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Effects of exogenous hydrogen peroxide on chlorophyll fluorescence
parameters and cadmium accumulation characteristics in
naked oat under cadmium stress

LIU Jianxin, OU Xiaobin, WANG Jincheng
( University Provincial Key Laboratory for Protection and Ulilization of Longdong Bio-resources in Gansu Province/

College of Life Sciences and Technology, Longdong University, Qingyang, Gansu 745000, China)

Abstract; Cadmium (Cd) is one of the most biotoxic heavy metal pollutants. Hydrogen peroxide (H,0,) is a
signaling molecule involved in plant response regulation to different stresses, including heavy metal stress. The ob-
jective of this study was to analyze the physiological mechanism of exogenous H, O, mitigating Cd induced stress
damage in naked oat (Avena nuda L.) seedlings. Seedlings of naked oat cultivar ‘ Dingyou 6’ were used in a sand
culture experiment to investigate the effect of spraying H,0, on seedling growth, leaf xanthophyll cycle, chlorophyll
fluorescence parameters, and cadmium accumulation characteristics with 50 mg - L' Cd** treatment. The results
showed that Cd exposure depressed plant growth. However, after foliar-spraying with 5 mmol « L™'H,0,, the dry
weights of roots and shoots were increased by 18.5% and 26.9% , respectively. In addition, the PSII maximal ph-

otochemistry efficiency (F,/F, ), practical photochemical efficiency (@, ), photochemical quenching coefficient

m

(gP) , photosynthetic system I excitation energy distribution coefficient (), and quotient of absorbed luminous
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energy used for photochemical action ( P) in leaves of naked oat seedlings under Cd stress after foliar-spraying
H,O0, increased by 15.7%, 98.6%, 61.6%, 40.9% and 98.6%, respectively, compared with Cd stress treatment
alone. The leaf de-epoxidation extent of xanthophyll cycle (A+Z)/(V+A+Z) , photosynthetic system II (PSII)
non-photochemical quenching coefficient ( NPQ ), regulated energy dissipation ¥ ( NPQ), non-regulated energy
dissipation ¥ (NO) , PSTI excitation energy distribution coefficient (), unbalanced distribution of coefficient de-
viation on excitation energy between two photosystems (8/a—1) , quotient of absorbed luminous energy used for an-
tenna heat dissipation (D), and quotient of absorbed luminous energy used for non-photochemical dissipation (E )
in reaction center of PSII decreased by 11.2%, 7.9%, 13.9%, 12.2%, 12.7%, 55.2%, 19.1% and 10.6%, re-
spectively. Moreover, the Cd content and accumulation in roots and shoots increased by 52.0%, 92.4% and
25.2%, respectively, and the transport rate of Cd from roots to shoots decreased by 34.4% after foliar-spraying
H,0, under Cd stress, but there was no significant change in Cd content in shoots. Therefore, foliar-spraying H,0,
not only decreased photoinhibition caused by Cd stress through improving PS Il photochemical efficiency rather than
the xanthophyll cycle-dependent energy dissipation, but also enhanced the immobilization of Cd in roots and re-
duced its transportation from root to shoot in naked oat seedlings under Cd stress, thus mitigated the inhibition of Cd
stress on seedlings growth and enhanced the tolerance of naked oat to Cd stress.

Keywords: hydrogen peroxide; naked oat; Cd stress; chlorophyll fluorescence parameter; cadmium accumu-

lation characteristics
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Fig.1 Effect of exougeous H,0, on dry weight of

naked oat seedlings under Cd stress
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EFFIZRHFMm

%5 Al A, 5 CK FHEL, Bl H, O, &b P T #
TEX LR A MM E36 Cd &2 . Cd FLEE M Cd
LiSee SO ZENTE S A (NN RIS ERTE S = i
i 136 Cd & Cd LR s L iia%, HP R R
Cd Ml Cd FRE R K THL 3, 5 Cd b2
BLH,0,+Cd PR RS TR R Cd & &t XS Hb
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Table 1  Effect of exogenous H,0, on xanthophyll cycle components and de-epoxidation state of
xanthophyll cycle in leaves of naked oat seedlings under Cd stress
fhEm HKHEV PR E KT A TR Z B IR 7RI AN
Treat . Violaxanthin Antheraxanthin Zeaxanthin Total xanthophyll De—epoxidation state
reatmen /(mmol + mol™") /(mmol + mol™") /(mmol + mol™!) /(mmol + mol™") (A+Z)/(V+A+Z)
CK 34.45+0.21a 12.33+£0.42b 33.53+0.31¢ 80.50+0.82a 0.570+0.002d
H,0, 30.91+£1.37b 12.47+1.22b 36.50+0.60b 79.40+1.51a 0.617+0.011c¢
Cd 17.42+0.71d 15.33+1.12a 40.77+0.91a 72.53+1.11b 0.774+0.006a
H,0,+Cd 21.57+0.85¢ 9.53+0.93¢ 37.70+1.20b 68.80+1.42¢ 0.687+0.007b

T RIS [R5 R Fe B AL R W) 22 7 3% (P<0.05) , R Tl

Note; Different lowercase letters in the same column indicate significant di

fference between treatments at P<0.05. The same below.

F*2 SMEH,0,3% Cd BB TR#mESDEM FHFERWESEZM

Table 2 Effect of exogenous H,0, on chlorophyll fluorescence parameters in leaves of naked oat seedlings under Cd stress

Qb H BIOUERCE PR EFROR b K R R E|S R 2D PR REEAERL ARV P R AL
Treatment F./F, Dosn qP NPQ Y(NPQ) Y(NO)
CK 0.814+0.001a 0.480+0.008a 0.685+0.006a 0.905+0.001¢ 0.316+£0.007c 0.275+0.001¢
H,0, 0.816+0.003a 0.476+0.004a 0.684+0.011a 0.902+0.014¢ 0.321+0.002¢ 0.274+0.008¢
Cd 0.642+0.002¢ 0.140+0.004¢ 0.310+0.006¢ 1.559+0.004a 0.539+0.002a 0.343+0.002a

H,0,+Cd

0.743+0.001b

0.278+0.005b

0.501+0.008b

1.436+0.007b

0.464+0.004b

0.301+0.001b
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Table 3  Effect of exogenous H,0, on distribution of excitation energy between two photosystems
in leaves of naked oat seedlings under Cd stress
e PST ‘(‘Eﬁ‘(ﬁﬁ?ﬁj‘ﬁﬂ%ﬁ PSTl ?}?f(?y?ﬁ%ﬁ@ﬂ%ﬁ fﬁ%%lﬂ(ﬁiﬁﬁﬁﬁfﬁﬂﬁﬁ@%%%ﬁ
Treatment PS I excitation energy PSII excitation energy Unbalanced distribution of coefficient deviation on
distribution coefficient, a distribution coefficient, 8 excitation energy between two photosystems, 8/a-1
CK 0.407+0.003a 0.593+0.003¢ 0.460+0.014¢
H,0, 0.406+0.004a 0.594+0.004¢ 0.463+0.022¢
Cd 0.237+0.003¢ 0.763+0.003a 2.223+0.060a
H,0,+Cd 0.334+0.004b 0.666+0.004b 0.997+0.030b

R4 SMEH,0,3% Cd BB THRIREL B F PS I IR BE 23 BL B9 7200

Table 4  Effect of exogenous H,0, on distribution of PSIl luminous energy in leaves of naked oat seedlings under Cd stress

4hE el KL RELIAFEHNY . ﬂFJ“t%%ﬁWﬁﬁWﬁ%ﬁ
Treatment Quotient of absorbed luminous energy Quotient of absorbed luminous energy Quotient of absorbed ‘lumm‘ou.s energy used
usedfor photochemical action, P used for antenna heat dissipation, D for non-photochemical dissipation, £,
CK 0.480+0.008a 0.300+0.004¢ 0.221+0.003¢
H,0, 0.476+0.004a 0.304+0.005¢ 0.220+0.009¢
Cd 0.140+0.004c¢ 0.549+0.005a 0.311+0.004a
H,0,+Cd 0.278+0.005b 0.444+0.003b 0.278+0.004b

&S5 HSMEH,0,% Cd BB THR#EEZL B Cd MR RMNEFEZ T

Table 5 Effect of exogenous H,0, on Cd uptake, accumulation and translocation rate in naked oat seedlings under Cd stress

Qb Cd % Cd content/(mg - kg™") Cd 1R E Cd accumulation/ (g - plant™) B3R /%
Treatment H A& Root [ 3#B Shoot HZE Root Hb 17K Shoot Translocation rate
CK 5.64+0.73¢ 0.44+0.09b 0.103+0.009¢ 0.010+0.003¢ 7.76+0.71c
H,0, 6.59+0.67c 0.58+0.10b 0.126+0.017¢ 0.016+0.002¢ 8.96+1.95¢
Cd 162.79+4.69h 78.86+2.98a 1.842+0.111b 1.234+0.053b 48.44+0.69a

H,0,+Cd 247.43+4.11a 78.62+2.64a 3.543+0.222a 1.545+£0.011a 31.79+1.58b

3 W ®

AR R X Cd W i A B R e
ARIF W], ] 5 mmol - L™ H, 0, Wit AT 8% 50 mg
- LN Cd™ Bl aE xR 27 Ay i AR K ] (B 1)
X5 Hu S DIKFE N MR IF IR 45 R — 3, 16
BIANIE H, 0, REAE HE TR BRHERE X Cd Jilh3ft () i 14

HAAE R A A K & F BT ) 5 R 1Y
HEOR R, W2 X Cd W38 e Sy SR AR B
TR MR DG S U W YR RE W I %
i FERCR R ReE . Hoh Fo/F, AR PS TG
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KNG R G S T R RE Al 0 503 R TR
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(W F/F, Fl @y 1T RS (£ 3), & W mii
H,0, B0 5% Cd Wria X #aie 22 i - PS T1 2 g
LRI RR T EE =5 PS I HL &3 i R A

REFEHACR, X 5AMR H,0, Al 328 T S0 T Bk
A R 8 R I 3R e A T v B B 5T 4
—,

qP R AR WG RE T 61k 2 5 R
A T NPQ & K2R i R W I i S ik DL I RE #E
AR 210 NPQ & B A0 45 5 PhRE R AE AL v
(NPQ) Ry PEBE AL Y(NO) ,Y(NPQ) 5
REATE KA 5L, 1M Y(NO) 56l 7, Ak
B, Cd e TR 2 qP T R E B, NPQ
M Y(NPQ) #2m (£ 2) . Uil Cd Wra FEAIE PS TG
2GRN RIS e 2 T 3 J0 3% & BEFE BOPL I LA
JeA P Z i — PR . {HJE Cd il Fobfb e
TEPE T RS R 0 3 D A B &8 & i i TR AL
RSB  RIN Y(NO) By ETF (£ 2) , I
BRI RAL ) I SRR T S IR T | iy R A
VAR Z AHEFACR S 0 NPQ AT 51K
T 2 R PR ST B0 B G I B R IR BT AR DR Y
Cd Jih3h TR 2 i NPQ 440 (2% 2) i[RIk, nt
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e FEHGE B RE A Bk AR, T
TR B, ANIE H, 0, 4b B E 1% 3 & 5% & ( Phaseolus
vulgaris) M R ) gP I @,qy , T FEAR NPQ A1 Y
(NPQ) . ABFFELEHRI], Wi 5 mmol - L' H,0,
REAR T IE 8 450 MR i i v S R
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FEE TP R PS T Ak 2 505 1 394 58 A4
8 2R AT B () FAFE BOR BRI Cd e X6 Y
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SAALBEHIEE 1, T Cd 51 & i A A0 3 Y
Fn SR A TR EE AT 2 AR S e

Cd 8 BEBH A5 6 A f T 153, ) AH PS TT fikf4
) ZZ A4 RS o O 32 A5 AR PS TR PS
T #4002 185 43 T 2 ' B L 13 302 B D A
b B RIE > AR, Cd Wi S SO 2 4
M ECZE PS 1 WIBUE RE o B/, A0 L 25 PS I 1Y
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