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Response of chlorophyll fluorescence characteristics and antioxidant en-

zyme activities in peach leaves to sulfur dioxide stress
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Abstract: [Objective]Sulfur dioxide is a global pollutant and has a great influence on the growth of
peach, but there is little information about this. ‘Chunmi’ peach is an early maturing variety bred by
the Zhengzhou Fruit Research Institute of Chinese Academy of Agricultural Sciences. In this experi-
ment, 1-year-old potted grafted nursery plants of ‘Chunmi’ peach were used to study the changes in
physiological and biochemical parameters under treatments with different concentrations of sulfur diox-
ide. The chlorophyll fluorescence parameters, fast phase and slow phase fluorescence changes in the
plants treated with sulfur dioxide were studied in order to clarify the effects of sulfur dioxide stress on
the photochemical and physiological characteristics of PS II, understand the response of peach leaves to
sulfur dioxide stress and the physiological mechanism involved in stress resistance and provide a theo-
retical basis for cultivation of peach under stresses. [Methods] Materials were planted in plastic pots
with a diameter of 21 cm and height of 28 c¢cm in the spring of 2016. Sulfur dioxide fumigation was
made by a static fumigation device. No-sulfur dioxide was treated as control. Three concentrations of

sulfur dioxide (0.14 mg- m™, 1.43 mg- m” and 14.3 mg- m) were separately treated on 1-year-old
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‘Chunmi’ plants. Fumigation was implemented 2 hours per day from 9:00 am for 20 days. The plants
were removed from the fumigation room after fumigation. The physiological and biochemical indexes
were measured at 4 d, 8 d, 12 d, 16 d and 20 d. Each treatment had three replications. Chlorophyll fluo-
rescence kinetics parameters were determined with a PAM-2500 portable pulse modulated chlorophyll
fluorescence instrument after dark adaptation. Leaves were collected at the same time every day and
randomly from the middle periphery of the plant. The samples were frozen with liquid nitrogen and
stored at -80 ‘C for determination of the antioxidant enzyme activity and malondialdehyde content.[Re-
sults] The results showed that maximal fluorescence (F.), PS II maximum photochemical conversion
efficiency (F./F,) and PS Il potential activity (F\/F,) significantly decreased with increasing of sulfur
dioxide concentration and the prolonging of treatment time. 0.14 mg- m™ treatment had no significant
difference with the control, while 1.43 mg- m™ and 14.3 mg- m™ significantly decreased these parame-
ters, the reduction by 14.3 mg- m™ treatment being more remarkable. The photochemical quenching co-
efficient (qP) decreased with the increase of sulfur dioxide concentration and the prolonging of treat-
ment time, while the non-photochemical quenching coefficient (qQN) showed an opposite pattern. Treat-
ment at dose of 14.3 mg- m™ had significant difference with the control. The quantum yield of the non-
regulated energy dissipation [Y(NO)] maintained at a lower level compared with the control. The PS
II actual quantum efficiency [Y( II)] decreased with the increase of sulfur dioxide concentration and
the prolonging of treatment time, while the quantum yield and regulated energy dissipation [Y(NPQ)]
increased gradually. In the O-J-1-P curve, the fluorescence intensity of the JIP point from the fluores-
cence induced kinetic curve decreased at different degrees by 1.43 mg- m” and 14.3 mg- m” treatments.
The minimal fluorescence (F)), the fluorescence at the P point (F,), the relative variable fluorescence in-
tensity at the J-step (V;) and the approximated initial slope of the fluorescence transient of O-J-1-P
curve (Mo) in the treatments at 0.14 mg- m”, 1.43 mg- m” and 14.3 mg- m” were not significant com-
pared with the control. The values of the maximum quantum yield for primary photochemistry (®s.),
quantum Yyield for electron transport (®g,), probability that a trapped exciton moves an electron into the
electron transport chain beyond Q. (v,) and photosynthetic mechanism performance index (Pliss, Pleso
and Plcs,) in the treatments at 1.43 mg- m” and 14.3 mg- m™ at 20 days were decreased, and 14.3 mg: m”
treatment decreased more. The antioxidant enzyme activities and MDA content in peach leaves in 0.14
mg- m” treatment had no significant change compared with the control. The activities of superoxide dis-
mutase (SOD), peroxidase (POD), catalase (CAT) and malondialdehyde (MDA) content in 1.43 mg: m”
treatment reached the maximum at 20 days and increased respectively by 55.31%, 33.42%, 41.69% and
58.63% compared with the control. The activities of SOD, POD and CAT in 14.3 mg- m™ treatment in-
creased and then decreased, and reached the highest value at 12, 16 and 12 days, and increased by
83.75%, 51.11% and 48.16% respectively, compared with the control. The MDA content in 14.3 mg- m”
treatment increased gradually, was 1.8 times higher than the control at 20 days. Based on the results,
the physiological responses of peach to sulfur dioxide stress could be rapid detected by fluorescence in-
duction kinetic curve of OJIP and JIP-test analysis. [Conclusion]0.14 mg- m” sulfur dioxide treatment
had no significant effect on photosynthetic mechanism of peach leaf. The PS II reaction center of
peach leaf under the treatments of 1.43 mg- m™ and 14.3 mg- m” of sulfur dioxide was closed or irre-
versibly inactivated with severe photoinhibition.
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Different small letters meant significant difference at 0.05 level among treatments.
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Fig. 1 Changes in chlorophyll fluorescence parameters of peach leaves under SO, stress
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Table 1 Effects of SO, on parameters of slow phase chlorophyll fluorescence in peach leaves

Jolh b EE N ]

ZH s Time after stress treatment
Parameters Treatment
4 8" 12" 16" 20"

qP X Control 0.686+0.041 a 0.629+0.027 a 0.612+0.035 a 0.635+0.014 a 0.636+0.019 a
0.14 mg-m® 0.669+0.037 a 0.612+0.039 a 0.623+0.038 a 0.610+0.019 a 0.598+0.024 a
1.43 mg-m’ 0.655+0.033 a 0.606+0.025 a 0.587+0.053 a 0.578+0.023 a 0.566+0.031 a
143 mg-m® 0.670+0.026 a 0.603+0.042 a 0.559+0.045 a 0.502+0.034 b 0.478+0.048 b

qN X HE Control 0.694+0.023 a 0.682+0.038 a 0.706+0.018 a 0.69540.026 a 0.687+0.037 a
0.14 mg-m® 0.72440.048 a 0.710+0.017 a 0.735+0.036 a 0.7314+0.021 a 0.721+£0.018 a
1.43 mg-m” 0.713£0.019 a 0.737+0.034 a 0.749+0.023 a 0.794+0.024 b 0.789+0.025 b
143 mg-m” 0.7024+0.038 a 0.765+0.021 a 0.801+£0.014 b 0.806+0.021 b 0.847+0.013 b

Y(II) X Control 0.2484+0.040 a 0.213+0.047 a 0.214+0.021 a 0.223+0.056 a 0.200+0.032 a
0.14 mg-m” 0.232+0.050 a 0.236+0.030 a 0.211£0.026 a 0.223+0.017 a 0.178+0.015 a
1.43 mg-m? 0.253+0.039 a 0.217+0.016 a 0.213+0.029 a 0.188+0.021 ab 0.157+0.042 a
143 mg-m? 0.240+0.067 a 0.228+0.028 a 0.179+0.011 a 0.132+0.041 b 0.064+0.016 b

Y(NPQ) X Control 0.475+0.017 a 0.481+0.020 a 0.499+0.037 a 0.492+0.048 a 0.502+0.026 a
0.14 mg-m® 0.494+0.007 a 0.501+0.041 a 0.514+0.026 a 0.506+0.039 a 0.523+0.037 a
1.43 mg-m’ 0.505+0.031 a 0.499+0.016 a 0.527+0.029 a 0.513+0.033 a 0.642+0.044 b
143 mg-m® 0.511+£0.042 a 0.523+0.043 a 0.581+0.031 b 0.640+0.023 b 0.793+0.038 ¢

Y(NO) X} HE Control 0.2814+0.010 a 0.2824+0.009 a 0.289+0.008 a 0.2914+0.014 a 0.272+0.012 a
0.14 mg-m’ 0.2854+0.013 a 0.271+0.036 a 0.2954+0.006 a 0.304+0.019 a 0.301+0.034 a
1.43 mg-m” 0.29240.007 a 0.29740.008 a 0.288+0.026 a 0.320+0.069 a 0.292+0.064 a
143 mg-m” 0.301+0.015 a 0.2984+0.014 a 0.300+0.039 a 0.280+0.023 a 0.334+0.038 a

W FIPUAN R /ING TR AR B ) 22 57 2 (p < 0.05), T MBS - P Bl A dEZE

Note: Different small letters in the same column meant significant difference at 0.05 level among treatments , the value is represented by an average

and a standard deviation.
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Figure A was stressed for fourth days, figure B was stressed for twentieth days.
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Fig. 2 Effect of SO stress on the fast induction curves of chlorophyll fluorescence in peach leaves
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Figure A and figure B were stressed for fourth days, figure C and figure D were stressed for twentieth days. Figure A and figure C were quantum
yields and efficiencies/probabilities; Figure B and figure D were specific energy fluxes per active PS Il reaction center and performance indexes of
photosynthetic mechanism.
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Fig. 3 The O-J-I-P parameters radar chart of peach leaves under SO, stress at four days and twenty days of treatment
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