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Effects of acid rain on the leaves antioxidase activity and photosynthesis

of Citrus Grandis (L.) Osbeck. ‘Guanximiyou’ seedlings

ZHANG Qiong , LU Luanmei , DAI Qingxia ,ZHU Lixia, ZOU Jinmei, BIAN Ana, ZHU Yang, LI Jiajia
(School of Biological Sciences and Biotechnology, Minnan Normal University, Zhangzhou 363000, Fujian, China)

Abstract: [Objective]Acid rain has spread out from Europe beginning in the late 1950s. The contami-
nated regions have expanded from North America and Western Europe to developing countries, especial-
ly India and China. Acid rain may do harm to plants through changing their pH balance, increasing the
leaching loss of nutrient elements, causing the destruction of leaf anatomy, and so on. Citrus grandis
(L.) Osbeck. ‘Guanximiyou’ is a Rutaceae Citrus evergreen tree fruit whose pomelo is very delicious
and nutritious and is an unusual species in Fujian Province. Fujian Province lies in the southeast of the
China acid rain area and the pollution by acid rain is the main crisis of the pomelo industry. The majori-
ty of research on pomelo focused on the genetic quality, the fresh keeping techniques and the ecological
planting mode, and so on. The study of the physiological ecology of the pomelo was given less empha-
sis. This study focuses on the foliar damage, antioxidant enzyme activity, gas exchange parameters and
the leaves anatomical characteristics of Citrus grandis (L.) Osbeck. ‘Guanximiyou’ 1-year seedlings
under acid rain treatment (pH 5.6, pH 4.5 and pH 2.5). [Methods]Healthy 1-year seedlings of C. gran-
dis (L.) Osbeck. ‘Guanximiyou’ were planted in plastic pots with yellowish red soil in a greenhouse,
with average day/night temperatures of 25 “C/20 C and an average relative humidity of 75%. After two
months of growing, three levels of acid rain (pH 5.6, pH 4.5 and pH 2.5) were developed. A completely
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randomized design was applied. Each treatment had fifteen replicates, and a 200 mL acid rain solution
was watered every two days. The leaves were harvested at 1, 3, 6 and 12 days after acid rain treatment.
The malondialdehyde (MDA), superoxide dismutase (SOD), catalase(CAT) and peroxidase(POD) of the
leaves were measured with kits. The photosynthesis rate (umol CO,-m™-s™"), stomata conductance (mol
H,O-m?-s"), intercellular CO, concentration (umol CO,-mol™) and transpiration rate (mmol H,O-m™-s™)
were measured by using a photosynthetic Monitor (Li—6400XT) at 1, 3, 6, 12 and 90 day after acid rain
treatment. The leaf anatomical structures were observed by using the paraffin section method. After 90
days treatment, 5-10 matured leaves in each treatment were selected for a paraffin section. These leaves
were made by permanent slicing through fixing, dehydrating, embedding and so on. The leaves anatomi-
cal structures were measured by Image-Pro Plus 6.0. The experimental data were sorted out by Excel
2007 and analyzed with one-way ANOVA by SPSS19.0.[Results] The leaves treated by pH 2.5 and 4.5
acid rain did not show any visible injury and the surface layer of the cells were arranged in neat rows.
And the pH 2.5 acid rain significantly decreased the thickness of the palisade cells and significantly in-
creased the thickness of the sponge tissues compared with the pH 5.6 treatment. pH 4.5 acid rain did not
have any significant effect on the thickness of the palisade cells and sponge tissues compared with the
pH 5.6 treatment. The leaves did not show any oxidative damage due to the increase in SOD and CAT un-
til after the third day being treated by pH 2.5 acid rain. pH 4.5 acid rain caused oxidative damage after
six days of being treated by acid rain and the activities of SOD, CAT and POD were higher than the con-
trol treatment (pH 5.6). The photosynthesis rates were decreased by pH 2.5 and 4.5 acid rain during the
initial period of acid rain stress. After three months of acid rain stress, the photosynthesis rate with the
pH 2.5 treatment was lower than the control treatment and it was speculated this was because of non-sto-
mas factors (oxidative damage, the decrease of palisade cell and so on). The photosynthesis rates in the
pH 4.5 acid rain treatment were not affected after three months. The stomata conductance and transpira-
tion rates in the pH 2.5 treatment were always significantly lower than the control treatment throughout
the treatment process. The results showed that pH 2.5 treatment significantly restrained stomatal conduc-
tion and affected water absorption and transport. Stomata conductance in the pH 4.5 treatment was al-
ways significantly lower than the control treatment on the first day and the 12th day. And stomata con-
ductance in the pH 4.5 treatment was not significantly different from the control treatment on the third
day, the ninth day and the 90th day. The transpiration rate in the pH 4.5 treatment was significantly lower
than the control treatment most of the time.[Conclusion] During the initial phases of the experimenta-
tion, the acid rain treatment did not cause any oxygen issues due to the increasing of the antioxidases ac-
tivity. With a prolonged treatment time, acid rain treatment induced lipid peroxidation damage. pH 2.5
acid rain treatment did not cause any visible blade damage, but significantly decreased the thickness of
the palisade tissues compared with the pH 5.6 treatment. pH 2.5 acid rain treatment significantly de-
creased the net photosynthetic rate compared with the pH 5.6 treatment. Under the pH 4.5 acid rain
treatment, the net photosynthetic rate was not significantly decreased due to the ability to repair itself.

Key words: Citrus grandis (L.) Osbeck. ‘Guanximiyou’; Acid rain; Antioxidant enzyme; Photosynthe-

sis; Leaf anatomy
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Fig. 1 Effect of simulated acid rain on
MDA content in leaves of the pomelo
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Fig. 2 Effect of simulated acid rain on

SOD activity in leaves of the pomelo
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on POD activity in leaves of the pomelo
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Table 1 Effect of simulated acid rain on gas exchange parameters in leaves of the pomelo
o7 P i 18] Time/d
Index Treatment | 3 6 12 90
EID el pH2.5  4.734£0200b 8.052+0.242 ¢ 6.985+0.194 b 5.607+0.181 b 7.004+0.143 b
Photosynthesis rate/ pH45 4.661:0.178b  11.730£0.157b 83670308 a 5.569+0.260 b 8.773£0.195a
Cpmol-m*-s™) pH5.6 59070305 a 12.657+0.335 a 8.038+0.306 a 8.978+0.205 a 8.871+0.174 a
AT pH2.5  0.167+0.007 b 0.089+0.005 b 0.075+£0.011 a 0.050+0.003 b 0.109+0.007 b
Stomata conductance/ pH4.5  0.140+0.006 ¢ 0.21740.012 a 0.104+0.009 a 0.064+0.006 b 0.225+0.005 a
(mol- m* ™) pH5.6  0.203+0.010 a 0.233£0.017 a 0.100+0.008 a 0.151=0.009 a 0.238£0.011 a
Al COIR I pH2.5 302467+1.734a 214.733+4.067b  194.714+£13.325a  220.500+£10.406c  294.750+6.556 a
Intercellular CO, concentration/  pH 4.5  294.810+0.801 b  254.889+2340a 21391748323 a 243.81545.923 b 302.185+1.626 a
(ol -mol™) pH5.6 292.722+1.410b 248.857+4279a  215.556+8.677 a 291.500+3.241 a 298.571+2.024 a
A pH2.5  2.593£0.070 b 1.956+0.088 ¢ 1.938+0.235 b 0.9510.066 ¢ 1.385:£0.095 ¢
Transpiration rate/(mmol  m™ s sy 45 2.39240.072 b 4.038+0.097 b 2.738+0.194 a 1.315£0.101 b 3.290+0.059 b
pH5.6  3.254+0.118a 4.67240.265 a 2.65740.184 a 2.539+0.114 a 3.790+0.119 a
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a. Upper epidermis; b. Palisade tissue; c. Spongy tissue; d. Lower epidermis.
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Fig. 5 Leaves anatomical characteristics of pomelo under acid rain treatment
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Table 2 Effect of simulated acid rain on leaves anatomical characteristics of the pomelo

il R MR R MR AL L] AR AL LA
Treatment Ratio of upper epidermis/% Ratio of low epidermis/% Ratio of palisade tissue/% Ratio of spongy tissue/%
pH 2.5 2.73+0.37 a 1.79+£0.15b 18.95£1.71 b 76.53+£2.07 a

pH 4.5 2.64+0.11 a 2.13+0.13 ab 22.87+0.59 a 72.35+0.58 b

pH 5.6 3.32+0.24 a 2.31+0.18 a 23.30+0.79 a 71.07+0.88 b
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