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Abstract: [ Objective ] Biological nitrogen fixation, which converts inert nitrogen into plant-available nitrogen, is a critical
process for maintaining the soil nitrogen cycle and supporting the productivity of agroecosystems. However, the effect of

atmospheric CO, on biological nitrogen fixation in paddy fields remains poorly understood. Thus, this study aims to elucidate the
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microbial-driven mechanism of biological nitrogen fixation in paddy soils affected by elevated atmospheric CO,. The findings of
this study will provide a scientific basis for the optimization of nitrogen cycling in paddy fields and sustainable nitrogen
management in agriculture under climate change scenarios. [ Method ]In this study, the microbial-driven mechanism of biological
nitrogen fixation in paddy fields were investigated by elevated atmospheric CO, concentration. Two treatments, CK(ambient CO,
concentration) and EC(elevated ambient CO, concentration by 200 pmol-mol') were set up by using an open-top chamber
(OTC)-based platform for the automated control of CO, concentration. Soil physicochemical properties, nitrogen fixation
potential (NFP), and the abundance and community composition of nitrogen-fixing bacteria (nifH gene) of paddy soils were
analyzed by microcosmic cultivation, real-time quantitative PCR, and high-throughput sequencing. [ Result ] The results showed
that across the whole rice plant growth period and compared with CK, EC treatment significantly increased the microbial biomass
nitrogen (MBN) content by 3.3% and significantly decreased the NHZ—N content by 11.6%. Also, the NFP and nifH gene
abundance were significantly increased by EC treatment. At the maturity stage, the community structure of the nifH gene in the
EC treatment changed significantly compared with CK. In addition, the TN content was positively correlated with NFP, which
was regulated by soil MBN content, SOC content, and nifH gene abundance. [ Conclusion ] This study reveals that elevated
atmospheric CO, concentration increased soil MBN content and nifH gene abundance, enhanced NFP and increased the nitrogen
content of paddy soils.

Key words: Elevated atmospheric CO, concentration; Biological nitrogen fixation; nifH gene; Soil nitrogen content; Climate

change
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TR 22.6%, P 1] 13 MBN & i 5 & 3
4.5% (P < 0.05), {EXI44EHW 1 SOC, TN,
C/N. NO;-N. pH sz A R#E (P> 0.05),

SAEFEWINE, 5 CK ML, BC AbH{HFEH + 1%
NH,-N &8 B3 T 11.6% (P < 0.05), ffi MBN
TP ETE 33% (P<0.05) (£ 1),

R1 KRS COREASFHETHAIIRBUMLRR
Table 1 Physiochemical properties of paddy soils under elevated atmospheric CO, concentration
AEH g
b A Bk WAt NH;—N/ NO,—N/ A YA
Growth TN/ pH
Treatment SOC/ (g'kg™) C/N (mgkg™) (mgkg') MBN/ (mgkg")
stage (gkeg)
ST BER CK 12.62+0.08 1.42£0.01  8.88+0.05 57.07+1.12 15.30+0.34 29.40+0.36 6.96+0.08
Tillering EC 12.58+0.08 1.43£0.01 8.82+0.06 44.16x1.52%* 14.74+1.78 30.52+0.48 6.81+0.07
BT CK 12.46+0.08 1.44+0.02  8.62+0.04 45.63+1.77 16.98+0.75 28.69+0.25 6.88+0.10
Elongation EC 12.67+0.06 1.45£0.02  8.72+0.13 40.00+1.55 15.40+0.76 29.9840.25* 6.79+0.08
iR CK 12.23+0.04 1.4240.01  8.64+0.01 34.65+1.25 14.37+1.06 27.84+0.28 6.87+0.06
Flowering EC 12.18+0.07 1.43£0.01  8.51+0.08 34.93+2.84 13.99+1.46 28.77+0.32 6.96+0.07
A CK 12.16+0.02 1.43£0.01  8.52+0.09 27.18+2.99 12.31+1.15 26.56+0.28 6.89+0.09
Maturity EC 12.19+0.07 1.44+0.01 8.48+0.02 26.44+1.58 11.57+0.58 26.96+0.29 6.89+0.09
T CK 12.37+0.03 1.43+0.01 8.67+0.03 41.13+1.64 14.74+0.14 28.12+0.34 6.98+0.04
Average EC 12.40+0.06 1.44+0.01 8.63£0.04 36.38+0.62* 13.92+0.44 29.06+0.44* 6.86+0.04

. CK, B8 COME; EC, CO¥ETFHE 200 pmol-mol ' FH AU A VI ELARAER (n=23); *F**435 3R A R 4b B AF
0.05 #110.01 /K 77762 5% B % . FIA] .Note: CK, Ambient CO, concentration; EC, Elevated ambient CO, concentration by 200 umol-mol™".

Data are the mean values = SE (7 =3); * and ** indicate significant differences between different treatments at the 0.05 and 0.01 levels,

respectively. The same below.
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T 13.7% (P<0.05) (E 1b),
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5 (P>0.05), FW CO, ¥ JEFm I A A2 iy [ A
WREE R MR (£2),

CO, ¥R JEE Fh e 2547 ek FH - 98 3] S0 71 A 7% 2 ok
Wnnp 3 fros CH 2 BEF- 2 FE B> 1% ). 78 H K-
I ,Rhizobiales . Desulfuromonadales Fl Myxococcales
“ABAES G 3.07%~6.96%. 4.76%~10.60%
- 0.94% ~2.70% ( B 3a); 7EFHAKF E,
Geobacteraceae ,Myxococcaceae Fll Bradyrhizobiaceae
SABHB A 4.17%~9.94% . 0.94%~2.70%
H'1.01%~2.60% (& 3b); {Ej@/KF I, Geobacter
M Anaeromyxobacter W/ -EHIE, 3d 4.14%~
9.91%F1 0.94%~2.70% (& 3c). fEH . BLFIJEK
L A E I EC I CK 1 - 48 [ 0 BE 7 ALy
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Fig. 1 Effects of elevated atmospheric CO, concentration on nitrogen fixation potential in paddy soils
20w ok e 27
o *
o0
4] *
‘2 15¢ *
8 — [ —
= > 1.6+
=2 10k
=
E =
=2 s
= S 1.2+ :-'
Q .
§n 0.5+ :|:
=
=
0.0 — -~ 0.8 L L
I3 EE P A A CK EC
Tillering Elongation Flowering Maturity
Ab¥R Treatment

A 4 Growth stage

P2 KA COp MR BT o WS A HH 8 nifH HEDA#5 DR 52 )

Fig. 2 Effects of elevated atmospheric CO, concentration on nifH gene copy number in paddy soils
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Table 2 Community diversity of nitrogen-fixing bacteria in paddy soils under elevated atmospheric CO, concentration

LEF W Qb OTU %% Shannon $§ %% Chaol F8%L

Growth stage Treatment Number of OTUs Shannon index Chaol index
S BE CK 23204119 6.14+0.30 2 945.8+140.3
Tillering EC 2 376+260 6.18+0.46 3095.24325.4
WA CK 23574276 6.28+0.33 3108.9£334.5
Elongation EC 271194 6.67+0.04 3495.6116.6
7R ] CK 2 588+268 6.38+0.24 3389.1+389.5

Flowering EC 2 687+44 6.70+0.06 3525.8473.2
FA CK 2 789+146 6.52+0.15 3772.1£219.9
Maturity EC 2878+310 6.82+0.26 3 683.5+376.6

100y s e o i e I Others 2)
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Fig. 3 Relative abundance of nitrogen-fixing bacteria community in paddy soils under elevated atmospheric CO, concentration
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Fig. 4 The effect of elevated atmospheric CO, concentration on nitrogen-fixing bacterial community structure in paddy soils
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