B E R FIR 2019,34(8):920—924 http://www. fjnyxb. cn
Fujian Journal of Agricultural Sciences doi:10. 19303/j. issn. 1008-0384. 2019. 08. 008

TOkEE . 8. Wi, SF. MR S N . sROC A T AR [T]. RO AEM . 2019, 34 (8): 920—924.
WANJF, L1J. YANG W H, et al. ROS Metabolism of Citrus Fruits in Response to High-temperature-intense-light Stress [J]. Fujian
Journal of Agricultural Sciences, 2019, 34 (8): 920—924.

HER IR B IR JRHHHE ME M F R W%

THRE, F O, AR, ¥ OB, R, HRARY

(L. o [E A ARl B2 e v P AE DI BE TS BT /AR R AT SR A SR e 2 R SR &, TR L 524091
2. MR RSB, 7R T 5106425
3. MMERL TR BE b ZREMEBE. 7R )M 510225)

7 E: [EMY DR R om nL s iR 3m 68 i 16 AR S TR A 2R S A B DA RR A A 2R
PO . DrikY RIS AR K s Pl R R . SROE TR A R SR A K5 I DR S R4 A3 6 2 11 RS [] B B
AT W TR G AR R B IR AN A A A, SR R, OB R O REMEAR,
LOX J& P s . EBUE &4k ¥ MDA & it B2 EJF. M OwR i £ B 6 /NS . SOD, POD il PPO i
PE B BT BEE R RINE, AR, POD EEIEE, SOD G R E FRHEFEMRTEFEE, MW
PPO MM TR, (HABF R TIER R AsA fl GSH & #FER MK EPYEL TR, [4ie] 755
SE O W 38 ) 00 R B S R A /N, R SR SR R A R R S MRS BR AR ), W T R SROGAT AR
IR F 458 o 2R B B BRI BT € /0N RE 2 O AT A R SR R 4 A B R T
ES - ACEN R E SR /S S S E R G =R W )
HESFES: S666 MXERARIRES: A XEHS: 1008—0384 (2019) 08—920—05
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Abstract: [Objective] The reactive oxygen species (ROS) metabolism of citrus fruits under high temperature and
intense light was studied in search for means to mitigate sunburn damage on the fruits. [Method] Sweet oranges,
An-liu (Citrus sinensis Osbeck), grown in pots in an environmentally controlled chamber were exposed to artificial
high-temperature-intense-light to create simulated burns on the fruits. Change on the ROS metabolism of the fruits
as burn symptoms developed in normality and stages with appearance of dark yellow spots, slight browning, and
seriously burnt coloration on the peel were monitored. [Result] Under the imposed stress, the O; = and MDA
contents and LOX activity in pericarp significantly increased. The activities of SOD, POD, and PPO were
significantly raised with the appearance of dark yellow spots on the peels. As the browning intensified, SOD
significantly fell below the normal level, POD continued to increase, and PPO significantly decreased but remained
to be higher than normal. Under the stress, AsA and GSH in the fruits decreased continuously. [Conclusion]) In the
carly stages, the high-temperature-intense-light stress began generating dark yellow spots on the orange pericarp.

However, the fruit was able to sufficiently remove ROS diminishing or preventing damage on the cell membrane.
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Hence, it was the crucial time for implementation of measures to avoid sunburns on the fruits.

Key words: citrus fruit; high-temperature-intense-light stress; reactive oxygen species
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Fig. 1 Changes in cell membrane lipid peroxidation of Citrus Fruits under high-temperature-intense-light stress
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Note: [. normal fruit, [[. dark yellow spots fruit, [[[. slight browning fruit, [V. serious browning fruit. Different lowercase

letters in the figure indicated significant differences (P<Z0.05).
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Fig. 2 Changes in antioxidant enzymes of Citrus Fruits under high-temperature-intense-light stress
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Fig. 3 Changes in antioxidants of Citrus Fruits under high-temperature-intense-light stress



%8 3

TS MBRERE SR,

W% 6 E M AR RAT R 923

3 ikt

MARETAMRE (O ) BIEHERNEER
B, AT R SIS L AT LOX 1A 4 4H 44 40 i
HR R 7= A 2ok SR AR AR A R R EAE Y . MDA
FE A 3k R Ak o0 i 1 R, OB SR RE X 4 i A i
B — 05, AR Sk 40 A R 2 45 R B ) A 4R
PR AR IR BT R W, K 0 0 AR R R
NS, O KREMRE, MO, R AT ik
Wk LOX 3, it LOX i MR iR, g il |
fEr=9) MDA & & % B 7, X 5 e 50 1
SR B R ARl FEE SRR . O
Fa R TR, LOX 3% £ A MDA & & 54 i I
FH SRR T, BEE ARG R AW, O
SEEA W EFW . W LOX 3 P W 15,
MDA &5y F 1 m, vivl s, ot b
TR SRR B g | R ) 40 S g o 4R T

SOD WH W AL R G s —E R £, i1k
O;  RHEBAL R AE B O, F1 Hy O, 3 B 40 il
RN O L AR AFIT R, K w)
W BRI/ S . SODIEMRZE FA, x5
SR S AE R I A5 AL BE AR
R, SOD W& M B % TR HRX R EITIE
W, XSG EEE IR g AR
e S AR IR B F SR A5 R TR . SOD i
PETE AR 2B “SETHE R AR, XU
WY . 5RO 8 ) R LR T A R R O
WG SOD IHBRAE J7 . & F 5L 0 X il . 5
S e i B AR A HL . BE A W aa A, SOD
WEPE B R, 1 O . MDA & & fl LOX 3§ i
AR = K. X ERE SOD Wik O Hfg
B SRR A AR R . R AT RE B
W RN &, SOD Z B IR, WEHT
[

H, O, 1 5 2R R %40 i i1 14 3% . POD &
MY AN P BR H O, B EZEEGIET . A 56
FRW K000 R R 2 IR AN BE . POD
TR G e B R AR, POD I ML A BT
Wham H B Em T IEW R, X5k E Mt
FESEY AR A B ST A R AR L. TR A fig
POD 141k W38 1) BE Al X 55, B Bl 4 2R S5 04
AR BE IR, AN AL A A SRR R P 4k
sEl %, TEIRYIRES T POD G R4k segsm- ",

Z WA LEE (PPO) &5l AS M F A, R
SER A S . SROG A R R 4l PPO TR

PERIEERSA BV RRY . AR, B
Pl 2R fe B2 BLIR i B /N BE . PPO T 4 18 25 4
s Rt R AR, PPO TG MR E R R, 58 %
T IER A X SR A R RS A
AL, U AT BB BE A AR AEAR B, SOV R )
BT, BE 5 PPO “HARME” ERA N,
il 9RO NG SR S AR AT B WA AR S 18]
DGR B B IIR BN BE A, Bl S B AR B
H G FTHE BT . 1) Ol TR B S T S N B R B B
PPO i £ 52 3 i o 538 06 W38 o5 5 0 . 3% 4 o
Z 5 TRV ARSI, A S5
SR iy 7 T B B e AR

PR LR F1 A% JDE T K8 3 GSH-AsA 76 253 i
T A, AR T M SR Y IO o R o R AR O
AIRXIR BT W] K 0 0 30 2R B B B TR B A/ B
Ko AsA R GSH & 3% TR BE R L 24,
AsA F1 GSH & &M B T, X5 Andrews
SEUUTENEIR BRI as RAR L. D DR AT R R v
SEOEM A FEAR T AsA R GSH & B %5 AsA
M GSH 257 Al HmmpER ",

B TEm . RO A R ARG SR SE A R B
SR O /INBE A, S A Y A e 0 P AR
BREE S . W% T Ml SOCXF AN IR A it . R K
2 LR B0 /)N DR T A AR SR S R B4 A ) R
IRF 8] 7 45

S EZ 3k

(1] sk, A HEAR. MG H RN RES T REGE 0 IE
(00, ek B4, 1996, 1 (6): 38.
ZHANG G C, ZHENG C L. Occurrence of citrus sunburn and
ten comprehensive treatment measures [ ] ].  Sichuan

Agricultural Science and Technology, 1996, 1 (6). 38. (in
Chinese)

(2] JE®m. A& H PR BTG [I] 7 PEEZ, 2003, (4. 8.
TANG M L. The prevention and control of the sunburn fruit in
citrus [ J]. Guangxi Horticulture, 2003 (4); 8. (in
Chinese)

(3] Jrdkie, 2508, Mo, 5. AN B B0k A SR S v IR

B PCAAR [T]. $EREY AN, 2018, 39 (8): 1548 —
1552.
WAN JF, LIJ, YANG W H, etal. The Effect of Exogenous
Regulators on Antioxidant Capacity of Citrus Fruits under the
Stress of High Temperature [J]. Chinese Journal of Tropical
Crops, 2018, 39 (8): 1548—1552. (in Chinese)

[4] MeMeae, Z=3cok. % A ME. RS0 H B & & HLB K B 1k 35
(00, el K244R . 2006, 26 (3): 296—299.

HAO Y Y, LI W L, CHANG Y M. Summary on the

mechanism of fruit sunburn development and protective methods



924

A R A F 3R

%34 B

[6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[J]. Jowrnal of Shanxi Agricultural University, 2006, 26
(3): 296—299.
KETCHIE D O,

(in Chinese)

BALLARD A L.

Environments which cause

3

heat injury to “ Valencia” oranges [ J ]. Proceedings of
American Society for Horticultural Science, 1968, 93. 166—
172.

TiUkEE . IH. PR, MR B SR R P A A AR Y AR Al
[J). @&, 2012, 39 (10): 2009—2014.
WAN J F, LI J, CHEN ] Z. Changes in Antioxidant
Metabolism in the Fruit Pericarps of Citrus During Sunburn
Development [J]. Acta Horticulturae Sinica, 2012, 39 (10):
2009—2014. (in Chinese)
MAO L C. WANG G Z. ZHU C G, et al. Involvement of
phospholipase D and lipoxygenase in response to the chilling
stress in postharvest cucumber fruits [ J]. Plant Science,
2007, 172 (2). 400—405.

FEA. MY AR B AR AR (M Jbat.
F AL, 2000.

L1 H'S. Principles and Techniques of Plant Physiological and

[M].

Biochemical Experiment Beijing: Higher Education
Press, 2000. (in Chinese)
skd e, B, AT, S R OGS AR R
PPO WEPERY s [J]. A&k, 2008, 28 (10). 4645 —
4651,
ZHANG J G, CHEN S C, LI Y L, et al. Effect of high
temperature and excessive light stresses on PPO activity in apple
peel [J]. Acta Ecologica Sinica, 2008, 28 (10): 4645 —
4651. (in Chinese)
FINKEL T, HOLBROOK N J. Oxidant, oxidative stress and
biology of ageing [J]. Nature, 2000, 408 (6809);: 239 —
247.
LEESH., AHNS]J. IMY ], et al. Differential impact of low
temperature on fatty acid unsaturation and lipoxygenase
activity in fig leaf gourd and cucumber roots [J]. Biochemical
and Biophysical Research Communications, 2005, 330 (4):
1194—1198.
HAMEED A. GOHER M. IQBAL N. Drought induced
programmed cell death and associated changes in antioxidants,
proteases and lipid peroxidation in wheat leaves [J]. Biologia
Plantarum, 2013, 57 (2). 370—374.
KE, BREAS . 5K BB Z kK b R AL 3 X B Bk 5 52
FELM R LI YL (], A4 5 5 1A 2 o 3
2002, 28 (6). 425—432.
ZHANG Y, CHEN K S, ZHANG S L. Effects of aspirin

treatment on Kiwifruit ripening and senescence and its
mechanism [J]. Journal of Plant Physiology and Molecular
Biology, 2002, 28 (6): 425—432. (in Chinese)

TRMEME, BRI H PR AR b R R P Al R ST AN

AR [1]. MY A5 TR 224, 2004, 30

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(1. 19—26.
HAO Y Y, HUANG W D. Changes in Antioxidative System
and Cell Ultrastructure in the Fruit Peels of Apple During
Sunburn Development [J]. Journal of Plant Physiology and
Molecular Biology, 2004, 30 (1). 19—26. (in Chinese)
55, P, R AN NO X M R 20k R T A A
B (1], 2%, 2014, 41 (12), 277—284.

LI X, GONG B, XU K. Effects of Exogenous Nitric Oxide
on Reactive Oxygen Metabolism in Ginger Leaves Under Heat
Stress [J1. Acta Horticulturae Sinica, 2014, 41 (12). 277
—284. (in Chinese)

fPIGGE . EAE R, B M, . NaCl P38 o i 5 v A [ 4 25 bk
F0 P EACH BOEBR R g L] 2%k, 2018,
45 (1) . 30—40.

FUQQ, TANY Z, ZHAI H, et al. Effects of Salt Stress
on the Generation and Scavenging of Reactive Oxygen Species
in Leaves of Grape Strains with Different Salt Tolerance []J].
Acta Horticulturae Sinica, 2018, 45 (1)
Chinese)

TR, A, XIEIF, A B iR ot R A AR
TR A AL E AT (1] P E KRR, 2004, 37
(12): 1976—1980.
ZHANG ] G, LI Y L,

30 — 40. (in

LIU Y F, et al. Effecte of high

temperature and strong light on oxidative stress of apple fruit

peel on different exposures of tree crown [ ]J]. Scientia
Agricultura Sinica, 2004, 37 (12). 1976 — 1980. (in
Chinese)

PYNGROPE S, BHOOMIKA K. DUBEY R S. Oxidative

stress, protein carbonylation, proteolysis and antioxidative
defense system as a model for depicting water deficit tolerance
in Indica rice seedling [J]. Plant Growth Regul, 2013, 69:
149—165.

WA, B, HXRE MYh AL RE [J. A
RBLEVEE, 2004, 14 (6): 606—614.

LEI DF, FENG Y, JIANG D Z. Characteristics of polyphenol
oxidase in plants [J]. Progressin Natural Science, 2004, 14
(6): 606—614. (in Chinese)

INER], BT, BBFARR. SA X I I8 T M A 4 AsA-
GSH fEs i sem [, B4l 2015, 29 (4): 799—804.
SUN J L, ZHAO B L, YU S L. Effects of Exogenous
Salicylic Acid on Ascorbate Glutathione Cycle Circulation
Metabolism in Grape Seedlings Under High Temperature
Stress [J]. Journalof Nuclear Agricultural Sciences, 2015,
29 (4): 799—804. (in Chinese)

ANDREWS P K, JOHNSON J R. Anatomical changes and
antioxidant levels in the peel of sunscald damaged apple fruit

[J]. Plant Physiology, 1997, 114 (3): 103.

(AEH . HEH)



