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UV-B I MEBERT Fr ot & Th e B H R KB I 25 #I RO B2 N

ZRT, xgET, #ifE, REE, HiF, BEBE, TER, £B F4H
Rl 2% 5 T A 0 6 T 4565050 AR R 2 P D B e 0, %% 271018

WE R SRS M 55 (Prunus persica var. nectarina cv. ‘Zhongyou5')idi &4 F8UV-B, 20 #r Hou gkt Frob-& 1)
RE S M AR A M IR . 5 REH, UV-BREL RS ERSBIAARBENE M, HhmSRold EMEnGmE
(Pa)IRFHIR FE R R . MRET RANFEUV-BRIBkH (X ], UV-BACEE [ A P 535 254, By YFn TR etb 2208 K R E(gP). 3F
Fetb 2 K R E(GN) UL B PSS Broa b 2 8 7 3R (Pesi) B B BB E T 5. B RES R ER, UV-BAHE T &gk
AR, HEE R, WaRsMNESEW . T, HE NG R FEUV-B A P s i SRR S, $E T
M2 TR FOERE K MIPSIME IS HTRE 1, 3 RPSIR N A O RRFERE, 35 bt RE L A R FIPSI B 15 3% 5 2%
R, PREE A FOEE TR IR ORI R A M RE DR FIUV-BA BRI AR 4 T B 4K

XHEIE BEEk, UV-B, MEMRBREEN, JeatERE, JERE(PS)
ER, XNEE, #ikfE BEHE, 8, BBE (58, =8B, ELE (2022). UV-BXT R F S ThEe & Sk i

SERII R, PR 57, 434-443.

SRR BT R 1 A2 1 R TR 2 AN R S5 B,
Nyt e AR s i SR RO B IR 2%, LAISE
N TR R A AR — R, AT AR
PR FRR, BRI HEZTT A, g
K RET TREMEZEARI . AHBTA LA
£ T HALE A5 #e R BRI AR R ZE
S, R o 2 7 i O i SRS B T 4 K AR B
(UV-B), 222 7 JLah 85, B) it Ak i A oK T
PR S, WA R R E R . DA TERE IS LA RS2 i
FRFEAR (PR 2555, 2013; Li et al., 2017; Z=&HE55
2018). YA VEHIME Bk i R B R R A AR
A, LR A im sh iz ft T ap. seE e,
FEM PR AR R B AL . AR L6 = (0 AT BT T A B
Bt N UV-BIS AL M ol & PR S R R R
MEIERER —(FAME, 2018). itk
B AN FEUV-BXS BRI Fr ot £ T fig B SR A Bl 4544
SRRSO, X B R G £ R EAT S R U V-
BHE A H LIS & SO I (8

Wodke H 391: 2021-08-16; #252 H#: 2021-11-17

UV-BIf i K 5280-320 nm, 73 1145, B
A L, TR B PO IR 2R 55 2 M) AR M B
WRSCIEE, 5 3 BUR 9 o 4 R A A2 2528 - DNAS 5 A2
e S 1 i, ol 9 M SR N R O B 1 F BB T PRI
S, W T AIHIETE R 2N 3 5 UV-BRE SR (1
ARKEER TR, ARSI AA R0 (Bow-
man, 1988; Rowland, 2006; McKenzie et al., 2011;
Lietal., 2017). {HBR B2 0 78 R, UV-BXHEY) )
AN B A XU M, e e R I o R, s I D)
N T (Frohnmeyer and Staiger, 2003). 18471
LR R ) B R R IE L AR AE AR LA R AE KRR A
178 T R E BRI HE A UV-BER S, B ZE X FUV-BECH
= IR, & & b 78 UV-B ST R TR AR I A K
& & (Dwivedi et al., 2015).

UV-BX AN [F] SR B 0 52 0 AN AR [R], BIAE 5T
AN E, oA ARG R AR R ) L AAEYD 1 Fh
AR B WS AN [F) 10 A B A2 4k (Hengari et al.,
2014). LA RDEE R (BRI ER).
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PSIFIPSITE & AE I SR R AR, JF 2 I8
UV-BIfI5Em . AR SEE6 DL H iR = i 2R K i pkAd ik
M, RN ARG EER. LESH. RO A
SRR S X UV-BIIIR ., B 758 7R 55 UV-BER
B R RN FR0E U 7B I UV-BXT 64 1 Bl 7= A= 1 5 i
SIMT R AT REM TR IR, B SR 6 A 1 R Y S R
UV-BI¥ & 2R FH 32 AR 4

1 MR5FE

1.1 EIEHRIFIREE T

SI6 MR A B AR A B IR = sk b il 55 (Prunus
persica (L.) Batsch var. nectarina cv. ‘Zhongyou5’).
KA =R U L RIE AR5 5
B 12H RRFOMITHE, 1 K E2H ¥Ith1E, 2H -
FREAE, BAVIR LA . SLI FMR Nm dbAT ), AT
Ok, —ATH#NFEUV-B, B —1T HRE K (KHR).

SER Tt PR R T R R R SR AT, Kk H
297 nm. 40 J-s ' IUV-BAT % (B 5 R A T RHEE
PR 23 5] )HEAT AN B AL B, #0670 S i A 9 0 adk
f111.44 Kj-m™2-d™" (44248, 2009; Li et al., 2017). ¥
UV-BIT & B HEEM AR E 72950 em4it, @i+ H
B4z ) 6 B AR W IT ORI 18], A K 1 F-8:30-9:30 H Sff
/NS, BIR RN & R AF RS . HUV-BAY FLEE
IR (AU BTS2 e BB A 7= )R W 3 B 9 T
#80-120 cmiLIAE S FIELIN1.44 Kim™>d™, 7
B O 3 B R R, WK BORE R RE S B e E A
100 cm, X% Bl A 1) T RE i (AR A b Bl — 41 2R
AR K SUONRIG , BIBR 6-8 1 I )ik AT HURE (=
&, 2019). AT B AHRAEIR X UV-BI I K, K HL
RE A 1] 56 B 52 A UV-BA PRI A] 5 &% 4E 0.5/
iF, B A8:007FF 46 11 10:00%5 8] [ 2= /N Bk HURE 4 ¢ sl
SEIR, LI A0t 2% 1F T AR AT UV-BHE S (B
SR, SRIR B3 E A .

1.2 MEMBSFHZ*

121 HEBFJE

K B EE R ThBE T B F 258 KIS vE2WK, TR TR IH K
oy Je P AT FLAS AT e Sk [ A, AR AN b B 35 FR EL
0.3 g, 50 mLifH .0 H . BRI E
FIF, A3 IR, BR20% 8. SR G IR H E 34/

I, RE5)E AR S AL R B w)IE ¥ S
#(S1). MELAHG, HEOEE D, WhKBR1058,
FRim R B EIR G, FH1070 80, 780 a5,
5 f 28 M0 5 3R (S2), A I 5 28 MKk 2 (1 i S
(S0). X} Hi 5% (relative conductivity, REC)¥ 5
A3 N REC= (S1-S0)/(S2-S0)x100% ., 556 B3k
AR, WP E.

122 MELEETEE. IAMEANR_BIENE
ALY B 1L B (superoxide dismutase, SOD)i% ¥4
W5 R FANBT AL 1%, I Ak Z i (catalase, CAT)
TP 2 R R AR I A ALY (peroxidase,
POD) i) & 4 5& SR F 8 61 A By 72 (N A S5 7L
2006). AT A R E SR 5 B R G-250
Yooy (PMVEEATEA YT, 2006); A — [ (malondialde-
hyde, MDA) & &l & 2 I FE A 55(2004) 1) J7 1% o SE
WWIEE, BCFIME.

123 HRAAXAEBRESEMNE

KA RN E M FobE B RS E. BB
haem:, 78507 Ve e FFT FLASE i K ADRE i 5 47 Rt
A Fr, FREXO.2 g3 v N ARVE 1, N 20 mL 95%
R, FARBACE R, S A 24-36 /N
R H W mUEE T e, 460t
FETHAE R K663, 646H1470 nm FillE oG, ik
FE I K AT IE A FRRE, LLO5% LW N IR IR . S
3WELR, BCFHME.

124 XESENE

K H CIRAS-3 1! {i 4% % & 1 (PP-Systems, 3£ [H),
JEEUES AT 21100 em. W 7et 41 5 52 6 77 1) — 3 HL 58
A4 R D RE I AT VAR B o FETTF AR SR T6K (LI
SESAE T R ) I B _E T (1 8:00—10:00 3 47 Wl &,
W5 B 6 2 BT R COKE(C) . RAILFE
(Gs)s ZMBHZ(T)MELEHE(P,). LI RIINE
2, BCFE.

1.25 MHERRAFINHFSENE

K F FMS-2 784 {8 48 20 bk v 1 1) 20 2¢ 61X (Hansatech
AFE], ) E SRR RN 1S ViR ik
D3 I 58 B ] [ A S e . e 4R
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IR I IR L2043 B fE WU B SRR I R A e
eI (Fo) FH B KRG (F) (L TN 38 Y6 BT I AR
BRI(Fs)s TRIIG(FNFIF,, HHEPSIIHEYE
REBEAL R (Ful Fn=(Fm—F o) Frn)~ PSIFI SZBROG BE B AL,
R (FIFn'=(Fn=Fo)Fn")  Jetb 3 K & B (qP=
(Fn=Fs)/(Fm=Fo")~ AT K ZE(GN=(Fr—Fr')/
(Fu—Fo")) A PSINHL 4% 3 & 280 % (Ppsii=(Fm —Fs)/
Fn')o SEIGE3RE S, BCFIAME.

1.2.6 HERFEMEHNE

K FH 37 55F H B o} I S A B S 4 M AT W% o ORI Ny
1-2 mmPHIE ek Fr, LR 3 3.5% %, —
] 2 W P MO, 2 B A, (R SO TE B TR
W R 75, 4°CAMF R E6/h; 1%k IR 1T —
WRIE 2 BhIE 2.5 (10%—-70%) i 7K, Epon812# fi5i2
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1.3 RS

% FiMicrosoft Office Excel 20123514347 # i kb 5
X Graphpad Prism 8.3.0%/+1E&, {HIBM SP-
SS Statistics 213k X £zt 17 22 7 B3 M i (P<
0.05).
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Figure 1 The effects of UV-B treatment on protective enzyme activity and soluble protein content in peach leaves
(A) SOD activity; (B) POD activity; (C) CAT activity; (D) Soluble protein content. SOD: Superoxide dismutase; POD: Peroxidase;

CAT: Catalase. *P<0.05; **P<0.01
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SOD A 1E T AR N 1) — 2K 4R H HL R 148
4B, P ROERBAY ST AR, ARiest
oK, EUV-BALFE I H(8:30-9:30), UV-BAbHEZH
F1SODE MM 2 2 = T CKZL (K MA), Ab B 45 3 5 Rl
W R P . PODYE P75 b T 4f i B (8:30) b i 25 1=y
TRHEAL, b3 5 R4 e B CKAY A B aH
G2 # 72 5 (E1B) . CATIE PEAEUV-B AL BRI [A] & 44 5
%6 PR JE BT (B1C). ALBEIT4A I (8:30), AbF
ZH R B AH () CATE 1t 35 3 R P2 £1/9:0018 UV-B
Ak B 4135 T (8.4 U-gTminT") Mk . 2 K F CK 4L
(10.55 U-g”"-min™"), 2 JG & ALFRLEF 2413 & - THiE
B, HE&HUEET 3. UV-BA A (T s 4 2R A
ERIEITUER (8:00) 5 CKEA—FL, J5 2/
) b, CKELN 23056 KR R %5 et bt A3t
U6 J5 2 /N F(9:00), UV-BAEHAL B E A S &
(147.65 mg-g~" )W 45 3% i T-CK41(94.39 mg-g™"); &b
P25 RN (9:30), UV-BAbHHZH (162.72 mg-g ") 3 &
T CKZ(97.26 mg-g™).

I

212 UV-BRHKAA_BESEMESENTIE

BTSSR B R, UV-BAFEZH MDA B 1E9:302
WG 5 T CKEH, AbBEZ5 T (10:00), CKZLHIMDAR
B UV-BA TR, B2 2R E % (E2A), AT
JIT AN 78 UV -B 751 56 Bk e 400 R 56 AR S 7= A A%
E. MAh, EANFTTUV-BIIES A1 A, UV-BAbHE 21
CKEL BRI B Ha 5 3 AT 10%—25% 2 [8] (K1 2B),
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NIEH A, it BIASEI Fr b e MUV-BAIEIE H .

2.2 UV-BMM R XETMRERIF M

221 UV-BRHMRXEBRMEM
UV-BALHRZH AICKA it 4k 3R a. M2k R bAIZREAS b
S EBRTE T, BRI EE(E3).
UV-BALBEAH M4 R afl 2K 3 b R & B 154 IR
F]— B = T CKA, HI2% FA B (E3A, C); it
4 b 5 (I3B)/E9:00f $ THIE B ok, e i

] s 240 3 AL T [F] — 7K

222 UV-BMHEXESEHEM

HFEUV-BJE, UV-BAibHEZH 1k i 1 i 6 ol % 8 4db
H - 45(8:30) & U I 2 /N (9:00) 345 1 42 2 5 T CK
4, FEACHEZEHT(9:30) 8 = T CKYL, 45w )5
/N5 CKEH 22 57 S0 B 25 7K F- (I4A) o 75 1 il %
(T,) (K4B) 554l 5% (Gs) (H4D)IA LA A —
2, UV-BALE A1) T A GTE AL FE T4 J5 2 /N (9:00)
B T, MR T CKYL, ARER S5 R (9:30) X
PR Z 5 CKE —EUK . IR AL IR B (Ci) e
UV-BAL R (8] Br N 240 35 2 T B %, HUV-BAib#E
H 1 CAE AL BT 46 (8:30) S 46 5 F- /N (9:00) 3 &
FR T CKYL, 1M Ja 2411 CHIFR 8 T (B (E R AR )
(K4C).
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Figure 2 The effects of UV-B treatment on MDA content and conductivity of peach leaves
(A) MDA content; (B) Membrane conductivity. MDA: Malondialdehyde. *P<0.05
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Figure 3 The effects of UV-B treatment on photosynthetic
pigments of peach leaves

(A) Chlorophyll a content; (B) Chlorophyll b content; (C) Ca-
rotenoid content

A NG FF TR PSR B K6k 22 80 FIF (]
5A)EARFF(E0.75-0.852 7], TLHHE FF+5 Fi&
%, 5CKEZRIEE.

FyIFn"$8 Y6IE N PSR K et 228 T 30K, H
ARG & N B B TN IS . UV-BALEEZH AN
X HE A I PSS Br 6 B 5 A 3R (R TR ) S AR 5 8% ik
TR A, (HUV-BAL B4 78 B0 1R 48 T CK4A
(KI5B).
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Figure 4 The effects of UV-B treatment on photosynthetic
parameters of peach leaves

(A) Net photosynthetic rate (P,); (B) Transpiration rate (T;);
(C) Intercellular CO, concentration (Ci); (D) Stomatal con-
ductance (Gs). *P<0.05; **P<0.01
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Figure 5 PSII operation of peach leaves under UV-B treatment and electron transfer to PSI
(A) Efficiency of primary conversion of light energy of PSII (F,/Fn); (B) Efficiency of energy conversion of open PSII (F,/Fqy"); (C)
Photochemical quenching coefficient (gP); (D) Non-photochemical quenching coefficient (gN); (E) PSII actual photochemical

quantum efficiency (®psi). *P<0.05

A HE T 46 (8:30) 43 Ab #E 45 RS 25 /N (10:00) ¥ /= T
CK4, HE9:305CKAMILEREE .

FEIGAL 2 HE K R BN 1R K /N e 0% 4 L PSII
SRR IS AR OB AR OGRE 2 D, JLRERIFE
BCRE T 1T AR 3O 2R G e 32 J D BE 1) 3240 (2 &Mt
&, 2014). UV-BALHE AL ) gN M AL B T 4 (8:30) 18 2%
18 T R, ZIALFERESE 5 - /NF(10:00) 7K 52 4 CKZH /K
F, AR B2 m T CKA (E5D). CKA N & Hl22
1§ IS, (HIGZ4K T UV-BAL 34 (KI15D).

s T PSII SR Y6 b F F 20K, BT
PSISPSIZ [A] & # 15 il . CKH ®pg,7E8:00-10:00
E/NE T BEER, UV-BALFEH Opg N 55218 T 14 515
HWrEl g, BRI E A /N(10:00)3 5T CK4L

2.3 UV-BiE&TxiH R M EFFBREGHMRR N
B H AR A BN, IREHE N CKAM F frt &k
IR EEL. SRR, WEDE RSN, ST

ANEVERRL, WA SMRA AL R, R HIB S
) RAERHAL I (EI6A). #hAUV-BiEM 5, KRA
Ji B SR IR P 2 g b, (R R R IR B X
BERARN, SR SRR HES 5 A KT AT, R
AN 5 ARIURE 2 110 B 2, i SR AR AN IRIL SR, R
UV-B Ak BEANGS e % (A PR e 45 4 R 7 A AN L2
S A7 el 5 (6B); G4l AUE F /N, ik
RIERRLR D, SRR R R E BRI R, AL
ST CKA M Jy (Kl6C).

24 T
241 BEDRIFEEEUV-BERTIRSIEMHEHH K
BtE

BRAMET, UV-BIRATIIET 60JF, Y2 HEH &
STHIMBE B, 72 P SIR R0 i
JAHI 585 A E S 9 (W et al., 2000; Lidon,
2012; JTFEA, 2018). T S,
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Bl  UV-BHE 5t Btk s F v G A B i 4 W ) B

(A) CKZH M F (43 4k 45 1 (9:00); (B) ZUV-BALFE /Nt
(9:00)H Fi (- S-AR S5 Ky, (C) UV-BALFLSE 3 )5 2k /N (10:00)
A SRR S5 K aflla’s bAIb'. cAlic' 2y A [FE— B A (a. b

c: Bars=1 uym; a'. b'. c": Bars=500 nm).

Figure 6 The effects of UV-B radiation on chloroplast ultra-
structure in mature leaves

(A) The chloroplast structure of control leaves (9:00); (B) The
chloroplast structure of leaves after UV-B treatment for half
an hour (9:00); (C) The chloroplast structure of the leaves
after the UV-B treatment was stopped for half an hour
(10:00); a and a', b and b’, c and ¢” are the same pictures (a,
b, c: Bars=1 ym; a’, b’, ¢": Bars=500 nm).

mERDCHR Z 8565 55UV-BRAT G R 5%
1, Rl & UV-B I 3 JE AL 29 4 §& K11 70% (Deck-
myn et al., 2001; Alexieva et al., 2001), BUFHEYH
L ORI, sk, B RAE KR P 55 S
G o TELAD 2 FRFE T 24 45 240 L P s PR 5 R AT S QB )
TER . 28RN, SR ot 22 IR HE 5 P e 4%
FSVERE Ty, MY AT I, 20 AR 1 2 KR
FERRTE, 45 IR BTANES, &5 i oA iR 1R
TR LS R AT B E K (BR824, 2014). AL
PR I EL A 1 AT A UV-BAI R S, K
W MDA RS X AM R E Z R, BT
FA AL T IEH K, SODMPODE 14 & o P & H
TEBAAEREEN TG, Y55 UV-BI S R
A FRUV-BEE I AU 225 1 J i B4 5, ST REAE
—E R FAR AR PR R R BR e T, Hadid

B e SR DR B T A Y R 2 L PR B 1 R
%, 2013; #i5:ES, 2015).

(RFT T

2.4.2 Uv-BREEAIERM F & HEXHETRER
Bz, MEPSITIER MR NN ETIEE
JeAVEH R BEAEM SR AT, HEARBMEE S
AR VIO (ZEF55, 2015; £77, 2017), ifgg
PRFRRIRL 253N, LA R R A 2 12 S H
B G B B R R (RS, 2018). K
T A 5 14 1) 56 B 1 AN 3 P 0T RO A A DG
AL ikt B EE F(Ren et al., 2016), R ()M 444k
SERA R T S 2 1A ORI R - AR B T 45 SRR A,
T ARk i SR A AR Sk ISR, AL R
BRI A A B2 5 J 25 ) LR B S RV A R, R
B HPLE R, X AT RE S R B A 1 850 . $5UV-B
IREGHTH T B B B AR SIS B T, SEEH
TRV IR AR G, DT 5 1 P S A2 1) 5 g B W PR) 4 L 11
IEH ThAE, Xt AT A IR =R M &5 B0 i A 1
HHFMTHERNEEFERZ —(E 7T, 2017). 7
ERUV-BiES G, HHERRAME e R . FERRIE M, A
T G M A 2 W IR AR I 5, W SRR R 2
GEMPEBS R HRE, MRS ENHET SR
SREETm, X ARSRM B LRE e A
B45E T £Afi(Muscolo et al., 2007; Garci et al., 2012;
MrifEE 4%, 2015); W44 v o7 4 kL e A b 3 22
FUHJE, —J7 W] fg & K AUV-BYE — & FEE Fi2
mVOGEIER, Ems 2, 5 —Jiin] g2 Uv-B
T A FE il AR S SRR R, Bk
T 0L Tk — B IR, (H R AR & B E UV-B G
(R4 b AN (R R B2 R

ARSI A UV-B AR R 20 55 06 BRI A (9 Ful Fon TE 2
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UV-B#E I8 5 HL T 7EPSIIS PSIZ 8] {4 i@y, T
PEPRIVETE4F o AE6A 208 K REU(gN)EEFb R UV-B
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KEHHFE T C (XIIE%E, 2019), KBTI F S
AH AL B A IR g B UV-B4R 8 ) g
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Effects of UV-B on Photosynthetic Function and Chloroplast
Ultrastructure of Peach Leaves Grown in Greenhouse

Chen Li', Jianting Liu', Yongxin Fan, Xuehui Zhao, Wei Xiao, Xiude Chen, Xiling Fu
Ling Li , Dongmei Li
Shandong Collaborative Innovation Center for Fruit & Vegetable Production with High Quality and Efficiency/State
Key Laboratory of Crop Biology/College of Horticulture Science and Engineering, Shandong Agricultural
University, Tai'an 271018, China

Abstract After supplementing appropriate amount of UV-B to the nectarine (Prunus persica var. nectarine cv. ‘Zhong-
you5’) cultivated in the greenhouse, we analyzed the effects of UV-B on photosynthesis and chloroplast ultrastructure of
the Zhongyou5 leaves. We found that the content of leaf pigments was increased under UV-B treatment, particularly the
content of chlorophyll b and the net photosynthetic rate (P,) being greatly increased. Compared with the peach trees
without UV-B supplementation (control), UV-B treatment did not affect the F./Fn, ratio significantly. However, the F/'/Fq'
ratio, the photochemical quenching coefficient (qP), the non-photochemical quenching coefficient (gN), and PSII actual
photochemical quantum efficiency (®ps))) were all significantly improved. Transmission electron microscopy analysis also
showed that under UV-B treatment, the chloroplast stroma lamellae had small voids and were tightly stacked, and the
chloroplast outer membrane edge was clearer than those in control. These data suggest that appropriate UV-B supple-
ment in the greenhouse can optimize the ultrastructure of leaf chloroplasts, thereby improving photosynthesis. Our study
provides a theoretical basis for the improvement of photosynthetic performance of fruit trees by using proper UV-B irra-
diation in greenhouse.

Key words greenhouse peach, UV-B, chloroplast ultrastructure, photosynthetic performance, photosystem (PS)
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