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Effects of leaf surface melatonin spray on photosynthetic properties
of tomato seedlings under NaHCO, stress

JIANG Xiyao, NIU Ning, CUI Hongxin, WEI Shaowei, XIONG Hang, LIU Huiying, DIAO Ming

(Key Laboratory of Physiology and Germplasm Resources Utilization Corps of Special Fruit and
Vegetable Cultivation, School of Agriculture, Shihezi University ,Shihezi, Xinjiang 832003, China)

Abstract: The effects of different concentrations of melatonin ( MT) on photosynthetic pigments, photosynthet-
ic gas exchange parameters and rapid chlorophyll fluorescence kinetics of leaves of ‘ Rigel 87-5 processed tomato
seedlings under NaHCO, stress (50 mmol « L™') were studied. The results showed that NaHCO, stress ( MT, treat-
ment) caused damage to OEC ( Oxygen releasing complex ) and to PSII receptor side of tomato seedlings,
decreased PSII reaction center activity, electron transfer efficiency and photochemical efficiency, and reduced Pn
and Gs by 66.21% and 82.36% , respectively. Foliar spraying 100~400 wmol - L' MT could change the shape of
OJIP curve of tomato seedlings under NaHCO), stress and reduce the trend of K and J phase. MT,, reduced the maxi-
. ) of tomato leaves by 27.28% and 18.53%, but
100~400 pmol - L™ of MT increased F and F /F_ by 38% ~56% and 18.85% ~21.22%, respectively. Alkali

stress led to the efficiency of electron capture in the reaction center after transfer to Q,( ¥,). The photosynthetic

mum fluorescence (F, ) and maximum quantum efficiency (F /F
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performance index ( Pl,;) decreased by 19.23% and 78.27%, respectively, while MT treatment increased it by
29.51% ~47.80% and 2.54 ~3.43 times, respectively. At the same time, the light energy absorption (ABS/RC)
thermal energy dissipation (DI /RC) and capture energy ( TR,/RC) per unit reaction center under NaHCO, stress
decreased by 20.67% ~26.79% and 51.44% ~57.38%. The light energy absorption per unit light receiving area
(ABS/CS,) and the effect of heat dissipation (DIO/CS,) decreased by 0.65% ~8.67% , 39.02% ~40.32%. The
findings indicated that the 100~400 wmol + L™" MT treatment enhanced the electron transfer rate and light reaction
activity under alkali stress, optimized the energy flow distribution per unit reaction center and per unit light receiv-
ing area, stabilized and protected the photosynthetic mechanism of tomato leaves under alkali stress, and finally im-
proved its Pn. Of which the 150 mmol - L' MT (MT,s,) had the most significant mitigation effect, which effective-
ly alleviated the damage of alkali stress to tomato seedlings.

Keywords: tomato seedlings; solution culture; NaHCO, stress; melatonin; photosynthesis; OJIP curve

T 3 7 ol 2 B e R e R Ak, H TR
OO AR ORI | 25 B 22 5 I T AL = R i
72K R W SR K 14 7 5k A P RO T3 EAE
BRI TR AR 22 =il de AT AR A
SR b P BRI RS A S5 R R W, e Ak 6 b T
X, - iR E AL AR AR Eh EE A ™ 5 24 T 3R b
(R A 7= L R R A R pHL (DG 3 i A 1 0
e b R e B R Y R B SN T
T BRI A | B 55 7 T e fE g, X R RN T i
Pl B EEE X,

HR A (Melatonin , MT) J&—FE7E T ZhAE Y K
P800 o 1, e R 40 it v 32 AR bt Ak
I, X540 B H 3 4 (ROS) AT P L (RNS) A M
ot i BRI A A T B A RIE A,
AR S R0 E D BRI, MT
oAk B AT P i A 35 T, A R R R R
4 ROS (977 A5 | DT b 35 2 it v M 3 XF 8 JIK %)
LA ERNGE RE oA MT i
B RN X 7K 4375 X 3 i 41 v P Poih e, % ik I Az
SN ST 13, 46 = 0 A9 T SR 1k IR 2 7R
A, AR RS A T KAMIAB FU7 %
PRAE ] 100 wmol + L™'MT Xf 150 mmol - L™'#hfiif
BT R A AR A R R 3 MT AT S Y o
PrEARE ST BBV RE T 35 W ORn 2 e
A T Ik B R W ia H g, LIU 2 R IR it
0.5 wmol « L™'AY MT 7] A3 %L 2% f# NaHCO, (75 mmol
< L7Y) e A s A R A E A . LA RERE T
- 17 W% it MT X6 NaHCO, ikt = T T3 i 14 981 45 4
FHRLEE /0 D43, It MIT 4 it FF 20 SR R 4 4
SR FH i Rt P e R B A TR T A AE 25 5
PEAS IS LA T 7 i F < BLAR JR 875" St K,
XF NaHCO,(50 mmol « L") JBirid T (14 3 7t 4 1 o 1
Wit N (Rl BE G MT, s M 4 i e A R &=

A TSI S H DL S 5 3R 0 B0 ) 4
P RPN A [V B2 MT %) NaHCO, 38~ i
TR SISO, , I 07 1 L 3 T A R 7
T8 HMT e

BRI

1.1 kel

BB A T2 i A AR IR 875" (A1
Wt i ft) o o5 i AR SR & (MT) 1
F IR A,
1.2 iREigt
121 F#m4%eizd K0T 202049 — 11 H
TERR A T R AR F Bl g v i 2= N 1T, HEHL
T BRABLI () R 36 TR A ek - A =2 1(V/
V) REBER 72 fLoCEE . FRalE K 2 = — O IR
PR AEEAR S 2h B B T3 A 12 L 50%
Hogland EFEE /KA -R AU FE 7 d i, RS AR T
4 100% Hogland & F H7KARH G R TAL B
122 mraasz I E 9 N3, 73 R .
(1) CK W+ HTZE IR K 5 (2) MT, : NaHCO,
i3t Acb 4+ I T IS A% 488 7K 5 (3) MIT, : NaHCO, ifrid
AEFR+50 pmol - L7'MT; (4) MT,,, : NaHCO, M it1 &b
FE+100 wmol - L™'MT; (5) MT,y, : NaHCO, Jifpi1 &b 3§
+150 wmol - L'MT; (6) MT,,, : NaHCO, i} 3f1 4b 34 +
200 wmol + L' MT; (7) MT,,, : NaHCO, i} i1 b 3 +
300 pmol - L™'MT; (8) MT,,, : NaHCO, ifr 381 42k B +
400 pmol « L' MT; (9) MTy,, : NaHCO, i} 1 kb F +
500 wmol « L™'MT, Dk LAb#Erf NaHCO, i FH ik
JE2 50 mmol - L7, BAER N2 E TR, MT LIt
T W3 it ) O O, TR 20 ¢ 30 SR T It AL FE
STt o LA K B 7K TR 7 % R B, 1 SR R
&= e 2L A, B0 3 KEE B E
EIE S #k, TALEE 6 d J5IE &S R,



552 3

Ay A T B AR R R XS NaHCO, 8 T A4 i G A Rtk i) 52 89

1.3 MEmMBRAZX

13.1 g EZAXAT M EezHae RH
95% L EHIZHE A E 1k F 95% LR Fr By
W, BEBUR 2 HIAE 665,649 nm K 470 nm il 5E
JERE BRI E GR a MR b,
M2t (a+b) RIS PR &,

282 a W (C,) = 13.95445,—6.844,
M43 b W (C, ) = 24.96A4,0—7.32A s
4% a+b MEE (C,, )= 18.164 4 +6.634
J5HE N EUE = (10004,,-2.05C,-114.8C,) /248
R =
X, CHERWKE (mg - L71) 5 VS O AR

(L) ;N Ay Hi AR WO RE R (g) o

132 RAAARZIBAKHMNEZ T EF10:00 —
12 : 00 AT A RSB S BN E . A4
B DU - IhREM (8 Li-6800 %A (3£ H

R 1 JIP-test RIBAFFEE RSN

LI-COR A w] A7) Mg Hig ol G 3 4 (Pn) VSAL
SHE(Gs) FEIA] COLMREE (Ci) |, FF I AL R il (.
Ls(Ls=1-Ci/C, ) ( Coo, WK CO, ML, B 35045
pmol + mol™") , FAMLHE R 3 Yk, HANEHE N E 3
W, MEIARET R R 25°C , JE R E N 1 000£10
wmol - m?.s',

133 Bkt gEF LA FHAFHEAGMNES
JIP—test 3+ H R AR Bl L3 2 h )5, R
H M—-PEA ( Multi-function plant efficiency analyser)
Z IIRAE P 0% 73 B AL ( Hansatech , B[] ) | 76 161 11
fik (5 000 wmol + m™ « s7") T, XFHARICAYES Y
Fr DI fg i AT R 2 3R U0 S 3l U e it &
(OJIP Hi1Zk) Byl e e, 5OUFE S I0 R ZE 3 s 45
WL IC SR ) IR RO R 1x10° DR . 2 R
SCHANSKER %" {1y J5 5 k47 M4 R 9OL T S 5
TSR T (JIP—test) , JIP —test PR M2 K5k
W et 2 S8 LS AL 1,

FBSHANFHL(0JIP) WS E

Table 1  Parameters of the JIP—test rapid chlorophyll fluorescence-induced kinetic curve ( OJIP)
TOLSHL A2
Fluorescence parameters Biological significance
F, 38 W Fi /N2 Minimal recorded fluorescence intensity
F, % 38 W ¢ R ¢ ) Maximal recorded fluorescence intensity
F,=F, -F, TE ¢ I RIAS Y AT AR 569 Variable fluorescence
F./F, PSII 5 KOG30 % Maximal photochemical efficiency of PSII
Plyps KA HEREFEEL Performance index
RC }i@"l"‘[‘) Reaction centre
CS, BN ZJEHAL(1=0) Cross section of the sample
ABS/RC AT R R G Absorption flux per RC
TR,/RC AN W HO B G BE Trapped energy flux per RC at t=0
ET /RC PN N U T B AL I BE R Electron transport flux per RC at =0
DI,/RC BT I N HOFEBRE A AE R Dissipated energy flux per RC at t=0
RC/CS, AN AR 8 S R O B (FE 1= 0 BY) Density of reaction centers per cross-section
TR,/CS, AN T B PG HE Trapped energy flux per CS at =0
ET,/CS, PR T R A% 3 () T 7745 Electron transport flux per CS at t=0
DI,/CS, B T FAEHPE AU BE & Dissipated energy flux per CS at 1=0
ABS/CS, LA T AR A G RE Absorption flux per CS,

Vi=(Fy=F,)/(F,=F,)

Vi=(F\-F,))/(F,-F,)

m

v, =1-V,

DpP,

o

DE

o

W, :(FFFSOW)/Fsoow_FSOs

dV/de,

J AR AT AR S EsR BE | ] RN B 4 AR A (Q, ) TR RERLFE K LR

The relative variable fluorescence intensity of the J point, which represents the energy dissipation ratio of the e-
lectron as it passes through plastid quinone A(Q,)

1 S AR AT ARG B | 378 B F 2o AR B( Q) B A RESEFE R LL R

The relative variable fluorescence intensity at point I represents the energy dissipation ratio of electrons passing
through plastid quinone B(Qp)

PRUEALIE 1 I~ P AR LR F=F,, Z A

The normalized area between the J~P phase and the line F=F

TR TR T30 B T b s rh T 0, MM T 32 RO RERE (FE 0= 0 /)

Probability that a trapped exciton moves an electron into the electron transport chain beyond Q,(at t=0)
PSIT £ /OEAE%0% Maximum quantum yield for primary photochemistry (at t=0)

PSII B F%3% B9 F LE % Quantum yield for electron transport (at t=0)

K AT AR 5 b T AR AR S 19 L] Proportion of K—phase to J—phase variable fluorescence

S L K T EHHE % Net rate of closure of reaction centers
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1.4 HEHH

FIHH Microsoft Excel 2010 F1 SPSS 19 % %k 4 i
38404, FIH Origin 2018 25/

K FH B R K 7 22 43 M1 ( One-way ANOVA) Al
Duncan 2 5 3878 4 AT 45 A0 B 8] 1) 22 53 18 35 1 (P
<0.05) ,
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22 ARIREHREZLIEX NaHCO, BB T
PE NS ERN

WE 1 FiR, 5 CK A H, MT LB R 56 &
HWR(Pn) W FH FHET 66.21%; 5 MT, # tb, B
MT oAb BEAR | HoA R B (9 MT Ab 3] 5 548 & 7
FAE R P, U B — 8 W (50 ~ 400 wmol -
L) B MT R 22 fige B Bl 360 %oF 2 05 4 85 0 4 P 9 410
AR, e LA MT, g MT, g F1 MT,,3 SAEHSL
Jfcdy, B3 ASAbH R T 22 5
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Table 2 Effects of different melatonin concentrations on chloroplast pigments in tomato leaves under NaHCO, stress

4tz M3 a it/ (mg - 57")
Treatment Chlorophyll a content

2% b &/ (mg - g7)
Chlorophyll b content

M4 ath S8/ (mg - g7') LK MESE/(mg-g!)
Chlorophyll a+b content Carotenoid content

1.287+0.123cd
1.405+0.102bc
1.365+0.100bcd
1.559£0.035ab
1.681+0.028a
1.179£0.043d
1.565+0.208ab
1.450+0.158abc
1.392+0.225bed

0.181+0.008b

0.208+0.008ab
0.219+0.015ab
0.239+0.006ab
0.223+0.003ab
0.255+0.078a

0.239+0.023ab
0.225+0.015ab
0.232+0.041ab

CK 0.898+0.084c 0.389+0.039ab
MT, 0.972£0.066bc 0.433£0.036a
MTs, 0.9440.062bc 0.421£0.039
MT 00 1.082+0.030ah 0.477£0.018a
MT,5 1.184+0.017a 0.497+0.012a
MT,0 0.881+0.114c¢ 0.297+0.100b
MTs00 1.107+0.142ab 0.459+0.067a
MT 4 1.001+0.088hc 0.448+0.074a
MTs5 0.9780.155hc 0.415£0.071a

T : PR NG TR 2R b B A] 22 57 .3 (P<0.05)

Note : Different lowercase letters in the same column indicate significant differences between treatments( P<0.05) .
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