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AR K B AE (35+5)%; ARBE2 (T R+ EMT): T
E i -+BEEMTE (100 nmol-L™); 4bFE3 (- 5+
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2-¥2 H: 4R F2 22 (2-hydroxymelatonin, 2-OHMel) [ &
o JRLRACBERI4 dfa (LR, B ARS PR
M5E & WA BAR AR, 285 T4 K 1917:00~18:00HL
WS R AVET AR I EMT . 5-HTH12-OHMel )
T,
1.2 MEMBSHZE
1.2.1 #REE. S-REERM-BEBREZRINE
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AL AL ETR(L) BA K 2 5t el I 28 il s,
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FMicrosoft Excel# 4 4b F1 £ 45 F141 &, DPS
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75 E M AP<0.05.
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EEREABREVEET A

HMT. 5-HTAI2-OHMelbr #EFE 5V AE
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Rk SIS R 0T T A T R A A AR TR R S SRR ORI R

1617

et T TR0, DT R+mUEMT A3 1 5
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B T RAPEMTA ) 5 WEEMT A ., B
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Table 1 Effect of exogenous MT on MT, 5-HT and 2-OHMel contents in different organs of grapevine under drought stress

MT% E/ng-g' (DW)

5-HT & &/ng-g' (DW)

2-OHMel % #/ng-g" (DW)

4 yisil
AbF7 d b4 d AbF7 d Ab¥p14d KEFE7 d AEFE14 d
JTs] X e - - 0.967+0.038" 0.982+0.044° 2.606+0.293" 2.596+0.289°
T8 0.073+0.003° 0.882+0.008° 0.3380.004° 2.275+0.139° 0.681+0.035° 6.252+0.498"
T RAIEEMT 1.822+0.020° 3.253+0.076" 1.053+0.021° 0.688+0.033° 4.565+0.092° 4.805+0.270°
T EABEEMT 47.03242.394° 14.810+0.437" 0.643+0.023° 2.008+0.077° 2.248+0.253" 0.248+0.015°
R X HE - - 1.420+0.034° 1.431+0.045" 6.605+0.351° 6.560+0.340"
T8 - 0.399+0.014° 0.474+0.030° 1.457+0.052° 1.3020.074° 6.140+0.259"
T RAIEEMT 1.897+0.038° 0.695+0.031° 1.916+0.091° 2.341+0.159* 6.579+0.481° 7.409+0.290°
T EABEEMT 0.474+0.040° 0.498+0.033" 1.843+0.060" 2.262+0.132° 7.512+0.158" 5.513+0.144°
B oGt 4.845+0.430° 4.475+0.392° 0.389+0.023¢ 0.390+0.023° 2.611+0.063" 2.52140.056"
F58 0.071+0.004° 1.424+0.026° 0.274+0.019° 0.389+0.007° 0.248+0.015° 0.239+0.019°
T RAIEEMT 2.327+0.071° 0.482+0.010° 0.963+0.037° 0.444+0.006" 1.079+0.027° 0.429+0.003¢
T EABEEMT 0.589+0.027° 0.854+0.013° 0.474+0.040° 0.165+0.002° 0.659+0.043° 6.753+0.194"

R Z 7 e A NG - B A

disf TR A F A2 E R S-HT & 8Tt e, TR+
% it MUT A 348 PR G RS FOBT AR A R S-HT & 2D, +
S+ FEEEMT A 3 1 i R AN RS A ) 5-HT 7 & 7
Ho T RACEE 2% E i S-HT & &40 A o> il
H>HTAR, TR+ M T A3 1) 50 A1 B > RS >
BAR, TR HFEHEMT AN 1) A B> RS> B AR .

%45 B )2-OHMel & & 7T R A4 H# 7 dJ5 4
BETR. 5T 20BN, T5F+BEMTAL
R R 2-OHMel & S48 0, - A AR A I
by T BB REMT Ab B A8 GRS AT AR A 1 2 B
A BB B T . R4 d, 5
X REAR L, WORY  2-OHMel & B TF o T 5+
JEMT AL SR ) e FETAR . - P BEMT Ah 2 1)
AR ) 2-OHMel & & & T T2 A8 .. T3
W34 d, 57 dEFAREL, R R EMT AR #
B MR f92-OHMel & 84 5535 T s, F 2+
Jiti MT Ak B2 (1 RS 0 s i1 2-OHM el 75 & 20,
T BB EMT AL 2R ) SR A1 st o (1) 2-OHMel 2
= R, BRI
2.2 NFBREBRINTEE TEEM HIRIEM 4R
RN N F LRI

NS SR NS MU U & P o WAL
il 25 25 B SR R O JTP R 2R, T TS hia &
HOIIP i 26 A2 B AL T (BI3-A) e O s G
FRETHE, RN A ODAREERATRERE T
FiR S, T O AT G S G 38 LS (1) B LA 43 PSIT

HYIA A3 ) 72 S AEP<0.057K P e 3 . R L.

O A SISO R 2 BR[OS T PSITR 4 (58
TR G T 5L, PR R R F S ik T
PSIL H FAE 3Rt (Lu i Zhang 1999), T2 iria
I B F B BRI, D BHPSIIF H A2 52 31 140
file FR+WEMT b B AT R HREMT OB F,
I 5XIRIEZE, F 20 R hha Tt 7 8%
F15.7%, FBIHMFEMTA] LT 2 W ia Xt ik B PSIT
B0, i AL AR RS R D RS I, H AR
ROR T, Gefft 7 TR0 PS5 EFE R

XT JE AR OTTP i 26 3E AT b i AL J5 45 2UAH X 21
£k (E3-B), S5xFREAR L, W08 K s R s
©ETE, BNBEAE S (OEC)Z 2T, R4
TSR E RN AR I BE I LL A BRI, 1T F+
M5 i MUT Ak 2 R0 F2+58 EMT Ak 3 35 8T K AU AT A
R N %, RIHAMNEMTE A 17T 5 HiE PSS
TEPER A .
2.3 MNEHRERNTEMETEBEMRF,/F,.

v q,FANPQAIZ N

PSIII) 5 K IGA 2 R (F JF ) S T PSIT
G SRR e ) e R, PR R AR I R
1% 36 B QA L S 1 HAth 5 52 44 B HE 22 (2= 1
[552005). ME4-AFIBR] LA H, + R A2 r
W FJF MY 55T s, TR+ EMT A+
FARREMTAN B ) F/F 50 B B 2% 5,
PAE 5 AT R e T 1 26.5%4132.2%. DL E
SER R T R a5 5 T PSITH (LA A1 52 {4
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Fig.3 Effect of exogenous MT on the OJIP curves of grapevine leaves under drought stress

L a
‘} a
L b
i e
52
XM PR PR TR
BEHMT  BEEMT
a
T b
I b
(9
r E
o
[=%
Z
of H T8 FE+ FER+
BIHIMT  BEHEMT

P4 SRR RE FO T A T & FL/F,

0.81

0.7+

|—|—|o

2.0

1.8+

1.6

Xt T8 TR+ TR+

BERMT  BEHEMT

b b
| | I

Xt F&2 TR+ TR+
BEHMT  BEEMT

Y.\ gy XNPQISH

Fig.4 Effects of exogenous MT on F,/F,, ¥,, g, and NPQ of grapevine leaves under drought stress




1620 TP L PR

], ZMJEMTE A 5 PSINK RE &40 AC, &R 7 T 5
XTPSILE M R o

Kl4-CHD o, 5XTHAHEL, + 5 40 B
Fo 2B K (qp) 2 2 R %, AEG A R (NPQ)
W 2 2 s T T R Pt MUT Ak 38R R+
MT b B (K] gp 53 5 2 2 F+ 5 7 18.9%F113.8%, NPQ
BE AR T 22.9%F121.4%, £ IT 5 HE FH
WS IR e B 22 b DA ARGFEBOY E FE, LRI 6
VL S 32 TG RE BN, MEIMMT S, T
WAL 1) 't e FH R g A7 e ] 7 1) e & 184, i FH ok
PFERIIA R D, B HIMT 2 5 A 2 2
2.4 INFARBRNTEE TEEM B FEE
RSN

J G LA 1A e b R R BRI 25 % 1A
Ko WESHr7R, ETR(DAMETR(I)) il ) 55 4
MAKIE . +FMiE R, ETRA)METR(ID) &
AT X, R F g s 7obE B rfE
o T RABEMT AN BRI T 5 FEMT AL 2 1 2%
fif N PEIE R, R R TMTA S REA —
IORIFEH, $em 7T fEidd S . EISHIE]
DL i, T 5 +m it M T 4b 22 1% %5t ETR (D)1
ETR(IDY 5 T+ F+HEMTAL .
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JEMT AR 2 KA 2B 1Y) & J%(Armao fllHernandez-
Ruiz 2017, 2013; Zhao%52013; Mukherjee%52014).
AARIS 45 R R, U A O 2 T R a R, %
A E HIIMT S A 7K T R A A8 AR, i
BUHI(7 d), FEAREEORS ARSI R MT & 7, R
T a4 dfE, WAt MTE & 57 d
B IR —E, BR P& E T E . WangZ5(2017) 15
B TR R I, SRR A R B 2R A R o B
fir, BHLRARN T F 53 A IMzSNATS & 17
35°C N R I AL S-HT 6 N- 2 e 4 4 25 (1) il
T, R 2R R R 9 FIMT A B i, T E A
— A R E B RNk M A i R R AR
(3 P ST = B R A R A R B, B R AR R 1
Prigitk.

52 pia e, MR IIMT G Bt 17
T HA A AT s P MT 3 &= AR R, Rk TMT S
FSCHT A BT 5-HTAE S« B AR RIS it MUT Ak 22 (1)
A 3G, BLA AR 2 4)2-OHMel £E 158 it M T
BB« e EMT R R A A 2R, B R 1 FIMT
F12-OHMel. ¥ejita MT Ab 2 A H 119 5-H TR B AR
HHEMT IR 25 1 B, SR AMEMTAE 3 1 %
A MT A . B & P E i ) 2B, BRmEEMT
b PRI IMT & SRR LRGN Ak, HoR &4
B IR N Wi B M T R Wit
MTH R BL K B8 M FEE AR H 1) 2-OHMel K &

B 60

ETR(II)

0 500 1000
PPFD/pmol-m2-s™!
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Fig.5 Effect of exogenous MT on ETR(I) and ETR(II) of grapevine under drought stress
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PR XU, JhnAMEMT NG 7 HE AR N JEMT
AR RIS T, B2 M 7 R 2 ha gt .

&3 22 98 8 11 2= S HUR R P 0 L e
WS B th . AR Ay LTS LI RIEERE, UK
A AT, PSTLR R H1 0 2238 B A5, (64 HL
16 FIPSIIF AR G 12 230, e &8 E T
P (Kalajif¥2016). AHFFAKI, +F e T, %
I OJIP 1 46 IR i A2 e A%, R RIK m B 2 B 7,
¥R B, REPSIIEVEFEAK, A HU LR, &
PEZ 3 T 306, PG T PSITRIP ST Hy 4% 3 1 2R
(Huang%%2016a); MNPQZ N, LW RL TR
WS O e T A 5 I R AR D, TEZ
BOR RE IR ARG S R R (b, X S5 7E /N (R
252015) L 1w 7 45 ] — 20

WF 5 R B AMEMT AL HE o] DLl N IHABA A
R, FIHABAREREIER, PRI YR N ABA)
¥ 5(Zhang®52014), ZfR AL ARG, < FLE
HTFEI, AN B 3 SRR i 4 (Li%52015)
AR GE R BN, SNEMTREZ MR T 538 5 4
- OJIP il 28 H K A i b THie B, W FIETR(D) & 3%
T, REFAMTH T8 B A — e MR ER,
e 1L i P (Huang252016b), 2z 115
Jo 338 BRI R G A, BEIN T MR I A PR RE,
XEEEE . b E R —#(AntoniouF§2017;
M/ 42017).

TRPHaES THDIEMTRIA R, 3015 4
H R PSITFA I, T A5 it A1 i 100 nmol- L™
IMT I 35 e A E MTE A R 5 2% B Hh AR AN
B, T R E ORI EARE,
O BB R A G R G REE T, A
T 364 5 5 P R A A R, FLE i RICR
W LT Bt .
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Effect of exogenous melatonin on endogenous melatonin and
chlorophyll fluorescence characteristics in grapevine under drought
stress

BIAN Feng-E'”, TANG Cui-Hua', XING Hao', XU Yu-Han', HUANG Li-Peng', ZHANG Xue',
LU Wen-Li', DU Yuan-Peng', ZHAI Heng"", SUN Yong-Jiang"”
!College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop

Biology, Taian, Shandong 271018, China
*Junding Winery Co., Ltd., Penglai, Shandong 265600, China

Abstract: The potted ‘Cabernet Sauvignon’ grapevines were used to investigate the effect of exogenous mela-
tonin on endogenous MT, the synthetic precursor of MT (5-hydroxytryptamine, 5-HT), the main metabolite of
MT (2-hydroxymelatonin, 2-OHMel) and the alleviating effects on photoinhibition under drought stress. The
contents of endogenous MT, 5-HT and 2-OHMel, OJIP fluorescence transient, and chlorophyll fluorescence
quenching were determined. The results showed that there were obvious temporal and spatial changes in the
contents of endogenous MT, 5-HT and 2-OHMel in different organs of plants under drought stress, which in-
duced the accumulation of MT in shoots and leaves. Compared with drought stress, drought+spraying MT and
drought+irrigating MT significantly increased the MT contents in the aboveground organs, and the 5-HT and
2-OHMel contents in some other organs. Under drought stress, the shape of OJIP curve was obviously changed,
F,,, leaf maximum photochemical efficiency (F.,/F,,), the linear electron transport rate of PSI [ETR(I)] and PSII
[ETR(II)] were significantly decreased, and the non-photochemical quenching (NPQ) increased significantly.
Both spraying and irrigating MT increased the F,, value in leaves, enhanced the leaf light use efficiency, and in-
creased the linear electron transfer rate significantly. In summary, drought stress induced the inhibition of pho-
tosystem activity in grapevine leaves, but promoted the synthesis of MT in the plant. The exogenous MT treat-
ment alleviated photoinhibition, promoted the metabolism and distribution of MT in various organs of plants,
alleviated the damaged degree of photosynthesis of grapevine leaves by drought stress.

Key words: drought stress; grapevine; chlorophyll fluorescence; melatonin; 5-hydroxytryptamine; 2-hy-
droxymelatonin
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