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Abstract: Methanogens are widely distributed in anaerobic environment, such as flooded paddy soils, and are of vital
importance in global carbon cycling, climate change and clean energy utilization. Previous studies found that microbial
reduction of iron oxides, which are the most abundant oxides in paddy soils, could inhibit methanogenesis as ferric iron acts
as a competitive electron acceptor. However, the effects of iron oxides on methanogens communities are less reported. By
anaerobic incubation experiments added with formate only ( control, CK) and both formate and ferrihydrite ( Fh treatment) ,
combined with 16S rRNA gene sequencing technique, we explored the changes of archaea communities induced by iron
oxides in flooded paddy soil. Our results showed that compared to CK, adding ferrihydrite significantly reduced the
proportion of archaea in total microbial community after incubation. At the operational taxonomic unit (OTU) level, a total
of 21 OTUs were found at the end of incubation, 15 of which were detected both in CK and Fh treatments. Meanwhile, the
addition of formate induced a lower shannon index and a higher simpson index of archaea community, indicating that the

species richness and evenness were reduced. OTU 2056 and OTU 911 were enriched significantly, becoming the dominant
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and occupying 76%—80% in whole archaea communities, but the relative abundance of other OTUs decreased. However,
the addition of ferrihydrite had no significant effect on the alpha diversity ( shannon index and simpson index) and dominant
strains. By means of phylogenetic tree analysis, OTU 2056 and OTU 911 had a close affinity with Methanobacterium bryantii
which has been reported as hydrogenotrophic methanogens that could utilize formate. It thus indicates that iron oxides may
only reduce the release of methane by inhibiting the growth of methanogens, but have no selective effect on the strains that
act as the key role. This study helps to lay a foundation for exploring the microbial coupling of iron reduction and carbon

cycling in soils.
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Fig.2 Barplot of Shannon index and Simpson index of archaea in CK and Fh treatments at day 0 and 10
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Fig.4 Phylogenetic tree of OTUs whose relative abundance change significantly after 10-day anaerobic incubations in control and

Fh treatment

ZEIR BIRX WA OTU 35 Methanobacterium bryantii 4

B M DU, M. bryanii fE R K E LS M, = -

formicicum AL, Wi #EAE A FH P R £h = H, M1 CH,M™

Bryant 25t & M. bryantii W] LIRS Wk E AL &

BERY 4 Hy 8 R BE, BRI T H, RARXS S TR A K Y

g, TS T R BB AP ) 225 Guyot 4%

WA M. bryantii ®] LK H W B2, 5 Desulfovibrio

vulgaris JJ 2eA: = UBERY O AT IR R 2 A B AE7E

EXMEELRA RS, B 5 K& 10 X5 Fh 1 CK 48k OTU £2RMFEE
7J(*§j: qqﬁ?{%ﬁg’gﬁ;ﬂg %ﬁ’i/ﬁﬂ:‘% , Z’j—:‘%/ﬁ)ﬂ :ri?g \{E%_ Fig.5 Venn diagram of OTU difference between CK and Fh

HOKIOR BB S Bt A T IR BRI 25 Al g e T0nny Tnembations

M Al A A i s SRR, IR AR R 5

J& b TR A MRS Y o B AR AR E AR CK AR (P<0.05) . X5 ARG BF ST 4 IE

http ; //www.ecologica.cn



3120 JAE = 40 4

— 3, WA () AR RS 7 e RS G H P U, R 5 AN R AR BRR TR AR L, 7 H e TR A 2

K&Z 3 MmE  HIRATIE— LB, CK A1 Fh A BEES SR 0G5 5 WAE R o ZREMEEA 25, HRRREPIA
AL RSP OTU 2056 F1 OTU 911, f7 LA AR{RL, X U BHES K 8k Xy i V& 2B A £ %
YEH . R385 83% OTUs [FIINFEZET CK I Fh ACBErR (& 5) | WERHIE 13X —4518 .

4 #Hit

BN ERER VT LU R & 4R -4 Methanobacterium bryantii RIS Y s s Imek AL W) H g MR
W T R Y B A R LU B TR ) 2R AN — B DR B R R AR BB S PRt
TEA WU R DR A R v, R4 T e FUm el e i 7 FEY g B ) A 020 o8 A BRI, T 2 2 % #2 T g
PR B

52 3L HR ( References)

[ 1] Lelieveld J, Crutzen P J, Briihl C. Climate effects of atmospheric methane. Chemosphere, 1993, 26(1/4) ; 739-768.

[2] Be#R, H2E, RT, THIF, DN, AR, W EEm ™4 S b HEcE ST k. N SR EEY 2 E, 2006, 12(5) ; 726-733.

[ 3] Conrad R. The global methane cycle: recent advances in understanding the microbial processes involved. Environmental Microbiology Reports,
2009, 1(5) . 285-292.

[ 4] VUenoY, Yamada K, Yoshida N, MaruyamaS, Isozaki Y. Evidence from fluid inclusions for microbial methanogenesis in the early Archaeanera.
Nature, 2006, 440(7083) : 516-519.

[ 5] Conrad R, Erkel C, Liesack W. Rice Cluster I methanogens, an important group of Archaea producing greenhouse gas in soil. Current Opinion in
Biotechnology, 2006, 17(3) : 262-267.

[ 6] Ferry J G, Lessner D J. Methanogenesis in marine sediments. Annals of the New York Academy of Sciences, 2008, 1125(1) . 147-157.

[ 7] Karakashev D, Batstone D J, Angelidaki I. Influence of environmental conditions on methanogenic compositions in anaerobic biogas reactors.
Applied and Environmental Microbiology, 2005, 71(1) . 331-338.

[ 8] 7R#&, H2B, T, S0 7= HEet OISR, WA Y@M, 2016, 43(5): 1143-1164.

[ 9] Thauer R K. Biochemistry of methanogenesis: a tribute to Marjory Stephenson: 1998 Marjory Stephenson prize lecture. Microbiology, 1998, 144
(9) : 2377-2406.

[10] Liu Y C, Whitman W B. Metabolic, phylogenetic, and ecological diversity of the methanogenic archaea. Annals of the New York Academy of
Sciences, 2008, 1125(1) . 171-189.

[11] Yan X Y, Akiyama H, Yagi K, Akimoto H. Global estimations of the inventory and mitigation potential of methane emissions from rice cultivation
conducted using the 2006 Intergovernmental Panel on Climate Change Guidelines. Global Biogeochemical Cycles, 2009, 23(2) : GB2002.

[12] Kappler A, Straub K L. Geomicrobiological cycling of iron. Reviews in Mineralogy and Geochemistry, 2005, 59(1) : 85-108.

[13] Weber K A, Achenbach L. A, Coates J D. Microorganisms pumping iron: anaerobic microbial iron oxidation and reduction. Nature Reviews
Microbiology, 2006, 4(10) ; 752-764.

[14] Lovley D R, Phillips E J P. Competitive mechanisms for inhibition of sulfate reduction and methane production in the zone of ferric iron reduction in
sediments. Applied and Environmental Microbiology, 1987, 53(11) : 2636-2641.

[15] Jickel U, Schnell S. Suppression of methane emission from rice paddies by ferric iron fertilization. Soil Biology and Biochemistry, 2000, 32( 11/
12) . 1811-1814.

[16] Peng Q A, Shaaban M, Hu R G, Mo Y L, Wu Y P, Ullah B. Effects of soluble organic carbon addition on CH, and CO, emissions from paddy
soils regulated by iron reduction processes. Soil Research, 2015, 53(3) ; 316-324.

[17] Schwertmann U, Cornell R M. Iron Oxides in the Laboratory; Preparation and Characterization. 2nd e, Weinheim ; Wiley-VCH, 2000105-105.

[18] Marchaim U. Biogas Processes for Sustainable Development. Rome:FAO, 1992.

[19] Benstead J, Archer D B, Lloyd D. Formate utilization by members of the genus Methanobacterium. Archives of Microbiology, 1991, 156(1) .
34-37.

[20] Bryant M P, Wolin E A, Wolin M J, Wolfe R S. Methanobacillus omelianskii, a symbiotic association of two species of bacteria. Archiv fiir
Mikrobiologie, 1967, 59(1/3) . 20-31.

[21] Guyot J P, Brauman A. Methane production from formate by syntrophic association of Methanobacterium bryantii and Desulfovibrio vulgaris JJ.
Applied and Environmental Microbiology, 1986, 52(6) . 1436-1437.

[22] Lovley D R. Microbial reduction of iron, manganese, and other metals. Advances in Agronomy, 1995, 54. 175-231.

http ; //www.ecologica.cn



