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Effects of exogenous melatonin on the growth and
physiological characteristics of Oryza sativa
L. seedlings under nitrophenol stress
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Abstract: We investigated the effects of nitrophenol stress on the growth, antioxidant
properties, and PSII photosynthetic characteristics of Oryza sativa L. seedlings, as well as
the alleviative effects of exogenous melatonin on nitrophenol stress, through liquid culture
experiments. Results showed that with the increase in nitrophenol concentration, the plant
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height, root length, below-ground part dry weight, above-ground part dry weight, plant dry
weight, effective photochemical quantum yield of PSII ( Y(I)), photochemical quenching
coefficient( gP) , non-cyclic electron-transport through PSII ( ETR) , and chlorophyll content of
leaves all decreased. Conversely, the non-photochemical quenching coefficient( gN, NPQ) of
the increasing nitrophenol the
accumulation of reactive oxygen species( ROS) (including hydrogen peroxide and superoxide
anion radicals(H,O, and O, ")), activity of antioxidant enzymes (including superoxide dismutase
(SOD) , peroxidase(POD), catalase( CAT), and ascorbate peroxidase( APX) ), and content
of the osmotic regulator (' soluble protein and sugar) of roots first increased then decreased with
increasing nitrophenol concentration. Without nitrophenol stress, the below-ground part dry
weight, soluble sugar content, and SOD activity of the roots, PSII photochemical efficiency,
and chlorophyll content of the leaves all significantly increased under exogenous melatonin
treatment compared with the control. In comparison with nitrophenol treatment, the combination
of nitrophenol and melatonin treatment significantly alleviated the inhibition of nitrophenol stress
on seedling growth, PSII photochemical efficiency, and chlorophyll synthesis, and reduced
ROS levels, antioxidant enzyme activities, and osmotic regulator content in roots. Thus, the
addition of exogenous melatonin can significantly alleviate the adverse effects of nitrophenol

leaves increased with concentration.  Simultaneously,

stress on O. sativa L. seedlings.
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Table 1 Effects of nitrophenol stress on the growth and root osmotic regulator content of Oryza sativa seedlings
e v il W ' - o - o
PRI I N ik b L P U i P AHRTE  UHHEENAR  REEAR
i B Above-ground Below-ground .
Nitrophenol ) Root Plant dry Soluble protein Soluble sugar
: Height part dry part dry :
concentration (mm) length weight weight weight content content
(umol/ L) (mm) (9) (mg/g FW) (mg/g FW)
(9) (9)
0 142.233 + 9.899a 88.181 £ 12.310a 0.049 + 0.0016a 0.022 +0.0019a 0.063 + 0.0015a 135.55 +4.582d 23.603 + 1.550d

70 134.999 + 11.833ab 83.450 + 11.707ab 0.045 + 0.0022ab 0.021 + 0.0015a
0.042 + 0.0010b  0.018 + 0.0011b
0.016 + 0.0005¢
0.021 +0.0014d  0.012 + 0.0016d

140 122.705 + 17.187b
280 89.086 + 7.791¢c
560 54.839 = 4.256d

75.929 + 8.557b
65.491 + 4.629¢
61.879 + 6.268¢

0.037 +0.0017¢

0.061 +0.0021a
0.059 + 0.0017a
0.053 +0.0011b
0.035 + 0.0044c

157.05 + 3.968¢
176.05 +2.291b
186.05 + 3.122a

69.55 + 0.866e

26.452 + 3.067¢
42.087 +5.740b
73.996 £ 4.777a
24.827 + 1.945d

e BUE R 3 RIS LI I + AR, FISVEE B R F R SRR A AL B 22 R i (P < 0.05) . Rl
Notes: Each value represents the mean + SD of three independent experiments, different letters after the same column data indicate
significant differences between treatments( P < 0.05). Same below.

*2 WEEBBEXNKBHERRZFESKFEMTELETEN M
Table 2 Effects of nitrophenol stress on reactive oxygen species( ROS) levels and
antioxidant enzyme activities of O. sativa seedling roots

T e 1 Oy &t O, 4 SOD itk POD it CAT itk APX i Pk
Nitrophenol o2 H 5 2 tont SOD activity POD activity CAT activity APX activity
concentration O3 content 212 conten (U-mg™'FW - (U-mg™'FW - (U-mg™'FW - (U-mg™"FW -
(umol/Ly ~ (wmol/g FW) — (umol/g FW) min~" min~") min~") min™")
0 52.266 + 2.444c 0.943 + 0.251d 0.141 + 0.022c 47.483 + 0.613d 0.022 + 0.0028d 0.101 + 0.021d
70 60.480 + 1.280b 1.865 + 0.384c 0.259 + 0.023b 47.583 £ 0.991d  0.043 + 0.0028c 0.178 + 0.031c
140 64.960 + 3.461a  2.201 £ 0.251c 0.291 £+ 0.008b  53.150 + 0.826c  0.058 + 0.0014b 0.220 + 0.037c
280 65.706 + 3.024a  5.387 + 0.290a 0.336 + 0.011a  60.233 = 1.163b  0.063 + 0.0014a 0.304 + 0.047b

560

53.866 + 0.184c

3.458 + 0.251b

0.285 + 0.016b

81.216 = 0.765a

0.025 + 0.0028d

0.411 + 0.036a
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gN Fl NPQ LEXTREAT S8R = T 1.3 1M1 2.0 5, #
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ML EWFFEas Fn] W, 280 umol/L i 2L 4% iy
Wi 5 d, AR EMEKESE AR, SIRRR
WA AR | PR REE EFS E A
LT R PSTBLAROR Ft 4 2 s FE G,
BRI, FRATTHE—20 DLk B o S, B9 B — A
RIALFE S o FEEEARTY + MR R A AN 5 d Xt
IKREL A AR B RS , 45 R R, TEA
ISR (NP) | HE AR R (MT) Zb# R,
IR FELI TG 1T 35 FRAR 28 AT R O e 4R
i, oI AR T 12 A5 14 A (BT
D, G); mitks, MK, M EHTE, 2K TE,
WRAEHEEA TR S RAMILERA D E,
EdA—EREMRES (B 1. A~C, E~F),

LN NP A HAHEE, NP + MT & & b B i)
Hivke, R, HUFHTE, L TE, 2% T
FAMRE T 1345, 1.1 4%, 1.94%. 1.3 %A
1465 (F 1. A ~E), MIARRMEMEEAMATE
PR S B 4 5 R B T 20.7% Fl 20.5% (1A 1.
F~G),
2.5 WHEFBHETEEEXNKBHERRFTNE
SUKEF R EEE R T

WFREER R, FERRI NP FiRm MT b2
T, XKW R O fl H,O, &% & K& POD,
CAT., APX %A B E o m (K 2. A ~ B,
D ~F), {4 SOD & texd g w1 1.4 5 (& 2,
C)., SHsim NP AL, NP + MT & &Ab 2
KR4 AR & O, Ml H,O, &% . SOD, POD,
CAT. APX I IR T 23.9%, 39.4%, 13.5%.
13.7%., 18.5%. 52.4% (K 2. A ~F),
2.6 WHEXHBHETEEEXNKBHENTRER
SN FEESENEIT

W R WoR, FEAGIM NP, HEsn MT 4
HF, KR A YD), ETR 4R & &
Hem, R RERE T 1 A 12 A5 1A
fE(KE3: A, C, F), T gN Fl NPQ Il i 2 FE I,
3R IR R T 20.2% F1130.6% (& 3: D ~ E);
QP ST TR E2ZR (KB 3: B), 58—
JNP A FEAHEL, NP + MT & &b g K A5 4 i i
RIY(ID), gP. ETR, W&t & asrnldde 7
1.3f%, 1245, 1245, 1.3/ (K 3. A~ C,
F), T gN Fi1 NPQ W43 FEAI T 13.6% i1 38.5%
(KI3: D~E),

F3 HEXMBHEMKBHEHEFEXASHNIHEZRERIENHIT
Table 3 Effects of nitrophenol stress on chlorophyll fluorescence parameters and
chlorophyll content in O. sativa seedling leaves

phen Chlorophyll fluorescence parameters Chlorophyll content
concentration
(mg/g FW)
(umol/ L) Y(I) qP ETR gN NPQ
0 0.361 £ 0.006a  0.747 + 0.037a 24.012 + 0.428a 0.498 + 0.019¢  0.097 + 0.004d 2.980 + 0.114a
70 0.365 £ 0.011a  0.739 + 0.083a 24.308 + 0.765a 0.534 + 0.004b  0.124 + 0.008c 2.504 + 0.129b
140 0.317 £ 0.005b  0.605 + 0.036b  18.679 + 1.034b  0.610 + 0.054a  0.189 + 0.022b 2.208 + 0.158c
280 0.251 £ 0.008c  0.431 +0.045¢ 16.619 + 0.320c  0.634 + 0.035a  0.192 + 0.011b 1.809 + 0.053d
560 0.156 + 0.025d  0.399 + 0.028c  11.527 + 0.493d 0.672 + 0.016a  0.225 + 0.016a 1.529 = 0.111e

T Y(ID) : PSIUSEBRGA TR gP: AL # K R EL, ETR. PSILHL T A, gN fl NPQ: AELib K R, TR,

Notes: Y(II) . Effective photochemical quantum yield of PSII ; gP. Photochemical quenching coefficient; ETR. Rate of non-cyclic

electron-transport through PSII ; gN and NPQ. Non-photochemical quenching coefficient. Same below.
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Fig. 1 Effects of exogenous melatonin on the growth and root osmotic regulation
content of O. sativa seedlings under nitrophenol stress
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