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Abstract; In order to get an insight into the reductive dissolution behaviors of manganese oxides in
soils, eight organic acids ( cysteine, ascorbic acid, vanillic acid, citric acid, oxalate acid, tartaric
acid, salicylic acid and phthalic acid) and one phenolic compound ( catechol) , synthetic MnO,,
and five types of high-manganese oxides-containing soils ( three latosols from Xuwen of Guangdong
Province, Chengmai of Hainan Province and Kunming of Yunnan province, respectively, one red
soil from Shengxian of Zhejiang Province and one yellow-brown soil from Nanjing of Jiangsu
Province) were used to investigate the reductive dissolution of manganese oxides by these organic
compounds. The results showed that low pH and high temperature favoured the reductive dissolution
of MnO, by the organic compounds. In the range of pH 4.5—5.5 and 5—45 °C, the reductive
dissolution of MnO, by the organic compounds followed the order; catechol > cysteine > ascorbic

acid > vanillic acid > citric acid > oxalate acid = tartaric acid > salicylic acid = phthalic acid.
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Catechol, cysteine and ascorbic acid showed stronger ability to reduce and dissolve MnO,. Among
the five soils, the highest amount of Mn*" was reductively dissolved from the latosol from Xuwen,
followed by the latosol of Kunming, and the least amount of Mn>* was reductively dissolved from the
red soil from Shengxian. The results presented in this study suggest that the manganese oxides in the
latosols from Xuwen, Kunming and Chengmai were easy to be reduced by reducing organic
compounds, which increased the contents of soluble and exchangeable Mn>* in these soils and could
cause manganese toxicity to plants in the soils.

Keywords : organic compounds, manganese dioxide, easily reducible manganese in soil, reductive

dissolution of manganese oxide, Mn toxicity.
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Fig.1 The dynamic curves of reductive dissolution of MnO, by citric acid
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Fig.2 Effect of pH and temperature on reductive dissolution of MnO, by organic compounds
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Fig.3 Structures of organic compounds used in this study
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Fig.4 Reductive dissolution of MnO, in soil by organic compounds



1042 7 A A 34 4

ANTa) 3 ARt T LA & BRARAS B e I R AT IR IR M AR T 21 38 v s i At o 100 4 o i
(4 PR Mn™ 5 R 228 |, Uk B A GE 21 358 | i 221 5 v i s A o () i e/, X 86+
b 5 i SRR AR T RN — B B 4 X BRI R P Min™ 7 2 1 RNy - e L £ 48 > 1% ) i 21 3 >
L I 108 > Vo8 S0 it 21 18 > g o BR8P it 2T HE v 3 A 3R 22 T A RN A4 A Min™ 2 18 v A
UL G YR Zn], nTE S AR 1 — 250 SRR e, DR A7 6 55 R0 11 Min™ X A 0 B 75 1) XSS . B 8%
Upfe L 2T 398 v SR AR A ) DI A AT, ) AR B A i A T A IS 4 S Mn® WA R 3 = I L B
RS 25 B 2 A WL SR A B, B W e 20 8 A0V 0 e 20 8 v AR B )0 DL i B 2 5 B XA
B35 E R R AR N TP | R 0 T SR A A5, 7 A e 7 0 XU /.

PR TE A5 T UEES Mn™ F1 Mn* B FAE IR TR BER A A7 4E , HUBELL Mn, O, Fl1 MnO, 55 A TE &%
FRUEAEALE , PRI AR SCH VR S AR 0 VS A ML) = A 30 T A | TRV gk R4 45 VS A ) BT R 1T L 220 .

3 inb

Ty SRR ERR AT MLER AT MnO, A B0 Y 1 B A RE ), T BRI R Ay R IR AT TP 25 1 D 7 i
RET, WR AT R KA IR ISR — HT R X MnO, 34 A i RE AR 55 . 8% pH RIS il A A T A Bl
EYIXE MO, 138 JEF i AT I A DL & WA R ) 0 2188 | B T e 20 S8 R 76 00 e 210 8 1) 4
PR TV A 30 A ST, 30 3 h AT AR s Min® B3 3, 7T REXI AR 7 A S 7 5

& % x #t

[ 1] HueNV, Vega$S, SilvaJ A. Manganese toxicity in a Hawaiian oxisol affected by soil pH and organic amendments [ J]. Soil Sci Soc Am J,
2001, 65(1) . 153-160
Marschner H. Mineral nutrition of higher plants [ M ], 2nd eds. San Diego, CA; Academic Press, 1995
El-Jaoual T, Cox D A. Manganese toxicity in plants [ J]. J Plant Nutr, 1998, 21(2) : 353-386

4 Hernandez-Soriano M C, Degryse F, Lombi E, et al. Manganese toxicity in barley is controlled by solution manganese and soil manganese

speciation[ J]. Soil Sci Soc Am J, 2012, 76(2) ; 399-407

[ 5] Curtin D, Martin R J, Scott C L. Wheat ( Triticum aestivum) response to micronutrients (Mn, Cu, Zn, B) in Canterbury, New Zealand
[J]. New Zealand J Crop Hort Sci, 2008, 36(3): 169-181

[ 6] Weil RR, Foy C D, Coradetti C A. Influence of soil moisture regimes on subsequent soil manganese availability and toxicity in two cotton
genotypes [J]. Agron J, 1997, 89(1) . 1-8

[ 7] Porter G S, Bajita-Locke ] B, Hue N V, et al. Manganese solubility and phytotoxicity affected by soil moisture, oxygen levels, and green
manure additions [J] Commun Soil Sci Plant Anal, 2004, 35( ]/2) 99-116

Posta K, Marschncr H, Romheld V. Manganese reduction in the rhlzospherc of mycorrhizal and nonmy(,orrhlzal maize [J 1. Mycorrhiza,
1994, 5(2) . 119-124
[10] Uren N C. Chemical reduction of an insoluble higher oxide of manganese by plant roots [ J]. J Plant Nutr, 1981, 4(1);: 65-71
[11] Jauregui M A, Reisenauer H M. Dissolution of oxides of manganese and iron by root exudate components [ J]. Soil Sci Soc Am J, 1982, 46
(2): 314-317
[12] Jun Y S, Martin S T. Microscopic observations of reductive manganite dissolution under oxic conditions [ J]. Environ Sci Technol, 2003,
37(11): 2363-2370
[13] Saal L B, Duckworth O W. Synergistic dissolution of manganese oxides as promoted by siderophores and small organic acids [ J]. Soil Sci
Soc Am J, 2010, 74(6) : 2021-2031
[14] Stone A T, Ulrich H J. Kinetics and reaction stoichiometry in the reductive dissolution of manganese (1V) dioxide and Co( Il ) oxide by
hydroquinone [ J]. J Colloid Interface Sci, 1989, 132(2); 509-522
[15] Xyla A G, Sulzberger B, Luther G W, et al. Reductive dissolution of manganese( Il ,IV) (hydr) oxides by oxalate-the effect of pH and
light [J]. Langmuir, 1992,8(1) ; 95-103
[16] Stone A T, Morgan J J. Reduction and dissolution of manganese( lll ) and manganese(IV) oxides by organics.2. Survey of the reactivity of
organics [ J]. Environ Sci Technol, 1984, 18(8): 617-624
[17] Adams F. Soil acidity and liming: Crop response to lime in the Southern United States [ M]. 2nd ed. Madison, WI. Agron. Monogr. 12.
ASA, CSSA, and ASA, 1984. 211-265
[18] Hoyt P B, Nyborg M. Toxic metals in acid soil: II. Estimation of plant-available manganese [J]. Soil Sci Soc Am J, 1971, 35(2):
241-244
] XECE, Ry, B, S5 KRG TR AR S BRI eALE [J]. RS, 2005, 24(3) @ 338-341
] &y AEFFBL MRUCH: 8-MnO, ZBR/K YRt RREFILIRL T]. HBEILF, 2007, 26(2) : 171-174
[21] Furia T E. CRC Handbook of Food Additives [ M]. 2nd Ed. Cleveland, Ohio: CRC Press, 1972
1B, SRR, M, AF. AALER A DL S A s S HO SR A I AR [ 1] FRBEARA:, 2013, 32(12) :2276-2281



