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Abstract Low molecular weight organic acids LMWOAs such as malate citrate and oxalate have been proposed to be
involved in many processes operating in the rhizosphere including nutrient acquisition and metal detoxification alleviation
of anaerobic stress in roots mineral weathering and pathogen attraction. Therefore the aims of this study was to investigate
the Cu Pb Zn and Cd concentrations in mangrove sediment and to identify a variety of LMWOAs exuded by Kandelia
candel 1. Druce at two sites with different sediment texture sandy and muddy in Zhangjiang estuary mangrove swamp to
examine whether specific differences in sediment texture influenced plant exudation. The identified organic acids were
consequencely used as extractants of metals from sediments and the results were compared with sequential extraction of

Community Bureau of Reference BCR in parallel. The results showed that muddy sediment accumulated more heavy
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metal than sandy sediment. And heavy metal concentrations in rhizosediment sediments in contact with the plant roots and
rhizomes were higher than those in sediment. A predominant portion 36% —71% of Cu Zn Pb and Cd was strongly
associated with Fe/Mn hydr oxides fractions at both sides. Except for Pb 4% —5%  a important part of Cu 16% —
21% Zn 15% —19%  and Cd 16% —20%  were associated with exchangeable and carbonate-bound fractions.
Copper Cd and Zn would use to be the main potential risk in mangrove sediments. Formic butyric malic citric and lactic
acids were found and quantified in the root exudates with the last two acids being predominant. Total amount of LMWOAs
at the sandy site was higher than that at the muddy site. Furthermore different sediment texture significant influenced the
amounts of malic citric and lactic acids P <0.05 . The percentage of exchangeable and carbonate-bound fraction heavy
metal extracted by LMWOAs following the pattern Citric acid > Mixture acids > Malic acids > Lactic acids > Acetic
acids. This indicate that LMWOAs released by K. candel acts as complexing agents to the heavy metals and therefore

organic exudates should be accounted for when dealing with mangrove swamp sediment quality.
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1

Table 1 Sediment physical and chemical characteristics in two sites

I Site 1 Sandy I Site 11 Muddy
Site
Rhizosediment Sediment Rhizosediment Sediment

pH 6.61 £0.38a 6.84 £0.34a 6.75 +0.33a 6.96 £0.40a
Organic matter % 5.91 £0.47b 5.67 £0.32b 8.77 £0.37a 8.25 +0.42a
Sand % 44.32 +3.55a 44.05 +3.96a 0.96 +£0.08¢c 1.44 £0.11b
Silt % 39.26 +£4.32b 38.84 £3.11b 74.84 +£8.23a 79.25 £9.51a
Clay % 16.42 +1.14b 17.11 £1.37ab 24.20 £1.01a 19.32 +1.36a
Salt % 17.84 £0.91a 17.23 £0.82a 19.83 £1.03a 19.75 £1.05a
Water content % 47.56 +4.07b 47.02 £3.67b 52.68 £3.55a 52.89 +£4.21a
Cu mg kg™ 67.32 £10.08a 61.24 £9.79a 39.86 £3.59b 34.66 +2.83b
Pb mg kg™! 47.53 £5.71c¢ 44.02 £3.52¢ 69.47 £4.89a 52.56 +4.71b
Cd mg kg™ 0.86 +0.08b 0.78 +0.06b 1.48 £0.11a 1.25 £0.12a
Zn mg kg ™! 186. 86 +28.02a 162.28 +19.47a 245.41 £15.5b 226.58 +18.3b

P <0.05 Significant differences P <0.05 on the same line column are labeled with

different letters
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Fig. 1 LMWOAs exudation by K. candel roots in two sites
P <0.05 Significant differences P <0.05 on the same column are labeled with

different letters
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Table 2 Speciation of Cu Zn Pb and Cd in mangrove sediments
I Site | Sandy II Site I Muddy
Metals Species
Rhizosediment Sediment Rhizosediment Sediment
Cu Bl 15.69£1.72 a 11.43 1. 14a 6.86 £0.42b 5.63 £0.46b
B2 30.14 £2.41 a 32.42 £3.41a 15.62 £1.28b 16.45 +0.98b
B3 15.11 £1.06a 9.87 £0.88b 10.42 +0.40ab 5.71 £0.34c¢
Residue 12.07 £1.32a 10.41 +1.12a 6.77 £0.41b 6.02 £0.37b
Zn Bl 34.46 +2.66hbc 26.62 +1.48¢ 48.61 £4.23a 34.48 £2.19b
B2 70.62 +5.64b 71.43 £5.31c 90.42 +6.52a 92.26 £6.49a
B3 42.29 +3.87b 30.95 £2.98bc 57.21 £3.12a 50.69 £3.06a
Residue 40.15 £3.22b 34.13 £3.05¢ 50.68 +3.06a 48.12 +2.93a
Pb Bl 2.24 £0.14b 1.96 £0.11b 5.42 +0.19a 2.36 0. 16b
B2 30.86 +2.08b 31.32 £0.86b 42.25 +2.96a 41.74 £2.24b
B3 4.67 £0. 16a 2.38 £0.15b 6.94 £0.24a 3.11 £0.18a
Residue 8.81 £0.52b 7.86 £0.42h 12.99 £0.72a 10.24 +0.61ab
Cd Bl 0.18 £0.014ab 0.14 £0.011b 0.36 £0.017a 0.21 £0.008hb
B2 0.31 £0.022b 0.32 £0.022b 0.51 £0.036a 0.52 +£0.032a
B3 0.29 +£0.020b 0.25 +£0.013b 0.48 £0.029a 0.39 +£0.022a
Residue 0.08 +£0.0007h 0.07 £0.002b 0.14 £0.009a 0.16 £0.013a
P <0.05 Significant differences P <0.05 on the same line column are labeled with
different letters
2
Pb4% ~5% Cul6% ~21% 7Zn 15% ~19% Cd 16% ~20% 2 Cd

P <0.05
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Fig. 2 Influence of heavy metal solubilised by different extractants from the two studied sites
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