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Physiological Reasons for Inhibiting Photosynthesis of Mango Leaves by
Enhanced UV-B Radiation
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(Tropical Crop New Variety Breeding Education Engineering Center, Hainan University, Haikou 570228, China)

Abstract: In order to investigate the characteristics of photosynthesis changes of mango leaves under
enhanced UV-B radiation, the treatment of artificial simulation of enhanced UV-B radiation (24 and 96
kI - m? - d")were conducted with the adult trees of ‘ Tainong 1’ mango in the field, and the photochemical
reactions, activities of key enzyme in carbon assimilation and the expression of gene were observed. The
results showed that, compared to the control (natural lighting), there was a decrease of tree yield and
soluble sugar and sugar-acid ratio of fruits under the 96 kJ - m™ - d”' treatment and no significant changes
with 24 kJ - m? - d”' tratment except that vitamin C was significantly higher than the control. Chlorophyll
a/b value, net photosynthetic rate, stomatal conductance, transpiration rate and intercellular CO,

concentration in leaves treated by 96 kJ - m? - d” were significantly lower than the control and treated by
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24 kJ - m™ - d"'. The content of photosynthetic pigment, the vitality of Hill reaction, the quenching
coefficient of photochemistry the activities of Rubisco were significantly higher than the control. The Hill
activity and Rubisco activity treated by 24 kJ - m™ - d” were significantly higher than the control, net
photosynthetic rate, stomatal conductance, transpiration rate, intercellular CO, concentration and the
content of photosynthetic pigment showed no significant difference compared to the control. The
expression of coding gene of Rubisco big subunit (RbcL) could be inhibited by the 96 kJ - m™ - d!
treatment 5™ March and 22" April. It is clear that stomatal limitation could be induced by 96 kJ - m™ - d*
treatment directly, and then photosynthesis would be inhibited and then result in the reduction of yield and
the deterioration of quality.

Keywords: mango; enhanced UV-B radiation; photosynthesis

AN LRSS B X (UV-B #8455, WK 280 ~ 320 nm) @ % K2 H g R EZ WL, (Vb EFiAH
M. ITER, HTRFRERRBIEE L REFECR AW, 5k UV-B 58N (Caldwell
etal., 1989; McFarland & Kaye, 1992), #{N “I458 UV-B 51”7 B UV-B faSiion. PEKEE
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AT UV-B 58 565 3 50 (1 PR 5% 1) 73

UV-B #5514 58 0] 0 R 0 G WAL P2 A AR T 5 ), 3 BRI e B ()32 2 D R G T (PSTD)
IBEIA . CO, R AN ORI 92D, BA S HoA 2R, (Hollésy, 2002; Kakanietal., 2003; Swarna
etal., 2012; Rojas-Lillo etal., 2014), ZWEYAEKM KT (Wargent & Jordan, 2013), £ FEHE
PR (Lietal., 2000; &R %5, 2017) A2 (Teramura, 1983; Dai, 1994; ZET 4%,
2001). JEAHER TR CGIERs %, 2018; AJFE %, 2019). DNA HiffinE %S DNA i1
&4, UDS ZUS A5k GRgETr 25, 2003; ZENEL %%, 2006; E&F %, 2007) %,

Vg P S AR A L X R MR AR S 5 Z, #viy 2 AR AR R Z B e R . A E AT
RFEF= AR A SR SR, A D E R SR I IR B ——UV-B 4R 538 SRS AT Rk
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RIGH . 11—12 BN FEH, 12 H—849 2 H e 11, 3—4 AN Rszdadl gk, s B
) SR SR S R Y
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(il D 2 MK, 2018 4 2 H 12 H—4 H 22 HAERS R H IR [ AT AR 2], PR/ X,
HE 3 R EIRIM TR IET EJ7 30 em AbBEHE UV-B T8 T Ibat ORI FCRT, Th3 40 W,
FE ST KV ) 280 ~ 320 nm, FESFFIE Y 24 kI - m” - d) BERLEE SME S5, SEIEIT AME B 0.08 mm
B IR AT HE SR R U8 UV-C, XS AR 22 AT ZRE A 23T A (ORAIE A il S R B AT AR IR BT B A S,
AL OCIRAT BRI T ANF UV-B SRR (TS 5%, 2019). BAR. FIR. FERIFIAEEFRA
RIS B RAT 1 1R AL EE

1.3 BUHERHFRAIE

2018 4F 2 12 HEE 1 REUFE. JRAE UV-B ST N7 BEHLICGE 2 SRS RS i 8, s
T3IASH.3HA21H. 4 A8 HEHURE 1k, 4 A 22 HXRFI&SG 1 IREUHFE . BURERS % 2% i
FRRAS AIRRIE 10 Bk, R A A E R AR B AE AR AR . fERSRION (4 H 22 H) A& H
PRr=E, FERE A A R BEALE 5 AN SRR T B AT o SRR AR P N SRRE AN RN VR R T R
M A 2 = AE T - 80 CHB IR VKA h 4 H
1.4 NERRSHZE

SR FH U EL 20 e SR A T A MR S B (254, 2000); SR BRI 5 14 I 5 SR A vl i o TR
& (G4, 2000); [F—ANFSe ATV TEE S T E R S R I LD Z R SO RR L R 2,6 - —
A HEmy g i e ke RRGEER C &8 (FA4, 20000; HHFEEEERR (P, SILTE

(G~ 2B (T A COy W (C) RAICHTHERREACRHE A R A 74771 Yaxin-1101
FeAAE MG &, FFE B 9: 00—10: 00 SERCH EIE; KHME Amon EMIE & BRE
B (FA%E, 20000, HHEEMNUERKHEEER ab; RAKERK (2011) KT 5E 75 /R RN E 175
FIF &g SRR PR A 7 AR 7= (1) MINT-PAM {5 48 Rk e i 1) 502 6 0 52 SR 38 58 e K R 58 Al
LIRS A MR A IR A SRR A &I E 1,5 - RRIZEIAERILEF (Rubisco) Whth. R
GENE DENOVO 2 ] FHR A& U B RNA, KA TIANGEN 2 & BRI 4 5% ¢cDNA, iR#EC
A 1) Rubisco K F:4ifid 3K (Rbel) FFI4R5 X (GenBank %3%5: KP729051, H Bt A/ 285 bp)
KN ZHA actin (GenBank &35S GQ389668.1), Z# B4 (2016) HIJ7iE¥ 514, Rbell
(5'-CGTTACAAAGGACGATGCTACAA-3"). RbcL2 (5-GAACCCAAATACATTACC CACAA-3"),

aF (5'-GCTGAGAGATTCCGATGCCC-3"). aR (5-TGATGGAGTTGTAGGTGGTCT-3"), # 1 RbcL
RS X IR, FF#E4T qQRT-PCR S, A6 368 PR R AH o 2235 7K~

KA SAS 9.1.3 #HATEHE ST, KA ANOVA #4777 243871, KA LSD £t 47 % H 4t

(P<0.05),

2 RS0

2.1 UV-B @588 X4k = F1 R S E 25 77 KUK & R RO 20

UV-B 5 5 359 55800 A1 SR 7 R R 512 SR B8 2R AR B & R R L 1o 24 k0 - m™ - ' 4
BRASABRP R SRS VAMERE AR TR A BRI L S CRE AR, 96 kT - m? - d
ALFRBR AT E AR SLYEAE R C S B REm TN, MR TXE. 48R C RPN
WEZESE, HE TR W0, SR UV-B 4R S AR 5] s AR S KR R AE 55, TR
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Table 1 The effects of enhanced UV-B radiation on the yield of single tree and main nutrient and flavor content in mango fruits

%77 /k S S e s A i s Sy
UV-B/ 3: ;; Oisin e AR PERE % T E RS /% HERR L HiE% C/ (mg - kg! FW)
(kI -m?-d"h ¢ € Soluble sugar Titratable acid Ratio of sugar/acid ~ Vitamin C
ree
X #E (Control) 26.20 + 1.66 a 13.85+0.57 a 0.49+0.03b 28.27+0.82a 131.7+23b
24 31424273 a 14.39+0.56 a 0.58+0.08 b 2481+1.05a 1823+£6.0a
96 17.32+2.02b 11.16£0.79 b 0.83+0.05a 1345+1.22b 168.8+11.2a

I ARNSFRFOREINZR 8% (P<0.05),

Note: Different small letters represent the significant difference among treatments (P < 0.05) .
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XHHESN, HAN A SRR E 2R 96kI - m” - d AbEE— Eﬁzﬁ&ﬂiﬁn 24Kk) - m? - d' AbER
(B Do v, SiifE UV-B a5 S sIAT R ot & E R, X nTae 2 5 Rk ™ R B AR SE X
AR B IR R 22—

2.3 UV-B f&@5HEEXM A G0

A T St R Gsdzlxiaaﬂ&b%\ 24kI-m? - dT I EXBEEEZER, 96kI - m” - d' 4k
PR ST AR 24 kT - m™? - d 408 (B D). TR, &AE UV-B SIS H G R,
B AT g i S ALBR Sk 0 e e SRR
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1 UV-B ESHERMMH R EASGER () MSILSE (6) H¥WE
ARANGFEFRORA M Z R 22 (P<0.05). T,
Fig. 1 The effects of the enhanced UV-B radiation on the net photosynthetic rate (P,) stomatal conductance (G,) in leaves

Different small letters represent the significant difference among treatments (P < 0.05) . The same below.
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2.5 UV-B 25185350t BRIE] CO, iR E BRI

R b RN G R PR B[] CO IR FEARfL A ANH], 1EE?<IJEME£TV%% Xof RERI vy 711 b 3

COBAMEEE S, 24k - m” - T ARHEANAE 3 0 5 HEE E TG, LA E, B5XETE
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Fig.2 The effects of the enhanced UV-B radiation on the Fig. 3 The effects of the enhanced UV-B radiation on the
transpiration rate (7,) in leaves intercellular carbon dioxide concentration (C;) in leaves
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RO R 4525 o, MHEEE b S EMMENAR FFHE, H96kJ - m? - d! ke Txt
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F RS s, SR ROt re e are e b B AE S .
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Fig. 4 The effects of the enhanced UV-B radiation on the content of chlorophyll in leaves
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AEFRFIRT R 45 a/b Ak R R o A Control o 241wt
P, 24k -m? - d B SXBLEEER: 3 o 96k] - m?. dt

H S HZ R0, PAAS AR FEAH B8] 8 3 2 ~

S, MJE, 96 kI - m™ - d7 AbFE SIS TR R A i

24 k) -m? - d" b (J8 4), 4K ab (HIEK §§
WA RE I A R SESS, Bk £ 8

# a/b HE—TIEE NS, NYasbE iR £ u
(R 2%, 2007). Bk, 96kJ - m™ - d! kb FE 0

2-12 2-27 3-13 3-28 4-12 4-27
H#1/(M-D) Date

SHHREI A R RE S
ALBRATG BRI SRS BB HA

[, 96 kJ - m™ - & AbERTE 4 A 8 FIRIH B %5 5 UV-B BB AAME MRS BOKN
B B S Fig. 5 The effects of the enhanced UV-B radiation on the
ﬂ:‘;(‘j‘,ﬂﬁ » 24kJ-m” - d ALI\@E 3 H 21 H S content of caretenoids in leaves

e TSR £ 4 ) 22 RO 2R TR A

5). ETRAY HEHHEZRICRIMES IR TOCREI MM, W EGIE UV-B 8 AR 4
TP, R I B RCEE AR S SR FE R UV-B S 5 b 36 A AT BE RV 7 19 s i RO RE A g

T

2.7 UV-B (251853340t B e & R RO 22

2.7.1 A RRRE

Kb TR AT R PR A5 IR S NETE 1A 35 A ], XA 24 kT - m™ - & AbELEA E R TN E BT
fikash, 96kJ-m™ - d' 4FRFE 4 A 8 HAT 2 EF#a%s; 3 A 5 HAl, AFSXRALEEER, Ik
JEREE TR, 96k) - m? - d AFEAES H21 H—4 H 8 HEZEm T 24k - m™ - d' b3 (B 6).
AL, S UV-B 538 0 A 335 RE A 3 /K (R e AR e 1 R DD BT A, R e B LA R BEFE F
272 AFABERZH (gp)

AEFEFIGSHR I gp 0k B2 BT, 24k) - m? - dAEANAE 3 H 21 HEEE TXE, He
Al Ab B S XTI R 22 57, 96 kT - m” - d ARERI— BB m TR IEA 24 k) - m? - d (7). W]
W, B UV-B fEbt e m T ORREAL B8R, e B B A e .

—o— XA Control —a— 24kJ . m? . d? —o— XM Control —a— 24kJ . m? . d*
= 70 —a—96k] . m?. & 1O 5 96kl .m?.d?
5 a
1 08 |
k!
- L
g = 5 <& 0.6
£z = 04 |
o
5 02 |
S
1 1 1 1 | 0 1 1
2-12 2-27 3-13 3-28 4-12 4-27 2-12 2-27 3-13 3-28 4-12 4-27
H #§/(M-D) Date H #§/(M-D) Date
BE 6 UV-B {E5HHE5EXIM K& /R KRS HRENE 7 UV-B RSHEENM LR R BEIRE
Fig. 6 The effects of the enhanced UV-B radiation on the Fig.7 The effects of the enhanced UV-B radiation on the

activity of Hill reaction in leaves photochemical quenching coefficient in leaves
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2.8 UV-B ESHHEE ST RS &k B A9 20
2.8.1 Rubisco &M

ALFRANK IR Rubisco 3% P 256 R W5 ETHH#aE (B 8). 24 M1 96 kI - m™ - d' AL FRIY 2
FXH, WALERE Z R . AT 0L, P UV-B 489 1 5m Ab #E44) AE il I 32 51 A Rubisco 3 R4
Bk CO, I 5, X i S o B A (e 3k
2.8.2 Rubisco X T %5 & K (RbcL) 4axtk ik K-F

AFRAIGTIE G 1,5 - —REBRAZBRFEFR1LEE (Rubisco) KWVFEZRAGIER (RbeL) AHXT ik /KF1n
K9 ffim. 24k - m™ - d' ALFR RbeL [RRIAKTAE 4 A 8 HEZE S T X, 96kJ - m™ - d' AbHAE
345 HEFEMTXE, Byzgion piabsi s ST 8. AT, 96 kI - m™ - d”' UV-B 4@ 5118
2= 41| Rubisco KIFH (RbcL) i A £k

—o— XA Control —a— 24kJ . m? . d? ] XfHd Control 24kJ - m? . 47
—o— 96kJ - m? . d*! W 9%KkJ.m?.d!
700 16 - v .
650 ¢ £ b
~ 600 | 2 § b
=550 | % g § ¢
2500 ¢ R 2 §
8 450 | E ;z §
2 400 o §
350 S §
300 : L L - ! &
2-12 2-27 3-13 3-28 4-12 4-27 02-12  03-05 03-21 04-08 04-22
H #§/(M-D) Date H #§/(M-D) Date
B8 UV-BiB5HEEHH Rubisco FEHEAIR I 9 UV-B E5§1#58x4H 5 Rubisco £E (RbcL)
Fig. 8 The effects of the enhanced UV-B radiation on the EXRREEHNRM
activity of 1,5-diphosphate ribulose Fig. 9 The effects of the enhanced UV-B radiation on the
carboxylase in leaves relative expression of Rubisco gene (RbeL) in leaves
3 e

3.1 UV-B i@EHEEAFIFC R R & /ER S ER iRt r S FLIRSI R E

UV-B a5 g af i m: fy 28R T, AL NI, SALBE IR, A R4 fflE CO,
WEE, 4kiisgn CO, R, SEAEYCA1EHMEI A7) F % (Sullivan & Teramura, 1989;
Nogues etal., 1999: AH¥r 55, 2016), BI5|&SALBREI MG M sEIEM . AR RS E
M2 HE.. 2R TIAE N — SR g R GRRE %, 2018; FJIF 45, 2019) o] LA#fE,
R B UV-B $a 5 18 i e 51 R e ASFLRR ], AT R e oot S E LR 2 —

3.2 UV-B iESHEiSIAC R Aot S ER A SEAC R AR AR IE S FLIR SR
UV-B Ja S5m0 D6 & s B D A L R PO B (R B2, 2007), ARIREE

SO A Ot SR, BRSO S E AR SALIRBIILSR . UV-B F& S8 s 0t & 18
MIBIAESALIRB AT LT 3 /e — 5 UV-B 3RS IR PR TSRS PR & &, BT
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PSR BEHLy, $0i T PSIL I HL FAR 3, A RIS NIE, HHERRIOH K RECIE (Mishra
etal., 2008; Surabhil & Teramura, 2009); & )t& B A F2 B 2K M (Rubisco A1 PEPC)
PEYE TR, T3 CO, BALBE TR (HER 55, 2004; mIIE 55, 2011); —@uAEHEE TR
Lk, WMLRAAIE . psbA. % FEKIFN Rubisco K/NEHEEFEFSE (Jordan et al., 1991). AHfFTH FR
#4558 96 kJ - m™ - d” A FH I FT Rubisco KEHE (Rbel) Zwhtdt (R R i 2654 045 5L 5 i1 A — B4k,
HAZ R G NG RA S AR 96 kI - m™ - d! ALBRAE I 4335 a/b (4 535 TR T4
K a/b AN EARE SR R R TR HE SR E A F e G RE U R IEA G Uit 5, 2007), XK
W I R SRR R B AR HE B A5 H 2 B 7 RS UV-B 4R SRR 5, BEim 5mt 6 &5 F 22 4m,
B /R BE UV-B AR5 0] Bed ik e IR iy i SR AR SR B AR ME B 5 i H0 R v e B E L, IX v RE A
A UV-B 853 51 b B B e SFLR S 7720, msRE UV-B 8 5 386 5% 5| g SR AT 248 45 0 o
RETHALZERSY, weEfaR, AREN. MEHlBFARED. BEOMERESSENEN
(Kataria et al., 2014). T2 F|H 7 B W S50 IR SRR TE A 4574

MR B R 7 S 34 UV-B fREHH s 3 5, K% MRS EF S, TR UV-B
R SRR 43 FSUMAEL P — A ORAPHILAR, [R] B R 3 9iR 35 BR VS R SRR ) UG 5%, 20105 Liuetal., 2012),
K ARGEREZ—8. HHh, UV-BIEGHEEAERBH F G aRSEA SIS Uik 5,
2001; XUB 5F, 2007). XA ARG R MG R, T RN fE 2 FEK UV-B fa i
ST E A 2%, 2001). Kolb %5 (2001) 1 Gao 2% (2004) Xf/KFg#EAT K] UV-B Ab#
R, RILUV-B X PS T A5 M 2 55 27 (AN B R0, 4R S A T8 /K e 3 . 38 2% A I %o 6 B PR IR AL
FEIB TR R T4 R, RRREGRE 2 —8, WESaE1EA AR FLIR G G0 IWRE S
Ko AL, ASEFP AP Sk 21 58 SRR A SRR e fb 5GBS E %, FREi RS
R B BT REA Z DU BT v 25 D EE1E B3R AL G i 3E SR
AN T BE FF R e A RBUAR N & RGURIEH A BT REM BB, FUNASFEDEA o L e & 3
(P25 K & N AR A AT BLORIE G & R G IR A B D RE .

gx b, AR UV-B @G s is s [ 5] gt i S SLR I A SRS ALBR R sbe & E M, 2k
1 AR B AR AN S S XU i AR 25

AWFFEH, 96 kI - m™ - d" AER{E I A Rubisco 35 VT F A g % 3L K %635 R i, X389 Rubisco
TETEARATT B HRR R R KPR A B R R AT o - JEMEE. MR 5 Al & 4 i
oA 3 o ity v M A A 5 L D i R R IA KPR A T B S AR G ME I RGE . (FRFE K 5§, 2017; Kisa,
2017; Santinetal., 2019), HEMIT]HEZTE Rubisco 3 [R5 5% J5 i BH1E R4 RIH 3 I 110 2K 1 5 hn T 4%

SRR A T 2 Ak, (RN T RS S A M 2 B T 2, R N S ST
%
4 ZEip

W AR 1S N RRER A 24 196 kJ - m? - d BN TR UV-B 4R5T R b 91, 45
RXY, mAE (96ky-m? - d) AFRAEEEE SR S FLER BRI EIT Aot SR, R ST
SR A P B AT R R 2 XU T 5T R B o TR (24 kT - m™2 - ™) AL TR JUIREAT SR AR S A A P
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