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Effect of exogenous melatonin on germination of
Pennisetum alopecuroides under NaCl stress

ZHANG Na', JIANG Qing', LI Dian-bo', CAI Lin-tong', ZHANG Hai-jun',
S| Wen-jun?, FAN Xi-feng®, GUO Yang-dong'”
(1. College of Agromomy and Biotechnology /National Energy R & D Center for Non-food Biomass,
China Agricultural University, Beijing 100193, China;
2. Ma Chi Kou Agricultural Service Center, Changping District, Beijing 102200, China;
3. Beijing Research and Development Center for Grass and Environment,

Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China)

Abstract In this study, we measrued the germination characteristics, anzyme activities and related physiological
characteristics of pennisetum treated with exogenous melatonin under NaCl stress. Melatonin treatment improved the
germination rate at 48 h and the final germination rate. The M300 and M500 treatments had high effect. Melatonin
enhanced the root system of pennisetum by increasing the radical diameter. The melatonin treated group had larger dry
weight than that of control group,indicating that melatonin facilitated the dry matter accumulation. In addition, both free
proline accumulation and soluble protein content were also increased by exogenous melatonin. Both proline and soluble
protein are assumed to resist the permeability damage caused by salt stress. Exogenous melatonin may keep the
pennisetum from oxidative damage caused by reactive oxygen species, as improving the activities of antioxidate system
enzymes (SOD,POD and CAT) and maitaining the MDA content at a low level. In summary,melatonin may be the reason
for the pennisetum to resist NaCl stress.
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o8 LR

2014 4 55 19 &

JEH R R B (CK2) MDA 7K F A [ iF % & F
(CKD ) MDA 4407 24 % (& 7). &1 5 it fin 4 22
F 14 MDA B R 45778 BAR 19 K7 L, JF HAH L 36
U360 ) A AN R R k2 R

AR WA R AR AR R A AR AR 5 T
HE YR B, 2 M HEAR T 5 R 6B 38 0 2R 4P AL
Z—o Mg ko AR PR A Y AR BT bR R A
A R A3 1 B 1 BB T 7 A L TR L R Y
F-(CKD) AT PE 8 A & &2 8K 8 & 1Y #h 7 (Dry
seed) A7 BH S 34 0, 5 W 360 335 5% B0 BT 00 BT
Bs 2 AR SR R AL B A AT AT R AR KO R AT
TR B BT it fin R R A 4 B R M8 R R it
R P2 A A e R R R N 89 %0 (Bl T, H
A I B o 2 EL A ) R O M R 4 R R A T
— N BR A A RS
2.5 MBERLEXMBMETREEBEIELR

Ezy:0p-A )

SOD Pt 8k F G0 h il b 55 4 ) 1
2 A 0 3 P SR ) O R L 2 e T A Ak 8 A 1 A

—1H Bl A A AP R A A R O, F1 HL O,
CAT B2 Ho O, A AL Ho O, 1 B A= 90K 4 (1) 3 4R
b &0 PR3P 40 B B 32 45407 S 26 ) By A R 2R 174 S il
Z—. POD [ 3= %2 /5 B 1 g J2: i Ak 3 STk &0 B
S T A (1 it A0 ) o 4R Ak A X B R 1 47 L AR
20 55 1) R R L R R A

£ B SN E - O R R N e E N R 2
AL R I £ 30 21 (CK2) 1 B2 91 Ak & 48 SOD,
CAT F1 POD B3 & F 1E % 444 F (CKD 8 sh i)
P (B8 . T 4R B 3 LA T4 0 005 M ST PR AR
FH - A ) e 8 e B8 W 3 1 A/ U5 it i 28 3% 1 b
TR T AL B A A R GBS P B IR
ZeA T CCKL) AH B A P 0 i 06 1 22 . BB 2R X
POD [ 15 ¥ (9 35 58 AF H & T SOD #l CAT, #8&
F4F POD Ril PR 2 EE R R By, B E
AEFRZE (Y POD 36 14 1 1 25 = T B, B M500 4 9
POD 3% o Jy % B 40 CK2 B i%vEmy 2. 43 f5. M H
FxF SOD W5 CAT [ ) 3% P 8 5 VE T d 2 R o
HHEA WA T POD il

450 = 450¢ ® 3500r
= 400} = 400f ab  a + 3000} . b
22 30 IS u £ :
£ £ 250t < £ 250 S £ 20000 d
S 200¢ = 5 2001 2 §51500- d =
1S 150t =S 150t =
£% Joo £3 100} HE 10000 2
% S0t £ 50t s 500F

0 = 0 2 0
CK1 CK2 M100M300 M500M 1000 < CK1 CK2 M100M300 M500M1000 & CK1 CK2 M100M300 M500M1000

KbFH Treaiment

Ab34 Treatment

AbF4 Treatment

8 #REExTEEME TIREE SOD.POD,CAT g iFE £ A9 %I
Fig. 8 Effect of melatonin on SOD,POD,CAT activity in pennisetum under NaCl stress

3 WREEiR

h FH 38 S 5 W A A A R R R ) R B R AT
Z— SEYAESEAC B I R R T — R A 3 B AL
] o 0 A R R ) R 9 9B 1 Y ) D
L VAR V- 35 35 9 2 308 5 1 098 35 A1 W R 9
. B2 1R 22 B 5 A N kA 1 5 52 B T WA AR
S RBIE Y o R R S A 3 AR TR R R
P TR AR S R R REREIRNE BT
i AR v AR R Xk R R 3B BT 32 . B B
i R I R ROROE - AR YRS K TR . ARRESE
TR R R AL B AR T X — i R AT o AR
I SE BR A A 4 & TR B RS AP AR NaCl b ig

TRZFREFHR M THE TURMHER,

FE SR P30 7T AR W 2R AR I R A P 23 7 A K TR
PR TR SR B BT B L A0 M A S v ek
XY IR 3 A N K i MDA FR R, MDA J2 i
Jig 33 8 A B B 28 M 7= 40 s MDA JKSF- BT LA R I A
Y2 W3 05 B FEE . SOD,POD F1 CAT J21%
B ROS FIBH 1E i o i 02 20 fk i 22 g2, Aot
KRB TR R A B MDA, i i 4
AR B2 AL . SOD L POD H1 CAT PG 1 1 4k T 8 A%
KOV, R R b B R AR TR AR A A Ak R K
o g R — T 2 R R A R 1 M U PR AR
FH 55— 5 1T AR 2E R b FRAR T PR R S
SOD.POD #1 CAT By ¥ . iF — 254 iff 2 4 16 M 41



5 439

A ARG AR 2R 26 NaCl 8 F R B2 R Rh T 1 S KRR 3G A BLAE A 1) 52 1 59

(A3 3% s DR 4P RSB e 1 ok 40Pk 405 58 TR b e i 3 Ak
I@ﬁié’aﬁﬂ%ﬁxmﬁg MDA 7K -2 , 32 21 1) 5 38
1%%%‘?4\0 AR PR 2 A P A B R B T ALY
R % ?%XT POD £ 45 191 5 1E - 4
?—%Miﬁ‘éﬂz%%éﬁﬁ% POD 5 A 3k & i 25 32
BN PR . O AR e A S A I 1) 2 8 R
Jra R AR R B R EDY . FEARTE
WAS RN AL IS . A H T4 SOD B 5 CAT B /Y 3
PEVE AR 88 B R BLEA AW AE T POD B i
?ﬁﬁi}%hj LI H AR 2 2 A B2 B AR 2Rt A X
SRR A P T M a TR B AR T
M2 AR TARAER I T TR R, Xt
LT 6 b 1) 43 BTt GIE B L R 2 2R A 3 e 6% R IS
R 1) A 3o 4L AL R B L 42 1R 98 3B 1A Y W T A KO- 4
HE R R A R v O O L B R T M T BR R A
it (0 P . ARBE SRS T — RO T R R
Folr =101 & FIAIRARD B8 W 3i 5 0 ot . AR R ARy —
T BL ) SRR 5 — IR B B i e R ik 3a 1
i T DI RE AR F 1 50 2% B ARt 4R PR R AR S 2
15 AR B Xt R A AR PLRE Ty . X R AR R
F R SR AR A AR R L TR A SR O R R
B X TR A T R T W O A B A b g R
THIS K

& % X W

(1] sRIUBT, sghti, a2, 45, A 9 5T A A R e TR0 9 1Y O F
Sl w mOI R 241 H AR BHEE T, 2007, 30(3) 1 68-74

(2] BRutss, £ AW BRER BRSO AW B 49
Fe A AR SR 5 L) . AR Al 2f TR 2008, 42(4) : 67-72

[3] RIS RIRMM I k5 A MRl A= B fb % T,
2006,40 (6):51-53

[4] Lewandowski I, Scurlock J] M O, Lindvall E, et al. The
development and current status of perennial rhizomatous
grasses as energy crops in the US and Europe[ J]. Biomass &.
Bioenergy,2003,25:335-361

[5] i, BB A, AR B, 5. A4 3SR R A o e Y5 4 1y ™= 12
ai BURFPE LT ], i [ R 2 4R, 2012, 34 (1) :48-52

[6] Hernandez ] A, Jimenez A, Mullineaux P, et al. Tolerance of
pea (Pisum sativum 1) to long-term salt stress is associated
with induction of antioxidant defences [ ]J]. Plant Cell and
Environment,2000,23:853-862

[7] Kim Y, Arihara J, Nakayama T,et al. Antioxidative responses
and their relation to salt tolerance in Echinochloa oryzicola

(L) Beauv [ J]. Plant Growth

Vasing and Setaria virdis

Regulation. 2004 ,44 :87-92

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Kong .. A,Wang M, Bi D L. Selenium modulates the activities
of antioxidant enzymes,osmotic homeostasis and promotes the
growth of sorrel seedlings under salt stress[J]. Plant Growth
Regulation. 2005,45:155-163

Manchester L., Tan D X, Reiter R, et al. High levels of
melatonin in the seeds of edible plants- Possible function in
germ tissue protection[ ] ]. Life Sciences,2000,67:3023-3029
Posmyk M M, Janas K M. Melatonin in plants [ ] ]. Acta
Physiologiae Plantarum,2009,31:1-11

Reiter R J, Tan D X. Melatonin- An antioxidant in edible plants
[J]. Alcohol and Wine in Health and Disease, 2002, 957 341-
344

Allegra M, Reiter R J, Tan D X, et al. The chemistry of
melatonin’s interaction with reactive species [ J]. Journal of
Pineal Research,2003,34:1-10

Reiter R J, Tan D X,Osuna C,et al. Actions of melatonin in the
review [ J ]. Journal of

Biomedical Science,2000,7(6) :444-458

reduction of oxidative stress-A
Pieri C, Moroni F, Marra M, et al. Melatonin is an efficient
antioxidant[ J]. Archives of Gerontology and Geriatrics, 1995,
20:159-165

Arnao M. Hernandez-Ruiz J. Protective effect of melatonin
against chlorophyll degradation during the senescence of barley
leaves[ ] ]. Journal of Pineal Research,2009,46:58-63

Wang P,Sun X,Li C,et al. Long-term exogenous application of
melatonin delays drought-induced leaf senescence in apple[J].
Journal of Pineal Research,2013,54:292-302

Zhang N,Zhao B,Zhang H J,et al. Melatonin promotes water-
stress tolerance,lateral root formation,and seed germination in
cucumber (Cucumis sativus 1.)[J]. Journal of Pineal Research,
2013,54:15-23

Li C,Wang P,Wei Z,et al. The mitigation effects of exogenous
melatonin on salinity-induced stress in Malus hupehensis[]].
Journal of Pineal Research,2012,53:298-306
TR R AR S R R R A Y D IR
H AR 2R R, 2012,28(9) :16-20

Posmyk M, Kuran H, Marciniak K, et al. Presowing seed

FERLT]

treatment with melatonin protects red cabbage seedlings
against toxic copper ion concentrations[ J ]. Journal of Pineal
Research,2008,45:24-31

Posmyk M, Balabusta M, Wieczorek M, et al. Melatonin applied
to cucumber (Cucumis sativus 1.) seeds improves germination
during chilling stress[J]. Journal of Pineal Research,2009,46;
214-223

Lei X, Zhu R, Zhang G, et al. Attenuation of cold-induced
apoptosis by exogenous melatonin in carrot suspension cells:
The possible involvement of polyamines[ ]J]. Journal of Pineal
Research,2004,36.:126-131

Tan D X, Hardeland R, Manchester L. C,et al. Functional roles

of melatonin in plants, and perspectives in nutritional and

agricultural science[ J]. Journal of Experimental Botany,2012,



60

L L I N =

EE 2014 4 5519 &

[24]

[26]

[27]

[28]

[29]

63:577-597

Janas K M, Posmyk M M. Melatonin, an underestimated
natural substance with great potential for agricultural
application[ J]. Acta Physiologiae Plantarum, 2013, 35: 3285-
3292

Park S,Lee D E,Jang H, et al. Melatonin-rich transgenic rice
plants exhibit resistance to herbicide-induced oxidative stress
[J]. Journal of Pineal Research,2013,54:258-263

Zhao Y.Qi L,Wang W,et al. Melatonin improves the survival
of cryopreserved callus of Rhodiola crenulata[]]. Journal of
Pineal Research,2011,50:83-88

Hodges D, Delong J. Forney C, et al. Improving the
thiobarbituric acid-reactive-substances assay for estimating
lipid peroxidation in plant tissues containing anthocyanin and
other interfering compounds[ J]. Planta,1999,207:604-611
PIR] s R 3 ) B 0 O 2 R e s I e ) vk [T ). A rh
A 2EBE A, 1983,2 (1) :94-95

Bradford M. Rapid and sensitive method for quantitation of

microgram quantities of protein utilizing principle of protein-

[30]

[31]

[32]

[33]

[34]

dye binding[ J]. Analytical Biochemistry,1976,72:248-254
Scebba F, Sebastiani L, Vitagliano L. Activities of antioxidant
enzymes during senescence of Prunus armeniaca leaves|[]].
Biologia Plantarum,2001,44:41-46

Giannopolitis C, Ries S. Superoxide dismutases ( I ):
Purification and quantitative relationship with water-soluble
protein in seedlings[J]. Plant Physiology,1977,59:315-318
Kato M, Shimizu S. Chlorophyll metabolism in higher-plants
(VI ) : Chlorophyll degradation in senescing tobacco-leaves-
phenolic-dependent peroxidative degradation [ J ]. Canadian
Journal of Botany-Revue Canadienne de Botanique, 1987, 65
729-735

Miller G, Suzuki N, Ciftci-Yilmaz S, et al. Reactive oxygen
species homeostasis and signalling during drought and salinity
stresses[ J]. Plant Cell and Environment,2010,33:453-467
Zhang N,Zhang H J,Guo Y D,et al. The RNA-seq approach to
discriminate gene expression profiles in response to melatonin
on cucumber lateral root formation [ J]. Journal of Pineal

Research,2014,56:39-50
ﬁ"ﬁ:‘gﬁ ﬁfF . E o if':



