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Effects of enhanced UV-B radiation on photosynthetic physiology and ul-

trastructure of leaves in mango (Mangifera indica L.)
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("Institute of Tropical Eco-Agricultural Sciences, Yunnan Academy of Agricultural Sciences, Yuanmou 651300, Yunnan, China, *Yuanmou

Dry-hot Valley Botanical Garden, Yuanmou 651300, Yunnan, China)

Abstract: [Objective]With the deterioration of global climate, the attenuation of stratospheric ozone re-
sults in the enhancement of ultraviolet (UV-B) radiation on the surface of the earth, which has a wide
impact on the physiology and growth of surface plants. In recent years, there were extensive studies
about the adverse effects of enhanced UV-B radiation on the leaf structure and photosynthesis in man-
go, but few research have been carried out to compare the impacts of UV-B on mango varieties with
different leaf texture. Thus, the objective of this study was to explore the effects of enhanced UV-B ra-
diation on the growth and development, photosynthetic physiology, and leaf ultrastructure of two man-
go varieties with different leaf texture, so as to provide reference for the selection of mango varieties
with UV-B radiation tolerance under dry and hot valley climate. [Methods]The field experiments were

conducted in an experimental orchard of Institute of Tropical Eco-agriculture, Yunnan Academy of Ag-
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ricultural Sciences from November 2018 to March 2020. Two-years-old mango seedlings cultivar San-
nianmang and Magqiesu were used as experimental materials to investigate their leaf texture and re-
sponse to UV-B treatments. Three UV- B radiation intensities were sett, including natural radiation
(CK), and two enhanced UV-B radiation on the basis of natural light, which were 2.5 kJ-m?-d" (T1)
and 5.0 kJ - m™?-d"' (T2), respectively. The outdoor rainproof lamp holder and 40 W ultraviolet lamp
were used to simulate and supplement the UV-B radiation. The distance between the lamp and mango
canopy was kept at 0.6 m. The mango canopy was irradiated for 6 h every day from 9:00 to 12:00 and
14:00 to 17:00 (irradiation was suspended in rainy days), and the irradiation lasted for 16 months. The
measurement indices included the growth and development, photosynthetic pigment content, photosyn-
thetic characteristics, light response curve, fluorescence induction kinetic parameters, and leaf ultra-
structure. [Results]There were significant differences in growth and development, photosynthetic pig-
ment content, photosynthetic characteristics and leaf ultrastructure between the two mango varieties un-
der different UV-B radiation intensity. Compared with CK, the increment of the plant height, stem di-
ameter and leaf number of Sannianmang significantly increased under T1 and T2 treatments, while the
growth of Magiesu significantly decreased with the enhancement of UV-B radiation intensity. This re-
sult indicated that enhanced UV-B radiation could promote the growth of Sannianmang, but could in-
hibit the growth of Magiesu. The contents of chlorophyll a, chlorophyll b, carotenoid and chlorophyll
a+b in Sannianmang were not significantly different under T1 treatment from those under the CK treat-
ment, but significantly increased under T2 treatment. When the UV-B radiation intensity was enhanced,
leaf photosynthetic pigment content of Maqiesu decreased significantly. There was no significant differ-
ence in the chlorophyll a/b of Sannianmang and Magqiesu under different UV-B radiation intensities.
Compared with CK, T1 treatment increased the net photosynthetic rate (P,), stomatal conductance (G;)
and water use efficiency (WUE) of Sannianmang by 16.1%, 25.0% and 7.9%, respectively, but there
was no significant difference in photosynthetic characteristics between T2 treatment and CK. The P,
G, C: and T; of Magqiesu decreased with the enhancement of UV-B radiation intensity, but WUE firstly
decreased and then increased with the enhancement of UV-B radiation intensity. There was no signifi-
cant difference in the light response curve of Sannianmang under different UV-B radiation intensities,
but the difference was significant in that of Maqiesu when photosynthetically active radiation (PAR)
was higher than 200 umol - m™ - s™". The enhancement of UV-B radiation intensity decreased the P, of
Magiesu under higher PAR. The initial fluorescence value (F), maximal fluorescence value (F,) and
variable fluorescence value (F,) of Sannianmang and Maqiesu significantly decreased with the enhance-
ment of UV-B radiation intensity, and T2 treatment had the highest decline range. Under different UV-
B radiation intensities, there were no significant differences in the PSII maximum photochemical quan-
tum yield (F./F,) and PSII potential photochemical activity (F./F,) of Sannianmang, but the F./F,, and
F./F, of Magqiesu significantly decreased with the enhancement of UV-B radiation intensity. The ultra-
structure of leaf cells was damaged in varying degrees under the enhanced UV-B radiation. Under T1
treatment, the epicuticular wax increased, stomata atrophied, chloroplasts tended to be oval, and more
osmiophilic particles were accumulated in the leaves of two mango varieties, among them, the leaves
of Magqiesu were partly broken, and a large number of black lipid droplets were formed in the cells.
The arrangement of cell structure was disordered, the number of black lipid droplets significantly in-
creased and the photosynthetic capacity decreased in the leaves of Maqiesu under T2 treatment. [Con-

clusion] Sannianmang with thicker leaf texture had higher tolerance to the enhanced UV-B radiation,
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while Magiesu with thinner leaf texture was sensitive to the enhanced UV-B radiation. Therefore San-

nianmang was more suitable for cultivation in the environment with stronger UV-B radiation than Mag-

iesu.

Key words: Mango; UV-B radiation; Photosynthetic physiology; Chlorophyll fluorescence; Mesophyll

ultrastructure

ERAE AL, A E AW R T R AR
(1) 48 b 2 58 B (UV-B, 3 K 208~320 nm) 39 5% , 6 A=
BRI T ZHsgmY ., R4k 2 iR
SR I UV-B 58 9 2 5 B0 Y K AE R B L 22
S0 AR BS S  As il ST AS O T AR
58 UV-B #5523 OB AR ) A2 BEACHR , A
AR S R i (MDA) & & AL AL i
(SOD) Al S8 AL W (POD) 35 1 NS B i & B 254
FREGIN, ATV B DY, A UV-B 8 i
W 5RIE PR o & R AL, s A1
. HARA R R L, A FEREY AR KT O
HAER Y BUARE e AL 2 B UV-B 585 1)
T 17 52 B AN [ AR B IR 2 e

R AE R E AR RS R X AR
e N RUR, AT ME e . R F9 O AR KR
M, TR SO R AE K LR, 5% UV-B
R S 2 AR AR I T AR /S S I IR SR 5 L 3R R i I
R i AL R A R DA ) SR 7K R AT
B, M Prafeae g . R UV-B g 2 il
IR CEVER BRI B 2 4 L SR A 2
KR ERE MRS SE0, 0 B S KE— RS
Az BAR U AR Ak DLIE B 7R 5 B UV-B 58 5 38 A 1) 45
155 FFAE S I A0 I 2 v R O AN [R]85 2% A2 (1)
TEA A BE RILHIS . Py 5 KRR AE B BE AR A 58
DRl - 6 AR ) 52 ), A 2 SRAE R ) 2 75 %) A 35 3
(fEZA .

¥ (Mangifera indica L.) N W BT 5 & H
W, 2 E R A A KR . 2 AT SR A X 3
F BRIV GG L0 R RIT EE 2R R
TGS XM AR, BTN O I 85 A
(3858 UV-BHa 50 MR A B A AR 4T T
O, (0 B AR AR R AR BRI
A PR DA SR S B TR A A T T . AR
T 0 AN 8] et Joia i ) A SR o S SR 1S 5 UV-B
R SRR BT 2 XA SR 06 S BRSBTS 1)
S (R RIE FUAE B D

EHAEAD T LA R A F ) 2 5T dh
Ff =S T2 S ) IRAT IR G ik ds ARk, £E K HT
B6y PR R itk b, A FE A [R] U'V-B 4 S 5 0 AL SR A Ak
ARKE MR EEOER CESEH. TS HLL
I P Sk Al 45 R PR 52 0 DAY I) W IH e Jo A [ £
AR A A BT UV-B $a 5 38 1R 0 82, 5 FAGA
PRARE B DXAT SR (4 UV-B 4% S i 32 28 i o 75 0 42 £
SHMAE

[N P S IDIRES

1.1 R R &R 1%t

RIS TE 2= B LR B 24 X A= 2509 78 BT ELAR
RIGFEHL (101°35'E,25°23'N, 4 1050 m) 3T,
ZHL AL T2 S B IR N e B R TR T A
TS AES, F 201894 HFE 2 atE =15/
DI 2 AR R A, Forp = B S 3 R o
i, Byt b R ACE N AR . S2 T SN H AT
= EZ10.5 m I, 18 B A AR 1 4 8 4R 3047 58
AbFE . 5 DA H ARG IR e I (CKO L 78 H 286 IR
SR AL I AN B 2 A UV-B 3R 3 5, 200 R
25 (TOMS5.0kI-m?-d'(T2)., NI RES,
BAEE/NXAH T0FRIT SRR . 20184 11 H RH
HNBTRR AT ZE 0 40 W SR AT A (UV-B, 3 K 280~
320 nm, F HUAEGE T ACER D B P UV-B 45
U, AR S e B AT R S A e 2w AT =
AT R, IR UV-B B4 B (Jb pt e K
S HAER ) DMERS R . BAMTE I ]
DABE A AT SR A KA SL AT T S AR FFIT B S
R 556 2 B BE B 0.6 m, 3 F 42 IE 1+ 52 300 nm
WK A R HE ST BRE , CLARAIE R IE 9 (8] 7 )2 1 1y 252
RS A2 KA AT . B R 9:00—12:00 1 14:00—
17:00 BEAT 6 h {48 FE AL HE (B AN R RN EEAT A B , 3
LA 164N H .
1.2 BN ESHE
12,1 #AAE KRR E AR T AT (2018 4
10 H W e A1 SR 44 (R U ok o B 2 FE R I



9

WMy, 55+ M55 UV-B Fa S5 XA SR P ol & 78 PR RS 56 B 45 A4 PO S i 1527

B, ATARL , R IR 45 I (2020 4 3 D FH
SEAERK IR, 2R B E . KK R
TH AT

PR 1S K B /om=455 Mk = — WAk = s

PR 1o B 2 /o= (4 PR 15 — W AR R 3D AT R
H1x100;

SR K B /mm=45 R 2 — W UR 2

SRR KR Y= (45 R 2 — WA ZERD AT 4R 25
F1x100;

e KB =55 R B — W aa

I K /%= (45 R 3 —WIia v v 50 /4]
a6 #0100,
122 "tAAAGEZMNE HEOREEXHIY%
(@ TR CEERFE, IR 25 (Il RO,
WA 73 IR 665 nm (I 4E 3R a) 649 nm (2§ 3%
b)470 nm CGEIHE b2, HIZ AR 4% a.
2R R b MRS PR E G, FREDM,

MagRathim & ® Calmg: g')=(13.95 X ODges—
6.88 x ODgy)x 0.025%10

M4 E b M E S E Cb(mg- g)=(24.96 x ODgs—
7.32 x ODges) % 0.025%10

KIHE MR A E (mg- g")=(1000 x ODyy~
2.05Ca~-114.8Cb)/ 245 x 0.025x10
123 sthH &L HME  FIH LI-6400 {F 1
A A 52 R A S EOR e mi B 26 i TR N
9:00—11:00, AN /INX BEALIZL HF 5 #k , e BURE AR ) o
R 1 B AT AR R R AT E . AER A A
5 (PAR) N 800 umol -m™ - s &5 4F T, M 5 19
EHR (P VAL T (G i TE] CO MR B (CH) FZE
i 3 2 (T, 7K 43 R FH 302 (WUE) =P/ T, 00 B
i 2 LI e 3N R, W B R XA B
L IR 1B B G5 ESE £ 18004 1500.1200 1000+
600.400.200.100.50.20.0 pmol -m?>-s". #4546
HH 2 1) 5 AV F 6 i B2 i 28 (P.-PARD , SR A
AU LB AT A, RIAAN

b X PAR+P,, — [@XxPAR+P,, ) -4x0XaxPARXP,,
" 2x0

d

W PONECE I s o AVIUE T 305 s PAR
NCE A BRI s Pow NIRRT EEE 0 NG E
ith 2 25 ot R ot R s RIS PR IR G 2R
124 st Fsebsason e FAEDICES
X" (Handy-PEA , 2 [E )l g i F PR 2R = 080k

75ROt H 650 nm ] LED $ 44 w13l 5E 1 X (CEL
%4 mm), H5# K~ 3000 umol -m?+s"s Z25 20 min i
&N S W E WU 5 (Fo) B KRG (F) AT
RGPS T KIGREF A% (F/F.O LA PS T
R (FUFD , SRR 4 K a 7Ok Bon 1 12
(1) O-J-1-P i, il it LN A XTH R4 3R a K1 5
) 715 2 1) JIP-test Z 40, 1% A V= (F-F) ) (Fo-
Fo) 3RA5 &1 i) SR AR i AR 5, A=V, (b B -V,
CHF R 5 R 8558 T S5 R GT E (4) 2  BiR
125 st AARBRMEN A CEREM RO
BRI, BB T PR e AT S A D04 mm %
4 mm 1 8 mm x 8 mm [ 25 IR (& FE /O , BEZI N
pH M 6.8 1) 3.5% (o) 1% — B8 v ¥ b 3E 4T 17 [ 5, 1%
BARAE 4 °CO o [EE J5 o FrAE ik 2 R ERER
SR 5256 A0 B 8% % A Hitanchi S-3000N (Japan)
R H B AW o B R 1 3T T, 9F H JEM-
101 1EX % 5 BT L 41 R
1.3 Hit59Hh

06 K4 K F] Microsoft Office Excel 2007 #£47
43 M ATAL B, K FH Origin 2018 #EAT/EE . K H
SPSS 22.0 FEAT 51 K % 5 % (ANOVA) 43 #7 , I % H
Duncan 7% LU AN EE [A] 1 2 7 B M (e = 0.05) . X
B A T bR o 2

2 HIR50H

2.1 SR UV-BESF I REREKEZBERIF N
M1 AT LG H, R85 UV-B 4R ST R, 5 CK A
Eb , 2 AT S 0 A AR Pk v 2R L B AR A 2 A
R 2S5, ZAFETEN R UV-BEARS T, PRk a i
K& R KEA I 5 3G K5 2O & 5,
T1ACEE Rl K OIS K& K
A EE CK AN T 22.9%+35.8%457.1%; T2 AL HL R #%
e B B SO K 3K Ho3 0l B RO
7 92.4%.93.4%428.6% . —AfETIE UV-BEEST N &
P BB B, AR K ST RE B L 38 N PR IR, 3R AR
SR AR S AR TS AR AR KA (R E . 7RSSR
UV-BHES N, BTtk g K & I K E
ST REES TR FHREEKE KR,
R AR S T CKIEZD T 11.1%+24.8%+40.9% 5
T2 b HE MR K E K E K
L CK 2D 1 22.5%32.3%+52.8% . 58 UV-B
5 S P U0 I ) R R ZE R AR K, M A AR



1528 | 2R 55384
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Table 1 Effects of enhanced UV-B radiation on growth of mango

B K. B Bt L 3% X B . B X . %% B . %7
E;lqﬂj b3 H“l.ﬁliu.'ki Hil.ﬁJiH'kﬁ/— é*ﬂia.ﬁi é*ﬂiakz UJr)#iJ&é'SZ D’i—}#iukﬁ/—
. Height increment/  Height growth Stem diameter Stem diameter . Leaf growth
Varieties Treatment . Leaf increment
cm rate/% increment/mm growth rate/% rate/%
AR CK 14.40+1.86 b 39.00+0.05 b 3.16+0.19 b 38.00+0.03 b 1.40+0.47 b 9.00+£0.03 b
Sannianmang 1 17.70+2.78 ab 47.00:£0.06 ab 429+0.42 b 52.00+0.04 b 7.80£2.10a  55.00+0.15 a
T2 27.70+3.24 a 64.00+0.14 a 6.11+0.49 a 78.00+0.06 a 7.40£1.53a  40.00+0.09 a
Y175 CK 37.70+2.89 a 78.00+0.07 a 9.41+0.53 a 100.00+0.03 a 20.30+3.44 a 81.00+0.20 a
Magiesu Tl 33.50+3.44 2 69.00+0.09 a 7.08+0.74 b 88.00+0.04 ab 12.0042.24b  59.00+0.12 ab
T2 29.20+1.98 a 66.00+0.05 a 6.37+0.44 b 81.00+0.06 b 9.58+1.14b  31.00+0.08 b

W F A E/NG F R A — AN EAE UV-B A5 T 25 52 (p < 0.05). N,
Note: Different small letters in the same column indicated that different UV-B radiation intensity of the same varieties were significantly different

(» < 0.05). The same below.

o AR UV-BRES LN =F MG UIIRaItk Al AE 9y & UV-B 5 39 556 FE 43 e 05 265 1 — A
IR I KR A R Sk E I KE . BRI A ERUV-BRES T E s g in
EX RS il e R N S (iR A St R 2 S ORI . 5 CKAREL, T1 Ab2E
22 #ESEUV-BIEESFMICRM A XEREMEME TEETM SRS ERAREER, T2 AT

MEE2TT LA H, UV-BEE S SR EEXAT IR it 4K a SR b M PRI XK atb &
SR TENEHAARZNMEER. HaREE  ER2F LT SUIIEEE UV-B RS 55, 4%
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Table 2 Effects of enhanced UV-B radiation on photosynthetic pigment contents in mango leaves

w(H£¢3) Chlorophyll content /(mg-g™)

5 5% 5%
:/ji:ties %ftment MékRa S EUEES uczirfp?l/}lfll a/b E;jifp?l;tl’l atb
Chlorophyll a Chlorophyll b Carotenoids

A CK 0.220+0.008 b 0.100+0.002 b 0.26+0.01 b 2.20+0.03 a 0.33+0.01 b
Sannianmang Tl 0.210£0.013 b 0.100+ 0.008 b 0.25+0.01 b 2.10+0.06 a 0.3140.02 b

T2 0.430+0.014 a 0.200+0.007 a 0.44+0.02 a 2.15+0.01 a 0.63+0.02 a
SY)95 CK 0.470+0.008 a 0.230+0.005 a 0.47£0.01 a 2.04+0.02 a 0.70+0.01 a
Magiesu Tl 0.380+0.014 b 0.180+0.006 b 0.3740.01 b 2.11£0.01 a 0.55+0.02 b

T2 0.270+0.004 ¢ 0.130+0.001 ¢ 0.28+0.01 ¢ 2.07+0.01 a 0.40+0.01 ¢

Fa MERb Y NRAMZRatb TEZHE  WUE R E &, 77 B CK 31 16.1% + 25.0% Fl
%, FF Bk 1) 8 25 22 oK. 7.9% , CH T4 i AN B2, T 7E T2 AL BT o &
2.3 3B UV-BiESI XL RIT A A SR Fitk 5 CKAHEL A & % 7. SUITMH P,

R 3 FR, £ TLAF R =ZFE S PGl G CH TYJBE%E UV-B 58 S 581k /N , 5 CKAH

F 3 1858 UV-B B8 X R K X &40

Table 3 Effects of enhanced UV-B radiation on photosynthetic characteristics of mango leaves

A Ak HLE R SAGE i H] COL e 7N A Ko e
Varieties Treatment P/(umol-m?-s™) G/(mol-m™-s™) C/(pmol - mol™) T/(mmol -m?-s™) WUE/(umol -m™-s™)
AR CK 12.20+0.38 b 0.160 0£0.013 0 b 234.37+7.60 a 3.490 0£0.190 0 a 3.550+0.115 b
Sannianmang Tl 14.16+0.23 a 0.200 0+£0.006 0 a 238.17+1.40 a 3.690 0£0.010 0 a 3.830+0.052 a

T2 12312022 b 0.180 0+0.005 0 ab  244.40+6.10 a 3.530 0+£0.020 0 a 3.490+0.079 b
S0P CK 14.73£0.01 a 0.320 0+0.000 1 a 288.81+0.04 a 3.050 0+£0.000 5 a 4.840+0.002 b
Magiesu Tl 12.49+0.06 b 0.240 0£0.002 1 b 272.33+0.26 b 2.750 0£0.022 9 b 4.530+0.013 ¢

T2 10.04+0.03 ¢ 0.120 0+0.000 3 ¢ 235.03+0.11 ¢ 1.650 0+0.002 5 ¢ 6.080+0.007 a
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Fig. 1 Light response curve of mango leaf under different UV-B radiation
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Table 4 Effects of enhanced UV-B radiation on fluorescence induction kinetics parameters of mango leaves

Al Varieties  AbFE Treatment  WILEWGF, KRN Fa ARG F, PSIL R CRER W RCR F/F, PSR IS F/F,
o CK 516.6£38.4a  1278.04113.1a  761.3+78.8a 0.59+0.01 a 1.47+0.08 a
Sannianmang 327.8+23.6 b 820.3+£124.9b  492.5£104.6ab  0.57+0.05a 1.46+£0.27 a

T2 318.5+17.3 b 633.8493.9b  3153+77.5b 0.47+0.06 a 0.96+0.20 a
Y175 CK 377.5+133 a 1150.0£32.7 a 772.5420.5 a 0.67+0.01 a 2.05+0.04 a
Magiesu Tl 320.049.3 b 643.0£73.9b  353.3264.7b 0.54+0.06 b 1.20£0.17 b

T2 289.7+18.7 b 588.3+101.3b  268.3:84.6 b 0.44+0.04 b 0.83+0.22 b
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A. Sannianmang exposure to natural light; B. Magiesu exposure to natural light; C. Sannianmang treated with T1 treatment; D. Magiesu treated

with T1 treatment; E. Sannianmang treated with T2 treatment; F. Magiesu treated with T2 treatment. The same below.
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Fig. 3 Morphological changes of mango leaves under different UV-B radiation
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Fig. 4 Changes of stomatal morphology of mango leaves under different UV-B radiation
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Fig. 5 Morphological changes of secretory organs in mango leaves under different UV-B radiatio
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Fig. 6 Ultrastructural changes of mesophyll cells of mango under different UV-B radiation
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Fig. 7 Ultrastructural changes of mango local mesophyll cells under different UV-B radiation
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