM T OREFT AL ER LS REE LD E
% B F(Amaki, 2016 ; Ichimura et al., 2009 ; Lin et al., 2022 ; Noguchi and Tohidi et
al., 2020 ; Uedaetal.,2021) ; p B ah4am 2 BN € HB AL E RO REMO AR KR

 RBER P EEE A E(Fuetal, 2015) ¢

B AT A H e R A MBS LS AR B ENARM B 4 MG E
1
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R EFACS M R AMAE S TR M b o T AR AR S E R E 2093647 BsL A
RAREOEREBRRATHVEMABER T oL S h R KT - KB H 2
& I8 BAR BRI K AR B K 69 A3 BB 58 AR B IR EAT AR BRI 0

a (5
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FoF AR

2.1 6B FRGBREN

4 #% % 4% (Citrus depressa Hayata) % % 4V N R #4E > B XEAS 1« 77—
—(shikuwasa) » & 2 f P48 - RIKARGRET ALY 45 25 SR F BT HMAF
BRATEM TRREZIREZHRKE RiThB A L4 & %,2006: 2], 1962;
Changetal,1993)- £ ey 6B FHZ AL BAT A RTA Z B AENHRITBM(E,
2018) » A EHEH BT H AN GHEFA > T 2018 FRAFLERUATEIRR £
RRG,2018)c £k EEBEBFELEEHE THMEFERIRE  BAGRIR B
@k % a4 (Yangetal, 1987)c Frb 2 b £ H 4769 R g 2 )| IR & % (nobiletin)
4% & % (tangeretin) % % ¥ 4, 4 35 &7 (polymethoxyflavone, PMF)#8 &4 #% A& £ &R 2
(Kawaii et al., 1999) » iz $8 mk 0 ¥ 39 %] %% 48 B 4 K (Huang et al., 2022) ~ A B4
FF48 45 (Lee et al., 2019) 3 #8 BUA ML B & % (Linetal., 2003)4 #8 % sk » HL L& R
o T 5 F A B ARG 69 B Su AR R SLAT S (5E 4, 2013 5 WL A, 2009) -
&8 FARRE M bR 5 £ £ 4454 (limonene)(57.36-59.78%) #2y -4 iy M
(y-terpinene)(24.88-25.14%) 4 sz, » M 55 #2 B¢ (linalool) 2 & FHE R A FE R EZ R
B HLEEFRORTARTHERAELIR T > £ & d limonene A 44 4 1 4%
th B A IR A y-terpinene & ¥ #f =k(grassy-waxy)Fu linalool &9 fE % & - &7
% BAAG R K 64 bk P 24 limonene (60-90%) % £ 24k - RAFE B ERRE
B R ERBIN L EMAE RS P B4 & (Ahmad et al., 2006 ; Asikin et al., 2014 ;
Asikin et al., 2018) -

4 EARE R o938 e A4 75 & A linalool ~ y-terpinene #v limonene % * &
48 sx (Kamiyama, 1970 ; Lin et al., 2022) = Lin £QR022) > # =& FE M £ E
(germplasms) #y) £ F ¥ R g Miebman - T 4 4 S R kA (aromatic
type) » % — At B ¥ K EB(OWD) ¥ 5t 36 % B (HLN) AT 48 R, » S5 FE AR BN & 8
¥ % 30, %t 5] 2 % 45 8% (linalool) » H X B-ocimene Lbfp| R S —fE A kA =

3
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8 Rk A 20 4B % BE(OKN) S F- B k5 8 2 R 4o A RORAEH (GS) A % - ARk
Loz 4F e 7 BA B & 4 EX v-H b hi(y-terpinene) o M & & 69 %46 ~ IRIER F
BB (B K BLRFE) AT REE AR E R o9 Rk % 48(BL, 2020 ; Lin et al,,
2022) - YW AEIRAE AMAG M E SR EREE(TH,2013) £ ALY
EREGAGBHEGEARARER AANEARLZRE > THASEBENEEEHER

FHAEN S ARSI E S & (B, 2020 ; Lin et al., 2022) -

22 MAGRE R 1ML S

FE 451 A #4464 4 (volatile organic compounds, VOCs) & B # & i# 2k 4v % % A
By &y FE(R & 500 Da)fbddy » RLBRE 5 AR EBREFEA T UARAAL X
#i% A 2 P (Cheung et al., 2015 ; Kesselmeier and Staudt, 1999 ; Skogerson et al.,
201 e A RBR TN AR ER ARG BEAMRIFEEHHE RO E
EMAEFLRERGEY > B ¥ @ RARGIER MR IS > Blho : FEH8 0 A5H

% 47 &£ # % (Bennett and Wallsgrove, 1994 ; Harborne, 1999) -

221 #MABER SIS E SR

T %8 (terpenes) 3 #2 1 (terpenoids) it &4 & s s AR 3 R ML S £ &
a4 (Lotaetal., 2001) » H 4 $84% 48 718 55 R F FA 46 Ak 9 B 7k — M (isoprene, CsHg) 4%
B AL I T o 4 B ey B X% =V (hemiterpene/isoprene, CsHs) » 4 & m 4% 3 B
FE R PEAE A4 ) B F $8(monoterpene, CioHie)¥L1Z ¥ #% #8(sesquiterpene, CisHas) o 3
FE 0k R0 B BB 221546 R ) B A AL 3 AL F H(oxidized methyl) B - #8442 A5 &
144 (oxygen-containing hydrocarbons)# 4 #& #% (terpenoids) » 5] 4o A A% ¥ B R & &
&) 7 #2 &% (linalool) + 7 3 &% (geraniol) % ¥ % 8 5 £/t 4 4 (oxygenated monoterpene)
¥ & #a 7k 89 3% (De Gonzalez et al., 2002 ; Koul et al., 2008 ; Lotaetal., 2001 ; Perveen

and Al-Taweel, 2018) -
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BHEMBEROESRRET AWM OB ()T AFEBEHRRBRE
(methylerythritol phosphate pathway, MEP pathway) A & (2) F #& /% B4 12 48 (mevalonate
pathway, MVA pathway) f#£3iR 18 o bl & AR AE 6945 85 il o F ¢

(1) MEP 48 £ 27032448 £ 270 H B (plastid) 9 84T » &R E R IR E

EREIE Sy & FiR 18 - HATBRM A Box 69 £ /R = M & 55 B (isopentenyl
pyrophosphate, IPP) 2, — F % /& & & #k 8 (dimethyl allyl pyrophosphate,
DMAPP) - DMAPP =] #% £ /&% =¥ 4 mx B (isoprene synthase)/X 3t & & k=M
(isoprene) ; IPP z DMAPP & % # J & #} B8 4 sk 8% (geranyl diphosphate
synthase, GPPS) 4z &4-1F A 7 ik + #% 89 & % & & %} 8% (geranyl diphosphate,
GPP) » it i i® B #f #8 4 s B%(monoterpene synthase, TPS)4#§ GPP pA — 4% 7] &4
F P RIRALE R E HEFRIL B4 0 4o & 48 i (sabinene) » v~ i Jis (v-terpinene) »
¥ A% # (limonene) &, linalool %3 A MEE H E W EHF b DY
(Degenhardt et al., 2009 ; Kamiyama, 1970 ; Lota et al., 2001 ; McGarvey and
Croteau, 1995) -
(2) MVA & /2% % fits g (cytoplasm) P9 4T » A 7> &- i 4% F 4 48 IPP 2 DMAPP
4k R Ak B 5 B A R B (farnesyl pyrophosphate synthase, FPPS) 4 A % k. + &
m% 0 7k B #k £ #l B (farnesyl pyrophosphate, FPP) » 7 48 oy 42 3 #% #8 & i B4
(sesquiterpene synthase) /F Fl & 4 1% F ik #2816 &4 » Bl ke P-4 47 M (B-
caryophyllene) 2 4% 3 R & & % 7T #2002 89 4% 3 3% #8414 #(Degenhardt et

al., 2009 ; Kamiyama, 1970 ; Lota et al., 2001 ; McGarvey et al., 1995) -

H—RE AN MAGE R RIS B 4ok 42 (Co-Cro) B9 BX AL & 4

(aldehydes) » &4 K £ 4v B #8 (unsaturated aldehydes) #1148 Fv B85 #8 (saturated aldehydes)

o

oo BEHE & — BF o A By B (fatty acid) B L H A2 fm R 4744 > meT&E—F A4t h

&% 8 (alcohols) v B5 # (esters) » b8 Ax, 5~ X 4% A& &k 3 48 28 49 (green leaf volatiles,
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GLVs)(Matsui, 2000) &k ¥ 4E 449 3 et R A AT E R HEHHILEMB TR0 2
B AL 4 L AE 4y Pl 3R AR 3R Sy R F L sk (herbivores) &) & % 7 ft (Karban et al.,
2006 ; Shiojiri et al., 2006)

WA R E R £ B35 18 s .41t B5(lipoxygenase, LOX) ¥ &8 &/t 4y &
#% B (hydroperoxide lyase, HPL) &9 4E i - #% 3 k1 B A5 (membrane lipids) &4 o- 22 fif i 8%
(o-linolenic acid)#v 25 fi. i B% (linoleic acid) % % 7t 7 e Fv B B B% (polyunsaturated fatty
acid, PUFAs) &/t ¥ # #21% » T a5~ 9% 691 R,-3- T M B2 ((Z2)-3-hexenal) » JE X,-3- T b
Bt 4% 38 B M /b (isomerization) 7] 75 ik R R,-2- T I S ((E)-2-hexenal) » i3 b R A Fu B 48
(unsaturated aldehydes) & # 4% ¥ R + % B, 898 #81t 4 4 (Hatanaka, 1993 ; Kamiyama,
1970) - Mm% » MBS 488 B A5 1L R 4% & BF % £ 85 (alcohol dehydrogenase, ADHs)#9
AL R O HBE > Bl §E HAEE R T4 3-TWER(3-hexen-1-ol) S8 X -2- T 15 BF
((Z)-2-hexenol)(B, 2020 ; Kamiyama, 1970) ; T)IHEE "] HB i — 54k CEadHEG A 325
& (acetyl-CoA transferase) 1Lt ax 5 #8164 4 (Matsui, 2006) - & HAEE S H - &
B ERFEFZERGBACR T SRR G A S e R
FE S EE R Y (Asai et al., 2016 5 Vieira et al., 2016) o

#8140 B% 8 (saturated aldehydes) /R A BB EA > B HSARRELLZLE
Z 1% A T R BALE B P 0 RS H #2751 A (reactive oxygen species, ROS) &)
HBREF R » )40 T8 (hexenal) + ¥ B (octanal) &%, X B (decanal) & » H o 2%
(decanal) A AG ¥ R B A F A ayfa il - CAMBEREFT RO EETRA(Cao

and Hewitt, 1994 ; Killiny and Jones, 2017 ; Lota et al., 2001 ; Wildt et al., 2003) -

222 MAGE R RIS M ER

ER B RERTAEAEN MBI IRIE  REEEAEM LRy ENER
$542(Kesterson et al., 1964 ; Pieringer etal., 1964) 4% 3 B a9 48 45 b4 $ o4&

M (intraspecies) #9 5& 7% (cultivar) 2,42 & (germplasm) i &9 & 97 A H & B0 » do i
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(C. sinensis)(Kammoun et al., 2021) + %, 2% T 44%(C. clementina)(Gad etal., 2023) g
& % £ 4#2(C. depressa)(Lin et al., 2022) = A & ¥ % & B A A4y N RAAG 2 17 -
& 78 & AR A R 89 v FAB(C. macrocarpa) YL 8 A% (C. sunki) =] # &1 3 J 451
164 6942 R (chemotype) & R & 4 = F &9 £ R (B, 2020) - ¥ h M LEHa
AR RIS T B E 5 HA A R B AR B R R AEE B ey £ F(Linetal,, 2022) -
HMEEROEERILED AR ER B r BN ERHEE T RARLEAE
ZARMEARRIEG - BER > BRAY(a A REBEHY)  FAEY RS2 ER
F RS REGMATI AR LEMER T CRGEDNEELA RIS DA
(Jansenetal.,2011) o 4v % % AE KRR 22 #4 3 4% 4% 7% 5 (Tobacco mosaic virus, TMV)4% »
LG B PR A A AL A4 (Deng et al., 2004) o 3% 38 547 AL 4 B2 HE A 69 4
EMAL G 8y R AT EAR B R T EAEM AT HER QAL S 7T A
BT X B % 4 6h f2 B 4K U(Goff and Klee, 2006) o SAAE T3 » 2 #7 A% 48 64 18 25
MR ML SR ER - ST A AR B A AR AE R T R R AT R A
(Citrus tristeza virus, CTV) s ## 4% 3% #€ 7% (Candidatus Liberibacter asiaticus, CLas) % ¥t
MRS E ERERBNRE 0 BB A ARBIRR F A7 21 18 % ¥k 49 6t 71 (Aksenov et al.,
2014 ; Gottwald etal., 2020) - #8 -~ MG RBI G R ESE T @ > IR T B R 2%
R ek B2 gh s K R e BB AL S ik £ BT T AE A AR R 2 AR 6y o
R EARM AR E R BB ML MIR B SRR E ORI AMEAR R
MR E R QRIS EAMELI B RESH O ERER LTS
EREEMACES DO ERER I BHEEETORE - KM BIESE - R&EH G
BEEREFHILS ARG ER MABEEREFRLEhARGR T BR

T—FE&FEm N
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23 BHEERAEFMALDERGE T
231 RERT

HMBRETHRESELEAD AR AERARET > FNLeREEREH
MAC A e R B o g BEAS(Citrus sinensis cv. Newhall, navel orange) 3 B #:4#(boron)
B @ Sm B R HARRY o B AR TR RS o AR R B
# #% (geraniol) ~ # 4% M (limonene) ¥2 /K 45 B% ¥ &5 (methyl salicylate, MeSA) % #4445 K
#%(Diaphorina citri, citrus psyllid) &£ 3% 5| e 3L 54 - EHEEKE S X
Bl AR R SR EE - 3 Ao Rem R B (Dong et al., 2023) -

AR &) 3 R P 9 R (glands) R 3% 4 T SR A - 3R R AR AL M B ik
Jre(secretory cavity) g » B aR 4 64 3% 4 M2 5 ¥ B FE 454k (volatile oil) 6y & F F B
(electron dense)(Thomson et al., 1976) - Yamasaki % £ % (2007) LA &k &, % &k G420
ABAFEAR (Citrus jambhiri) 3 P 4845 ¢4 B 7k #8245 mRNA(RlemTPS1, RlemTPS2) » B2
TEERA R AR SR Ba ikt mind P RE&RE > BUER
PEg iR R Y T AR &KEF - 8% 4 78 2 48(C. sinensis cv.’Valencia’) 4y 3 K kg
FRMERS - ¥R T8 nerolidol 45 F ik 486 s B 64 JE B R 2 RS Bk
#1F #A(Ribeiro et al., 2021) » % #(C. aurantium)ty 3 R B SRR EZ IR - 4
oy o b AR BUR AR IVE R ik B %K b i (essential oil droplets) » 3 R #9545 id
MARNZERAEDE  KROAFREFTFHOERRROFESARERA
sabinene ~ B-ocimene » 12 gy #h 3 R ¥ A LA sabinene Fv § -3-carene &A% b &9 £ ZAHE R
(Mejrietal., 2022)-Killiny % (2017)35 & #4869 40 E ML F i AR B L5
AR EF RS MOBRENER RBARSRIRD  EAERRLEMAEE
FEI O R o ARG B 3E R K % R BB AR R AR AL A R IVE R e9Aa B
FRBHERABGEZE BE RN EFBR T MHAR G RRREEE M

Se ARG ALR MR HER IR o
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232 SERF

ETHBERAEFE IR RIER FRAERMBRIFOBYT F QUG ERE
A A 0y 48 R & ER(BL, 2020 ; Abd Elghani et al., 2023) » /8 /& (Ellouze et al.,
2012) » sg(Hansen and Seufert, 2003) » k5 (Vieira et al., 2016)34 & F & g4y £ &
FoUT R MECHRATEEMBER RS M ARG LM ERLE
e EF o

a. FAMHER FHBE

#E(C. sinensis)ig FRILBE PABERS > ¥R BK B-o AT M0 R45F 3
#®& o BT B-oAT M HERCER B L 6 5% 69 4R 8 HE (temperature and light intensity
dependent)(Hansen and Seufert, 1999 ; Hansen and Seufert, 2003) » Lourkisti % (2020)
BETANFAOMBRITFRERY > 23N RLANRKYEBRRAAGK
BB LSRRG IOBBERER XL EL TR LSBT R EHEHLEY
ERBET BRAMESEHILAMARARASAMIKEIERA AN ZEAEE K
REEZ > BEREFMHICEHAREZEEZRAN BB -

MAGFE AR & kAR KB R A & BUK A& - B ok ¥ 6 K 48 5L (Garcla-

Sénchez etal., 2007) o g AF ALK 1 SRR EBL - B By Bk i dm BB 09 R A8 % -

AR R B K E 69 R A,-2- MBS (trans-2-hexenal)(Vieira et al., 2016) °

b. AHMHHEFHBE

Fex EHERBEREHCOMNBELERSTHMBO ERIEARK > L P
¢1,3% 7k 45 B (salicylic acid, SA)¥2 3k #] & (jasmonic acid, JA)ig& /& b4 5035 © & MA% % %)
ARG ~ JA S SA 3% 1y % R IEEF - AF 4% (Citrus limon ) 3 R #% @ 4% & B-pinene
# D-limonene #948 %88 5 7 M B #H(C. kinokuni) & & 5 % R & 6935 T 05 ) 42

linalool #2 y-terpinene #9484 & » A MAdF(C. grandis)4& % 8 R e 835 LR 12 o
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B G I 3E R AR AL A A 60 R B b HAp] BT M A HLBR % e £ B0k R A0 JE
REEAR] » ¥R EHEMIALG M RHAER 0 £ R ™A R E & H(Asai et al., 2016) -
Hijaz % (2013) th 52 B &9 8%, 4 78 35 34 45:(C. sinensis var. ‘Valencia’) & 3 4& % #E
% 4% B # (Candidatus Liberibacter asiaticus, CLas)$ 18 B # » 77 F] 3 B #f 444k
EomEROARER LR REEHE ML DE E X R 5 % # (principal
components analysis, PCA)#) & R BET » 2 AR SR % Clas 2 Rk R B4 B 8
AEE o R Clas ey AE 3 A 2 B LAl 5 BB 5 SN B - 1t
HRBERYSE Clas ZHE R Rk AL A LM EIL ERZFEEFELES M
ESE AT FREHEREANILEE HER BRI BRIRS  # &
1t %t CLas 89 E By b £ (true positive) T % + % 8 Ry Rl Bk F e m 5 0
FREF o BETE R AR HAC S R A AR TR R A AR AR R O kA R A Y

4 %% % (Aksenov et al., 2014) -

2.4 RERIEMEMIEREALS YRR
g X T o & 5% B (light intensity) ~ 5 38 £4 (light duration) ¥ 5¢ & (light

quality) » 5t 3% B &9 S AL & 204 45 T AR AL 5 M e Bk % (Zuo et al., 2017) ;

guing

AEHERRB AN D EE T HAREI > PEEBMACESHO LS RAHE
#(Cerrudoetal., 2014 : Keggeetal., 2013) ; Jo 38 # £ A8 4y SRR 48485 AL & M HEK
BB - B EE I E R sk F 8088 1 (Grausetal,, 2004) - LT e E g AP E
# B B A 4 64 £ A R ¥ %k 31,(Nishioka et al., 2008 ; Tohidi et al., 2020) -
AT AR R B 3tk R LB A4t 400-700 nm - BB T RSB eY 3tk
B AR 8 0% & 6 B A% A B A A 3K %3 4t (photosynthetically active radiation, PAR)
(McCree, 1971) - #i4h & & ¥ B £ F) &9 56 % 84 (photoreceptors) H: U IR 32 ¥ & 48 5%
Bk B 80 B 8y o8 o )40 LB & (phytochrome) - [ 78 &, % (cryptochrome)$2 UVR-
8(UV-B photoreceptor UVRS) » e & £ %64 3% R $6 B A 4o ik Bk F 49 655-665
10
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nm L3 49K 725-735 nm o (S 5L & F B4 400-500 nm 8y E KGR A =B E B
% ¥ % (Kendrick and Kronenberg, 2012) - & 5 38 3 b 48454664 & FL A9 48 B
R S BEERHIEARGAE AN AR NG RBR A AT HERE
AL A A A R 9% B (Fuetal, 2015 ; Peer and Langenheim, 1998) » B 3k » &)

B AR L E BB A, HHEREEHILEDARZITE -

241 #k

BARKRMEERERT R AEMITAECFR A ELARAABETHERY
KH R SR A AP E T LA B IRTT R B ta o R Av Tk

i — AT A e AR IR SEIE K & 2B (Ding et al., 2023 : Dou et al., 2017 ;
Wu et al., 2007) » B B4 3= MEP 2 848 Bl B2 F IR B R ey 0k - IREFF LS
My & & A i (Zhang et al., 2021) o

Fu % (2015)4#% 4 % %X (Camellia sinensis var. Jinxuan) &y # B 7% 24 4z #,(660 nm)
1 8 (450 nm) % 56 =452 (light-emitting diode, LED)i2 4582 4+ 3 B » 4508 L3
T 48 4 k. B (terpene synthases, TPSs)&y X B & 3 & » = F F ¥ 55 4282 (linalool) #2
% ¥ B3 (geranio) F B AL S 2 B H A F o B 7 150 pmol m?-s! a4k
A RE A RIB AR AR/ R 16/8 NEREAE 28 B L AREREFRS

L-% 47 &R (L-menthone) ¥ L-4% 4% }% (L-limonene) &) 4 & (Nishioka et al., 2008) -

242 &%

AR G A A R 0 R B SUEE A A BB R R AT G Sl AR 4 e B AL R
¥ RALMRIRAL R D ¥ @A (Ding etal., 2023 ; Poudel etal., 2008) - 12 T {23 k A&
REGE ROELFT b - REER B aMay AILEE AH AFLHB
1R R BB AR IIH L A LB £ A R R RS a/b H &9 48 /1 (Wang et al.,
2009) -
11
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AT A BE T B B A (Thymus sp.) ¥k # i by £ & &% % B 2 & (thymol) »
BEANEAMGAEIIE 2 BMAL > BeRSE ZBHVHE RSB ARILE -
% M2 E 2R carmanicus) e ¥ R A R Bl R AN ST 2 H(T
migricus)(Tohidi et al., 2020) - P bz sh » 7 % -3 3 #5(Noguchi et al., 2016) + Z& %)
(Ichimura et al., 2009)#u 4% X (Fu et al., 2015)89 2 £+ » B TR E R Bk
linalool » B 78 A 345 88T 8 e 48 B 4r o he & K18 304% 3 linalool 4 sk B4 48 B
thra ¥ & F(Fuetal, 2015) -

243 ek

TSR E R R ERURMAFTESE 2 HEH R ER T I
38 A IR 1% 9% % (Demotes-Mainard et al., 2016 ; Kasperbauer, 1987) < A4 % # &
Lo fp) 84 3 4 4h Sk @ & A ¥ R FE (shading response) » AR A M A Bk ey 2L B H
¥R B O 2 e Hpd] R F) B A A X 14k 42 (Kasperbauer, 1987 ; Kegge et al., 2013)

MR RTINS & EE R BRI ey &I - Kegge 5 245(2015)%
38K S (Hordeum vulgare)SAR/BE 30 2 16/8 /1852 880 » £ i ir sk 5 B
% eI HHEE LS B E - 2 1T ¥ R £ linalool & H A/L4
myrcene ¥ # & R 5 69 B BRI BT 4R B 3 A S S ] T fle SR 3R AR A M AL
B2 kA Ak o Peer % (1998)1% $1 4% 1t £ A (chemotype) by 18 44 $ir #7 B &% 3 (Satureja
douglasii) > F#5 1 B4 > 2% 24 10 pumol-m2-s! 4 5% ~ 13 umol-m2-s! 3 4 9
B4 5 ndE o RAERCRREARM L » RB AHRaE - N 12 FRUE
7 (pentane) 3 B B R )R MEAL S AR H B R TE 0 S LS
Ao Rm st paYREL  RERERTHILGHREAEER

AN R EFE B LR o

12
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244 &K

Ry R AR 500-600 nm - ABEALKBER  GAEERTREAEHH
FiE N o BAREIRR E a8k ey 41 A (Sunetal., 1998 ; Terashima etal., 2009) -
R 3E S AG A M A8 B 69 B 20 BB 0 BR OB TT AR 3 0 5 3 (Ocimum basilicum) ¥ R R %
s W5 B 1% 1% 47 £ ¥ (Wojciechowska et al., 2015) ; 27 & 457 (Mentha arvensis)® ¥ 53k
1% HEBA 2 42 3 B ¥ 7 1% 8 (d-pulegone) 44 4 & (Nishioka et al., 2008) ©

EREPTU > MR E AR BRO AT REERY GERE R EREMILEHE
Ry EE otk EARGAGREE R RS THERMILEY  Bi s AR
GHHEREEHILEHER - A RE ARG BEREME LB
H R E A A B AR AL St A S N AR R g A Bk

25 R eMBELFTREANER

B R HEFR RO R B R EAE R By aR > BER E K E 6 R TR IR
A A% 5 %8 89 & K (Niinemets et al., 2002) o #5388 HEA AL X B 3 & KL L EEH &Y
REEAT > BRI B A AR AN SR - & i AL A - B A fRE
# % #8935 s (Loreto et al., 1996 ; Delfine et al., 2000 ; Bertamini et al., 2021) -

3 4 % & 5t (Chlorophyll fluorescence) & 34 1R ¥ AAEF A b &
S BUAR BB FEAR - BTN RIS L R B IR e § & £ 3 35AR (Muller et al.,
2001) - # &k & % ooy 23 85 JF o 1E 2% sk(non-phhotochemical quenching, qN)#2
FAL 2% i (photochemical quenching, qP) » JE RALZF B AR & T 82 69 KA A B
RETE K Bk 69 23 4w gN 2 NPQ(#, 2012 ; Maxwell and Johnson, 2000 ; Rohacek
and Bartdk, 1999) - o468 4 3% Bp 45 /6 fie A 7 RAC2AE A 692 o - 48 B S8 &4 qP>
k% % 11 69 % K & F & % (maximum quantum yield of PSII, F/Fn)$1 k4 4 % 11 &
F & #(Quantum yield of PSII, ®psu) ° Fv/Fm % A # 42 B 4 3% 3 3% 912 30 H1 45 A
(photoinhibition) 2 % &4 % # (Maxwell et al., 2000) » Fy/Fn 693t E AR 40 T -

13
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3 by R AE M B A TR OK AR Y B K % 56 1 (maximum fluorescence, Fi)fo £ /)~
# ¢4 (minimum fluorescence, Fo) » £ 4% H 1% 7T LA4F 2| Fo/Fm o £ % 69 £ 32 R I[ M
BIFEMHT A E R 0 F/Fn @@ A7 08 £ 0.83 X R(Krause and Weis, 1991;
Johnsonetal., 1993) - FAE & BIRIFIE /1 LT F/Fn & T F > HEIbRk
HeA % 4 11 8248482 B Ao A A 24 % 89 % 39 (Lourkisti et al., 2020 ; Urban et al., 2017)

Kb % % 11 2 F & 2 (Quantum yield of PSII, ®psir) » & ¥ &k F &l fe 4834
BALZAE 0y tbf] > Opsu 7 E—H 3t B A % 4 11 2 E F1% 3% 1% F (electron transport
rate, ETR)(Maxwell et al., 2000) » H3+E AKX 4o TF :

ETR= ®pg; xPPFDx0.5%0.84

#£ ETR & AKX+ - PPFD % % 4&1ER &+ 18 2 % & (photosynthetic photon
flux density, umol-m2-s!) » 73 3 3% A (light intensity) &y £ 43 » 0.5 A1 3% PSI #2 PSII
HEFRAEAGHAIRRTRENGETHEIERNBAES AL TE 084 BE
R RN B 6 (400-700 nm) ey R A B - ER W ETR 69 R R e % A% E R
FE 4R 5 T3 o 48 R 45 HA 04 3% 35 € 4 ETR 4K (Maxwell et al., 2000 ; Peguero-Pina
et al., 2009) -

HMHmEREEREBILEHOENBELETRASBOPILZRIFEMIB
RamALEER R BB AAEE D &AL F M (Quercus ilex) ~ R A5 4z # (0.
coccifera) ~ A& B A 1E M 0 & 46 64 3k 3% B (Rosmarinus officinalis) » %R 7T LA,
FEEREBILEM REFERILSMOIARE  BE IS 2% I 9ETE
BEL(ETR)R & F & 2 (Drsn) & B 2 5 /& 84 £ 48 B (Niinemets et al., 2002 ; Ormefio et
al., 2009) «

EhER ey o A —MIFHORM R E F L > TR A A P AR RIS
KA FR GO EEARENE - MER T s BAEY PR BRI 0) £ IL K E RAF A
WIFIEAR > MAHMEFHICEHZ A —EREGBE/ER -

14
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2.6 FEREH

HAG B R A 6y R IR T 7T AE A 35 Bh o b7 S48 R ARG AR 4% Bl % 60 B
TS ERILEMOERZRR - RIS HES R ZRBAESIFRE
A SRS HUE 34 S B A6 B F 211 A 4% 64 & 1 (Niinemets et al., 2002 ; Rajcevic
etal., 2019)

HMAGE R BRI GHN AR B MERYT Loy gMRY - ARAMmA RE
RB o XRALE KRBRGERE REIFAE THEERILEM AR LT HEXE]
BRI EMA AR LR - BRBERERF P » BB E (Hansen etal., 1999 ; Lourkisti et al.,
2020) ~ 5% 3& & (Hansen et al., 2003) 3 7k 4~ % #5(Vieira et al., 2016) ¥ 4% 3 KB 18514
MR EERGTECHBE -

AT AR T o AAG YL % B3 @ X BIRIAY % &) M & AR 3 R 3838
MALS R R G U E > RERALTAMOARKRS F Entiams k&AL
TAHRAEME R B E > MA RSB EEEHILEmOAMARABERSED - &
HAHERELEMICEMOBE LCANART A SEARAEDTET ALY S0
THREEERLAS WAL RO A E > LR REMAERM ™A £ & (Kasperbauer, 1987 ;
Kegge et al., 2015 ; Nishioka et al., 2008 ; Tohidi et al., 2020) - 43 #7 % & & 32 # K &
W ER NOAEF LS M EROZEMEA Fu FQOISFIA Kk ~ BEARBHRE
%o mHERAREARAMMAREZREZARARR

EEFBOREAERTARAAGEHRG TR RITBRAGRA KT S HAE
MRy ARG Mk S FREA T LA A& o K50 H SUR A% B AL
IO MBERF T SIRTHERE Rtk AR EEBFH AV 2 EH
P A BARGAE LT E R bR S B RN EIE
AER G HAEREEMCS AR BILR LR BESEREL IR LS

Mo MIEARKFPIRFTAE HMAGE R BRSO AR AR EEEZRANBE -

15

doi:10.6342/NTU202303817



B HHEF

BREEEFR TSR, N 2021 F 12 AABILSHEREYEAME
—FAGEY  BREAKINBADRE | RZEHE - HE R R £ (Kekkild
Professional OPM 420 W) & AR A RE (IR A ML 4R AL 2 3 ) A g Atk 11 1 Adm
Ao BHANFILTT ARG 3 AT ZHFE S 1 3R(BD01-3180 XA 5 N : P,0s : KO
=14:11:13) - EHBIBN AL EE X LR LR EMR T EHRMAREEZE

BBEmMT NERBEAREL SgWtbpladidE S 1 5 Nl EE
WEEMHFE 1000 2698F 2 3EGRAE N : P,0s : K20=20 : 20 : 20.5) 1-2 &4

YREY: A

32 AT RRELEIE R

1# A LED 5t# (Hipoint, Taiwan){F &6 8 RFE X AT RIR » LB X BL 40950
(73010 nm) ~ 4x #,(660+10 nm) ~ 4% #,(520+£10 nm)Fe & (450410 nm) w9 £ 28 ¢ — 4%
£ (light-emitting diode, LED) o # 3B AT sA HR-550 3¢ 3% 4% (Hipoint, Taiwan)ig R] ¢
HRIBAEMREE S EXHE ARG E > L ARIFAERIELE B - 5wy

FRENENBEIRS AR RSB A 2530.7°C » BB E A 80£5% -

3.3 RERK:
33.1 RE— > ERH Rk

#2022 £ 4 R 28 BE S A7 BEAERT AR NREA - EERR
ok E KA EEEZ AR SR BIARTH F 1R 75-80 B B R AR - AF AR
PR IRAR AL o AR RIS A b dsk > Sk E R wAELH 2 LED £ 4
FR o LAEEFE A 15010 pmol'm2s! » 12h/12h 2 PARA/EE HAE 4T RIE 7 B ;5 &

RIE 3 A3 ER BERERL 3 MER  FARRHRERB T E&FHH
16
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(SPAD value)#y ] & B 41 ; ¥ R BB oM ZER B AR E RIEAT
RERIEE 1357 B2 BATAIE R 5 T AR L0942 AL R

B3AIER R SLBPBEN -50°C AR 4R AT AR A AL A M 47 (M4 1-A)-

332 RE— AR T RR

AR E FLHEIRSAERCGERERE S 200£10 moL-m?s)1E Ak
RAREE - BRI B B A A H o AR BT RR B RAEBN 2022
F7RH2 BZE8A 8B  HMAKUARGELREEA/HEE (12 WI2 h)2 B
S-FHr— B AR > NREAIRIZE - 5 RS L 150 pmol-m?-s 2 AL I
LAFERE=FALE  AUAHOLMAHRBE - BARE 9 B BRFE 4K
B4 EH BERSET 3 HERANREA S RAK T BRI EG LR A
B o AR E R E RSO 3 B AN SRR AT REA A
AERIFHEE 369 BB LAMLE RE > A B EHMLE S RIIER 3 K
R oo 35 R SLBPAEAR -50°C sAAF 45 4 EAT AR A AL A4 A7 (4% 1-B) -

AMEN 2023 £ 2 A 28 BE 3 A 9 BEATHE KKK 0 AKREBFE U
LED 6 A A A LR > BT 9 BX M AL ARE LR > REREZE S LBIRE A
R > ABRAESNARABAFAH R A - 8 A LRBRA K EERM L HOBO
MX2202(0ONSET®, US) 28 k3% & » 12 B 69K T2 81 F 2 P34 %58 B 4 46624379 lux -
BN RERIEEAM Y E 369 B ey IS RIFERAR - RS ILBPHA N -50°CHR
70 R AT MC S M oW - HIFEFRIEL LY 2B RANFEL - KRR
ERARFBHBEZARLBE Y  LHRENBEZAEARLENE 3 F 6 B
4RI » AR S SLBP M -SOCIRTE » #4144 9 HT 3 R ARER AL S0 o ARGR
Ex b ZBYN 2R3 B 4 £ & S(chlorophyll fluorescence) - 384 8 ik 32 #7 R 3 A

4 38k R 2 4 AE(M 4% 1-C) o

17
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333 REw= - WAAEBEE R AR

AREH 2023 55 B 20 B E 5 A 26 B 4T o R4 L E LR R B AR
B Z 3R R 4k e s A 2 LED & sk & 2 s R k38 & A 200+£10 pmol-m

Vo SRR A 12 W12 h &y A HA/eE R o AR L UL R R — B - Mk
B HEA PR E B4 J 150 pmol-m2-s &, 300 umol-m2-s 2 A K 5k A 64 4x 5k 5
Bk mRE 3 BAME LR BALEAGHOMREERTHE 6 B BN
BFRIEEIFE R — KA RRPM A RBRAREFAHBE -BFAEREE  £4
Z ERHRBALRE 2 ik BHEASNERE 3 MEREARSKFHERME
HERANEMNEMS  ERHAAETREAT - HAALTRES 1 BHEFE 3 B K&
HRIBHEEAEARIGE 3 1% 6 BETAE -

FEE AL S FRAR RN EAR L E R AT - REZE 3 B> RELSRHHA
ARG ZEEHE 3 BE 6 BB BRITEX 2 A RNEREEE O KER B
B 3 MERMER 1 E48 0 #3F 3 A - A E R IR HFHARN -50°C -

LAAF 15 B AR AL B4 547 (M 1-D) -

34 shreplE ik
3.4.1 ¥ B FEAMALAS M

a. B MILE M2 FEER

PATE %2 - [B] 48 44 2% Bx (headspace-solid phase microextraction, HS-SPME)% i# 4T 4%
ML Sy FEER > HEER O AR B E 54 5 kA 8 (B 2020) - AR H A
B ER ERARBARA LR - UITFMIESE 6 mm 2 ER K > H—FH4
el = B EERUT 3 M BB EAA 40mL BHALI T - RO AT B SR
WA 2 puL Z 5 ppm JE+ =}z (tridecane)fF % P9 42 £ 5 (internal standard, IS) © #R,
0 % 314 AR L ARAK B A 35 % (EL-02, Major Science) § » B4 40°C P47 5 5dE > 2

1% %48 58 £ F LA Supelco® SPME #-# 50/30 um DVB/Carboxen/PDMS % %% [
18
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BHEPTAEZRME 10 248 » T E R 1EBMALE ey EBCEBR -

b. STtk

RABR AT H AR UL Aglient-6890 R A48 8 474k B ik Agilent-5975 B 4K
¥4 HP-5SMS Ul 4 (£ 4k 28.5m > M4& 025 mm > EE 025 um) » R A8
# 99.9999% ZLA. > SAE S RBE 6psic i X AT A o GC FHBRAR 2 AL
BB 40°CHaH 2 H4E » F— R A 15°C/min #B ZE 100°C » 5 — P52
2°C/min #+8% % 110°C » % =F5 & 2L 15°C/min #8 F 220°C » 54 24 270°C4:4F
2 pdE o MS 3T SLE A 45-300m/z > HBEERA T0eV - IR KB EBE
FAZ B B Foaky o % e (National Institute of Standards and Technology, NIST 14)x
BOM R AL H AT A R ARG ARE AT RO M M - B — ST R AR
MAC SR 0 B A S EE R ey R A 2 uL 2 40 ppm n-alkane(Cs-20)1% %
oo BN B &AL A4 89 4% 8 14 # (retention index, RI) - 3 % # Adams, 2001 -
Blazquez ¥1 Carbo(2015) » Hazzit % (2006)  Luciardi % (2016)#» Maggi % (2009)&4 &

B AW isiT RI A8 L H (4R 2) -

342 Rk FHmBAEGLFTRAAE

ESFRIBONBRBAAKRETAE &5 RNERERT 3 Bk N LEERE
1 #%EREHE 3 RERAEAB TR ETER » L4 E 3+ SPAD 502(Konica
minolta sensing, INC., Japan) & R4 —# ¥ h £ & ® a1 ¥ A 4a o 30 8 B E AR o

BERERASHNE R AAE AP A LT RE£E2E AR T AR E
BB ¥R BARR AR LIS RZ 2 1 8F(20:00-23:00) 4T E R - RES TR
FEZ 3 MERFABRCAZEM > ZRE—KER AL DRI A afo 3 &
Pk 4k F &850 o #4kF %58 d Junior Pam(Effeltrich, Germany):R| & ¥ R % &
#% &) Fofo Fin » [E14 A & #7825 2 Act. + Yield # X 324t 1 4-4% Acting light » A #%

19
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4 Saturating pulse RI4F KR Z Fofo Fiy o

343 HABIRIBELIT M

a. %8 px tbf#](Composition ratio, %)

AR I E R BT XL B M 8 R A BB M4k 48 A8 4 AR b A7) (%)

23 RERBEREMOGARLBFAEBHBXEZR B EFT KT
L _ Peak area of target compound
Composition ratio(%) =

Peak area of all identified compounds

b. 48 %4 & (Relative content, ng-g"'FW)

B3R AR AL A R AT A e el de BB > R AR S B X R
R HAEBE R NARE S EL SN E R # E T eytas 4 2 (Lin et al,
2022) » HEstHAALTF

- ent ( W) = Compound peak area
clative content ing-g * Internal standard (IS) peak area

IS concentration (ppm)x*IS volumn (uL)
X
sample fresh weight (g:FW)

A EZRBUR BT & E KB (bar-plot) & 5~ & 22 F] 69 48 ¥

A E 81k
c EAX ALY

G FRBREGTRAS BRI PHAARELL U R E

BTHERE
(lineplot)» ZiEX T EFMEKXALE RIFER LS LB G- LSRR A

# (person correlation analysis)3t E dmfE LB E XM AL LR L E LR

R 18I A48 ¥ o F S 4 72 S 32 48 Bl 44 #(correlation coefficient, r)

20
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d. &3t u#7

AR Z BAR S AT A A BUR BT R 2R B o R LSt 2 t ) - A8
He®  URESKTHRBAELKTRAEFSHEH - U R EFF(VA23)(Www.r-
project.org) & 47 B I 4] 34 18 2 % 7 > #7(analysis of variance, ANOVA) » 3 % H ¥ 88
F K E(p< 0.05) A5 /N8 Z M £ E k(Fisher least significant difference, LSD)#: € &

HH R IR £ E(p< 0.05) -

21
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FwmFE-HX

4.1

o

BERZE R RS Y R
W& AR S RILREAT - AR R Rl 40 £ 41 AR A
Re4EHMAES (& 1) » BB E X Ex(single light experiment, Single) dy =R 4 7o
8 X5 (152" supplementary light experiment, Supp/Supp-2"9)#a il » 3 kA% 8] & #7
B - BEBHRER PROERMILEY  TRA I (class)& 5 & 4 FEESHE
1t4-#y(aldehyde, ALD)¥2 1 #%EZ$81E4 4 (alcohol, ALC) ~ 15 #& 3k $a5% it 64
(monoterpene carbohydrate, MC) ~ 4 #& ¥ i} #54- £/t 4-#1(oxygenated monoterpene,
OM) L & 17 F#&4&F 7k $a5% &1L 4 #(sesquiterpene carbohydrate, SC)(%& 1) °
HERBET BRBRAIESMABREEEFER O ERER IS HEN
H 48 5% tb 7] (%) (composition ratio) #)4& 50.49%-60.44% > X % & » % y-terpinene » 7
&R ER R P AT Z 4B AR EE B N 26.47T%E 34.95% AR AR ERE EERR T I
AR R A B- BBy M (rrans-B-ocimene)(& 1) © 68 FARMR ZAER LN HE
ik FEA A Aee Y o KA e N 14.80%-29.49% - E & gy 484 linalool 2 %8 g Lk
BT B SR BB A Bk 0 4 B 86 [ (13.23%-25.87%) (& 1)1 ¥ it $85% a1bo4
A4E 11.86%-19.95% LA & 4% Yii(caryophyllene) 2 £ #4X & » H b M 5.73-7.61%:
H R A LB N 2.29-4.25% 4 4 38 KR £ B8 2 Wi (bicyclogermacrene) » 12 H ka4
AREEA 3 1% o BEFRAL A4 69 %8 B Ee 9] 7 2.57%-4.22% - Be Bl BR IR AE AT A 40
Z EEHAME R K -3- T M BE((E)-3-Hexen-1-0l) & 4%, % » Eaf] A7 0.39%-0.59% » {27
Y 38 E £ BB (supplementary light intensity experiment, Supp-int)  B] LA
R -2- T EE((Z)-2-hexen-1-0l) AKX & (% 1) -
BERARERBZENLBREEEHRER T 40-41 FIEREMILEHZ BRI
Bl EN LY RIER AN RA R R BAR &K H R ILIL 69055 S

TRRESEREEEFREREFRLE AR ERAAGILEEZER -

22
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42 R — > BAHREHESEERE R EFHILEDERZIPE

KB E HAEE AL BE > 8k k> AR E kil 7 B

HRBTAEAERIE 1 25 BN §BBFHER PSR RIS
4 6 48 A% th A7) (composition ratio, %) BB E £ B (R 2 k3 - KM THRE KM
2% 7 B &4ait4s W (aldehyde, ALD)% 2|3 f 4 Sh R I & » H 4 iR Lo 5]
Wk FZATHY 1.2440.38%3% Ao £ 7.46+1.19% » B8 25 3 370 4% H.(2.43£1.01%) 40 B KR
72.(3.45+0.08%) % » 3t 0 4r 6 R 3 (4.61%+2.49%) % (& 2) - sboh - £k E BT
7 BB oM 4 R F| R A FoBS A B 3-hexenal ¥1(E)-2-hexenal &4 48 o}, Lo 451 34
FRE M FHN LM E R R IE - RS B B 3R AT 4T A M 2 BE$EAE A 4 (E)-3-Hexen-1-
ol tha R LBINRIZE 7 BEFC M 0.01%(k 2 % 3) -

LR FARER FESRIL S e 48 H 5 E (relative content, ng g! FW)& B P » 7T
BRI RRENE 5 B> (E)-2-hexenal shra ¥ 4 2B 22
Mo BKEREE 7 BEE . (E)-2-hexenal $1 3-hexenal th/a A BB E SN HE
WAEREE > HibmE R A M E T s bR ERF R MmZ
% > M(E)-3-Hexen-1-ol WRIEH 7 B 52 CHE BN ELE RITH
(B 1) M8z TF » Etbpfoi Fa16 4 4 44 3F B4 (octanal) ¥ X 8% (decanal ) B & % 3] 31
b REMBA LA S E(E 1) #om 8 FHANTL I R RESFAIE S8
WRIEGI(R 2R EHGRR - R A Rafo B Bbbhe) AT > BHSLAEE A
s R E S BK - BPREF R I F M &R IT o ™4 3 4 % 35 8(SPAD
value)dy R\ F » REM M ER S F R B L BENE R AREREKERE 2)-

EARARBEAERZARY  EHaPAREFFEEEHRER QR BB
Loy R R B AR ECR 2 £ 3 B 1) B7REs REFS W R IZAT &) 3 B 4 4%

-

B Gt pRBOEKOLE - BRERHRER FILBERBE R X - bz 5
fk o BEARESOEREY 7 BRI REREEEHEERELELSHERG K
G o B BLAE 1R SR 09 RBR IR A A LR H 09T AT IR T RBAR B AL E1F A
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& A5 G H(200+£10 pmol-m2-s7!) » I ZB SN AR F) S H (150 pmol-m2-s" )4 4 R 32 %

R WAL K - L AREAHEGEEHEERELERILEDHERIBE -

43 Rz HAAHREYE 6 ERE A BRI R DY
431 AT R

ARRBRULGRMEHB AR AR RIFHE BRI LTI i
By RE&IT 9 AEHATRE-£ 9 AHALE REHME 68 5%
h LA y-terpinene & X B ARG B R aibomiBE S ENRAT > BRE R
HRIEMABEEAE(E O6) ETUREI£ERILEIGER T » UMLK E
%9 B &Rk E AALS M R ] (61.66+2.17%) B8 3 & 74 Jo 0 4x o kR 3R
41(50.35+4.98%) ~ 4% 75 & S5 72 40.(51.9144.37%) 1 & b % B 40.(51.9126.25%) (% 4) -
MWK ERIES 9 B BiEfam S/ EZ M m &I T » y-terpinene » D-
limonene ¥ p-cymene % 48 s, bb A7) 34 LAA 70 4 6 R FEBE 2 33 N G L H R L fv i 7L
W IR A (R S) °

MBI RS Ao RR > ERAe A lbehaad e g REHI
REWMREMBERAY - ELERIEE 3 B EELSAMLOMBHAEY
EANBALIE AR ARBAAHBERBELZE THA AL ER
RIZATER k0 (B 4) » 1248 74 R 2 4889 linalool ~ a-terpineol » terpinen-4-ol #o
trans-sabinene hydrate % B {L 84 /b5ty a S R GiF R EATH R > £ 77
BRI HRIE 3 B 58 rans-sabinene hydrate 8948 ¥ 4 & A X R A 2 &
BH(E 4) - K BEALTREHYEFLEZE S 9 B linalool » a-terpineol
terpinen-4-ol Fv trans-sabinene hydrate &9 48 # 2 E4 N L4 K F 9 B B8 Z M,
AR A LA A B RR B g Bat (B4 ElmT > iR
SRS W PN B SR R e R IR S RL T ENRA
(B HAEH4a -
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B3 4R 09 1% F i SR &1 &4 &4% caryophyllene ~ bicyclogermacrene
humulene + D-germacrene #v aromanderndrene % » A58 REA LT RE A
ERMAORR R ERTOBAHSENH ALY RES 3 B TR RN R AT
AR UL AFERAALE LT RERKH(E 5 LZMHHFE
% 9 B o H A caryophyllene #» bicyclogermacrene % E B4 ik 69 4% 3 ¥t 855 &
febd » Ramibpln by RIZH 2 REL D BREERREN KRB LR
RehakHRa(k4 k5 -

WA e A H A E B RS R BERAL S M R BN R B R H R E M A AT
~~~~~~~ YAL(B 6~ Rk 4) - wMAEALF 3 BEF > decanal 2 ABH S EFHE ZNH LA
HashkRFEaRGLHBA(E 6-D) AL ARLANHEAEL 3 BRRS
£ 0.08%  A&LEREFENFMEARRZHH(GR S5) o M LA N R IE I 4r 5
HRIZH 3 BEFdecanal e H S BRI BAZ BN YR MA A E LREE - LAF
IR ERILL A (B 6-D) - BE LA M4y (E)-3-hexen-1-0l Z 48 %14 8 Fo 48 B b 17
R AER 9 BREAZSNECRFa G LHRaMEEREF LK EXA(E
6~ & 5)c AR > KRR RI T LTI RIZGG IR - R AafoBL AL
441 ¢4 3-hexenal Fu(E)-2-hexenal &)48 ¥4 & it kK % & 22 85 & M2 942 A (A 6)
MBRERBT > QM HETE T BEEHRSER YRR S S
ERXMBEMED -

GBRBAEETREMMEEERER VEER O AR ER > 3 AR
ARERBUPGHEEEETBAER LRSI am(k 4> & 5) o flhoth L4
Sk 3 BEY . SHBHER QLGB ZF AR QLSS AL RIE
FRARBE(B I -BS) ARZTERBESALESDERLBI(R 4 £95);
WMAXERES 3 B WAL AREEAESE LIRS A6 M6k b i
MELE (R4 - (5 B4 #HAER 3 BAGHRERBATALEMEESE

mY RS AL AR A SR ERES 3 ARARRIKE(E 4
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k4 kRS {2 AEARRIE 3 B4 decanal M A EHESHERIZ(E 6)
AR P TN ERABNMEAARR S ERARER AL LE RIZF 3 BEP
G IR F R b e e a R e Al R (R 4 K5 B S) -

MBMEHAAEREFRORE  SEERERFHERHRSRASH(E SH
tafo B HE(B O)MAR Y S EN M AL LREEZE 6 BEF 9 BEFRWRIR > 44
FaXRIEE 9 Bay4EF LS ALt A E L 8B E B 4o
X F A y-terpinene X 48X LLBIBRE FHAMR LT AR C BRARIES G AR
w4 K5 1EHAERRIEZE 9 B EiEAS A/ SELRA
LA ERIEAT O KE(E 5) - Aaf B S A0 B 510 B4 69 48 4 F 1 4 AR b R R
HMAEXRRERI B ALRERRARSH(BE 6> k4 R5) - BALERES
9 BE - AR SNRRER L E e 5 HIER LAY a R A G Y
BauEkRRBELR(RI £S5

Bpms NG RBIEE FAMR BRI LALLMk~ 4o R R B K8
MR REHRM > HERBERILOMAROABETIHALENEREMA R
AR BEZRBNEEESRASHGAE 2> ZHIC(E 4) 0 REE R EHF ML
BRI B AT REREAERE B AL AP HAEARTEAEEES
FALEHme S H ZRRIBG LR -

432 WMAKE F =R X8
= RRE P S EAH T B R R T A R AT ER - 3B AP I B AR RIRAE
BHERBE RUABRFEAREAHGEEIEER ERRSALEMEARNTER

FEABRME URTHERAEREEL  LE BN IEE IS DR RIEG M -

a. WRLA - BRI EEL SR ER
ARRBERBT » R RILER EH FHRE R ER LS R E AL )
26
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SMAREER SRS MAEET) §EFHABNH AL AR ERREE 3
B B MNEAREE —RMALETRBRRILZE 3 By RFEAAM -
AL KREA G EERS A Sz amibs 4 11.22£1.05% 748 L4 b R 32
% 3 BRAZE 18.46+8.06% » w5 5 B KL B (13.16+4.27%) 4% 7 & ik 22
3 B#(9.25+3.38%) (% 6)+ £ ¥ 484 A4 4 F 44 linalool ~ frans-sabinene hydrate »
terpinen-4-ol ¥ a-terpineol &9 48 ax bb 7 (& 7)2 A8 42 (B 7)WL 4k % 3 B R
KRS (e 2 B REREAKE -

MARERIZE 6 B EMAKNEREMERFE 2B RAHE L RILEY

-

1248 R4 2 B 35 F8 5 AL A4 6y 48 A L 5] (21.44%) & 7 4 7 B kR 32.(13.56%)
BAREHRBA(2.50%) (kK 60 % T) ETHRL MU ERHRZHZAHE(E 7)-

AMERE - RYBALERRT » WAL ALREMARLERBESALEDa &
REZZERGEARE(R4 B4 -

HMAXERES 9 BEF B A5 2 4 b A4 7 40 0 iR 320k D
WBER S Bl s Qb AN R M kB A E LREZ L
#1551 2 60.89+4.44% ~ 66.44+6.17%52 54.51+11.58%(% 6) » M linalool &4 %A g% Lk
Bl R > A B 17.82% ~ 9%#2 23.38%(%k 7) » I8 ¥ #1.2X %] linalool - o-terpineol
terpinene-4-ol #1488 L 5 AL A MZAAH S EN AL LRESE 9 B ERRIK
NAERLEXAREALARLHRBA(E 7)) nASF - RBAELRETBRRIYH
decanal #2 octanal #9{2 & JE » WA AL ELERIEE 9 BEF » octanal X A8 H 4 F 48

E SRR RIERE IR E(E Q) -

BREFFM > ARREBOHACATEAREHREE SR ER ERHELALE
MO HERAEYE  RE - RBARERBEREM(E 5 B 4 AL ERE
Z BiERS RS MR F AR A MR (B 7)) miELEAREANZA
WA (8 7)

ELMERERER 9 BNBEALERELHE AR LHBaBEEE  »n
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HMAKXERELRE 3 BAME 6 BAO)E S HHER SJAEE IS
b SR e aREEER(KR 6 % 8) LTHAD AWM AL LA E LR
4 %% 3 BEF - linalool ~ a-terpineol » terpine-4-ol ¥1 trans-sabinene hydrate 2 48
HEBYZNAERESE 9 BN EAR R HAALHBa kRS £E

(B 7) -

b, ¥ FimE TR ASTHZIE

EEBHENEAAERIENME » EREZEFLHFHREON AT RIEAT RS L
AEEE(E 9A) BFRAMESKFRALNERRATYT - TERE I LILE TR
(photochemical quenching, qP)#k A 4r K AvE L E 3 BEFEPRHIRS » A A
AERIEF 6 BRFEE SN AARALHRA  SMPEFEZRESE 9 B(E 9-B);
Ik 71t 22 5% 3% (non-photochemical quenching, NPQ) &y NQP 1 qN A% 24 % & kK
BE 3 ABEE 9 AMMMERES  ENEHALLBRELRER 9 AFED
®x&(E 9-C- B 9-D) -2tk m B AL Ra 3 BER(A3) Mo biE L
BRIy qP " NPQ 2 gN R T MmN ALET L RE 6(A6)HLE 9 B (AT
Ba

SRR E B AL RaeyKER 9-B- B 9-C- B 9-D) -

v

AN A AL ARERN 9 BREHM AALETRE 3 B, B FHE
R #k4E %4 1 8k K EF & &(maximum quantum yield of PSII, Fy/Fn)# 4 7t 4
6 i 32(0.774+0.019) v 3 %, & % R 32(0.792£0.006) 34 28 % /7> B K L # B @
(0.813£0.004)(E 9-E)- m e A X E RIS 6 BESE 9 BEM  UHALLR
% 9 B FJ/Fn{a(0.768+0.018)#8 % /N7 B 2K & ¥ B2 42.(0.808+0.004) - it H & KA
A ERRIE2 0.788+£0.009(E 9-E) - 2 ¥k RIEL KRB EB KK 3 BEF
ALK HALEAREZ FV/Fn B @A 28 AR Ba2 KEE 9-E) -
AL EREYPN > &8 FAE R B ER X R K K A (maximal

fluorescence yield, Fm)¥ N A E LR @M A AL RBa INEEF 6 BiF

28
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BERAHBAELRTRG R LHRBA(E 9-F); A4E4 LS50 ER
2 #x /) % 848 (minimum chlorophyll fluorescence yield, Fo)fv & F 1% 2£ 1% % (electron
transport rate, ETR)R| £ 48 7L A B R FEEA RS A Re By &% 2 2(B 9-G»

9-H) -

44 Xm= REBREEZBHEEAFEEREEHLEMARZIPE
441 REERFEEEFERBEEMICEMZEARER

HE—F THRBALARELZIARELZEHER TERBESRMLEGH L
BB E , Rkt 150 umol'm?-s! a4 B (AT A% 150-R) 3 B R T2 (L
T 4% 150-B) » 5 #hk BE4E 7L 300 pmol'm™2-s! 4z (LA F f§4% 300-R) R & (AT
A4 300-B)ey R IBME4F - ENRFBHMMAR  BEATARENEEEHERE
A RS AR AR Z I F N

ARRBWMAAETRIEZS 3 B BERBAS RS ER g 2L 150-R
#150-B RIZF 3 BEBERD » 25 A 41.60£6.39%F0 36.40+3.34% - L HE#
B 300-B % 3 48.(16.88+4.34%) 1 2 o # 88 40.(14.15+1.39%) - 7 300-R &9 ¥ ik 42
SR b el 31.5743.40% » BA# R 150-R R ¥ 8% - {282 150-B R 3%
mERBEEER(RI-

ETHALAYAKRERSZE 300 umol m?s' BRI 3 B AN ARAE
h F linalool 48 # 4~ & ¢4 3 R - 12 H A8 #4F A& AR5 24 150 pmol-m™=-s™! 4448 7L 4r
CRIEE - AT R A R R4 linalool By 2B X KB EHM AL ARER S ™
$#27H(B 10-A ~ B 10-B) - B B &84 > 150-R ~ 300-R % linalool 48 % 48 € 91 Z 6%
HRmmias £ EZ(E 10-C: B 10-D) - #AE LY ®REA 150 pmol m? s 2 &5 &
300 pmol'm2-s' R 3 B4 > =& Adp#| T linalool &9 £ (B 11-A ~ § 11-B) »
TR RZELE 6 B 2R IEE > 150-B fo 300-B = linalool #8442 EL 81 2
i Ra kg £E(E 11-C- B 11-D) -
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4.4.2 Y 2O I LR

EEBEBFMAMRU 3 B L BT RIZE RF MALE 3 BoER
% (A3) TERRIER F % BB S MO KRR T ABAE o EFE % AL
bt &R TR R 64 4 A BR8] A 43.28+8.28% F 53.33+5.12%(k 9 & 11) > £ &
A2 y-terpinene & 48 A% La 7] A7 23.90% & 27.14% » 34 & % H R 2 A0 B u $ BB
MR EBEER KM EEKREREMS 3 B RIFIHM - BB AILEY
84 48 AR LA 475 2 2L 150-R B 322 34.09+1.12% » 150-B & 3 2 38.76+8.43%32 300-
R K 2 33.28+5.27% 88 ¥ % # 300-B & 3 (27.83+7.45%) 1 2w ¥ B8 4
(20.624+3.53%)(%k 9) - B ik #85 f4t54 F &) linalool  terpinen-4-ol % %8 % L Ap] 7R
A AR SR 11) -

BREESHFER PEERTAE ST T 24834 150-R ~ 150-
B #2300-R R¥E % 3 Reyth A+ B AR eheaH2Z R ARG BRR
1% o) B RITEARI (A3 ~ A6)Z ¥k (B 10~ [ 11) - ™ 300-B g3 % 3 BE
ERBesa ittt oA RREAABRRS T —A4H2REL B (AG)(E
11) -

RS By B iR AR 4T A M 6 B2 SR/ A4 2-hexen-1-0l » £ B ¥ RBmay $ =8 L& &k
AAE(Rk 9 % 10) MERATRETELTRELERGZOZHRES 3 B
kAR RS M(R I R 1) -

443, EFHEHAELES
AR T > 300-R RFEH 1 BB TR 2| Fo/Fn @A EWEIKE 0724 5 i
BFEEHALERESE 3 8(0.719) » My Ze k24 (A3~ A6) » 300-R & HE
&9 Fo/Fm fE 445 42 0.762-0.763 2 [ (8 12-E)-300-B %32 % 3 B8y F/FnfEA] B R
AT ey 0.818 MK ZE 0.752 » f£k# 300-R K% 3 BeykH - ™ 150-R Fo 150-B
RIEE 3 By F/Eu iyl 4 0787 $2 0.772 5 2A 150-B & 7% 58 2 60 e #H 88
30
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([ 12-E) - F/Fn HyR D THRBAAET R T R R4a - PR X Fu AR E
R AR 2(E 12-F) - R feie32 % 1 BEF - TRE2ER Fo A% 300-R 4=
S A% SN LRI M T ek H R 4w (B 12-G) ° qP ~ NPQ 2 qN 2R E# M o)
YA A > W 300-R RIEY 3 BEEARES(E 12-B- @ 12-C -
12-D) - ETR ) R BN R BRI R A BAE £ & - 2T K% 300-R R¥E 2 ETR » %
BRI I% 6 B IR TP E(AS ~ A6)Z Y (B 12-H) °

LA A A48 B M > #7 (Pearson correlation analysis)st B & 4 & 4% 5 5 748 o4 %
(150-R $2 300-R) 2 & 52 #(150-B §2 300-B) % 3 B 85 3 E 588 21648
¥4 8 913 4 £ 5 5k 582 48 B 14 8t (correlation coefficients, r)(k 12 %k 13) - 4 %
BTr EMALAREY  BERBASALSM SRR TR LAEABE LA
B 6 -8 5 A e B 44 3 R 3 K & 5648 (maximum fluorescence, fn')#2 Fu/Fm(k
12) « ' ¥ linalool ~ trans-sabinene hydrate v terpinen-4-ol &4 48 Bfl 14 4% 5 4 0.95(p-
value=0.0031%*) + 0.91(p-value=0.0131%)$ 0.86(p-value=0.0274%)(% 12) o Fy/Fy, 42
linalool #v trans-sabinene hydrate #4948 Bt 5 %] % 0.85 (p-value = 0.033*%)#2 0.93
(p-value=0.0074**)(& 12) - {a & {44 % & e ¥ ¥ /£ A trans-sabinene hydrate #948
#4291 Fo/Fn 2882 E48 B (= 0.82, p-value= 0.046%)(k 13) - e — S E 4 £ %
S ZIAE A A 89 m # o-terpineol - H #7516 42 % % (photochemical quenching,
qP) &y 48 Bl 14 £ 4-0.86 (p-value= 0.0287*)(k 12) -

R M T AR LA R PLAH 7L B R ey BRI i = 70 H R
ToRERE 3 BRI BB FES AW AT R M2 6
M- R BRRSREGMNEARLIFTCHEEM AL AN LBERS D
FlREZ s REELBREHRD EHHS RS hamibp B aEa iR
FARRE - EAHEERS LA BIE PR BRI LR e LR T
%3 BRAnTs LERBESAMLEYOEE ST EARARY LT RS

B #8 % B A8 B 69 Bl 44 -

31

doi:10.6342/NTU202303817



FEF 0
50 RS REHGEFRERBERMRILEDERZIBE
EURBREEAEE MR E— AR S0P EEFHEEAR
IR ML SR B A BRBEODEE 1> k2> £3) & RiEtk LR
Lt amBE ML RBEAER FEUCRFE ARERLE - LR E HE
MEEFHARZTR Rt EHRAAETHED A RGP ERT S F TR T
BRRTREBEAZCEFZRENEM AR LB TR - #7643
Y EE 2 AR R E B E AL R A F G R B2 B
AILHEE KA FREXRSEREARE > URASRAAXEERER L - i
R M AR A KR 6B 2482 A red-light syndrome(Hoenecke et al., 1992 ; Landi
et al., 2020 ; Trouwborst et al., 2016) ©
AEREREBR T AL LRIE 5 2 7 B TRESEFHEEKER P X
& % 3% 3-Hexenal #u(E)-2-hexenal % R foii 38/ 04(8 1 ~ %k 3) - 3-hexenal Fv
(E)-2-hexenal 245 B RIE + 64 & ZAFEMACEY  THEE L RBLBLEY
B9 B F A MARIEIR G~ s KR F - 3 o U 4R 3 4840 M 4 & 1% (Hatanaka,
1993 ; Vieira et al., 2016) -
RRERB R AL AGTREEEFHFERER BRI S ME - bk
e HE A RO R BB RB AR ploE B R TR LI LRIE 8 \BFiE
BAER 5 B B £ F O MES(hexenal)#y #27% & (Colquhoun et al., 2013) - Qu 4(2023)4%
(E)-2-hexenal # i 7 % b A4k » 25 30(E)-2-hexenal A A 4 A AR R E R 0y sk
% B "% (chlorophagy) it 1% ¥ R #1uis % » M & 4% %56 F (E)-2-hexenal #4978 8§ » 4%
TR R R T AR A £ 0 R L2 6P R 4 R BT (E)-2-hexenal
BAFHHEA B ENR RGN o A RAERLTASNRRIE 7 B ey
Ml 6BEREROELTRARARTIABNEH(E 2) > 2REGT LI
IR LB R GGAEAR > BB B R BIS R T B ARAN KB NBELESHERF
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LB R R - R E A RS T AL 4o AR & M FARE R R H(E)-2-hexenal »
3-hexenal % s 5 # AT B3 > 1240 B E—F B F

HABEAERBBN - SEFR AT RRIE 3 B AE M aLS
WA ¥R Aib e S EMRVIBEASRERS Y (B 3-8 4) -
Chenge-Espinosa % (2018)45 & » &% & % 48 Z 1 A B + (phytochrome-interacting
factors, PIF) & & & 3B 4% & ik 3 5 58 69 F & i 4% 4% 57 o 8% B 12 /€ (methylerythritol
phosphate, MEP)i& 18 69 984 B - - & &40 % PhyB &y7& 13- 505 @24k PIF 44 1%
AR o B kg AR M B B B 3 EL ] B ST A SN BB g AR B E PhyB a9 -
54 PIF #84% B F 6975 142 & » .47 4] MEP 3248 64 48 B 82 % 2 £ ® % 3,(Leivar and
Monte, 2014) - 5 2 £ 2 KR AU B S LB e 04/ LR IE 5 B4 A4
I S B R 2 dep o) A B 3E 25 AL A 4 g FE R (Kegge et al., 2015) » 47246 Lk &0 H
HeAidh L E9 AR - I RIARRIRATBLEE R 6 8 H AR A L 4o 9 R 32 3 R
HERFHBLESDRHESELRRA  RREATHRRE 65 FAEHRNH LI

RIZME - BB FE LB AR I & &I MEP 2860 kR -

52 LAHEEAEBRERBERHEALHERIBE

EREAERRY  RE - AEREEEEFERI RS ¥ R ERE S
e ER(R 2 R EEULEMAALETO T XNRELA > AITTHERM L4
HRIE 3 BE TR G E R P4y linalool ~ o-terpineol » terpene-4-ol ¥ trans-sabinene
hydrate £ £ i 8 oAbz @b oE(R 5 B4 - K gHLL
RRIEZER 9 BF - MALARESRERY EHASALEHOEHSE &
—HBR R BRI AL e R R BU(E 9) Bm 4 I3 B ) LA R 3T
GRESEFREABELERLAINSY AL REF LRI HEEHESAL
S RBA A EBASE -

A M RRIBHMAME R BEMCS MO B EZAMAR Y > Fu $(2015)45
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4o R TIRES T RXER G linalool &R EEE R B LR F - BIRERXERM
linalool ; A » ¥4 K EHLEEE 14 Bes  HEHFIOWARCAZB AT EH
EER R HALERERLOER > BARARABEALARE 9 BERE
EHEERR SRS SZRD G ZBAM  HRAZALKTRIRE E LR
BBl R IE S B 1% B R R R 6 H SR RREG > RN R LS
ey RHRLE -

WMAAEREY HBNHAELRE HMALLREAALERER XSG 2K
II R AAEE B FFFn)ERIGEGZAR(E 9-E- B 12-E) ARZHEAAKRE
£ 300pmol'm?st 44 3 B ¥ F/FufAMRKEE R ABE  TREI R IEL
B2 (Fo) #1258 E T8 F(ETR) & X 55 (8 12-E) st 4 - linalool » trans-
sabinene hydrate % % it 484 A bS5 BN E F/Fn 9 RHA & EA8 B
(R 12)c AT AR L HRT > 4 R B A 3 6 A4 % L(PSIT) 2 PSI &9 TRk 47
R 3t @ % R A B R MR K A S E £ S deH] 69 3 R (Miao etal., 2016) » Fu/Fm 8 & 3,
BB T AAAER & 4 ed i R > & ¥ R i 49 %] (photoinhibition) 2 & &) & £ 454%
(Krause et al., 1991 ; Maxwell et al., 2000) - ¥ i AL A e PR R F oA L 4 1
EFRELETR)REFEZZ(Pes) KR EFHEWNEARY > A TZBERTOES
AR 7T #E % #) #p4] (Niinemets et al., 2002 ; Ormefio et al., 2009) - H b » AFFF F 2 &
WRECRIEES 9 BAREFBELAMSMEENRL BT R EEYTHEMN -
RBLEABRENFAS AL T R ETTRRAL Y —BR X -

53 ERHEEAAERBEEMLEDEARZITE
REAERRY  BARABEREALREHEGEFHEE R ELEMICESMA AEY
BE(R 2R3 - WMAXERRY > REABMKAHERELEBCEHOBE £
HMALAHETAR > AHEAEARIE 3 BRFRAWHERRSRILEGMNER
(R4 K6 -EH3 E7) - BAAFEER RILFMANRAIR - M RILEF K (stomatal
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conductance, g) ¥ K 5 P FE RS PEAL A A BB AR R F U14a B B sbAR BN KB PEAK Y
B 5k #85 8466 M4w a-pinene ¥ - 4B ¥ 5 &K 44 linalool % B jE $84 AL M E
TRRXBEKMBRHAEL  EAREEL ALHAOB EME LIRS
(Harley etal., 2014 ; Shimazaki etal.,2007) - ABNAERAXLY » HAELE 3 B
RIE 2 3R 3RS A Rl4% 2 linalool ~ a-terpineol % ¥ if 484 R4t A4 AR
B BORIZATAR D o AR b 3f 547 BB AL AR Y A H e 3B HA R A HEAR e 4B A MBS
MR REFZ -

Bk B A 42 i X (Fu et al., 2015) ~ 2 % 3 3 7 (Noguchi et al., 2016) 41 & ¥
(Ichimura et al., 2009) % 44 ¢4 3 B 2 # linalool 893k & » B & 78 7T 384% linalool
A i Bta B A B & R (Fuetal, 2015) c Bk » RAAEFABAE LRI L E42 6
29 BN GEEHEERENBESAGHNAHESERNKAEREAMHER
(B4 -8 7> e By & 1 B ARAARN R AR 0 R B B R IR AT B9 K

AEEHEE AL S e B L A B R 8y PP o B A LB R R I AR A AR
MERZEIMRE  LRMESE —REALE AR T TRAZHAEAF O BNE
SRS AH S ERAABSN P IHRA(E T) -

PRtz s HMALE R ER > B AR LRIEEA EME R B
(octanal $2 decanal)#y & FL(E 6 B 8) - & UM L RRD BABRERILE %
(Coriandrum sativum) B » k¥ R X & i 69 (E)-2- 5 8((E)-2-decanal) 2 2 34 78 %
#b (Linetal,, 2022) ; Liao %24 (013)# A MBRE AL LB 3 B4 BER
% F 8 (octanal) &y & & - B F B B A %] F i (Penicillium italicum) ~ 448 5 (P.
digitatum)Fo % J % JB. # (Phomopsis citri) 4 2 % (Liao et al., 2013)  # B KFF 5 F -
BTEAHSEAFER PR BANIRERX R TRAAE LS THEIBIHER
JEA PR - SL BB X Ep 38 ST AR 483 — 5 693 A B ke 2
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5.4 R LA E BN

AR EEF AR ERRARTRETY - £ BMAAEH L SR 6 tadfo
2} (light saturation point) /)% 400-600 pmol-m2-s! (Iwasaki and Oogaki, 1985 ;
Kriedemann, 1968) - #4 %, 6 8 7% & £ B 3X B4 F > L4 300 umol-m?-s! &4 3% R
e TR CERGEBFHER AR ks TR RER F/Fun A% R
V(B 12-E) » 3E-T#E 2] ETR Z91% 55 (B 12-H) - #RAER FREGER 2 L@
RJE 5% 248 £(Guo et al., 2006 ; Heber et al., 2001) °

THHBEEHERHRERE - F R EHRICSH TR e o)L A48
(reactive oxygen species, ROS) B 3% R & » 7 i B ik 22 AL 54 3 S HER & (Zuo et
al., 2017) - Bt - linalool % & fE a4 At oMmehta 4 E(E 10~ B 1) 4 gLk
(& 10)34 24 150 pmol'm?-s! £ 32 3 B F=& 57 300 pmol'm?-s! K 3 A H >

AR B & BRI R S ey AL - A BK R % linalool % B A4 A

iebdy » mE R E K 84 linalool 48 ¥ 5 & B LK o

EBAERER THAE SRR IR LS

BT R TTBMEE 68 AHE R 3-hexen-1-0l eyia¥f 2Nt icsbk
RIZFTBBERV(B ) £HALETREEZRZ AR > 64 FHEEKZ B

MEIRYE 3 B UARAATEAEABNZHEAIEE 3 BiE. £ R o kbl 2-
hexen-1-ol(k 9): #TEEEFHFEERNBAEIRT » TROPHFZER S KR - A
AR RAEE > D ER PO BRREAT AN X IEE MR AT R A 5 B
T EZERMICEY  ERENAANGHRARET €A BRSMEI MEBLR
A €18 %38 R 84 & 3£ % Bl 49 4] (Liao et al., 2021) -

EHEEFNEE R a/bbmREEERR LS HERTEI AT REMA
B B2 0 ALAR T > A 70 E SRER P T SO 3RS F B FE A S 1L A M 84 4B aR EL A
NarHBaRARS ENAEA AT REZANNEES3 B TRABRD
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WEMBARIEE O BIEHEGFAE 5) o LR KBS E B NIRRT LB E R
BRI G F R R R B- B 47 M (Hansen etal., 1999 ; Hansen et al., 2003) ¢
AL R B HRHAAT R TR S BEF R QS HBAHEESERD T
LA 7L E 4 % e B AR B R M AR B o
MABRER AR T ERANBREY R K & RABELMEILESY > B

A rR BAR B 2K B 69 R BN B AR 85 T 3B (Ribeiro etal., 2021 ; Thomson et al., 1976
Yamasaki et al., 2007) o 7 ABF 53 LA R I B Ve AR EMR - B R ARR P K

B3] X F A y-terpinene % B ik $eR SALA MmN E R IZE B ey R B
ZETRRABVWZBERATOERAERAMEFTCAH —TRENRBEAR

B G A AE 94 5] B9 354218 A4 6,4 y-terpinene ~ linalool ¥1 p-cymene %

(JW

(B, 2020 ; Lin et al.,, 2022) « AR RLERGI AT RELI R @B EE H 8w &

b &I ; 4 > linalool £ 3 A eysa#A i d RIZE @ BARRMLEL S » bt —

\-F

BERRER LS a L] o Bt 5 A RAL RIS WIE A RAG 2 ST 1R 00

RIE > RAERMETHRADE £ 5w A58 -
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FXNFE W
A RIEFFREHARARARBE R RS EETREILENX » L8
K E EAR R E A E A R R BRSO 0 E U £ BB S AR LA
B8 8 R ERIEE IS ARSIt c AL KKRIE 3 B 88 F
HERTERAS M HE(inaloo) ZREMH AL AMEE L AREFHRER
9 B - #4584 81644 (oxygenated monoterpenes) & & 3,15 7 5¢ B #p ] 5 Lok o AH
7B KRB RITAE ¥ b R A 8 (octanal) Fv 5 B85 (decanal) % 48 Fv B2 A 1L & 4
(saturated aldehydes) ; sb4h » 7 4 #h ¢ K ¥2 R 42 i 3-hexenal + (E)-2-hexenal % &% %
FRE - BEEREAABMATREHEESHERELF LS AELE -

ERBFABRERERE AT G £F 3 BLEREANTHEE
B EE RS Mkl AT B E RIEE R @R OA AR
A FESE o B3 X BIEIS IS ey y-terpinene o caryophyllene % &% 5 » H 4B
A RIS R EERAR B Y R IE A B A b 1

EREFAMALERIE 3 B X BEHAESRILEMetast 23 BELK
FEALE YA L T 895& K E-F & = (maximum quantum yield of PSII, Fv/Fn)
%6 18 B 4% ] K & S8 (maximal fluorescence yield, F'm) 2 R f7 /2 &% R AR B - 18 5%
FRAERBILEMBER LG AR LRI -

EHRAOMBEETY  GEBFHEUBSY TR I EEE AN S
MAmEY B3 EMAZEFSERER AFHEeH AORRE SLIEAEM RS
BFI A MmEREREMACEMORRENPHHNBEEREMEL - AARBTT A
BRRAEEGEAFER BRI TORESRR » AT ZUEAERE MK
e BABRM > BH 3 RNEHEERTAER AT RIEHYLIE o ZLFE
RRERBEEARARER FYAEHEBER BRSO ERENOER
SRR RE— B RARM A LG ATIE L T ) o
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Fig. 1. Effects of single light quality treatment on the relative contents of (A) 3-hexenal,

(B) (E)-2-hexenal, (C) octanal, (D) decanal, (E) (£)-3-hexen-1-o0l, and (F) total
aldehyde. Different letters indicate statistically significant differences between
lights according to Fisher’s LSD test (p<0.05) atday 0, 1, 3, 5 and 7, respectively.

Non-significant differences are not indicated by letters in the figure (n = 3).
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Fig. 2. SPAD value of Citrus depressa leaves during single light treatment (n= 3).
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Fig. 3. Effects of supplemental light quality treatment on the relative contents of (A) y-

4
=

terpinene, (B) D-limonene, (C) a-terpinolene, (D) B-pinene, (E) B-myrcene, and

(F) total monoterpene carbohydrates. Different letters indicate statistically

significant differences between lights according to Fisher’s LSD test (p< 0.05)

at day 0, 3, 6 and 9, respectively. Non-significant differences are not indicated

by letters in the figure (n= 4).
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Fig. 4. Effects of supplemental light quality treatment on the relative contents of (A)
linalool, (B) a-terpineol, (C) terpinene-4-ol, (D) trans-sabinene hydrate, and (E)
total oxygenated monoterpenes. Different letters indicate statistically significant
differences between lights according to Fisher’s LSD test (p< 0.05) at day 0, 3,
6 and 9, respectively. Non-significant differences are not indicated by letters in
the figure (n= 4).
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Fig. 5. Effects of supplemental light quality treatment on the relative contents of (A)
caryophyllene, (B) bicyclogermacrene, (C) humulene, (D) D-germacrene, (E)
aromandendrene, and (F) total sesquiterpene carbohydrates. Different letters
indicate statistically significant differences between lights according to Fisher’s
LSD test (p<0.05) at day 0, 3, 6 and 9, respectively. Non-significant differences

are not indicated by letters in the figure (n= 4).
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Fig. 6. Effects of supplemental light quality treatment on the relative contents of (A) 3-

hexenal, (B) (£)-2-hexenal, (C) octanal, (D) decanal, (E) (E£)-3-hexen-1-ol, and

(F) total aldehyde. Different letters indicate statistically significant differences

between lights according to Fisher’s LSD test (p< 0.05) at day 0, 3, 6 and 9,

respectively. Non-significant differences are not indicated by letters in the
figure (n=4).

44

doi:10.6342/NTU202303817



(A) Linalool (B) a-Terpineol

3000

40000

30000

content (ng g”' FW)
content (ng g~ FW)

2000
20000
21000
= 10000 z
3
0 0
0 3 6 9 A3 A6 «
Day N
© _— (D) '
erpinen-4-0 trans-Sabinene hydrate
z -
= Z 750
i 1000 T
E ®
] Z 500
] 250
3 =
0 0
0 3 6 9 A3 A6 0 3 6 9 A3 A6
Day Day
(E)
Oxygenated Monoterpenes (OM)
E 40000
_‘u‘
Z 30000
% 20000
_f 10000
o

0

0 3 6 9 A3 A6
Day
7. SRk R REHSHERER (A) S B) akbs (O 2
48 (D) RAMMASHUE (B) BREERIOMQEHETLYY
Fig. 7. Effects of supplemental light quality treatment on the relative contents of (A)
linalool, (B) a-terpineol, (C) terpinene-4-ol, (D) trans-sabinene hydrate, and (E)
total oxygenated monoterpenes in leaves of Citrus depressa in secondary
supplementary light experiment. Different letters indicate statistically
significant differences between lights according to Fisher’s LSD test (p< 0.05)
at day 0, 3, 6, 9, A3, and A6, respectively. Non-significant differences are not
indicated by letters in the figure (n=4 in CK; n=3 in R and B).
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Fig. 8. Effects of supplemental light quality treatment on the relative contents of (A)
octanal and (B) decanal in leaves of Citrus depressa in secondary
supplementary light experiment. Different letters indicate statistically
significant differences between lights according to Fisher’s LSD test (p<0.05)

atday 0, 3, 6,9, A3, and A6, respectively. Non-significant differences are not
indicated by letters in the figure (n=4 in CK; n=3 in R and B).
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Fig. 9. Changes in (A) SPAD value, (B) photochemical quenching, qP, (C)-(D) non-

photochemical quenching, NPQ and gN, (D) maximum quantum efficient,

=)

Fy/Fn, (E) maximum fluorescence after dark adaptation, Fn, (F) minimum
fluorescence after dark adaptation, F,, and (H) electron transport rate, ETR in
Citrus depressa leaves during the second supplemental light quality experiment.
The abbreviations displayed in the legend for treatments and classes are as
follows: CK, natural light condition; Fr, near-infrared light; R, red light; B, blue
light. Different letters indicate statistically significant differences according to
Fisher’s LSD test (p< 0.05) at day 0, 3, 6, 9, A3, and A6, respectively. Non-
significant differences are not indicated by letters in the figure (n=4 in CK; n=
3 in R and B).
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Fig. 10. The relative content of linalool of leaves from Citrus depressa (A) before treatment, (B) at 3™ days of red light treatment, (C) 3" day of
dark condition after light treatment, and (D) 6th day of dark condition after light treatment. Different letters indicate statistically significant

differences between lights according to Fisher’s LSD test (p< 0.05). Non-significant differences are not indicated by letters in the figure
(n=3).
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Fig. 11. The relative content of linalool of leaves from Citrus depressa (A) before treatment, (B) at 3™ days of blue light treatment, (C) 3™ day of
dark condition after light treatment, and (D) 6th day of dark condition after light treatment. Different letters indicate statistically significant
differences between lights according to Fisher’s LSD test (p< 0.05) Non-significant differences are not indicated by letters in the figure

(n=3).
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12. (A) SPAD value, (B) photochemical quenching, qP, (C)-(D) non-photochemical
quenching, NPQ and gN, (D) maximum quantum efficient, F\/Fn, (E) maximum
fluorescence after dark adaptation Fn, (F) minimum fluorescence after dark
adaptation, F,, and (H) electron transport rate, ETR in Citrus depressa leaves
during the supplemental light intensity experiment. Different letters indicate
statistically significant differences between lights according to Fisher’s LSD test
(p<0.05)atday 0, 1 3, 6,9, A3, and A6, respectively. Non-significant differences
are not indicated by letters in the figure (n= 3).
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Table 1. Composition ratio (%) of volatile organic compounds in Citrus depressa

leaves before each light quality treatments experiment.

Compounds Single* Supp Supp-2™ Supp-Int
Aldehydes (ALDs)

3-Hexenal 1.92+0.90 2.01£1.20 1.26+0.71 1.69+0.42
(E)-2-Hexenal 0.79+0.39 2.13+1.34 1.02+0.90 2.67+0.80
Octanal 0.17£0.03 0.04+0.01 0.23+0.07 0.12+0.05
Decanal 0.03+0.01 0.03+0.01 0.06+0.03 0.05+0.01
Sum 2.90+1.28 4.22+2.43 2.57£1.65 4.52+1.10
Alcohols (ALCs)

(E)-3-Hexen-1-ol 0.39+0.15 0.59+0.32 0.47+0.30 N.D.
(£)-2-Hexen-1-ol N.D. N.D. N.D. 0.01+0.01
Sum 0.39+0.15 0.59+0.32 0.47+0.30 0.01+0.01
Monoterpene Carbohydrates (MCs)

a-Thujene 1.12+0.13 1.10+0.20 1.39+0.23 1.00+0.12
a-Pinene 1.52+0.24 1.51+0.34 2.09+0.43 1.31+0.28
Sabinene 0.37+0.04 0.36+0.04 0.38+0.02 0.40+0.05
B-Pinene 2.04£0.26 2.00+£0.33 2.54+0.46 1.68+0.30
B-Myrcene 1.42+0.10 1.37+0.12 1.73+£0.13 1.34+0.13
a-Phellandrene 0.35+0.02 0.24+0.02 0.35+0.03 0.24+0.02
a-Terpinene 2.50+0.36 1.66+0.16 2.40+0.37 1.79+0.19
p-Cymene 4.52+0.71 6.23+0.92 5.49+1.34 5.53+0.71
D-Limonene 4.61+£0.39 4.22+0.53 5.09+0.67 3.82+0.80
trans-p-Ocimene 0.28+0.01 0.29+0.01 0.34+0.04 N.D.
B-Ocimene 2.92+0.37 2.87+£0.56 3.59+0.79 3.54+1.11
y-Terpinene 34.95+3.22 29.44+2 .52 32.5444.71 26.47+2.28
a-Terpinolene 3.56+0.39 3.02+0.63 3.79+0.58 2.97+0.73
(E, Z)-Alloocimene 0.12+0.05 0.09+0.01 0.08+0.01 0.07+0.02
L tﬁy{;@fﬁ)ﬁexene 0.15£0.06  0.17+0.05  0.44+0.15  0.24+0.07
Sum 60.44+523  54.56+527  62.2248.45  50.49+5.38

* Abbreviations displayed in the table are as follows: Single, single light experiment; Supp,
supplementary light experiment; Supp-2"¢, secondary supplementary light experiment; Supp-Int,
supplementary light intensity experiment.

¥ Values represent means+SD (n= 12 in Single, Supp; n= 10 in Supp-2"9, Supp-Int). N.D., not detected.
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Table 1. Composition ratio (%) of volatile organic compounds in Citrus depressa

leaves before each light quality treatments experiment (continued).

Compounds Single Supp Supp-2™ Supp-Int
Oxygenated Monoterpenes (OM)

trans-Sabinene hydrate  0.50+0.19 0.66+0.22 0.31+0.15 0.62+0.17
Linalool 20.93+4.07 25.65+7.01 13.23+5.55 25.87+5.88
Terpinen-4-ol 0.86+0.36 1.15+0.31 0.43+0.20 0.96+0.22
a-Terpineol 1.44+0.54 1.31+0.57 0.83+0.58 2.04+0.61
Sum 23.72+4.83 28.78+7.81 14.80+6.46 29.49+6.51
Sesquiterpenes Carbohydrates (SC)

a-Cubebene 0.13+0.04 0.14+0.04 0.35+0.09 0.21+0.06
a-Copaene 0.42+0.10 0.35+0.12 0.91+£0.13 0.49+0.15
B-Elemene 0.24+0.08 0.31+0.08 0.52+0.17 0.44+0.13
a-Gurjunene 0.12+0.07 0.07+0.04 0.16+0.02 0.02+0.01
Caryophyllene 5.84+1.03 5.73+1.86 7.61+0.84 6.75+1.30
y-Maaliene 0.23+0.06 0.16+0.05 0.33+0.06 0.21+0.05
a-Maaliene 0.17+0.06 0.12+0.05 0.31+£0.07 0.16+0.08
Aromandendrene 0.50+0.13 0.43+0.13 1.16+0.30 0.92+0.31
B-Guaiene 0.19+0.08 0.13+0.06 0.32+0.07 0.14+0.06
Humulene 0.57+0.12 0.51£0.16 0.80+0.17 0.70+0.17
Alloaromadendrene 0.18+0.05 0.14+0.04 0.34+0.08 0.16+0.04
y-Muurolene 0.19+0.06¥ 0.19+0.07 0.34+0.10 0.28+0.07
D-Germacrene 0.51+0.15 0.52+0.16 0.97+£0.29 0.71+0.34
B-Cadinene 0.19+0.08 0.09+0.04 0.31+0.08 0.28+0.07
Bicyclogermacrene 2.29+0.66 2.30+0.69 4.25+1.12 3.11+0.78
y-Cadinene 0.12+0.03 0.13+0.03 0.21+0.06 0.16+£0.04
0-Cadinene 0.67+0.13 0.55+0.15 1.04+0.23 0.78+0.18
Sum 12.55+2.51 11.86+3.60 19.95+3.46 15.49+3.50

* Abbreviations displayed in the table are as follows: Single, single light experiment; Supp,
supplementary light experiment; Supp-2"¢, secondary supplementary light experiment; Supp-Int,
supplementary light intensity experiment.

Y Values represent means+SD (n= 12 in Single, Supp; n= 10 in Supp-2"¢, Supp-Int). N.D., not detected.
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Table 2. The composition ratio of volatile organic compounds by classes in Citrus depressa leaves during single light quality treatment.

Monoterpene Oxygenated Sesquiterpenes
Day Treatment” Aldehydes (ALD) Alcohols (ALC) Carbohydra?e):s (MC) Monote}ll'ﬁenes (OM) Carbo(lllydr;?es (SC)
Fr 1.24:0.38Y 0.38:0.10 59.57+6.69 28.44:9.49 10.37:2.43
R 2.11:0.76 0.58+0.21 53.05:11.74 35.94:13.32 8.32:1.69
0 G 2.26:0.28 0.63:0.10 54.95:2.00 33.24:6.04 8.91:4.00
B 2.44+1.96 0.62:+0.36 57.42:3.62 29.63:3.91 9.90+0.40
Fr 1.79:0.91 0.35:0.20 55.50+7.89 34.26:9.80 8.11+3.61
R 1.98:1.13 0.32:0.16 59.18:2.34 24.13:4.16 14.40+2.03
1 G 2.82:+0.24 0.59:0.15 54.69:8.44 31.95+8.93 9.94:2.35
B 3.99:1.85 0.69:0.35 65.44:1.75 19.76+1.69 10.12:1.25
Fr 2.63:+1.35 0.32:0.16 58.64:2.66 26.24:1.63 12.16+1.66
R 3.02:2.39 0.33:0.25 58.47:8.74 23.32:9.57 14.87:0.60
3 G 3.20:0.90 0.44:0.12 66.81:6.79 18.97+7.05 10.59+1.27
B 2.89:0.77 0.43:0.13 56.85:+2.61 27.62:0.46 12.21+3.50
Fr 5.15:1.46Y 0.61:0.10 62.43:3.39 21.86+4.12 9.95:1.82
R 3.80+3.03 0.57:0.34 58.20+3.87 25.55+5.36 11.88+1.85
> G 2.36:1.04 0.61:0.12 51.81:8.87 31.57+9.59 13.65:1.87
B 2.97:0.28 0.70+0.19 58.52+3.83 27.67:6.54 10.14+3.08
Fr 7.46+1.19a tr 59.42:0.76 18.80+1.42 14.32:0.42
R 4.61:2.49ab 0.39:0.47 55.12+3.58 28.10:6.28 11.79+2.73
7 G 2.43:1.01b 0.57+0.28 58.79:+1.18 23.77+3.02 14.45:1.25
B 3.45:0.08b 0.67:0.11 58.61:10.37 26.67+:10.27 10.61:0.40

* Abbreviations displayed in the table are as follows: Fr, near-infrared light; R, red light; G, green light; B, blue light; ALD, aldehyde; ALC, alcohol; MC, monoterpene carbohydrate;
OM, oxygenated monoterpene; SC, sesquiterpene carbohydrate.” Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments,
at day O(before treatment), 1, and day 3 respectively. Non-significant differences are not indicated by letters in the table. Values represent means+SD (n= 3). tr: Trace (< 0.01%).
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Table 3. The composition ratio of main volatile organic compounds in Citrus depressa leaves during single light quality treatment.

Before Treatment Day 1 Day 3
Compound Fr* R G B Fr R G B Fr R G B
Aldehydes (ALDs)
3-Hexenal 0.81¥ 1.35 1.54 1.55 1.07 1.40 1.90 2.57 1.62 2.14 2.21 1.79
(E)-2-Hexenal 0.26 0.56 0.49 0.69 0.49 0.41 0.68 1.21 0.80 0.71 0.79 0.91
Octanal 0.15 0.18 0.22 0.17 0.19 0.14 0.22 0.19 0.18 0.14 0.17 0.16
Decanal 0.01 0.03 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03
Alcohol (ALC)
(E)-3-Hexen-1-ol 0.38 0.58 0.63 0.62 0.35 0.32 0.59 0.69 0.32 0.33 0.44 0.43
Monoterpene Carbohydrates (MCs)
p-Cymene 4.56 4.52 4.89 4.41 4.86 4.04 4.37 5.25 4.46 3.97 5.30 4.25
D-Limonene 4.49 4.03 3.97 4.36 4.17 4.57 4.09 4.82 4.47 4.56 5.00 4.34
y-Terpinene 34.48 30.56 32.26 33.43 31.48 34.18 31.80  38.23 33.45 33.58 39.07 32.95

Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate ~ 0.63 0.72 0.73 0.57 0.75 0.41 0.74 0.30 0.60 0.54 0.37 0.65

Linalool 2493 3143 2923 2644 2990 21.57 28.14 17.62 2330 2041 16.84  23.89
Terpinen-4-ol 1.07 1.36 1.18 0.99 1.33 0.87 1.08 0.82 0.79 0.82 0.70 1.13
a-Terpineol 1.82 242 2.10 1.62 2.27 1.28 1.99 1.02 1.56 1.55 1.06 1.95
Sesquiterpene Carbohydrates (SCs)

Caryophyllene 4.94 3.97 4.07 4.72 3.60 6.34 4.60 5.19 5.66 6.55 5.50 5.34
Bicyclogermacrene 1.83 1.40 1.58 1.71 1.55 2.64 1.88 1.46 2.32 3.01 1.55 2.49

* Abbreviations displayed in the table are as follows: Fr, near-infrared light; R, red light; G, green light; B, blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p<0.05) between light treatments at day 5 and day 7 respectively. Non-significant differences
are not indicated by letters in the table. Values represent means (n= 3).
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Table 3. The composition ratio of main volatile organic compounds in Citrus depressa leaves during single light quality treatment

(continued).
Day 5 Day 7

Compound Fr* R G B Fr R G B
Aldehydes (ALDs)
3-Hexenal 3.07Y 2.69 1.52 1.77 4.54aY 3.04ab 1.44b  2.11ab
(E)-2-Hexenal 1.89 0.91 0.61 0.98 2.72a  1.33ab  0.78b 1.14b
Octanal 0.15 0.17 0.19 0.19 0.16 0.21 0.18 0.16
Decanal 0.03 0.04 0.05 0.03 0.04 0.03 0.04 0.03
Alcohol (ALC)
(E)-3-Hexen-1-ol 0.61 0.57 0.61 0.70 tr 0.39 0.57 0.67
Monoterpene Carbohydrates (MCs)
p-Cymene 5.70 4.87 4.00 5.01 570a 433b 4.64ab 5.14ab
D-Limonene 4.77 4.28 4.05 4.32 4.49 4.10 4.49 4.44
y-Terpinene 3449 3378  29.11 33.50 33.12 3224  32.55 33.19
Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate 0.40 0.36 0.64 0.54 0.37 0.57 0.43 0.50
Linalool 18.91 22.69  27.27  24.07 16.35 2489  20.79  23.04
Terpinen-4-ol 1.08 1.05 1.38 1.31 0.86 1.04 1.02 1.33
a-Terpineol 1.47 1.44 2.27 1.75 1.22 1.61 1.52 1.80
Sesquiterpene Carbohydrates (SCs)
Caryophyllene 5.20 5.66 5.88 4.81 6.76 5.46 6.41 5.15
Bicyclogermacrene 1.37 1.88 2.61 1.62 2.24 2.21 2.46 1.69

* Abbreviations displayed in the table are as follows: Fr, near-infrared light; R, red light; G, green light; B, blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments at day 5 and day 7 respectively. Non-significant
differences are not indicated by letters in the table. Values represent means (n= 3).
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Table 4. The composition ratio of volatile organic compounds by classes in Citrus depressa leaves during supplementary light quality treatment.

Day  Treament  Aldchydes(ALD)  Alohols(ALO) g GERTTS o) goporerpencs (OM) | Carboydratn (SC)
CK* 4.79+£2.55Y 0.76+0.18 50.43+£3.66 31.87+£3.98 12.16+3.07
Before Fr 3.45+2.22 0.71+0.31 52.34+6.91 33.37+4.98 10.13£1.38
Treatment R 3.00+£0.99 0.70+0.16 55.04+4.93 30.04+4.40 11.23+2.39
B 5.84+1.08 0.62+0.09 51.91+£8.26 28.11+6.26 13.52+2.60
CK 4.07£2.09 0.51+0.14 55.94+6.46 24.44+10.22 15.0343.80a
Fr 5.13+£3.56 0.77+0.38 54.93+5.64 29.14+6.25 10.04+2.72¢
3 R 2.97£1.78 0.40+0.33 51.50+4.33 34.64+4.06 10.49+2.32bc
B 6.58+0.68 0.85+0.22 57.38+4.58 20.80+5.13 14.40+1.20a
CK 5.15+2.67 0.61+0.23 56.08+9.42 24.18+10.79 13.97+2.61
Fr 4.62+3.08 0.82+0.43 57.61+7.18 26.41£7.10 10.54+1.49
¢ R 2.98+1.75 0.70+0.23 56.01+£7.73 28.16%5.77 12.15+1.30
B 6.16+1.52 0.82+0.20 54.57+£5.57 25.36+6.34 13.08+1.82
CK 5.64+0.84 0.65+0.10bc 51.91+6.25b 25.41+8.55 16.38+2.32a
Fr 5.84+1.31 0.79+0.12ab 50.35+4.98b 31.1245.20 11.90+1.29b
? R 4.17£1.70 0.57+0.18c 61.66+2.17a 20.81+£3.01 12.79+0.69b
B 5.66+1.36 0.98+0.15a 51.91+4.37b 28.08+4.97 13.37£1.59b

* Abbreviations displayed in the table are as follows: CK, control white light; Fr, near-infrared light; R, red light; B, blue light.

Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments before treatment, at day 3, 6, 9, respectively. Non-

significant differences are not indicated by letters in the table. Values represent means+SD (n= 4).
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Table 5. The composition ratio of main volatile organic compounds in Citrus depressa leaves during supplementary light quality treatment.

Before Treatment Day 3 Day 6 Day 9
Compound CK* Fr R B CK Fr R B CK Fr R B CK Fr R B
Aldehydes (ALDs)
3-Hexenal 257 1.56 1.11 2.55 226 252 1.0 299 280 231 .13 258 310 288 253 218
(E)-2-Hexenal 2.12 1.81 1.82  3.20 1.73  2.54 1.84 346 225 223 1.79 349 247a» 2.88a 1.58 3.36a
Octanal 0.05 004 0.03 004 004 005 003 004 004 005 003 005 0040 0.055 0.036 0.05a
Decanal 0.05 004 0.03 005 0.05 0.02c 0.03¢c 0.082 0.052 0.03a» 0.02v 0.052 0.040 0.03b 0.03vb 0.06a
Alcohol (ALC)
(E)-3-Hexen-1-ol 0.76  0.71 0.70 062 0.51 0.77 040 085 0.61 082 070 0.82 0.65bc 0.79a 0.57¢ 0.98a
Monoterpene Carbohydrates (MCs)
p-Cymene 540 568  6.63 594 606 6.64 5381 6.50 634 636 545 6.66 566 594 584 6.53
D-Limonene 382 414 422 433 451 406 4.01 480 432 431 429 432 392v 3.66b 4.68. 4.17a
y-Terpinene 28.84 2835 29.52 27.04 2997 30.17 2726 3035 31.19 3226 31.02 29.11 29.10b 28.07b 34.87a 27.70b
Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate  0.61 0.65 054 070 0.51b 0.68s 0.86a 048 053 0.60 0.61 0.60 0.65a 0.81a 0.460 0.76a
Linalool 28.30 29.47 27.01 24.61 21.69 2620 30.63 18.67 21.45 2374 2538 2281 2252 27.65 18.83 2482
Terpinen-4-ol 1.38 1.37 1.20 1.30 1.04 1.09 1.41 0.84 1.01 0.98 1.03 098 1.06a 131a 0.76b 1.22a
a-Terpineol 1.57 1.88 1.27 1.50 1.20 1.16 1.74 082 1.19 1.09 1.14 097 1.18w» 135 0.75» 1.28a
Sesquiterpene Carbohydrates (SCs)
Caryophyllene 598 494 527 655 728 5.07v 476 7.39a 6.83 528 588 6.68 768 580 632 6.62
Bicyclogermacrene  2.23 1.82 2115 262 287 1.82 229 250 275 1.97 244 229 346a 231lv 243 2.6l

* Abbreviations displayed in the table are as follows: CK, control white light; Fr, near-infrared light; R, red light; B, blue light.

Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments before treatment, at day 3, 6, 9, respectively. Non-
significant differences are not indicated by letters in the table. Values represent means+SD (n= 4).
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Table 6. The composition ratio of volatile organic compounds by classes in Citrus depressa leaves in the secondary supplementary light quality

experiment.
Day Treatment  Aldehydes (ALD) Alcohols (ALC) Monoterpene Oxygenated Sepaisicyes
Carbohydrates (MC) Monoterpenes (OM)  Carbohydrates (SC)

CK 1.29:0.53Y 0.22:0.09b 62.68+3.68 14.21:3.80 21.60+2.62

trfjti‘ifm R 2.94:0.89 0.50:0.05a 63.41:3.78 11.22+1.05 21.93:3.94

B 2.14:0.85 0.43:0.14a 62.70:15.76 16.48+12.27 18.25:4.09

CK 1.77+0.89b 0.29:0.13 66.26+1.09 13.16:4.27 18.52:4.41

3 R 2.81:0.89a 0.41:0.12 57.37+7.46 18.46+8.06 20.94:1.94

B 4.61:2.15a 0.55:0.25 67.48+4.69 9.25+3.38 18.11+2.38

CK 1.60:1.05 0.21:0.12 64.10:3.73 12.50+2.65 21.58+3.55

6 R 3.79:0.82 0.54:0.17 55.14:4.61 21.44:7.02 19.10:4.53

B 5.00:0.94 0.40:0.36 60.61:9.26 13.56+5.80 20.43+3.27

CK 3.79:1.07 0.45:0.32 60.89:4.44 19.73+7.52 15.15:3.28

9 R 6.82:2.07 0.30+0.52 66.44:6.17 10.26:1.74 16.18:4.17

B 6.22:1.10 0.54:0.46 54.51:11.58 25.86+10.04 12.87+1.93

CK 2.53:0.79 0.21:0.15 62.66+5.67 16.53:4.39 18.07+5.24

A3* R 3.09:0.32 0.37:0.32 48.86+5.29 30.53:4.96 17.15:2.45

B 3.23:0.78 0.13:0.22 52.73:9.43 27.04+12.31 16.88+3.24

CK 3.28:1.68 0.45:0.25 57.41+3.48 18.68:4.30 20.18+3.07

A6 R 4.13:0.96 0.64:0.16 51.42:4.85 23.57+0.60 20.24:4.97

B 5.71+2.16 0.22:0.38 51.35:7.31 26.34:8.45 16.39:1.78

* Abbreviations displayed in the table are as follows: A3/A6, in the 3'/6'" day of natural light; CK, natural light; R, red light; B, blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments before treatment, at day 3, 6, 9, A3, A6, respectively.

Non-significant differences are not indicated by letters in the table. Values represent means+SD (n=4 in CK; n=3 in R and B).
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Table 7. The composition ratio of main volatile organic compounds in Citrus depressa leaves during 2™ supplementary light quality treatment.

Before Treatment Day 3 Day 6 Day 9
Compound CK* R B CK R B CK R B CK R B
Aldehydes (ALDs)
3-Hexenal 0.71 1.69 1.08 1.02 142 254 091b 1.8lab 239a 1.74 3.0l 2.00
(E)-2-Hexenal 034 095 077 0.50 1.03 1.76 048 1.58a 2.30a 1.71b 3.47a 3.75a
Octanal 0.17 022 024 018 027 022 014 032 022 026 027 036
Decanal 0.07 0.07 0.05 0.07 0.09 008 007 007 009 008 007 0.10
Alcohol (ALC)
(E)-3-Hexen-1-ol 022 050 043 029 041 0.55 0.21 0.54 040 045 030 0.54
Monoterpene Carbohydrates (MCs)
p-Cymene 4.93 507 507 525 437 636 462 470 556 497 538 522
D-Limonene 524 525 522 547 462 532 536 428 473 450 462 381
y-Terpinene 32.14 3415 3329 3530 3095 3586 3339 2951 33.10 3540 40.16 31.56
Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate 0.31 023 034 028 038 021 024 046 029 0.33 0.21 0.46
Linalool 1270 10.15 14.65 11.87 16.54 836 11.27 19.07 12.16 17.82 934 23.38
Terpinen-4-ol 042 031 047 038 052 027 037 0.61 039 060 027 0.67
a-Terpineol 0.77  0.53 1.02  0.62 1.03 0.41 0.62 1.30  0.73 097 044 1.36
Sesquiterpene Carbohydrates (SCs)
Caryophyllene 7.96 8.84  7.05 745 779  7.70 831 6.78 7.82  6.07  6.75 5.12
Bicyclogermacrene 468 456 390 3778 457 340 462 458 454 300 316 2.79

* Abbreviations displayed in the table are as follows: CK, natural light; R, red light; B, blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments. Non-significant differences are not indicated by letters in
the table. Values represent means (n=4 in CK; n=3 in R and B).
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Table 8. The composition ratio of main volatile organic compounds in Citrus depressa leaves during the natural light condition after 2

supplementary light quality treatment.

A3 A6
Compound CK* R B CK R B
Aldehydes (ALDs)
3-Hexenal 1.25Y 0.96 1.15 1.62 1.47 1.96
(E)-2-Hexenal 1.01 1.75 1.73 1.34 2.17 3.25
Octanal 0.21 0.28 0.29 0.26 0.44 0.43
Decanal 0.07 0.10 0.06 0.07 0.05 0.06
Alcohol (ALC)
(E)-3-Hexen-1-ol 0.21 0.37 0.13 0.45 0.64 0.22
Monoterpene Carbohydrates (MCs)
p-Cymene 4.69 3.85 4.21 4.90 4.60 5.07
D-Limonene 4.53 3.64 3.80 4.61 3.72 3.75
y-Terpinene 36.92 28.42 30.20 31.29 28.87 28.79
Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate 0.22 0.36 0.41 0.36 0.42 0.47
Linalool 14.94 27.52 24.21 16.76 21.21 23.74
Terpinen-4-ol 0.56 0.95 0.82 0.58 0.71 0.81
a-Terpineol 0.81 1.70 1.60 0.97 1.23 1.32
Sesquiterpene Carbohydrates (SCs)
Caryophyllene 6.71 5.79 6.09 7.64 6.78 6.14
Bicyclogermacrene 3.75 3.64 3.51 4.63 5.12 3.88

* Abbreviations displayed in the table are as follows: A3/A6, in the 3"/6™ day of natural light; CK, natural light; R, red light; B, blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments. Non-significant differences are not indicated by letters

in the table. Values represent means (n=4 in CK; n=3 in R and B).
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Table 9. The composition ratio of volatile organic compounds by classes in Citrus depressa leaves in supplementary light intensity treatment.

Supplementary light Monoterpene Oxygenated Sesquiterpenes
Day Izftmol-m';:}st'l)g Aldehydes (ALD) Alcohols (ALC) Carbohydral;gs (MC) Monote}ll'lg)enes (OM) Carbo%ydrges (SO)
Dark* 4.59+0.57" 0.0120.00 55.2445.77 21.16£5.76 19.01+0.55
150-R 3.89+1.43 0.0120.01 50.24+6.49 32.79+5.39 13.07+1.25
Tisz;:m 150-B 5.40+0.82 0.02+0.01 50.34+6.72 30.96+7.81 13.28+3.10
300-R 4.14+1.28 0.0120.00 48.02+4.82 32.91+4.93 14.93+3.77
300-B 4.59+1.33 0.0120.00 48.60+3.18 29.6242.81 17.18+4.56
Dark 4.24+0.38b N.D. 60.20+4.14a 14.15+1.39¢ 21.40+3.03a
150-R 4.50:£0.30b 0.02+0.01 41.8843.56¢ 41.60+6.39a 11.99+4.36¢
(Lizht) 150-B 6.02+0.57a 0.02+0.00 45.424+4.85bc 36.40+3.34ab 12.13+2.57¢
300-R 3.90+0.86b 0.0120.00 49.47+3.51b 31.57+3.40b 15.04+4.05bc
300-B 4.53+0.93b 0.02+0.00 60.16+3.09a 16.88+4.34¢ 18.4242.16ab
Dark 4.25+1.43 N.D. 53.33+5.12 20.6243.53¢ 21.8143.18a
150-R 3.53+0.27 N.D. 47.3442.14 34.09+1.12ab 15.04+1.32b
(D‘:fk) 150-B 5.44+1.35 N.D. 43.28+8.28 38.7648.43a 12.5143.37b
300-R 4.89+0.41 N.D. 47.5612.46 33.28+5.27ab 14.27+3 .47
300-B 5.29+0.92 N.D. 50.02+4.82 27.83+7.45bc 16.86+4.09ab
Dark 5.72+2.92 N.D. 51.43+6.62 20.63+3.74 22.2242.73
150-R 4.77£1.03 N.D. 43.694+2.34 35.92+3.59 15.62+1.99
(D‘:fk) 150-B 5.98+0.89 N.D. 48.20+5.74 27.77+7.89 18.05+1.68
300-R 4.03+0.65 N.D. 46.81+4.83 31.82+5.27 17.3443.15
300-B 4.98+0.78 N.D. 47.37+2.97 26.89+5.36 20.76+3.53

X Abbreviations displayed in the table are as follows: A3/A6, in the 3'/6™ day of dark condition; Dark, dark treatment; 150-R/300-R, with 150/300 umol-m-s"! red light;
150-B/300-B with 150 or 300 umol-m™-s™! blue light. A3, the third day after treatment; A6, the sixth day after treatment.

Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments before treatment, at day 3, A3, A6, respectively. Non-
significant differences are not indicated by letters in the table. Values represent means+SD (n= 3). N.D., not detected.
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Table 10. The composition ratio of main volatile organic compounds in Citrus depressa leaves during supplementary light intensity treatment.

Before Day 3
Compound Dark* 150-R  150-B  150-R  300-R  Dark  150-R  150-B =~ 150-R = 300-R
Aldehydes (ALDs)
3-Hexenal 2.15 1.26 1.78 1.52 1.72 2.05aY  1.34c 1.73b 1.26¢ 1.47¢
(E)-2-Hexenal 2.30 249 3.46 2.37 2.73 209  3.02b 4.12a  2.50b  2.93b
Octanal 0.09 0.10 0.12 0.19 0.10 0.06c  0.10ab 0.11a  0.09ab  0.08bc
Decanal 0.05 0.04 0.04 0.06 0.04 0.04 0.05 0.05 0.06 0.04
Alcohol (ALC)
(Z2)-2-Hexen-1-ol 0.01 0.01 0.02 0.01 0.01 N.D. 0.02 0.02 0.01 0.02
Monoterpene Carbohydrates (MCs)
p-Cymene 5.64 6.22 5.27 4.99 5.51 6.68a 5.79b¢ 6.51ab  5.58c  7.3la
D-Limonene 4.69 3.67 3.70 3.35 3.69 4.77a  2.73d 2.97cd 3.83bc 4.47ab
y-Terpinene 2748 2597 2740 2692 2459 30.04a 22.19c 24.64bc 26.05b 31.22a
Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate 0.49 0.76 0.56 0.56 0.75 0.26¢ l.14a  0.87b  0.76b  0.28c
Linalool 18.24 2834  27.57 29.70  25.52 12.60  3524a 31.65ab 27.32b 15.10c
Terpinen-4-ol 0.78 1.14 0.94 0.90 1.02 0.46¢ 1.39a  1.24ab  1.08b  0.59c
a-Terpineol 1.64 2.55 1.91 1.75 2.34 0.83c  3.83a 2.64ab 241b  0091c
Sesquiterpene Carbohydrates (SCs)
Caryophyllene 3.66 2.62 2.59 3.19 3.48 9.50a 5.14b  5.60b 6.20b 9.l1la
Bicyclogermacrene 3.66 2.62 2.59 3.19 3.48 3.95 2.71 248 3.36 3.06

X Dark, dark treatment; 150-R/300-R, with 150/300 umol-m-s™! red light; 150-B/300-B with 150 or 300 pmol-m-s™! blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments. Non-significant differences are not indicated by letters

in the table. Values represent means (n= 3). N.D., not detected.
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Table 11. The composition ratio of main volatile organic compounds in Citrus depressa leaves during the dark condition after supplementary

light intensity treatment.

A3 A6
Compound Dark®* 150-R  150-B  150-R  300-R  Dark  150-R  150-B  150-R  300-R
Aldehydes (ALDs)
3-Hexenal 2.16Y 1.14 1.72 1.80 1.92 2.63Y 1.54 2.02 1.31 1.70
(E)-2-Hexenal 1.94c  221bc 3.48a 2.88abc 3.17ab  3.01 3.12 3.81 2.60 3.17
Octanal 0.06d  0.08c 0.13a 0.11b  0.09¢ 0.06c  0.08bc 0.11a 0.10ab  0.08bc
Decanal 0.10 0.10 0.10 0.09 0.10 0.03 0.03 0.03 0.03 0.03
Alcohol (ALC)
(£)-2-Hexen-1-ol N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Monoterpene Carbohydrates (MCs)
p-Cymene 5.78 5.69 542 5.08 6.01 6.21 5.89 6.79 5.29 5.81
D-Limonene 4.19 3.45 2.92 3.39 3.43 3.63 2.79 3.12 3.29 3.24
y-Terpinene 2694 2458 2390 2653 2714 2777 23.65  26.61 25.28  25.62
Oxygenated Monoterpenes (OMs)
trans-Sabinene hydrate 0.57 0.91 0.97 0.76 0.64 0.48 1.00 0.65 0.76 0.70
Linalool 17.57c  29.01ab 33.65a 29.34ab 24.42bc 18.25 3049 2441 27.68  23.13
Terpinen-4-ol 0.70b 1.21a 1.21a 0.97ab 0.91lab  0.62 1.28 0.89 0.97 0.89
a-Terpineol 1.78 2.97 2.93 2.20 1.86 1.27 3.16 1.82 2.41 2.17
Sesquiterpene Carbohydrates (SCs)
Caryophyllene 9.35 6.36 5.61 6.05 8.06 10.26 6.65 8.68 7.55 9.14
Bicyclogermacrene 4.61 3.24 2.67 3.04 3.16 4.50 3.45 3.48 3.84 4.43

*Dark, dark treatment; 150-R/300-R, with 150/300 umol-m2-s™! red light; 150-B/300-B with 150 or 300 umol-m™s™! blue light.
Y Different letters indicate significant differences according to Fisher’s LSD test (p< 0.05) between light treatments. Non-significant differences are not indicated by letters in

the table. Values represent means (n=3). N.D., not detected.
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Table 12. Pearson correlation coefficients between oxygenated monoterpene compounds and chlorophyll fluorescence parameters in Citrus

depressa leaves at the 3™ day of supplementary red light treatment.

Variables' (1) (2) (3) 4) (5) (6) (7) (8) 9 (10 (a1 12y 13) (14) (15
(1) Linalool -

(2) trans-Sabinene hydrate  0.96" -

(3) Terpinen-4-ol 0.83" 0.84° -

(4) a-Terpineol 072 0.87° 081 -

(5) Fm' 0.95 0.91° 0.86° 0.66 -

(6) Drsu 0.77 0.71 038 034 0.63 -

(7) ETR 076 071 037 033 063 0.99" -

(8) Fo' -0.29 -049 -0.10 -0.54 -0.13 -0.51 -0.52 -

(9) qP -0.62 -0.79 -0.66 -0.86" -0.66 -0.30 -0.30 0.60 -

(10) gN -0.62 -0.72 -045 -0.58 -048 -0.83" -0.83 0.82 052 -

(11) NPQ -0.35 -043 -020 -033 -0.15 -0.71 -0.72 0.74 0.18 092 -

(12) Fo -049 -0.66 -0.29 -0.65 -034 -0.64 -064 098 0.70 0.89 075 -

(13) Fm 078 0.71 078 0.52 092" 032 031 0.17 -059 -0.10 025 -0.03 -

(14) Fv/Fm 0.85° 0.93" 0.68 0.79 0.83° 0.68 068 -0.63 -090 -0.72 -038 -0.77 0.66 -

(15) SPAD 072 0.67 060 043 058 0.82° 082 -032 -0.16 -0.78 -0.78 -045 025 046 -

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
T. The analysis was conducted using observational data from 150-R (n=3) and 300-R (n=3).
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Table 13. Pearson correlation coefficients between oxygenated monoterpene compounds and chlorophyll fluorescence parameters in Citrus

depressa leaves at the 3™ day of supplementary blue light treatment.

Variables' »m @ & @ 6 o O @© O aJGo dan 12 143 14 (15
(1) Linalool -

(2) trans-Sabinene hydrate  0.96™" -

(3) Terpinen-4-ol 0.99" 0.96"" -

(4) o-Terpineol 0.98" 0.99" 0.98" -

(5) Fm' 045 055 058 060 -

(6) Dpsi 005 013 0.7 018 064 -

(7) ETR 006 0.14 0.17 0.19 0.63 0.99" -

(8) Fo' 0.17 021 031 028 0.86° 0.62 0.61 -

(9) qP -0.53 -0.60 -0.56 -0.61 -0.60 0.16 0.16 -0.28 -

(10) gN 0.08 0.02 -0.06 -0.05 -0.71 -0.92*" -0.92*" -0.71 0.02 -

(11) NPQ 022 0.17 0.08 0.09 -059 -0.91" -0.91" -0.65 -0.14 0.99" -

(12) Fo 0.12 006 0.16 0.07 0.17 -0.10 -0.11 0.54 0.06 0.12 0.12 -

(13) Fm 074 081 076 0.80 0.65 -0.10 -0.10 041 -0.89° 0.06 022 027 -

(14) Fv/Fm 073 0.82° 0.74 0.80 0.62 -0.09 -0.08 0.27 -0.94" 0.04 021 001 097" -

(15) SPAD 027 029 033 033 058 -0.10 -0.10 0.37 -0.90° -0.21 -0.09 -0.08 067 072 -

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

T. The analysis was conducted using observational data from 150-B (n=3) and 300-B (n= 3).
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Appendix 1. Flow charts of (A) single light treatment experiment, (B) supplementary
light treatment experiment, (C) 2" supplementary light treatment

experiment, and (D) supplymentary light intensity experiment.
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light treatment experiment, (C) 2" supplementary light treatment

experiment, and (D) supplymentary light intensity experiment (continued).
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Appendix 2. The retention time and retention index of volatile organic compounds

identified from Citrus depressa leaves.

Identification

No. Compound RT* RIY Methods® Reference’
Aldehydes (ALDs)

1 3-Hexenal 3.68 - MS -

2 (E)-2-Hexenal 4.58 860 MS, RI 1,3,5

3 Octanal 6.87 1004 MS, RI 1,2, 4

4  Decanal 11.33 1209 MS, RI 1,2,4

Alcohols (ALCs)
5 (E)-3-Hexen-1-ol 4.62 863 MS -
6 (Z£)-2-Hexen-1-o0l 5.54 871 MS, RI 5
Monotepene Carbohydrates (MCs)

7 o-Thujene 5.72 931 MS, RI 1,2,4

8 a-Pinene 5.82 938 MS, RI 1,2,3,4,5

9 Sabinene 6.42 977 MS, RI 1,2,3,4,5
10 B-Pinene 6.48 981 MS, RI 1,2,3,4
11 B-Myrcene 6.67 993 MS, RI 1,2,3,4
12 a-Phellandrene 6.91 1007 MS, RI 1,2,3
13 o-Terpinene 7.11 1019 MS, RI 1,2,3
14 p-Cymene 7.25 1027 MS, RI 1,2,3
15 D-Limonene 7.32 1031 MS, RI 1,2,3,4
16 trans-B-Ocimene 7.45 1038 MS, RI 1,2
17 B-Ocimene 7.64 1049 MS, RI 1,2,4
18 y-Terpinene 7.91 1063 MS, RI 1,2,3,4,5
19 o-Terpinolene 8.45 1091 MS, RI 1,2,3,4,5
20 (E, Z)-Alloocimene 9.63 1142 MS, RI 1
o1 Lo:o-Trimethyl-6- 1400 1347 MS :

methylene-cyclohexene

*RT (Retention index, min).

¥ RI (Retention index) relative to n-alkanes (C8—-C20) on the HP-5MS UI column.

* Identification methods based on comparison of the mass spectrum (MS) or retention index from
previous references.

T Reference retention index based on 1, Adams, 2007; 2, Bldzquez and Carbo, 2015; 3, Hazzit et al.,
2006; 4, Luciardi et al., 2016; and 5, Maggi et al., 2009.
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Appendix 2. The retention time and retention index of volatile organic compounds

identified from Citrus depressa leaves (continued).

No. Compound RT* RIY Idﬁ;ﬁgz‘? " Referencet
Oxygenated Monoterpenes (OMs)

22 trans-Sabinene hydrate 8.04 1070 MS, RI 1,2,3

23 Linalool 8.78 1106 MS, RI 1,2,3,4,5

24 Terpinen-4-ol 10.61 1181 MS, RI 1,2,3,4,5

25  o-Terpineol 10.97 1194 MS, RI 1,2,3,4,5
Sesquiterpene Carbohydrates (SCs)

26  oa-Cubebene 14.20 1359 MS, RI 1

27  a-Copaene 14.61 1385 MS, RI 1,2,3,4

28  B-Elemene 14.83 1399 MS, RI 1,2,3,4,5

29  o-Gurjunene 15.10 1421 MS, RI 1,3

30 Caryophyllene 15.25 1434 MS, RI 1,2,3,4,5

31  y-Maaliene 15.35 1442 MS -

32 a-Maaliene 15.44 1450 MS, RI 2,3

33  Aromandendrene 15.50 1454 MS, RI 1,3

34 B-Guaiene 15.54 1458 MS, RI 1

35 Humulene 15.68 1469 MS, RI 1,2,3,4,5

36  Alloaromadendrene 15.77 1476 MS, RI 1,3

37  y-Muurolene 15.92 1488 MS, RI 1,3

38 D-Germacrene 16.00 1495 MS, RI 1,3,4,5

39 B-Cadinene 16.09 1503 MS -

40  Bicyclogermacrene 16.18 1511 MS, RI 1,2,3,4,5

41  y-Cadinene 16.36 1529 MS, RI 1,3

42  §-Cadinene 16.44 1537 MS, RI 1,2,3,4,5

*RT (Retention index, min).

¥ RI (Retention index) relative to n-alkanes (C8—-C20) on the HP-5MS UI column.

* Identification methods based on comparison of the mass spectrum (MS) or retention index from
previous references.
T Reference retention index based on 1, Adams, 2007; 2, Bldzquez and Carbd, 2015; 3, Hazzit et al.,
2006; 4, Luciardi et al., 2016; and 5, Maggi et al., 2009.
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