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W. W, AMEmH25 ~ 400 umol L™ MTHEMS A AL S /K FEMIVE AR = . DW, [FFKR/S; FLFf
EMTWSE TR, A0 A& B3, EMTHE A E #7200 pmol L™ B, HiHk K = AIDW ik £ fi K
fHo MTHEE H200F1400 pmol LB, MEMRAEKIEMRZE R RRE . $hIHA T, BUGMTH 542 5 ik

AUNPK & i,

FEANa D &, 0 EHINAIE 28 (N-TF) | Wik iz 24 (P-TF) M#ifLiz 7% (K-

TF) , WER SRS . (ASkx ) o T IBHIScn, ( TSkon, ) Pl MTH B 1S % M R AK
ZE LRk, EAE, W25 ~ 400 pmol L™ MT AT BH & B2 B /K R 4N B AONPR IR, A MG R N a ) R
8, WERE 7KW KRB, AEREA N BB AR A, SRR b L R AR 4
8, NI 4 S KRR i R, b, B KRR 3R (14 S MTHR B2 24200 pmol L7
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W — BRI A Y o MTIBES R
EEEPEFLEh Y, HAES IR AT LB
WARGMME, FWITHHESIY (UML)
AR S S8 s PR N2, MR R 15 S
J S8 I B R R S Y AR B AR S AR i 55 . BEJS MTAE
MY h R, ErEY A RA Z MR FIRE,
AR ek VDR, ARMTARE
(TAA) BYARIRTAE T, ] 48 i B e 25 A
R PRBEITE 20 L BB AHIMTBETE IR A
HOR B TS R B, A MTTE ALY I P 5 5l
A, AEA BT R SR A DTS D R A
WHEIEMEM, ErTUEBESRE . hey 755

W I LA R 5 A A L il R A A A 5 s g ko v A
R, TR R B A

MT7ESR 5 ) H 38 1070 gm0 e e A
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AALRDE G VE ST I AFse s A D FMTA
PN E NN EC:OE S i RN O N E 5 N
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[E#t, Zheng4s L1 FlLiang 5§ 0L e N TR
AR MR P SRR R O AE Ty T A T
M T X} 7K A i 6 M i 384 5, it FH O ¥ 2 AN IR S I &2
K ftwoh o AW LS BILHE b R TP
Bz b DX AR IR B P ORE A L AR CERAE 12957 A M
BE, SR A AR R A SN IE i T B, RE T
Wi R R (MT) #E (0. 25, 50, 100,
200, 400 pmol L") , #HIFAMEMTIAY EhMra T
IKAE G AR AR BE AN, IRR D TR T MT
XPKFE LN A BT E TR WA fNEL 5 . Nall Wi iz
P B8 B 1R B 1 W AL 3 o A i o s ey, DA
BIMT 5 5 /K R &)y 1 H0 50 M 09 R0CR K nT BE 1 AE AL
Wi, AR BT ER AR B LA K N M T 2% i /i 4 46 3
PRI 22 1 B S R A Al

1 MRS .

1.1 ksl

LIKFg “EFE12%57 (Oryza sativa L.) N

R AR, SRR E (M5250-5G) ( Melatonin,
455 HMT ) WJSLF Sigma-Aldrich i8] 25 (H
), H4ifF=98% (TLC) .

1.2 Wit

PRk K/h—3 . M KB Fradse
NaCIOTH#10 min/5 /KEE B, R R =B,
WK H - 2 AT (.
320 cmx 210 em x 110 cm ) , J& %% 46 ¢ &
TTAERMEIL R M RE, S st A 1241
T K FE RS A I T 4 1 2 AL, B Rl 2
MR, Bk S HE B oK FE A 5% B 09 5 JLE R WA T
BigE, 6 di, AT ARRERS (0. 75 mmol L™
NaCl) BYEFRMIMATA B, R AP R R EEMT
(0, 25, 50, 100, 200, 400 umol L' MT) .
PEPREE T (1) B IR+ 255 1k (X
TCK) ; (2) #FW+75 mmol L™ NaCl+Hijii
B TFK (S75) 5 (3) HFW+T5 mmol L'
NaCl+m§i25 pmol L™ MT (S75+MT1) ; (4)
B IR AT5 mmol L™ NaCl+Biii50 umol L™ MT
(S75+MT2) ; (5) HFMW+75 mmol L' NaCl+
Wii100 pmol L™'; MT (S75+MT3) . (6) &
FEW+75 mmol L™ NaCl+H§ji200 umol L™' MT
(S75+MT4) ; (7) EFMW+75 mmol L' NaCl+
{400 pmol L™ MT (S75+MT5) . 44 b3
64, ALFRIAME ARG AR AR BE, T A5G
B 1 d P T S it 2 B K SO [ EERIMT, AR B
15 dJF RAFEFFATRE IR A o B A 35 35 W 6] 3 B2
25.0+4.0°C (4K ) , 22.0+2.0 °C () ,
XRS5 2% +10.3% (HK) }58.1% * 6.2%
(&)

AR 56 5 7R R B BRoK A MF ST B (IRRI)
g7 D200, JRmg ek B ( HFe ED TA RS 1047 15
FREK) , ERWAMMSWF: 1.43 mmol L'
NH,NO,. 0.32 mmol L' NaH,PO,. 0.51 mmol L'
K,SO,. 1.00 mmol L™' CaCl,-2H,0. 1.64 mmol
L' MgSO,7H,0. 1 mmol L™ Na,SiO,-9H,0 .,
36 umol L' Na,EDTA. 9 umol L' MnCl,-4H,0 .
0.08 umol L™' Na,MoO,2H,0. 19 pmol L™
H,BO,. 0.15 umol L™' ZnSO,-7H,0. 0.16 umol L™
CuSO,5H,0. 36 umol L' FeSO,-5H,0, Jfi7y
pHZES5.5+0.05,
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HEATINAE 5 oAl T3 7 4 SR HIICP-OES HUEHE &
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i FE TSk ve ( TSkna) = (HB EHBK/Na)/(FR
K/Na)
1.6 HUEALIE

FIHMicrosoft Excel 2010F1SPSS 17.0%k {4k
BRI . AEERIRGE o, BEh %L
a2 #83X, RHXBHE (Duncan) B2
M5 (p<0.05) AT EEST.
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2.1 EETHREBEIKBHEERKIFE
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CK S75  S75+MT1 S75+MT2 S75+MT3 S75+MT4 S75+MTS5S CK S75  S75+MT1 S75+MT2 S75+MT3 S75+MT4 S75+MT5

AL ¥ Treatments

Kb ¥ Treatments

W CK: Wiji 8 /K, S75: 75 mmol L' NaCI+BEijii 58 ¥k, S75+MT1: 75 mmol L' NaCI+®ijfi25 pmol L™ MT,
S75+MT2: 75 mmol L™ NaCl+H§/ifi50 umol L™ MT, S75+MT3: 75 mmol L' NaCl+Mijiti100 pmol L' MT, S75+MT4: 75 mmol
L' NaCl+W§jii200 pmol L™ MT, S75+MT5: 75 mmol L™ NaCl+W§jii400 pmol L™ MT. A1 /NG S 6E R 4b #l ] 22 5 i 3
(p<0.05) . F[ANote: CK: spraying ddH,0, S75: 75 mmol L™ NaCl+spraying ddH,0, S75+MT1: spraying 75 mmol L™' NaCl+25
pumol L' MT, S75+MT2: 75 mmol L' NaCl+50 umol L™ MT, S75+MT3: 75 mmol L' NaCl+100 umol L' MT, S75+MT4: 75 mmol
L' NaCl+200 pmol L™ MT, S75+MT5: 75 mmol L™ NaCl+400 pmol L™ MT. The different lower-case letters on the columns mean
significant difference at the level of 5%. The same below
P Eha T AR B AR SRR AL PR K R L i bk s (A) FIZEYH (B) HY5EM
Fig. 1 Effects of spraying of MT on plant height (A) and dry weight (B) of rice seedlings under salt stress relative to MT

concentration
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WBEIKFE (p>0.05) (K2C) o AMERBTE25 ~ 400
umol L™ MTREWSA MUK FEIZ IS, I H 5 W IE
) TE i, T R 0N T R R, EMUTit FH e £ 200
pmol L™ I3k B 55 K5 &%, Y MTH B 1k 5
400 wmol L7'AF, iFELN AN LT, B I
H, MTHE H200H1400 pmol L7'HF, kA KI5
2R HREE (E1, E2) . 75 mmol L™ NaCl
it 15 d, WEHi200 pmol L™ MTHYME ¥k T E 84
130% (KB ) , Hrr, b FEBFEM134% (A&
2A) , WATEIEME9% (KI2B) .
22 HMETHREENKEBHIEFSRIL. o8

LT RIS

EWria T, AMIEMT AT B S 5 K RS 4 i i
RN, P K&, HEMTHRER LT, H
TEAWTE . YMTHE X400 pmol LA,
AP ET S, MBS L/, MTHRE H200F1
400 pmol L7'Hf, ARk B AMREN, P, K&
ERWARE (K3) . BdEH, 75 mmol L™
NaClppie ZbBE15 d, Hi FFRN. P K& &2 Bl
TEFR#ST% . 62%F167%, ThiMiiEi200 pmol L™ MT
B, #b EEENL P OKE S i A R AR AL R
FH103% . 150% . 77% (E3A. EI3CHIEZE)
75 mmol L™' NaClffpif115 d, MWHEN. P. K&HES>
SRR FE37% . 58%H183%, TiMiii200 pmol
L' MTF, # B3N, P, K& i b 2
F40% . 82% . 196% (EI3B. EI3DMEI3F) . 5
XTREOAH LG, EhhiE N Az R (N-TF) B&F T
B (E4A) , P-TEAZ M (4B ) , MK-TF
WE LA (E4C) o AMEMT AT LI S 45 Ak )
N-TF, P-TFFIK-TF ([E4) . ANFEIAYE, HEMT
WEER) LT, N-TFAK EF (El4A) , P-TFIH
254k (K4B) , MK-TFR¥TEZE4a, MTik
B F200F1400 pmol L', K-TFWFH T, (A7
WE T (E4C) o
23 HMEBETHREZERWNKESHENAZSESEIEW

B

WA, KFEL M b AR ERNa F o
W ETE, JUHOEHL S MImEEMT, A A R
itk Natr &, HBEEMTHE W LT, FEARRON
%, UMTHRIE L5400 umol L', ANH-HE—
AR, BDMEE BB, MTHREE H200H1400 pmol
Lo, AR B AR S Na 22 R R 3
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CK S75  STS+MTIS75+MT2S75+MT3S75+MT4S75+MTS
Kb P Treatments

P2 R0 T A ] B A 2R 2R A FEOGS K A )y v B R
H(A)  ARETE (B) AREL (C) 1Y
Fig. 2 Effects of spraying of MT on dry weight of shoot (A)
and root (B), and root shoot ratio (C) of rice seedlings under salt

stress relative to MT concentration

(EISAFIEISB) o £4E#%M, 75 mmol L' NaCl
i R 15 d, WERE200 wmol L™ MT, 1 F#BNasy
HIEIR35% (KISA) , WENa® EFEIR34% (A
5B) o TMAEER A WA IR EMTA T, A4
PiNa-TFJC i &2k (E5C) .
24 HETHERWNKBLHEK/NaFAS, \ B
AE
R 1A AL, EERI AN, KR4 i A A T
TBAYK/Na LB B & N e, SMEMEEMT Al {15 K/Na
FLfE B TE, JfBfE MTHREE 8 L JF, EMTIH
200 pmol L™ (MT4) i, HAIHL FHK/Na b (i
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CK S75  S75+MTI S75+MT2 S75+MT3 S75+MT4 S75+MT5
Ab# Treatments

P3 b da T A [ e JRE A R 2 Ak BEOGH K R 4l e b R A

# Root
4 B
3 L
- b b
H . c ¢ be
O 1 1 1 1 1 1 1
03r p
a
1
b
02} b
SO -4
de d
e
0.1F
0
121 F
0.8 F
a
04+ b b
0 CK S75 ST5TMTI S75+MT2 'S75TMT3 S751MT4 STSTMTS
AbFE Treatments
(A) . 8 (C) . 8 (E) S ARHMBA (B) . B (D) .

Bl (F) a2
Fig. 3 Effects of spraying of MT on contents of N (A), P (C) and K (E) in shoot, and N (B), P (D) and K (F) in root of rice seedlings

under salt stress relative to MT concentration

KB R, MMTHELF]400 pmol L' (MTS5)
Bf, K/Nabb{E AT ER . Sy WP % A
) B 7 i ks ) pE R AR L RS R B, R
R, KFEL AR A IS« o (ASkn, ) FHh I
%Bigiz:—SK,Na (TSK,Na) W E TR AMNEMT R %
PEER IS ey FEMTHESE200 pmol L™ (MT4)

BF, MRSk nadB BB KME, YMTHEE X5]400 pmol
L' (MTS) B, SqnANHRERM, Wi T,

25 ~100 umol L™ MT (MT1, MT2. MT3) Jjii fl
XF TSk na IAEALTE 520, {H200, 400 pmol L™
MT (MT4, MTS ) AbBE R A TS o f 2 TR (%
1) .
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Kl 4

Fig. 4

kb3 Treatments

Fh A0 R AN [ e A R ZK AR B K R 4 HN-TF
(A) . P-TF (B) MIK-TF (C) KI5
Effects of spraying of MT on N-TF (A), P-TF (B) and

K-TF (C) of rice seedlings under salt stress relative to MT

concentration

AbF Treatments

5 R Wa T AN [ e Bl B Z 0 /K R4l i AR Na i

w(A) .

R#Naf it (B) FINafbiz 24 (C) W52

Fig. 5 Effects of spraying of MT on shoot Na content (A), root

Na content (B) and Na translocation factor (C) of rice seedlings

under salt stress relative to MT concentration
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Rl HPBTAERERBRLEIKFELEK/NaFAS, B 70T

Table 1 Effects of spraying of MT on K/Na and SK,Na of rice seedlings under salt stress relative to MT concentration

b HRoot Hb I #BShoot
Treatments K/Na'"’ ASKVNaZ) K/Na'’ TSKM3 k

CK 3.29£0.12a 07.61 £0.31e 7.38+0.32a 2.26+0.21a

S75 0.08 £0.02d 06.21 £ 0.22f 0.16 £0.03f 1.78 £0.14b
S75+MT1 0.16 £0.03cd 12.36 £0.55d 0.30 £ 0.04e 1.82+0.13b
S75+MT2 0.20 £0.03¢ 15.51+£0.87c 0.32 £0.04de 1.73 £0.15b
S75+MT3 0.23 £0.04¢ 17.72 +0.88¢ 0.37£0.03cd 1.70 £0.12b
S75+MT4 0.43 £0.04b 33.14+2.12a 0.48 £0.04b 1.09£0.11c¢c
S75+MT5 0.37£0.03b 28.14+1.77b 0.41 £0.04bc 1.16 £0.12¢

Heoo1) #anth, 2) M aE B LL R, 3) M B IS A A B LR . I N [ /NG R e R b B ) 2% R )
(p<0.05) Note: 1) The ratio of K/Na, 2) Absorptive K/Na selective ratio of root, and 3) Transport K/Na selective ratio of shoot. The

different lower-case letters in the same column mean significant difference at the level of 5%

A5 0 38 BHL A T RE W AR N — S A AR A AL
AR, MR TR AR PLEE . W AN R AR
22 W) T B AE W AR K W T NT A R R R P Y T
PEIP L MR, WEBE (MT) REBMER
—FAEE AW ISR, EEYEREE IR
o ) B G T RO/ . WeiZs U LR TR A
£, L0, 50, 100 pmol L™' MTEFh, BF5EMT
XRGAERKRKEE L TR EhEa T ry i E s
N, RIS RAEIEMN G &, B2 T8 8
S5 E 4F T, 50, 100 pmol L™ MTHIREME K
TR R AR, e s R S, 2
THRE =BT, HS50, 100 umol L™ MT4b
R XSS bR B T IR Y R R
W], 7E150 mmol L™ NaCIZbFE R, 23 HIA 1100,
300. 500711 000 wmol L™" MT R A [m] F4£ i i 41 ik
REBH R %, HH300M1500 pmol L™ MT4bH
RORBW R . Li% ' Z£HAE100 mmol L' NaCl
B8R, BEAN0.1 wmol L™ MTAJ 45 i i AL I 32 Y
M2 2RO AR AR D R B
150 mmol L' NaClrie X} Z 4 Bl . 50,
100, 150, 200 umol L™' MT, 4S50 umol L'
PIMTIRERCR B, MU ER M 77 &, E
FRRE B ML AR g RC, TR
IR YA B -tH % N RS, AT B2 5 75 il AR S5 Y
B, Hans 27 KRS B BEHE20/1100 wmol L™

MT, B E#EHbrA M, H100 umol L™ MTHEiE
YA B 5 20 umol L™ MTAMRAY . KRS b 56t
M T i 4 LT 6 1 (9 AFF 5 LG SCRR B2 kb 4 38, AR AF
GERBL, TR T KR A K Bz B, HoH
AR Oy B, TS BOR I L - T
MA&MEE25. 50, 100, 200, 400 pmol L' MTH
AE AN [) R i 8 afF 6 b ae T KRR S i 2B, RRAIG
HRTEE FE o D6 A M X it 3 A4 < 0 ol 3 2 K T AR
BB, BEEMTHREE W B, XA cE SR . 78
MTJiti FHH 200 pumol L™ I ik 3 i K8 45 5% 51
HI75 mmol L™' NaClpift F15 d, Wijiti200 pmol L™
MT I HE R T B3 I ik 130%, MR bt 3 1%
FAULER AL H K . EARMT it FH 7 =X DA E AR
Fe# 2, FEAS[RIAE By it 0 0 0 o8 s 2R b A BT
5 AR E B EMT 35 5w i E A Ky
RO 25 Ry it — 24T I M T4 3t 1 52 9 310
FERl

7K R X G A B R R s R Y R s a2 o H
AR KRB RIE SRS E W R, e T R
KRR 2Pk sk 20 o ARFFR LW, WUEMT
PR T R A R KR AR AR R M A . wE L A
M, X T AR R KRR R N 1 57 50 - . AR E
EH A R K B R L,
FEAR YR T, RFR R T AEL ) 7 A R A Y e T
BEFLRZ—, HEAMARPTOMEESE
BER RS L KR AT £, e T,
N-TFE % FF, B b5 is 2B ) T %,
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W3 it MUT T BH I8 2% £ 6 30 XF /K R i 45 3, R
) b B AR B, DA B L ER v, IR EEMT &
1t e B, R BAENTERR . SR EF
) ek B S B R T VR 98 38 R T RE 0 AN i A
PR E PR, BOAS TR R K AR, DT R Bt
P22 ORBESE R, MT ] B G R R 0 38 ok A
e 1B T e SR e G W B O R 7
o WM R, B AE YA N R S T L
BEETR, HEREES ST 400 A 5 08
JE 0 e 2 R AT A A R TR
KR NEY L AT, 2 0k
MK/Na FRAXEWAELRE T AR NE
g OV Li% IR R, AR, 4.1
pmol L™'MT AT IE [ia) 8 4% 1 Jb i 596G 7 48 (ROS)
155 MBI E 2 AN R0k, B R bR
W SCRN 43 T A A0, DT B AR . 25 b
. Jiang AR Ok B RBESER [A T AL
AT, 1 wmol L™ MTWRZEI AN T E K H
RN S AR T M L RN S R, A
JnH s K/ Nalt ; (EMT X B K AR HE a9 $2 7t
FIER 0 AR X 0 1 00 . ARFGE £ W . MT o]
A db B2 5 6 T 26 7K R AR S A M P i, B
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Concentration-Dependent Effect of Foliar Spraying of Melatonin on Salt
Tolerance of Rice
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Abstract [ Objective ] Soil salinization is a soil problem getting more and more serious nowadays,
reducing plant growth and affecting agricultural production. The area of salinized rice fields is expanding,
what is more, rice (Oryza sativa L.), a main staple food crop of the country is quite sensitive to salt stress.
More and more attention has been paid to the study on how to regulate salt tolerance of rice. Melatonin (MT)
is an important class of indole compounds widely found in most organisms. More and more studies have
found that though very low in content in plants, MT plays a very important role in physiological regulation
and enhancement of plants. However, little has been found in literature on application of melatonin to rice.
It is, therefore, of great significance to explore concentration-dependent effects of MT on salt tolerance of
rice and its physiological mechanism. [ Method ] A hydroponics experiment was carried out on effects of
foliage spraying of MT to rice on plant height, biomass, root/shoot ratio, absorption and transportation of N,
P, K and Na, K/Na ratio and Sy y, (K/Na selectivity ratio). In this study, pass boxes were used for hydroponic
cultivation of rice and extraneous MT sprayed. The experiment was designed to have 7 treatments, i.e. (1)
Nutrient solution + spraying deionized water (Control); (2) Nutrient solution + 75 mmol L™' NaCl + spraying
deionized water (S75); (3) Nutrient solution + 75 mmol L™ NaCl + spraying 25 pmol L™' MT (S75 + MT1);
(4) Nutrient solution + 75 mmol L™ NaCl + spraying 50 umol L™ MT (S75 + MT2); (5) Nutrient solution +
75 mmol L™ NaCl + spraying 100 umol L™ MT (S75 + MT3); (6) Nutrient solution +75 mmol L™ NaCl +
spraying 200 pmol L™ MT (S75 + MT4); (7) Nutrient solution +75 mmol L™' NaCl + spraying 400 umol L™
MT (S75 + MTS5). Each treatment had six boxes as duplicate, and solutions in the boxes were replaced every
other day during the whole culture period; foliar spraying of deionized water or MT varying in concentrations
in line with the treatments, in late afternoon every other day; and samples of plants collected for analysis
on D15. [ Result ] Results show as follows. (1) MT efficiently increased plant height and biomass (dry
weight) of the plants under salt stress and reduced their root/shoot ratio. The effects intensified with rising
MT concentration, and peaked in the treatment 200 umol L™ MT in spraying rate, which was, 51% and 130%
higher than the treatment 75 mmol L™ in MT spraying rate, respectively, in plant height and biomass. (2)
In plants under salt stress, extrancous MT significantly increased N, P and K contents in shoot and root
of the seedlings. The effects also peaked in the treatment, 200 pmol L™ MT in spraying rate. Compared
with control, the treatment 75 mmol L™' NaCl in salt stress was lower in N translocation factor (N-TF),
unchanged in P-TF, and higher in K-TF, however, foliar spraying of MT significantly increased all the
three indices in plants under salt stress. But with MT spraying rate rising up to 200 and 400 pmol L™', N-TF
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increased, P-TF remained almost unchanged, and K-TF decreased significantly. (3) With rising MT spraying
rate, Na content in the plants decreased significantly. Under salt stress, seedlings were high in Na-TF, which
was not affected by spraying of MT, no matter how much. (4) Spraying of MT significantly increased K/Na
in both shoot and root of the seedlings under stress, and the value peaked in the treatment 200 umol L™ in
MT spraying rate. Spraying of MT increased absorptive S¢\, (ASkx,) of the plants under salt stress. ASg y,
continued to increase with rising MT spraying rate, and also peaked at 200 umol L™' MT. Spraying of MT
decreased transport Sgy, (TSgy.) of the plants under salt stress, especially when the rate reached 200 and
400 pmol L™'. [ Conclusion] To sum up, foliage spraying of 25 ~ 400 umol L' MT significantly increases
NPK uptake, decreases Na accumulation, improves ion homeostasis in rice seedlings under salt stress, and
promotes salt tolerance of the rice plants. All the findings demonstrate that foliar spraying of MT at 200
umol L™ is the most appropriate practice to improve salt tolerance of rice.

Key words Melatonin (MT); Foliar spraying; Rice seedling; Salt stress; NPK; Ion homeostasis
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