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Figure 2 (Color online) Changes in the concentrations of ammonium
nitrogen (a), nitrate nitrogen (b) and iron concentration (c) in the groups
of CK and Fe(Ill)

I3 R25%F175%. AR 0T R AR i kA A AT
H, FeFZAE N ERTIE FeS, . FeCly. Fe,0;.
2.13 PNEMETIHER

h TUESEFRATTIAE AR, E—25 53 HrFe(TXT R A E
W25 R IHAE (AL S )it R AR IR, FRATTE i &
FALIN I (CH,) IS5 A PNH,CIR Z R 5286, I
RSB0 AR P A SR ARG I, 2RI AR Y S R R
HAPN,OMAFEAEPN,, 454852863 b DoR 21k,
g mME AR, ELRHE 24 W, Fe(IDHAMEKT
CK4H, "NFRE B E G, M T NH AL UL
F-IONLO 4= 7548 b, CKZH N 71, Fe(1ZH
P TE PN, OF A

4881



M43 0 E 20255108 H£70% %2829
(@) (b)
— CK Fe203/FeCl3/FeS2 CK
ols Fe Fe
s
= Cls =
= s =
H ‘ H
o P | qp | ©
A
1200 1000 800 600 400 200 0 740 730 720 710
Binding Energy (eV) Binding Energy (eV)

Bl 3 (MR () SE86 i A R AL B JE A AE MO X PSR, (a) CKANFe(MDZH BN MIHIXPS 4[5 (b) CKZHAFe(l)ZHFe2p3/2f /3 HEXPS

b

Figure 3 (Color online) XPS spectra of periphytic biofilms in different treatment groups after the experiment. (a) Full XPS map of periphytic biofilms
in groups of CK and Fe(lll); (b) high-resolution XPS spectra of Fe2p3/2 in group CK and group Fe(ll)
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Figure 4 (Color online) Changes in various indicators during the isotope labeling experiment. (a) '*N,O isotope abundance. (a) is marked as LSD
difference analysis, the same letters between groups mean no significant difference (P>0.05), while the different letters mean significant difference
(P<0.05). (b) Trend of dissolved oxygen in solution. (b) is rank sum test; ns, 7>0.05
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Figure 5 (Color online) The variation in the species of microbes before and after the experiment. PLS-DA analysis of species (a) and protein
differences (b) annotated by KEGG based on macro gene sequences; Figure (c) shows the VIP value of the analysis variable in (a)(VIP>1, take the first
30), the VIP value is calculated by comparing the weight of each variable with the standard deviation of the weights of all the variables in the model.
Usually, VIP>1 is regarded as a differentiator that can distinguish different group; Figure (d) Selection of significantly different functional genes by
random forest analysis (top 20)
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Figure 6 (Color online) Gene abundance of each process of nitrogen cycle. I : CK; II': Fe; Ill: CK-N,Hy; IV: Fe-N,H,. The differences among all

groups were tested by ANOVA: *, P<0.05; **, P<0.005

(RARRANL), SRR EACTE T B hao3k PURTIR 4
SRR 0 hdh 3 PRS2 /\ TR 1ML 2T R i | ik
G E 2R, R hao G i 9k [R] i FH TR A S 3 AR
AN & E A B, TEFARER T, nasAFnirBW)
FHESMFe(D)5 2B EKFE, 7i# FEFATHNO,
WIFHINO,, Ja# EEM TLHNO, dE—HAF O NH,
SRR IR H, Fe(lHENNS CK-N,H, 13 R AR fk s 34
BinorBAMHAL. [ 2SN AN A S B i 2 A
K, e SN B, LR narGINO; I8 JFENO, )Y
FETE.

24 BR-RAER NG S

RTHEREK-FEARDRER N Z PR R, T
Garberi[_ S BB (2R LAY FE K (2891 I 45 6 72 HE A
G5 R DA T e T A3 T8 MR A FE R P g
ALIE SRR R | A . BB PRIk 3k
GRS BRIk RIS s . PORE-s . R
B2 izt . PRI R A A . FoA Tk 17

4884

LU TR A B B A e M 45 (11 7). AE DU AN T] b B
LA LI ZE T (817 (a)), BREUAG AR IZ
L R TR R £ S0, 52 B AAE
IFEEJEDNRAFIANRA S A OCIE . X L] T =
2, CKAIFe(IN)(E7(b)). CKFICK-N,H,(&l7(c)Lh f
CKFlIFe-N,H, (K 7(d)) & 3R, Rz & miFnakk iz
LR 4 BB, XOAEFCKAIFe(I) . CKAN
CK-N,H, KB A ALV DNRAFIANRA, 1 CK
FFe-N,H M SR 1 RGP IE R A S AL FTANRA. U
AR PR EUE TR A R EAR A R s e S
DNRAFIANRA I .

3 e

3.1 Fe(Iysgma i A58 56 1k

AT A TEFe(MN)X BRI AP S E T Fe( 1)
SAFAEXS JH AME ) o RUR S R, CKAPEEAS A
S RS INARAT AT BB PREE B S AR B 4, Tl



ol
vy

o (@) "
¢} o ® OO )
o 0 o8 ’
(p OO " 0o
009 °
00 o
(]
@ (@] o
o
® . = O e
(€]
)
ooooo oOO @g%g.
(@]
&P o®
0
(c) o
§)O<$
@)
] OO
co
o ® e
= 0O
( 2
S .
o e
o) o
O-0
ANRA DNRA R
BEAEE R BB Ak BEF R

(b)

O
&20 °
o ®e
oo
° e eeo
oo
£ .
@ @
1) o
O-0
d
@ 0@ O
@ (%O
o ®
®
Q
= )
(CX0)
%o
Qo @
1)
i iz BT
JiiRARE-$ o= MaRAEH BB R

B 7 (IR0 AR ER L R A B A B D (e PR 28 20 8. (a) DUZESZERZEE R 0T, (b) CKSFedl LR HT; () CK4lY
CK-NoH EBPERIZE 04T (d) CKEL 5 Fe-NoH LB 454341, Forp, M3 R ARG M HL 5 25(P<0.001, [11>0.6), 7 B I/INE 19 55 B (55799 A

HER AR UE L

Figure 7 (Color online) Co-occurrence network analysis of iron cycling genes and nitrogen cycling genes. (a) Comprehensive network analysis for the
four groups of experiments; (b) the co-occurrence network analysis of CK and Fe groups; (c) analysis of co-occurrence network between CK group and
CK-N,Hy; (d) analysis of co-occurrence network between CK group and Fe-N,H,, the connection indicates a strong and significant correlation
(P<0.001, |r/>0.6), and the node size is proportional to the node degree (the number of edges connected to the node)
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Iron promotes periphytic biofilm accumulation of ammonia
nitrogen in paddy ecosystems

Jing Tao', Pengfei Sun'" & Yonghong Wu'?"

U Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China
2 Zigui Three Gorges Reservoir Ecosystem, Observation and Research Station of Ministry of Water Resources, Yichang 443605, China
* Corresponding authors, E-mail: pfsun@issas.ac.cn; yhwu@issas.ac.cn

Microorganism-mediated iron redox processes that coupled tightly with nitrogen cycling are ubiquitous in soil
environments, particularly in anaerobic-aerobic alternating zones such as paddy fields. As the typical microbial aggregates
at the soil-water interface in paddy fields, periphytic biofilm maintains growth and metabolic activity by enriching and
concentrating essential elements such as iron and nitrogen from the surroundings. However, the potential interaction
between iron present in the periphytic biofilm and nitrogen turnover within these systems remains inadequately understood.
This study specifically investigated how ferric iron [Fe(Ill)] influences nitrogen turnover in periphytic biofilm from the
perspectives of abiotic and biotic.

The experimental findings revealed that Fe(Ill) significantly enhances the accumulation of ammonium nitrogen
(NH,"-N) within periphytic through three primary mechanisms. First, Fe(lll) generates the form of iron oxides that
precipitate on periphytic biofilm surfaces, thereby offering additional physical adsorption sites capable of physically
binding NH,"-N, effectively reducing NH, -N mobility and potential loss. Second, the presences of Fe(1ll) cause a shift in
the microbial community structure within the periphytic biofilm. This shift selectively favors the proliferation of specific
beneficial bacterial genera, such as Burkholderia pp. and Pseudomonas pp., which are known to participate in nitrogen-
related metabolic pathways. Third, Fe(Ill) exerts a regulatory effect on functional genes involved in nitrogen
transformations. Specifically, it was observed to suppress the abundance of ammonia-oxidizing functional genes
(amoA/B/C), which are responsible for converting NH," to NO, . At the same time, Fe(lll ) stimulates the abundance of
genes such as nirB, involved in dissimilatory nitrate reduction to ammonium (DNRA), and nasA, linked to assimilatory
nitrate reduction to ammonium (ANRA). This dual regulatory effect effectively inhibits the oxidation and loss of NH, -N
while simultaneously promoting the biological conversion of NO;™-N back into NH,-N. Altogether, this research offers
novel insights into how periphytic biofilms in paddy fields contribute to nitrogen retention and transformation. This finding
provides a theoretical basis for optimizing fertilization practices and minimizing loss in flooded agricultural systems,
supporting more sustainable nutrient management strategies.

nitrogen accumulation, iron redox, periphytic biofilm, ammoxidation, DNRA
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