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Abstract: The experiment was conducted in a closed artificial climate chamber with artificial light, ‘Jinyou
35’ cucumber and ‘Sinomenium japonicum’ pumpkin were used as scion and rootstock, respectively, and
the light intensity and quality were both adjustable. White, red and blue mixed light with light intensity of
150 pmol-ms™" (UVO, W:R:B=50:70:30) was regarded as control, and UV-A with light intensity of 10 (UV10),
20 (UV20) and 30 pmol-m™s™ (UV30) was respectively used instead of equal white light. The growth, pho-
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tosynthetic physiology and antioxidant capacity of cucumber grafted seedlings were determined. The results
showed that, compared with UV0, scion stem diameter, whole plant dry weight, fresh weight, root index,
strong seedling index, G value, stomatal conductance (G,) and chlorophyll content of cucumber grafted seed-
lings were significantly increased under UV20. The net photosynthetic rate (P,), transpiration rate (T,), actual
photochemical quantum efficiency (®,,), photochemical quenching coefficient (gP) and electron transport
rate (ETR) of UV10 and UV20 were higher than those of the UVO0, but the intercellular CO, concentration (C))
and non-photochemical quenching coefficient (NPQ) were lower than those of UV0. UV10, UV20 and UV30
treatments all promoted the accumulation of reactive oxygen species, induced the activities of superoxide
dismutase (SOD), peroxidase (POD) and catalase (CAT), increased the contents of total phenols and flavo-
noids, and improved the total antioxidant capacity of cucumber grafted seedlings. In conclusion, moderate
addition of UV-A can promote the growth of cucumber grafted seedlings, improve photosynthetic capacity,

promote the accumulation of antioxidants, and facilitate the formation of strong grafted seedlings.
Key words: cucumber grafted seedlings; UV-A; photosynthetic characteristics; antioxidant capacity
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W33 ) — MR R R ZEBUAR B (REAS), i
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Bl w5 P (U V-B 2 10 35 i 38 BR 7, 2 X Al A A
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F1 FERCEAUV-ARERE
Table 1 The setting of UV-A light intensity in different treatment

AFE Z0G(R)SEE /umol-msT B B(B) IR E /umol-m sT FIG(W) SR /umol-m s 4 AMB(UV-A) 5 JE /umol-m s
uvo 70 30 50 0
Uvi1o0 70 30 40 10
Uv20 70 30 30 20
Uv30 70 30 20 30
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1.2.2 HEZRFAEERAESHEANE
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H(CH @ FE%2007); K FH CIRAS-3(f #5076 &
1 I 52 43 (PP Systems, 32 [E)il 5& Y & AR #
SR VB E %1 KR 000 pmol'm s, CO,
W FE %9 °(400£10) pmol-mol ', i FF 25°C, ¥ i
H60%. K FHFM-2 74 ij i) X i 4 3% %% )1 {X (Han-
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W B MG R A 43 78 7 B E B i, HR 5/
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2.1 A[ESREUV-ALIE ST 8 IR I & AR FREY
A

2] K1, UV-AKLHEXT 58 UG 1 T S b
SRR, ANFBREE FUV-AR IR R, 8 NG R
P AR T S EFE. 5 XHIR(UVO)A L, UV-A
Ab TS5 AT I 5 R v v I A4 P R AR, UVIOR
UV204b 3852 T 30CR f o 2 35, FEAE 2 40 3ot
HEHE 5124.9%. 18.8%. BLAL, SXFHEAH L, UV-A
b B 5 2 2 PRAR A MR bk vy TR, HLAE R
JEHE (150 pmol-m s ) ARAEFIENL T, FEEUV-
AR BT A DGR B R PR AT, Rk v A T
FURB AR, 7E 4 fk 6 55 A 5 7 1H, UV2040 3
E R TN G W E AT, e
7 10.2%4126.1%, UV10, UV30 kb B 5 % FE AH L
BHREER. D EEIREN: EERIMUV-AR
% S 25 v B TG4 P e 2R L R B, T
FeACEefm B . A tkpkm LA TR, Hdhuv20
A B o T 2 v A K AR S B i B R 2 3

. GEEAE EERRE IR
b B o (R AE2014) . H IR 1-ART S0, AN[E] o
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Table 2 Effects of different intensities of UV-A on morphological indexes of grafted cucumber

Vogiil B /om Bl E /om ARpkE/em AR/ g T EH/g I A /em”
uvo 0.3294+0.011°¢ 4.633+0.153" 10.767+0.058" 7.97340.060™ 0.470+0.010™ 93.177+£2.914°
UVv10 0.411+0.032° 4.333+0.208" 9.933+0.493° 8.373+0.148™ 0.517+0.006™ 83.470+2.564°
uv20 0.391+0.031° 3.833+0.153° 9.367+0.058° 8.787+0.493" 0.593+0.076" 83.130+5.145°
UV30 0.361+0.011° 3.467+0.058° 9.000+0.100° 7.713+0.189° 0.430+0.036° 68.600+6.118°

Rl 5| AR 5 F A R m AL 2L IR £ 5 R 3 (P<0.05), & F H/MEX AP ELA0E £ R F(n=3); T RFIt.
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Fig. 1 Effect of different intensities of UV-A on seedling index (A) and G value (B)

BT, UVI0, UV20FIUV304hHE 5 UVOAH EL 43 5l
PR 748.5%. 81.8%. 36.4%. &AbHAIGHETG
18 128 Ak 34 R UV20>UV10>UV0>UV30 (& 1-
B), Hrh LUV204b 3 2R e £, ELUVO IR 2 15 0
23.5%. UVIOFIUV304bHE T i NG 1 GIE - 5UV0
MEEZERAREZE. P EHIEEY: 20 pmolm ™s™
TUV-ARE B 55 A R T 38 VG o B TR R
A F3 s, UV-AKLIE 8 TG 1R R4
WA R . BEEUV-ASR BN, Ga il
REFE 2PN DN A, UV20403 T 1
R KEHE, 29UV, UVI0, UV30kh3iHy
I 7 82.5%. 33.2%. 69.6%. [Ff, 5UVI0ATUV30
Ab AR EE, UV2040 21 6] 154z 1 HARAR R I8 AR 152
FERCR M R, & IR bR Y B3 T
(UV0), HH R AE . RREAIR R G 150 75
UVO4b F 4 & 1 226.7%. 80.7%H191.0%. UVI10
ATUV30ALH 0] AR 22 R 1 AR 15200 5 UVOAL FEAH LY
ZESFAEE, UV2040 32 B 25 4 m TR &R

o DL EEE R M niE & MUV-AF R T o8
RATER, IEmR RG],
2.2 REREUV-ARLES EHUKESE LS EEN
AN
2.2.1 &4

95 BB UV-ALb B 3 8 TR A K
A BB, A TS & AL (1) A AR B4R bR A
H A MEREHEAT VR IE . HI2-A~D ] %1, BT
BB EP,). [SILFEG). AiEHE
(T) RN IRICOL MR % (C) 38 52 U V-ABR 5 1) i 3 5l
UVI0FIUV20 &b B X 15 22 1 P, FH T, () 32 T+ OR8¢
iR, SUVOALEA L, UVIOANHE R (P FIT 53
PR 738.4%. 19.0%, UV204bFH 5 Z42 5 T 44.3%.
17.2%. UV104bHE 8 7] DL 25 42 g G H2 10 1)
G, 7 ELUVORTUV30ALFE #E 5 1 15.3%41126.2%,
H5UV204bBEAH L T 235 1 2 7 . 534k, UV304k
HF GBS BARENC, 53 5 TUVIORUV20
A H5UVOAN BTG T % 2 7.

=3 T EEEUV-ALIBXTIR RIEFRAISZN
Table 3 Effects of different intensities of UV-A on root indexes

ot AR KE/em MR AR R A em’ M R A A Y em® EENT0- 3 R Z3E ) /ugg” (FW)h™'
Uvo 402.976+32.765° 65.235+16.982" 0.386+0.103" 1 838.667+244.246° 12.950+0.574°
Uv10 552.326+58.146° 93.124+14.269" 1.260+0.554° 2 633.667+387.737° 19.200+1.273°
UVv20 735.488+59.605° 119.066+27.110 1.261£0.166" 3321.667+107.825° 24.740+0.715°
UV30 433.734449.200° 61.358+18.932° 0.71240.357™ 2 019.000+427.593" 20.76240.715"
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g. 2 Effects of different intensities of UV-A on photosynthetic gas exchange parameters

AT B PR m T R bR S &, /Al ELUVO AL HE
P T 16.8%. 25.1%F114.6%. 44 KE, UVIO
FUV20AL 3 R 4 Zatb &8 5 2 5 TUVoL
H, HUV30AH S UVOALFEA L B = 7. 3
JNIGFE RS b RS EAEUVIOREE T & &, (H
HUVOMUV204L 2G5 7 5, fEUV30ALBE N i

Table 4 Effects of different intensities of UV-A on photosynthetic pigments

R4 TFEIBEUV-ARLIERT e & B RAIFMN

e ﬂ+%?§a§%/ qué%:%ibﬁ%/ ﬂJré%?%ifbé.“%/ ENE) l\l%’ﬁ% S
mg-g (FW) mgg (FW) mg-g (FW) mg-g (FW)

Uvo 1.252+0.034° 0.363+0.004° 1.616+0.037" 0.240+0.007° 3.448+0.066"

uvi1o 1.348+0.044™ 0.424+0.016" 1.77240.060" 0.260+0.003" 3.176+0.034™

Uv20 1.390+0.084" 0.454+0.026" 1.844+0.104" 0.250+0.031° 3.060+0.132"

UV30 1.113£0.046° 0.4160.027° 1.530+0.028" 0.201+0.024° 2.686+0.281°
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i, 2EMTHALH, L EEGERA: EEHN
UV-AF B & BRI GEE A  A .
223 HRZXNAEH

HH ST LUE H, UV-AXF BT TG 32 1 o 43
RRNSHAA BEN ., KRG NPSI
K ET PR /F)B 0% 2 5, SRTEE R T
PSII i K& TP 8U(F,F, A UV-Agi B2 (1 39 0
B ESRTE . GIE N FPSISERR AL 5 81 203 (D)
J B A IR (ETR) AR L 34— 30, BB UV-A
5 JIE IR 3 0 5 B S T S B AR B S, UVIO AT
UV204b PR 2R 5 [ Dpgy MMETR, UV304LFL$E TH
RORAIA S . Ak, UVIOFIUV204b L 5 35 42
TIEHT M e 22 K 2 H(gP), [FIBT B T E
K RB(NPQ). K UIE FZ VR INUV-ARE RS
s PSII R O yE VE, 12 = PSILI H A& 3l 2%, [
R B G2 v (1) FARE

2.3 AEREUV-ALIES BN EERE XK
R EBXEE MRS

P AR M B BUPE VPO I B R AR, A
W 70 BT B A 5T B 5 B FLAH G il v MR 55 7 T %t
UV-ALCBE N 45 1 ) ek adi AT 1 vP k. an&I3-A
MIBJf7R, B84 v 1 S B AL s 2 & 52 B A
6] 38 UV-A LN B 820 . UVIOFIUV204b B AT 5
FHRTF R &R, P UV20 TR N
5, U & B ELUVOAL B 519.2%, UV304L 7
MS5UVOAEEAH LT % % 7. M & =R
FAUIEF, UV20Ah 3 1) 3 NG e 1 S iy & &
B, HEUVOA TR E T 6.0%.

TR IR [R5 B (R U V-A S5 AT $2 T3 I I e 1
ANPEALEF(SOD). A EE(POD). 4k
A BE(CAT)IE 1 LA S s ft 8 b BE 1 (Bl4-A~D). &
A B[R] 162 2 1 SOD Y& P (1) Z A a4 UV30>U-

#*5 N EBREUV-ARIEX R RS HAIF M

Table 5 Effects of different intensities of UV-A on fluorescence parameters

1% N R PSIT JE B T PSIT JIE MR PSIT . . -
o - T 122 i BT ERER
RbFE M KET FiRKET SERRYE R 25 (qP) X ZH(NPQ) (ETR)
FEFJE,)  PERFLIF,) TR (Bsy) R =
Uvo 0.820+0.004" 0.641£0.020° 0.561+0.006° 0.792+0.010° 0.532+0.017° 188.57842.094°
Uv10 0.821+0.007° 0.666:+£0.014™ 0.580+0.007° 0.847+0.009° 0.467+0.023° 194.999+2.279°
UVv20 0.816+0.013° 0.685+0.012" 0.612+0.004° 0.865+0.009° 0.453+0.007" 205.576%1.455
UVv30 0.810+0.006" 0.713£0.002° 0.562+0.008° 0.789+0.010° 0.518+0.008" 188.98242.668°
A 25F B - 5 o
c bc T -
a i -
20F S
> T i
D 4 -
g 15 =
™ E
41 W3
B 10F 4«
# ||
® E12]
5F Al
0 0
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B3 FESREUV-ALLIERS K REIR 28 & ErIF20

Fig. 3 Effects of different intensities of UV-A on the contents of flavonoids and total phenols
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V20>UV10>UV0, HHUV304-3# T SODIE 4 i,
SHUVOM ELIE N T 7.4%, UV105UV02 [B]SODJE
PET R 7R . UV20RIUV304LFE 2 [/ PODIE 11 2
AR, HYEE S TUVOALEE . 5 NG
CATFHPEALE PR RE T 0 A [ 58 B U V-A L B 1)
i S AR — 5, B AbiE #5324 UV20>UV30>-UV10>
UVO0, UV204b BRI B 22, 730 LLUVO4k
FRTF T 17.1%. 66.3%.

W 5-A~Cli 7, 5UVOAL AR H, AS [R5 5
UV-ARE 3T 5 T2 ok S0 B B8 1-(05) 7= AR T
EL AN ZEMDA) M FA A (H0,) & EH 2 E
FhiEa#, HUV304h BT IX = 48 b5 (142 T+ 3R i
AR, A EEUVOLL FE 8 i1 T 38.4%. 55.4% A1l
161.8%. UVI10FIUV204b B T 4 [ & 1 (03) 7
AR N R R T UV, H =%

Z A BEES. A, SUVOAEAHLL, UVIO
AUV2040 7 T () S S B B4 i, UV20
ARFR R R AR A B R m TUVOALEE, UVI0
AbEENE m FUVOAL L, (HR 2 AR E . DL kg
R, IS INUV-AREGS 2 13 2 NG 8 1 Vs 1 S T
IR R
3 itie

s R T R 8 1) B A BE R F 2 —, AT AE
NEEERESEES o1, EEANAERKRKE T
Rt bk 4 B AR FH (B 5552021 Huber%52020).
BEAE UVIGIE R B AN B 58, N TUVIGLE Btk
BE A L I I, AR E . TR
PETH A R i T R B B A A . AR %
BI3MAFREUV-ALEE, 45 R ER, BEEUV-A




1378 TP A B 244 www.plant-physiology.com

A 5r B 4 a
= a b T
£ b b b ']'

o AT = - - T
E "o o[
©° c — c
£ 3} £ =
> £
B B 2r
s 4u
#H 2r 4
:
‘I.—
=
| -
(#
- 0 0
UVO  UV10 UV20 UV30 UV0O  UVI0 UV20 UV30
C 20p .T
"__U) 1_5_
g b
e
< T
10k
@
]
N S
B sl
0
UVO  UVI10 UV20 UV30

E5 FEREUVV-ALENTBEAEFERE, AZBRISEHERIENENM
Fig. 5 Effect of different intensities of UV-A on superoxide anion production rate, MDA and H,0, contents

SR FEE PRT 3G 0, TG 22 1 ) T B R IR N S
PR . BAARRINA: MUV-ASREN108:20
umol-m s i, BT 1 i T 6 B 3% /= T4
FE(UVO), MTUV-AREEE N E30 pmol'm *s ', A=
KEAG Pk, BSXRAH LR EEZR . K-
JE HRE(10~20 pmol m *+s ™) T UV-AXS 38 JI I 45 T
K& TR R BA R, X550 AR
UV-AXT 1 P 10 A2 A (2 1A FH I BIF 9 0 — B0
(Chen%52019; Lee%52019),

T AT R OGS AR A A FOGIR 8, DL 4
HY LA 2 i (Ahmadfl1Cashmore 1993). Zhang%%
(2020)XF 2 7t 41 v HIAIE 703 B, AE AR 22 AT
[, UV-ARENS 72 A2 5 TGS BUR, (R4 R B2
55T, Qian%(2020)5 & I, 78 H ARG AL
HE RN, EUh AR —ERBUV-AGITHEE B

B RE . ZEAFREAH. AR SRRk k. AR5
SR 52 2K, UVI0. UV20FIUV304L B3 AS [F]
T2 55 b ARG 7 8 IO 2 i ok oy S M TR, JR 4R
HZEM(£2). HbAh, KT UV-AR G, N5 #H
U AR R B 2 R S (B 1-A), Y] — g BRI
UV-AT 3 303 GE I TEA, Kok E SR EY
AR ORI AR B B A 2 LA

T I P AR B 3 B2 el 2 e R R e
J L e A R T RS (Lig52014). UV-A L
THIEERHEARIE, MR/ N BRE G EINA
FARAOEEGRAE J1. Rk, UV-ALLEE 5] 1S
A IR EEE I ) FEE . YL AR
J1 R L R RE )R B 4 7= B ) R IR 3R (B A
£52008). I ATEA YA EHE AR, UV-AXSHE
Yt A B B — 2 M2 #E4E F (Turnbull %2013,




VPR RAE: UV-ART 38TV 1 o B S 2B B PR R 1379

Sullivan %% 2003; Mantha2%2001), ¥ 7l & 7£ 1 55 .
Hih. H%. 2 2SR R (Verdaguer 5
2017). AiREE 1, UV10. UV204LFR T 45 42 14 1)
FAHERP,) RALFE(G) M ZE I H (T3
e (KI2-A~D), 1UV30ALEE T if fr P AR 2%
FREARG, LA B i (5] COL R B2 (C) B4 2 A1 G 1 FEAIK,
54 Farquhar fllSharkey (1982) 142 H4 i “dE S LAl
R RN X CO, R BRI, S8
HRESIIRTT” . IS M UV-ASE $ 7K AT LU it
SALFFI, SRR A ROR, AR SR A & )
FE, T B UV-AT] RESHHD & 1E

Feba R BEARN . L MEEREIITEH,
REYIAT A ER R, e e 5 R EE
S B R B R R 552008) « AR 7R 1,
UV-AXF MG & B RIS 5 IR o
Ko BARMIUV-AJEIEGEE (6~18 pmol'm >s )T &
& TR AESE(HeZE2021). /)N A 3¢ (Brazaityte 25
2015)F1 2P AR H i (Jiang 55 2022) [ i 4 3R 7 1, B2
B HUV-ASRE (40 pmol-m s ) S UL S04 1
D K (Chen52021) A6 15 Hi 2K 4L
4598, 2JUV-AJREE 420 pmol-m s ', 4 &Ka.
b J i ZR Fatb & & i, HUV-A R FE 3 n %230
umol-m s "I, IX = IR FREUE T E K. {UV-A
S 105520 pmol-m s I, ZEEAEY N E S EIE
TR R 2 5, 4UV-AGRE A30 pmolm s,
KA PR EEECT AL . HkaT 1, —
JE G E UV-A (10~20 pmol-m s ) I T3 I
DA BRI E, 1 E(30 pmol'm s )AJUV-
AN 272 A I KR

MR R DOCSETAIAEY) G RS (PSID)
B HH I B AT AR (ZE I S52022), A2 R FT 6 AR R IR
FIF . AR RAEHOS FE M EZ R bR . L5000, K
FHOE R UV-A o S IR AP & F AR B ok
RGN (PSINE &Y, 51 /KEE AV LMl
TR 72, FEARAE A A HL ¥ 4% 88 0K (Ivanova
££2008; Imre%52002), MmN E/EH . A
MM, ARG 70 R I, UVIORIUV20 4L 3 5 2 42 =
T bE BT PSIISE PR Ak 2 B 7 200K Dy S HL T
L3 T AR ETR, 8 1E 2 UV-ALL AT DL = 3
JRIGHETE I B (6 BE I AL R R AR B RO

gPEIGAL A K R, S RPSTIR 2k 2 2 WA )5
RE T J6ib 5 A% 3 I B )6 A s TR
F K, NPQFRPSIIR £k (5 2 WK (1) i LLIABE IR 7
FORE Bt 1T A ' & F A% 80 O ] PT 552022). A
TR, BN EEUVIOMUV204b 3 R, gP &
F T E, NPQIR 25 FEAIC, Ui B | (0 =Wl ) g
H 3 R HEAT Ot & F A% 8 T AE PGB K, 1A 4
PEAIE T UVIOFIUV204b B R 4 i ) HL AL 3 250K
HAZUV-ARX FE gk fe 72 H — 2 IREEM, 4
UV-A 730 pmol'm >s™' i, ®pg;w ETR. gP & NPQ
xRS 2R

AME S E T — R AR, R0 e R
B B TG e AR . 5 UV-CEUV-
BAH L, UV-AJipiE 2 R 5 55, (Hid | UV-AZK-(5
T AR 2 T BOE DA IR FE B A AL A2
#1(Bidel&52015), AWK BL, UV-ALLHE 5, #K
IR T (P A & 7 P AR R L0, 7 48 3
P, FFAEUV-ASRFE N30 pmol-m s ' 5 3| =l
MDA % 538 i 8% F AR A 304 (1) 48 bR (Mittler 2002),
UV304FE R MDA % & 5 2 i T A AR B, e
30 pmol-m *s ' fRIUV-AIE 5 T # JIUIE B2 14 10 15
T AR FH, 0 i v 4 AR FE AR OKR, AR T
MR AR RIS BT R (F/F,) e
PSISEHI Ot REFE B R B IS, I E e BN
BRFEbR 2 — . TEIERAEBAME T, e K2 HCHHE
WY F/F, A5 7£ 0.80~0.84 2 [f], 4 F/F, i 1% T-0.8
i, R Z 2] T e, KRG B 08
41 (Shao%52020) . AR, fEAH L, UV-Akb
PRI R 2 18] 5 IR 2 B (R F/F, G 2 35 22 5 B YY)
KF0.8, #5810, 20130 pmol-m *s ' JUV-ALLFE
NEPEE G I IR e a5 R, 5 — 5 T Uk
B T UV30AL B S EU YL A R 0 N IR
Foin 6 BT S P (2 JE A X S0 RF2017) - Ren5:(2010)
Xf e FE Hb X & B I B 7L R L, UV-B22 B AKF/F,,
{HUV-AXF H M /N . KangZE(2018)%F & Al 4h
MR S R ILF/F, I R 2 B UV-A%E T R m, 5
ARSI LSS RARLL

A — BRI PUE RS, FkR4ERF
Jop B PRI T MR R A S BRI B S P4, fRAIE
HOE A K AR 1 (SgherriZ$2017; Albert252009). ik




1380 TP A B 244 www.plant-physiology.com

F R AME SR T — R R YRR, TR LA
BAEALE], $E e Y AR IR R
i 57 14 (Hideg#:2013) . ARG 45 R B, AN[F 51
FEJUV-ALL R, SOD. PODFICATE 14 344 flr
P = (E4-A~C), LATE B KB 2 HH,0,HE A ]
. Br T PUAALEE RGN, I AT Lol &
PUAER . S, REESEDTE I, TERR AL
IS B A TR SR . UV-AXT Ky, S B 45
W) R AR R B — 8 R AR FH (He52021),
ATLEAS B ) AR S AR KR R, 3 1y
KA EN S E(LeeZ2014). AW R A
B, UV-ARL 3 J5 58 I 4 v 1 28 5 A0S Iy 35
B A FIREFE ()42 T, A UvV204b BEAE T+ RO i
R (KE3-AFIB). i B — & I UV-AT] JE 1E
VIPTEAL B AL, (2 35T R 1) A 1 (Bra-

zaityte¢Z52010; TsormpatsidisZ$2007) .

2% Hk(References)

Ahmad M, Cashmore AR (1993). HY4 gene of A. thaliana
encodes a protein with characteristics of a blue-light pho-
toreceptor. Nature, 366 (6451): 162—-166

Albert NW, Lewis DH, Zhang H, et al (2009). Light-induced
vegetative anthocyanin pigmentation in Petunia. J Exp
Bit, 60 (7): 2191-2202

Angeles DM, Antonella C, Kristof C, et al (2016). Environ-
mental factors correlated with the metabolite profile of
Vitis vinifera cv. Pinot Noir berry skins along a European
latitudinal gradient. J Agric Food Chem, 64 (46): 8722—
8734

Bantis F, Koukounaras A, Siomos AS, et al (2019). Bichro-
matic red and blue LEDs during healing enhance the
vegetative growth and quality of grafted watermelon
seedlings. Sci Hortic, 261: 109000

Bidel LP, Chomicki G, Bonini F, et al (2015). Dynamics of
flavonol accumulation in leaf tissues under different UV-
B regimes in Centella asiatica (Apiaceae). Planta, 242 (3):
545-559

Brazaityté A, Duchovskis P, Urbonaviciiité A, et al (2010).
The effect of light-emitting diodes lighting on the growth
of tomato transplants. Zemdirbyste, 97 (2): 89-98

Brazaityte A, Virsile A, Jankauskiene J, et al (2015). Effect of
supplemental UV-A irradiation in solid-state lighting on
the growth and phytochemical content of microgreens.
Int Agrophys, 29 (1): 13-22

Cao JK, Jiang WW, Zhao YM (2007). Guidance of Postharvest
Physiological and Biochemical Experiments of Fruits and

Vegetables. Beijing: China Light Industry Press (in Chi-
nese) [HERR, Lok, B EME2007). RER G A
SRR T, A at: e Tl R ]

Chen HZ, Niu JR, Han R (2021). Signal transduction pathway
of plant ultraviolet B receptor UVRS. Plant Physiol J, 57
(6): 1179-1188 (in Chinese with English abstract) [ =%
P APUE R, FEFE(2021). HEYIEAMDEBRAAUVREHIE
T FERAT. HVE AR, 57 (6): 1179-1188]

Chen X, Yang Q (2018). Effects of intermittent light exposure
with red and blue light emitting diodes on growth and
carbohydrate accumulation of lettuce. Sci Hortic, 234:
220-226

Chen X, Yang Q, Song W, et al (2017). Growth and nutritional
properties of lettuce affected by different alternating in-
tervals of red and blue LED irradiation. Sci Hortic, 223:
111-118

Chen Y, Fanourakis D, Tsaniklidis G, et al (2021). Low UVA
intensity during cultivation improves the lettuce shelf-
life, an effect that is not sustained at higher intensity.
Postharvest Biol Tecnol, 172: 111376

Chen Y, Li T, Yang Q, et al (2019). UVA radiation is beneficial
for yield and quality of indoor cultivated lettuce. Front
Plant Sci, 10: 1563

Choudhary KK, Agrawal SB (2014). Ultraviolet-B induced
changes in morphological, physiological and biochemical
parameters of two cultivars of pea (Pisum sativum L.).
Ecotox Environ Safe, 100: 178-187

Cui SG (2021). Effects of UV-A on the quality and drought
resistance of grafted cucumber seedlings (dissertation).
Taian, Shangdong: Shandong Agricultural University (in
Chinese with English abstract) [#£ 73] (2021). UV-AXf
TN W PR TR YR RIS (A AR 30). IR %R
22 I ARA R

Demotes-Mainard S, Péron T, Corot A, et al (2016). Plant re-
sponses to red and far-red lights, applications in horticul-
ture. Environ Exp Bot, 121: 4-21

Duan QQ, Zhang LQ, Zhang ZK (2021). Effects of supple-
mental light at different growth stages on growth, yield
and quality of sweet pepper in greenhouse. Plant Physiol
J, 57 (4): 950-962 (in Chinese with English abstract) [E%
T, R, TR EHR(2021). AEAF A i
FIHUEAC . P8 S BT A A B AR, 57 (4):
950-962]

Farquhar GD, Sharkey TD (1982). Stomatal conductance and
photosynthesis. Annu Rev Plant Biol, 33 (1): 317-345
Gao MF, Liu HC (2020). Effects of UVA radiation on growth,

physiology and biochemistry of facility crops. China II-
luminating Eng J, 31 (5): 9-16 (in Chinese with English
abstract) [ 3577, X JZ1(2020). UVAZEH X B {F4)

A R AR ER AR AR S . BRI D RE 224, 31 (5): 9-16]




VPR RAE: UV-ART 38TV 1 o B S 2B B PR R 1381

He R, Zhang Y, Song S, et al (2021). UV-A and FR irradiation
improves growth and nutritional properties of lettuce
grown in an artificial light plant factory. Food Chem, 345:
128727

Hideg E, Jansen MAK, Strid A (2013). UV-B exposure, ROS,
and stress: inseparable companions or loosely linked as-
sociates? Trends Plant Sci, 37: 121-130

Hua B, Huang Y, Wan ZJ, et al (2014). Effects of different day
temperature and light intensity on the growth and physi-
ological characteristics of watermelon grafted seedlings.
J Changjiang Veget, (4): 27-30 (in Chinese with English
abstract) [#Exi, 351, 75 IEASE(2014). AR IEFIHEHE
FR IS0 1 T DT R 205 4 i AR BRI AR AR M T ). T
B3R, (4): 27-30]

Huber M, Nieuwendijk NM, Pantazopoulou CK, et al (2020).
Light signalling shapes plant-plant interactions in dense
canopies. Plant Cell Environ, 44 (4): 1014-1029

Ivanova PI, Dobrikova AG, Taneva SG, et al (2008). Sensitivi-
ty of the photosynthetic apparatus to UV-A radiation: role
of light-harvesting complex II-photosystem II supercom-
plex organization. Radiat Environ Bioph, 47 (1): 169-177

Jiang H, Li Y, He R, et al (2022). Effect of supplemental
UV-A intensity on growth and quality of Kale under red
and blue light. Int J Mol Sci, 23 (12): 6819

Kang S, Zhang Y, Zhang Z, et al (2018). Ultraviolet-A ra-
diation stimulates growth of indoor cultivated tomato
(Solanum lycopersicum) seedlings. HortScience, 53 (10):
1429-1433

Kim GH, Choi YH, Kim YH (2019). Graft-taking and growth
characteristics of grafted cucumber (Cucumis sativus L.)
seedlings as affected by light quality and blink cycle of
LED modules. Protected Hort Plant Fac, 28 (2): 143-149

Lee J, Kubota C, Tsao SJ, et al (2010). Current status of vege-
table grafting: diffusion, grafting techniques, automation.
Sci Hortic, 127 (2): 93-105

Lee J, Oh M, Son K (2019). Short-term ultraviolet (UV)-A
light-emitting diode (LED) radiation improves biomass
and bioactive compounds of kale. Front Plant Sci, 10: 1042

Lee MJ, Son JE, Oh MM (2014). Growth and phenolic com-
pounds of Lactuca sativa L. grown in a closed-type plant
production system with UV-A, -B, or -C lamp. J Sci Food
Agric, 94 (2): 197-204

LiF,LiY, LiS, etal (2021). Green light promotes healing and
root regeneration in double-root-cutting grafted tomato
seedlings. Sci Hortic, 289: 110503

Li HS, Sun Q, Zhao SJ (2000). Pnciple and Technology of
Plant Physiological and Biochemical Experiments. Bei-
jing: Higher Education Press (in Chinese) [45 & 4=, MV,
AN (2000). B A PR AR A S50 R R R . b5
A A AL

Li T, Heuvelink E, Dueck TA, et al (2014). Enhancement of
crop photosynthesis by diffuse light: quantifying the con-
tributing factors. Ann Bot-London, 114 (1): 145-156

Li W, Sui XL, Wang SH (2008). Effects of low light on pho-
tosynthetic characteristics of different position leaves of
cucumber seedlings. Sci Agric Sin, 41 (11): 3698-3707
(in Chinese with English abstract) [Z5{f, BERSS, T 438%
£5(2008). B RA AN R AL R D A R P 5506 1Y)
w7 A E AL R, 41 (11): 3698-3707]

LiY, Zhang M, Ning P, et al (2022). Effects of exogenous NO
on physiological characteristics of Hedera nepalensis var.
sinensisunder salt stress. Plant Physiol J, 58 (1): 207-213
(in Chinese with English abstract) [Z53e, 7K, T 4%
(2022). AMJENOXT R e T A 2 i A R (1) 5
Wi A AE B 2EAR, 58 (1): 207-213]

Li YM, He XR, Li QM, et al (2019). Effects of CO, enrich-
ment on antioxidant system of cucumber seedlings under
drought stress. Plant Physiol J, 55 (7): 1011-1019 (in
Chinese with English abstract) [ZR4 2, BLHrEs, 255 H
£5(2019). COLME X 15 T 2 Mh iR R T
RS AP AR FE AR, 55 (7): 1011-1019]

Liao ZY, Lin BY, Wang Y, et al (2020). Effects of different
gradient light intensity on healing growing and quality of
grafted cucumber seedlings. Chin J Tropic Crops, 41 (4):
701-708 (in Chinese with English abstract) [ H H, #k
TRYE, ENAF(2020). AN 6 I 5 5 X0 3 JIU A 6 1
T LA TR, AR, 41 (4): 701-708]

Liu WK (2018). Research on spectral biology of plant facto-
ry with LED lighting and application status. J Agric Sci
Technol, 20 (10): 9-14 (in Chinese with English abstract)
[XISCRN2018). LEDIEY) T e LW 2wt 5t 5 5
AR, RV RHS )%, 20 (10): 9-14]

Liu WK, Yang QC (2014). Distribution characteristics and
regulation of ultraviolet light in plant factory production.
Sci Technol Rev, 32 (10): 29-31 (in Chinese with English
abstract) [XISCRE K (2014). EAMGAERY T
FA) o3 A REAE RSP A 5% B F 4R, 32 (10): 29-31]

Mantha SV, Johnson GA, Day TA (2001). Evidence from
action and fluorescence spectra that UV-induced vio-
let-blue-green fluorescence enhances leaf photosynthesis
II. Photochem Photobiol, 73 (3): 249-256

Martinez-Liischer J, Morales F, Delrot S, et al (2013). Short-
and long-term physiological responses of grapevine
leaves to UV-B radiation. Plant Sci, 213: 114-122

Mitchell C, Dzakovich MP, Gomez C, et al (2015). Light-emit-
ting diodes in horticulture. Hortic Rev, 43: 1-88

Mittler R (2002). Oxidative stress, antioxidants and stress tol-
erance. Trends Plant Sci, 7 (9): 405410

Muneer S, Ko CH, Soundararajan P, et al (2017). Proteomic
study related to vascular connections in watermelon sci-




1382 TP A B 244 www.plant-physiology.com

ons grafted onto bottle-gourd rootstock under different
light intensities. PLOS One, 10 (3): ¢0120899.

Nguyen TH, Pham TD, Dong HG, et al (2014). Effect of
light-emitting diode irradiation during healing and accli-
matization period on the survival rate and seedlings quality
of grafted pepper. J Agric Life Environ Sci, 26 (3): 3947

Pan KK, Wang KL, Li BQ, et al (2022). Effects of different
proportions of red and blue light and light intensity on
physiology and chlorophyll fluorescence characteristics
of Lyceum auriculata. Chin J Tropical Crops, 43 (8):
1628-1635 (in Chinese with English abstract) [ 7] AJ,
TR, 2w ArE(2022). AN HO I 20 W ol IR B R
X 2 B 2R K SO R . iR
#, 43 (8): 1628-1635]

Qian M, Rosenqvist E, Flygare A, et al (2020). UV-A light
induces a robust and dwarfed phenotype in cucumber
plants (Cucumis sativus L.) without affecting fruit yield.
Sci Hortic, 263: 109110

Ren W, Tan H, Wu J, et al (2010). UV light spectral response
of photosynthetic photochemical efficiency in alpine
mosses. J Plant Ecol, 3 (1): 17-24

Rohacek K (2002). Chlorophyll fluorescence parameters: the
definitions, photosynthetic meaning, and mutual relation-
ships. Photosynthetica, 40 (1): 13-29

Sgherri C, Pérez-Lopez U, Micaelli F, et al (2017). Elevated
CO, and salinity are responsible for phenolics-enrichment
in two differently pigmented lettuces. Plant Physiol Bio-
chem, 115:269-278

Shao M, Liu W, Zha L, et al (2020). Differential effects of
high light duration on growth, nutritional quality, and
oxidative stress of hydroponic lettuce under red and blue
LED irradiation. Sci Hortic, 268: 109366

Sullivan JH, Gitz DC, Peek MS, et al (2003). Response of
three eastern tree species to supplemental UV-B radiation:
leaf chemistry and gas exchange. Agric For Meteorol,
120 (1-4): 219-228

Tirupathamma TL, Ramana CV, Naidu LN, et al (2019). Vege-
table grafting: a multiple crop improvement methodology.
Curr J Appl Sci Technol, 33: 1-10

Tsormpatsidis E, Henbest RGC, Davis FJ, et al (2007). UV
irradiance as a major influence on growth, development
and secondary products of commercial importance in Lol-
lo Rosso lettuce ‘Revolution’ grown under polyethylene
films. Environ Exp Bot, 63 (1-3): 232-239

Turnbull TL, Barlow AM, Adams MA (2013). Photosynthetic
benefits of ultraviolet-A to Pimelea ligustrina, a woody
shrub of sub-alpine Australia. Oecologia, 173 (2): 375—
385

Vass I, Turcsanyi E, Touloupakis E, et al (2002). The mecha-
nism of UV-A radiation-induced inhibition of photosys-

tem II electron transport studied by EPR and chlorophyll
fluorescence. Biochemistry, 41 (32): 10200-10208

Verdaguer D, Jansen MAK, Llorens L, et al (2017). UV-A
radiation effects on higher plants: exploring the known
unknown. Plant Sci, 255: 72-81

Wang AG, Luo GH (1990). Quantitative relationship between
superoxide radicals and hydroxylamine reactions in
plants. Plant Physiol Commun, (6): 55-57 (in Chinese)
[(EZE, 2 H(1990). HPIHIEEN H hik 557 R
JS7 ) 5E B O R A AE B AE R, (6): 55-57)

Wei H, Zhao J, Hu J, et al (2019). Effect of supplementary
light intensity on quality of grafted tomato seedlings and
expression of two photosynthetic genes and proteins.
Agronomy, 9 (6): 339

Xu BY, Zhong C, Liu SH, et al (2020). Effects of LED light
on survival rate of tomato grafting and physiological
response of tomato seedlings. J South Agricult, 51 (3):
608-616 (in Chinese with English abstract) [ 184, &
N, XS 45(2020). LED GO 2 il 1545 iU 3 K &)
T AEFLmE SR, BT AR EEAR, 51 (3): 608-616]

Xu DQ, Gao W, Ruan J (2015). Effects of light quality on
plant growth and development. Plant Physiol J, 51 (8):
1217-1234 (in Chinese with English abstract) [ K42,
wifh, BL(2015). SN A K KB . 1Y)
AR 51 (8): 1217-1234]

Yang YQ, Yao Y (2008). Photosynthetic responses to solar
UV-A and UV-B radiation in low-and high-altitude pop-
ulations of Hippophae rhamnoides. Photosynthetica, 46
(2):307-311

Yin R, Ulm R (2017). How plants cope with UV-B: from per-
ception to response. Curr Opin Plant Biol, 37: 4248

Yousef AF, Ali MM, Rizwan HM, et al (2021). Effects of light
spectrum on morpho-physiological traits of grafted toma-
to seedlings. PLOS One, 16 (5): €250210

Zha LY, Liu WK (2017). Effects of continuous light with
red and blue LED lamps on growth and characteristics
of photosynthesis and chlorophyll fluorescence of five
lettuce cultivars. Plant Physiol J, 53 (9): 1735-1741 (in
Chinese with English abstract) [ i, XIISCRH2017).
LEDZLEDGIES N MRS A K e i 4
PECHFIE B RL . M)A TR AR, 53 (9): 1735-1741]

Zhang Y, Kaiser E, Zhang Y, et al (2020). UVA radiation pro-
motes tomato growth through morphological adaptation
leading to increased light interception. Environ Exp Bot,
176: 104073

Zheng J, Hu MJ, Guo YP (2008). Regulation of photosynthesis
by light quality and its mechanism in plants. J Appl Ecol,
19 (7): 1619-1624 (in Chinese with English abstract) [ %
i, AR A, FRAET-(2008). o5 XA A A F
75 MR AR, 19 (7): 1619-1624]




