55 37 %" 4 1] FEREMBEXRLHFR Vol.37 No.4
2019 4 7 Agricultural Research in the Arid Areas Jul. 2019

M E S - 1000- 7601(2019)04-0146-08 doi: 10.7606/].issn.1000-7601.2019.04.20
AMIE H,O, 3T F 2 B8 T 4R 35
METHFEBESERN N
X FEHT, BB, T A R

CHN A S B AR A W IR AR SR A8 TR R S0 2/ B AR 2 B A R4 S HOR 2 B, HOM IRFH 745000)

 E AR EETATEANEA(H,0,) X T 2 M8 TR &L &g b A EWG, AR aRT F4% I
B BE5 T #iH 0.01 mmol - L7 H,0, % 17.8% % 70 — B 6000 H #L65 T &2 fhtt Tet b &4 EHa R 550
THRREYEEKNY T, EREN. 9 H,0,8, TERETHREZ Y HTATE T a K EFD BT &
ZFEXWUEPRLGEMER /b RAE (T H,0 5T EMHE) 28R E T 20.0%.12.9% ,18.5% 8.1%F1 24.3% , vt
FALAEEE A FE I COKEMAKLFIH AFELMNREET 20.6%.25.9% .12.0% 70 33.8% , # I F EK T
9.7% ;5 M H,0, % F £ 8 TR EZ 4 vt i L A0 A B 30 30 B8 3 b 4 B8 08 M Fn 03T Bk A B o B4R
%7 113.5% ,102.9% %0 13.8% , T # A0 4 S AL B 1L b 4 B 38 M & O (H,0, T = B 4 8 7 4 Jln A X 3% M
A THT 21.5% .60.4% .29.3% 38.4% .19.7% 72 14.2% , W E O F A AEEE HREAXRFA ARG EL S L
T 10.5% ,40.3% 13.8% %1 17.2% , 4 itk e MK MRS E MK TERHELEKELHNET T 14.8%.25.0%
20.1% 11.0%7%1 5.93 % {24 ft o ik & & %A B F E A, R INIE H,0, 8 4 8 f PR 6 B R 1L & (0 A2 E Fn i 3k 5 3%
BRBRE , HETR ARG REEAD R, NTTRE T EXRELZ S EEKNIF HERERLNR IS,

KR HAME R L, TR A EFK

hESYES.S512.6  XLEERE:A

Effects of exogenous hydrogen peroxide ( H,O,) on the physiological

characteristics in leaves of Avena nuda L. seedlings under drought stress
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(College of Life Science and Technology, Longdong University ; Provincial Key Laboratory for Protection and
Utilization of Longdong Bio-resources in Gansu Province, Qingyang, Gansu 741500, China)

Abstract: To explore the regulative mechanism of hydrogen peroxide (H,0,), a signaling molecule for the
physiological response of Avena nuda L. (naked oats) seedlings under drought stress. In this study, a sand culture
experiment was conducted to investigate the effect of spraying 0.01 mmol + L™' H,0, on leaves photosynthesis, ac-
tive oxygen metabolism, osmotic regulation substances accumulation, and growth of ¢ Baiyan 7’ Avena nuda L.
seedlings under drought stress simulated by 17.8% polyethylene glycol 6000. The results showed that chlorophyll a,
chlorophyll b, total chlorophyll, carotenoid contents, and chlorophyll a/b in leaves of naked oats seedlings under
drought stress after spraying with H,0, increased by 20.0%, 12.9%, 18.5%, 8.1%, and 24.3%, respectively, o-
ver the control (drought stress spraying distilled water). In addition,the net photosynthetic rate, stomatal conduct-
ance, intercellular CO,concentration, and water use efficiency in leaves increased by 20.6%, 25.9%, 12.0%, and
33.8%, respectively, whereas the transpiration rate decreased by 9.7%. Moreover, the catalase, ascorbate peroxi-
dase activities, and ascorbic acid content in the leaves under drought stress after spraying with H,0, increased by
113.5%, 102.9%, and 13.8%, respectively, and the activities of superoxide dismutase, peroxidase, the contents
of O, , H,0,, malondialdehyde ( MDA ), and relative plasma membrane permeability in leaves decreased by
21.5%, 60.4%, 29.3%, 38.4%, 19.7%, and 14.2%, respectively. The contents of soluble protein, soluble
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sugar, free amino acid, and proline in leaves increased by 10.5%, 40.3%, 13.8%, and 17.2% , respectively, and

plant height, root length, fresh weight, dry weight, and relative water content of naked oats seedlings increased by

14.8%, 25.0%, 20.1%, 11.0%, and 5.93%, respectively, but there were no significant changes in glutathione

content. These results indicated that exogenous H, O, reduced the inhibition of drought stress on growth of naked

oats seedlings, enhanced the drought resistance by reducing the membrane lipid peroxidation, promoted osmotica

accumulation, and improved the photosynthesis and plant water condition.

Keywords: hydrogen peroxide; naked oats (Avena nuda L.) ; drought stress; physiological characteristics
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Fig.1 Effects of different concentrations of PEG on net photosynthetic rate and malondialdehyde
(MDA) content in leaves of naked oat seedlings
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Fig.2 Effects of different concentrations of H,O, on net photosynthetic rate and MDA content in leaves of
naked oat seedlings under PEG (17.8%) drought stress
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Table 1  Effect of exogenous H,0, on the photosynthetic pigments content in leaves
of Avena nuda L. seedlings under drought stress

b3 M2k a M2k b 2% % (ath) M4 a/b SRS S

Treatment Chlorophyll a Chlorophyll b Chlorophyll (a+b) Chlorophyll a/b Carotenoid
CK 1.937+0.008a 0.533+0.002a 2.470+0.006a 3.634+0.028b 0.425+0.012a
H,0, 1.950+0.028a 0.534+0.005a 2.484+0.033a 3.651+0.023b 0.419+0.006a
PEG 1.265+0.004¢ 0.366+0.005¢ 1.632+0.007¢ 3.454+0.037¢ 0.251+0.007¢
H,0,+PEG 1.581+0.003b 0.421+0.005b 2.002+0.006h 3.758+0.041a 0.331+0.013b

T [FFA R F R RN A BERIE P<0.05 KF 25 B3, R A,

Note: Values followed by different letter within a column are significantly different among treatments at P<0.05 based on the SSR test. The same below.
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AR,
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Table 2 Effect of exogenous H,O, on photosynthetic gas exchange parameters in leaves

of Avena nuda L. seedlings under drought stress

HOLE A Pn LR Gs ZEWG A Tr HalE] COMREE Ci KA FIFIRR WUE
AbHE Treatment D P IO _ o
/(pmol *m™ +s7')  /(mmol *m™ +s7') /(mmol+ m™ -s7") /(mol + mol™") /(wmol + mmol ™)
CK 15.27£0.201a 0.46+0.026a 3.47+0.021a 222.56+5.541c¢ 4.40+0.055b
H,0, 16.32+2.171a 0.42+0.010b 3.47+0.025a 221.45+2.584c¢ 4.70+0.654h
PEG 10.25+0.083¢ 0.27+0.015d 2.16+0.020b 253.00+7.477b 4.74£0.051b
H,0,+PEG 12.36+0.220b 0.34+0.015¢ 1.95+0.020¢ 283.40+4.137a 6.34+0.178a

®3 SMEH,0,X T EEME TRIMELYEM R 07 (H,0, W EES BTN AR X IE 4 1 R0
Table 3  Effect of exogenous H,0, on the O7 , H,0,, MDA contents and

relative plasma permeability in leaves of Avena nuda L. seedlings under drought stress

Ab ¥ AT FUR =R (7E Wing N 90 A X 35
Treatment 05 content /(nmol - g™')  H,0, content/(umol - g™') MDA content/(nmol - g™") Relative plasma permeability/ %
CK 3.79+0.13¢ 5.80+0.42d 5.31£0.25¢ 26.53+1.14c¢
H,0, 3.27+0.04c¢ 7.74+£0.97¢c 5.60+0.28¢ 27.93+1.88¢
PEG 12.32£1.22a 26.63+1.13a 16.60+1.21a 52.73+0.91a
H,0,+PEG 8.70+0.97h 16.42+0.23b 13.33+0.71b 45.23+0.91h

R4 SNE H,0, 3 FRIME TREZHEM F PR EXHH RSN

Table 4. Effect of exogenous H,0, on the antioxidant defense system in leaves of Avena nuda L. seedlings under drought stress

A3 SOD i Pk CAT Ik POD {4 APX TPk ASA it GSH i
; SOD activity CAT activity POD activity APX activity ASA content GSH content

Treatment 1 1 1 -1 -1 -1
/(U-g™) /(U-g) /(U-g) /(U-g) /(mg - g™) /(mg -+ g™)

CK 133.2+4.07¢ 8.08+0.38a 12.25+0.66b 8.24+0.28a 1.40+0.07bc 0.55+0.05a
H,0, 135.4+3.95¢ 6.50+0.90b 8.92+0.63¢ 5.83+0.38b 1.53+£0.04a 0.36+0.04¢
PEG 257.1+6.80a 3.41£0.14¢ 16.00+0.43a 3.49+0.64c 1.32+0.09¢ 0.41+0.01b
H,0,+PEG 201.7+3.42h 7.28+0.87ab 6.33+0.29d 7.08+1.13ab 1.51+0.02ab 0.43+0.02b

&5 SNEH,0,MFEMETREESNEM FEEATYURIENTM
Table 5 Effect of exogenous H,0, on the osmotic regulation substance content in leaves
of Avena nuda L. seedlings under drought stress
il AP B A i IR it = R
Treatment Soluble protein/(mg - g™") Soluble sugar/(mg - g™") Free amino acid/(mg - g™") Proline/ (g - g™')

CK 48.29+1.410a 3.39+0.215¢ 1.511+£0.052d 151.3+10.89¢

H,0, 47.55+2.835ab 3.55+0.261c¢ 2.038+0.030¢ 196.0+0.76b
PEG 40.52+0.930¢ 6.10+£0.291b 2.282+0.139b 187.5+4.72b
H,0,+PEG 44.77+0.946b 8.56+0.194a 2.596+0.032a 219.8+7.81a
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Table 6  Effect of exogenous H,0, on the growth and relative water content of Avena nuda L. seedlings under drought stress

Abr HRE/em
Plant height

HRE/cm

Treatment Root length

fif 5/ (mg - BE)
Fresh weight/(mg « plant™') Dry weight/(mg - plant™') Relative water content

FTH/(mg - BE) FXFE KR/ %

CK 21.20+0.546a 17.16+0.875a
H,0, 21.32+0.929a 17.66+0.580a
PEG 16.15+0.247¢ 12.40+1.008¢

H,0,+PEG 18.54+0.414b 15.50+0.342b

927.4+6.67a 81.33+1.072a 93.47+0.636a
933.2+3.07a 82.20+1.158a 93.12+0.210a
643.7+7.03¢ 60.09+1.491¢ 76.49+0.832¢
772.9+7.45b 66.67+1.072b 82.42+1.032b
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