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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 CO2 on biological nitrogen fixation in paddy fields remains poorly understood. Thus, this study aims to elucidate
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the 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 CO2 concentration. Two treatments,
CK (ambient CO2 concentration) and EC (elevated ambient CO2 concentration by 200 pmol-mol™") were set up by using an
open-top chamber (OTC)-based platform for the automated control of CO2 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 NH4™—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 CO2 concentration increased soil MBN content and
nifH gene abundance, enhanced NFP and increased the nitrogen content of paddy soils.

Key words: Elevated atmospheric CO2 concentration; Biological nitrogen fixation; nifH gene; Soil nitrogen content; Climate

change
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1.1 RIEHAEE R

PRI A T R RS B TR RER A R 5 AN (32°21'N, 118°71'E). /KFIAL: T 2023
BT, REFET TR 25.85°C, BEMIE 403.10 mm. ¥ AW E KRR L, FikSEA
26.1%, LIEHHLIR (SOC) FA% (TN) S&E45HIN 11.95 g-kg ! #1145 g'kg!, pH 2~ 6.3,
1.2 Wit

PR, CO IR TR B BhiAfE &, T 2023 fE/KREZE (6~10 ) JFE/KREEH MR, K
e, BEXIR (CKD Ml COKETHR (EC, CO2 L 200 pmol-mol ™) 2 ML,
TR bEA 3 ANER.

G B 12 AN EEEE R TR E A, BN ERHEESESR S SE I
B, TERBE 45° NS Es 1 LML AT R, W E COx B2 e B 3hiAiE R4, ik tHENLEE
J SR M I S 4 o) R IR R AR R, IRk B AR T BB B BRSO FLGEE COL SR ERF H bRIRFE .
A KFEEIAEE COL WK EFNTF i CO2 K E A (438.9£10.8) pumol-mol™' A1 (635.2+11.5) umol-mol ™',

PEKFE S AR RE 9108, HH 1] 7K 7 8 8 7 KO 1T WA K B B -5 W TR e . IERZ %
ASERNE . BEIRAEEE, P EHEAIE (N:P:K=15:15:15), BEICFIBICMEHRE (N FRE5EN
46.6%), FEAE. BEALFIFEAL 2S5 5 60%- 20%A1 20%.
1.3 H@RESNE

TERFESY BEIA B3R, S0 BRI, 50 mm ANEEAX L4 T ARER 50~100 mm + )2 R4
TIERESL, BTN AL T . NFP R [ 460 B 3 1 5 B A R R A

TR T S RS s ) . RIS (NHS N S & H 2 mol- L KC1 122
BEMy WA L kil g s TR Al (NOs —ND & &8 A By iR b (ki AT e s AEM A E A
(MBN) & &8 A BZE-KoSO4 IR IEVEHATIE s LA 1:2.5 7K LB IR G #5257 0.5 h, Jl5E
T35 pH. FH EERBRAPAM—AMINFGENE SOC &2, FIH HaSO4H 0, JHZ LM AA3 BUES )
I3 HPAX (Seal Analytical GmbH, &) % TN & &,

+35 NFP SR 5N [FIA7 R EE M E N2, $eid 2 mm §FiA 2 g Briee 38 RE AR K 1] i 3 3 E A
K30 min, BEYEREFE 24 ho WNIN 0.5 mL F A 99%SN-N,, [A]S A EF Sk HEH AR 32, e b
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B0 5 min Ji5 R BEERE FOS O E No AR5 S0 . HE AR F:

f= (*’Neinai— " Niitia )XV (1
- WxT

A, fFREY NFP (N nmol'g "h™); "Neinas  Ninidal 785 9 TR BTG A R P SNHL N IR,
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PRINA1080318).
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5 SRR AN, TUAR I HT (RDA) RITRETS 4L S ERAL IR 1955 &, 535 T84 (8] §7i% NFP
PSS EClS e
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2.1 COLREHA S FEHETIEBA M RIS
COL WRPETH i 26 N AR H L e A M ke 1 Fiom. 5 CKAHLE, EC ARPRAE 73 BEHA NH4 N &
B E K 22.6%, (FHCTT I MBN S &R ER 4.5% (P<0.05), {HX7&4F -+ socC.
TN. C/N. NO;—N. pH HIm3FREE (P>0.05). MieAEBEMMNE, 5 CKAMLEL, EC AHfF
3% NHs N 2 EE TR 11.6% (P<0.05), {f MBN & &2 3.3% (P<0.05) (X 1).
1 AR CONREFASEM TIEHT RN

Table 1 Physiochemical properties of paddy soils under elevated atmospheric CO, concentration

AE M £ » .
Lb T+ ML WAL NH,—N/ NO; =N/ fAMAEE
Growth TN/ pH
Treatment SOC/ (g'kg™ C/N (mg-kg™ (mg'kg!) MBN/ (mgkg!)
stage (g'kgh
SrBE 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  44.16+1.52%*  14.74+1.78 30.52+0.48 6.81+0.07
P 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 29.98+0.25* 6.79+0.08
e CK 12.2340.04  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
2334 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 12.3740.03  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%* 6.860.04

e CK, 5§ CO¥KEE; EC, CO¥KEETH®R 200 pmol-mol e FRHEHE P IMELATHER (n = 3); *Fl**5p HIFRRA R FALE 0.05 F1
0.01 /KT L7 E2RE%. FH. Note: CK, Ambient CO; concentration; EC, Elevated ambient CO, concentration by 200 pmol-mol™". Data are the
mean values + SE (n = 3); * and ** indicate significant differences between different treatments at the 0.05 and 0.01 levels, respectively. The same
below.

2.2 CO iREFEXTFEH 1] NFP RS20
CO ¥R P Tt 261 N A H 3% NFP Wil 1 iz, 5 CK ARG, EC ALBE 7 A 4% 46 HAFN s 1
NFP &5 1 12.1%7H1 20.8%(P < 0.05), (EXF A WA G NFP fE 281 AN B35 (P> 0.05)
(E1a). A EmME, EC ALK NFP % CK RFRE T 13.7% (P<0.05) (& 1b).
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Fig. 1 Effects of elevated atmospheric CO, concentration on nitrogen fixation potential in paddy soils

2.3 CO, K EF+ 3 F H IR B R = B H 2

CO2 W SE T 2 T e S8 8 50U mifH S BRI DU 2 i 55 CKORALE, BC AREE Sy i £
5 BERAFNAZ 16 JARE HH 33810 nifH FE R F= R B B4 T 12.4%F0 28.1% (P < 0.05), {HART HIF
W35 nifH LR R RS E R AR (P> 0.05) (B 2a). MieAEWMS, 5 CKAMLL, EC
KR nifH B CK R 2 i T 13.2% (P <0.05) (K 2b).
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Fig. 2 Effects of elevated atmospheric CO, concentration on nifH gene copy number in paddy soils
2.4 COx REF A FEH TIRE REFHE IR
I U nifH E IR REAAE A — A S, &SR 18 759 SR EBRIFA, ARG OTU
&l 2 320~2 878 . K| Shannon 5 (1 Chaol a2l 1 135 nifH R FE M EZFEMEGR 20,
SERELW], fEAAE W], EC ALRE[E S B ) Shannon 501 Chaol f5¥U: CK ALBEY T B 3 7%
5t (P>0.05), KU CORETHRFIF AU B R E AL F & EMEFEE (R 2.
®2 K8 COREASFN THATREREEE S

Table 2 Community diversity of nitrogen-fixing bacteria in paddy soils under elevated atmospheric CO, concentration
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HEEM AbE OTU % Shannon 8%} Chaol 8%
Growth stage Treatment No. of OTUs Shannon index Chaol index
7y 5] CK 2320+119 6.14+0.30 2945.8+140.3
Tillering EC 2 376+260 6.18+0.46 3 095.24325.4
WA CK 23574276 6.28+0.33 3 108.9+334.5
Elongation EC 2 71194 6.67+0.04 3495.6£116.6
71e CK 2 588+268 6.38+0.24 3389.1+389.5
Flowering EC 2 687+44 6.70+0.06 3 525.8+73.2
B CK 2 789+146 6.52+0.15 3772.1£219.9
Maturity EC 28784310 6.82+0.26 3 683.5+376.6

CO IR T o 25 A T e FH - 438 [ 2 A v 2 s 18 3 s RO 3 B2 P35 EE 4> 1% fE H 7K
*F I, Rhizobiales . Desulfuromonadales I Myxococcales = A~ %1 H 73 7 5 3.07%~6.96% «
4.76%~10.60% 1 0.94%~2.70% (K& 3a); fEFl/KF £, Geobacteraceac . Myxococcaceae I
Bradyrhizobiaceae = CLEIE A 15 4.17%~9.94%. 0.94%~2.70%F1 1.01%~2.60% (14 3b); fEJ@/K
¥ I, Geobacter F1 Anaeromyxobacter A>T F1JE, 73l 4.14%~9.91%H1 0.94%~2.70% (& 3c).
fEH. BAJEAY b, B4 F Y EC M CK i HEE R WIS AR A R EEZR (P> 0.05), EC
WA 25 AR T 3 ] U R AR (] 38, by o)
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Fig. 3 Relative abundance of nitrogen-fixing bacteria community in paddy soils under elevated atmospheric CO, concentration
HH NMDS 7347 1 CO2 R T i 4% A 1 8 F 338 [ S B 72 & K F L& a5 i A d (181 4).
B BT SN, EC A1 CK [ RUREHEE AN, R W] EC X [ U HEvE 25 7 B S i A
K (Kl 4a, b, o) MFERZM, EC AHLS CK AIEAIE R EREA W B8, VW EC AHH] &K
AR T e FH S R AR S5 (1] 4dD.
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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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Fig. 5 Heat map of the correlation between nitrogen-fixing microbial community and nitrogen-fixing potential of paddy soil and soil
indicators under elevated atmospheric CO, concentration

RDA #4558, 3% SOC. C/N. MBN. pH ¥ B X il % b VR 45 6 SB35 520 (P < 0.05),
{H-EHE NO; —N+ TN, NHy'-N X R5 H L[ S a5 M A B3 (P> 0.05) (B 6). B8
BTN, HT 3 MBN 8. SOC & & nifH JED 3= L AL MERERY AT R 75.2% 078 B+
HENFP 425 (P<0.05) (& 7). fef NFP 22 H3RM B F . +3% MBN & 5 DLR 390 B 25
Bl
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atmospheric CO, concentration
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