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Ministry of Agriculture and Rural Affairs, Nanjing 211800, China)

Abstract: [ Objective] The excessive application of chemical fertilizers has turned tea plantation soils into hotspots
for nitrous oxide (N20) emissions in China’s agricultural systems. Therefore, identifying and optimizing farmland
management strategies that effectively mitigate N2O emissions from tea plantation soils is of great importance for
greenhouse gas reduction in both China and the world. Microbial inoculants show considerable potential for reducing
N20 emissions from agricultural soils by modulating soil microbial communities and influencing the activity of N-
cycle functional genes. However, how N2O emission pathways and intensities in tea plantation soils respond to the
application of microbial inoculants remains poorly understood. [Method] In this study, the effects of Bacillus and
Trichoderma harzianum inoculants on N20O emissions and their underlying process-driven mechanisms in seven
typical tea plantation soils collected from different climatic regions across China were investigated. The investigation
was conducted through laboratory incubation experiments combined with a 880 (N2O/H20) versus §'°NSP dual-
isotope mixing model. [Result] The results showed that bacterial denitrification and nitrifier denitrification were
the dominant pathways for N2O production in the tea plantation soils. Addition of Bacillus and T. harzianum reduced
N20 emissions from the tea plantation soils by an average of 48.6% and 23.5%, respectively. Both inoculants reduced
N20 emissions through shared mechanisms, including increasing soil pH, enhancing N2O reduction via nosZ-
mediated activity, and inhibiting fungal denitrification. Moreover, Bacillus addition significantly reduced the gene
abundance of ammonia-oxidizing bacteria (AOB), thereby suppressing N2O emissions from the nitrification process.

[ Conclusion] In conclusion, the application of microbial inoculants is an effective strategy for mitigating N2O
emissions from tea plantation soils. The findings of this study provide data to support the development of fertilization
management strategies aimed at reducing N2O emissions from tea plantation soils in China, and offer scientific
guidance for promoting the application of microbial inoculants in tea plantation soil management.

Key words: Tea plantation soils; N2O; Microbial inoculant; Nitrogen cycle; Global change
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DRI 4 i nosZ Jk PR = B2 A 7k e 4% NLO HEIUEAIR 67.6%. Meta 734787, il FH A AEA)
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1.1 RS TIERE

AR LR AR E 7 A FE RS (R D ILAREH 51 (SD; 36°22'N,
120°40'E)~ WHLAHUNTE (Z3; 29°11'N, 119°21'E). 48 @ A48 22T (FJ; 27°13'N, 119°34'E).
WALEEET (HB; 30°58'N, 111°18'E). VW FAMEHT (HeN; 32°00'N, 113°30'E). %
BNET (AH; 31°19'N, 117°00'E) ARG 2 KTH (HN; 27°30'N, 111°01'ED. Frf kb
()T L 1) 58 38 SR M A e X, BRI 2908 300 kg-hm2, FEASKAE A E —> 20 m X
20 m Ry, ERREIERmBEEYE T 2023 4 9 A IS RFFERELZ 1R (0~20
cm), JRAIATEISEIG =L 2 mm Jii B o AN RIRAE s R IGA B R LR 1.

=1 RAESHIBME S5 HIEIAIE LM R

Table 1 Geographical locations of sampling points and initial soil physicochemical properties

KFE R R R REAN ESA RS FRL OMRL ki
Sampling pH TC/ TN/ % DOC/ NH4*-N/ NOs-N/ Clay/  Silt/ Sand/
site (kg")  (gkg?) (mg-kg!)  (mg-kg!)  (mg-kgh) % % %
SD 5.21 17.15 1.76 90.28 14.01 23.78 210 29.09 6881
Z] 5.33 25.30 2.77 113.67 21.52 26.50 1360 7393 1247
FJ 3.77 13.14 1.33 33.94 14.46 17.70 985 76.05  14.10
HB 5.79 52.47 457 454.41 38.22 51.09 947 7510 1543
HeN 5.41 22.00 2.49 64.29 15.10 33.12 414 3770  58.16
AH 4.32 13.08 1.58 79.55 11.60 17.46 9.88 6228  27.84
HN 5.48 0.36 0.16 23.46 13.26 19.72 6.16 7748  16.36

#: SD, ZJ, FJ, HB, HeN, AH M HN 7 HIMEILIZR . Wi, ta@g. Wik, WEe. <HURisIE. Note: SD, ZJ, FJ, HB, HeN,
AH and HN represent Shandong, Zhejiang, Fujian, Hubei, Henan, Anhui and Hunan Province, respectively.
1.2 HBEiit

T X TR e LI B 3 AN AR BRI E AR (CKO L BRI R 3+ 5
MR (BOF). WINRFFH+ARERF (TOP). fAMMEHE 12 M EEREIERES

http://pedologica.issas.ac.cn



+ 1 R
Acta Pedologica Sinica

T IERIRE SRR,  IERIEFETTUERT, BT KE AT TS 35 LR AL 3 . BB 38y
FREUH S T 20 g FHE et HREE T 250 mL 4EIE3H, 7+ & /K E 2 50%H A+
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Mo PRI A = I AR ZE B B HE T O ), 82 20 mL yH 5 38, RO HERLIE SF 380
FELUREIIA ARG, R 20 mL SARFESR, . ARG =IBIR, & 2h 5, FRE R
HASARRES . RESEFEMG, FERRIGIRTE, SHEIME @RIt E DR S ILAL, RJE
[FIRE 7748

f8 FHA0ME B A CAgilent 7890A) I E N2O ¥R FEE . NoO Al 2% 4 FEF-J SR Al 25 (ECDD,
AR R P A R TR TN 255 23 99 4 50 1 330 °C. NoO GEEFET 0 h A1 2 h 2 [A] (U 2
S, 2h IR N2O sl RARFRAE H - FHE ER0, BA NLO Hiita (B) J@id Zn
BRI I FA I RITRR T N2O HEBGETHE, PIASREEH Z A N:O HEil & id it ~F3)
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FIF AR 2 S A () 3D1 R AT SP/O Map 178, DAL A7 A2 38 4 0 NLO
TR AR TR LR NoO 3 Ji E 4521220, 4 NLO HE SO 8 3 SKAE I SRR i RSB = 15 e s
AR A E LMV R B A MY I 5 ] R R SR A SRR R A 2 B A CIRMSS, Isopriome
100) 58 SARKE S AN B S i N2O [ ZAAEAE, f035 S15Nbuk, §15Ne F1 180, 4
A R,

= TNl —1(i = bulk, a, orpf)

standard
0180sample
018ostandard
S15N® + §15NF
f
SISNSP = §15N® — 615NB

BN e I R OB 1o N NV NI U I O L O ci5 [ o - B [ B D e NG e A T < R
(BND) FZERAIFRHEK (VSMOW, 180) [IARXFRHEM 22 (%0). SNl 5N/ )| KR N2O
ﬁ%qﬂa{]qj‘t‘\{j‘)ii (14N-15N-160) *ﬂ*ﬁ%’fi)ﬁ (15N-14N-160) E{J 15N /14N H“EO 15Nbulk§§{<|’fﬂ‘
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SARFER ) N2O [FIALZARFIEfE SR 1 H 3R N2O 5 54T N2O iR & 3L
Bio BRI, NHERZRAE I N2O ORI ZAF AL, WL a2~y 18 S U0 I A B AT L
IE[24]0

£ 3D B ST, S Al BRI E AR AT ALTE T (NI A4l T S AL (D)
A B (bD) MR AL (FD) 3K DUAR 3 BRI AR X NoO 7L IRARRS sTik, I
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RA, RN A= A2 N2O el 0 ik R pR N2, FolR ARIE TR I N2O 5 At 42 7= A= 1
N2O V& (2) JLiRAFEIR, BISA AN NO Sl E, 1M/EH N2O BN Na.
TEAZAE I, R FH I R i) RABE SRR I8 SR IR E R 2 0 v ST A VAl 5 R Pl AR )
BAEXT N2O P2 A DTk & N2O 3 Ji L5271

£ SP/O Map 7Y 24, Ak A FH AN SUET SO AR, W 35 3 B s i) 815NSP Al 8180
B, BN —4 (NIfD); 405 A AE AT AL 40 B S i AL AE T, 3 3 B A AR )
S1SNSP 1 §180 H, #IA N —4H (bD/IND). ZAERF, {15 NoO 7= A i 12 5wk BA & NoO I8
JiR EE I 53 2 S T N2O TRE S5iE IR A G se i,  BARITVES % S ar iwt iRy,
1.5 IR RFNTHRERE B RO E

S AAEIERIGFRIEE 1. 7. 21 F1 35 RIFATREIAE KA, WA 38 i DL a2 358 pH.
BASE (NH-NDL AR (NO3-ND BLK DOC . 3 pH RAE AP (PH3-
SC mv/pH detector, HED Wll5E, +/KEEA1: 25 (wiv). NHs N F1 NO3-N i 2 mol-L )
KCI# (1 : 5, wiv) 2L, RAESR) 704 (SANPlus System, Skalar, fif=2) Wll5€ .
TEERE A VLR (DOC) HE4iKIZSE, RAH TOC 4r#{X (TOC-VCPH, Shimadzu,
kyoto, H A M o 145 T3 EEA0 P o o, 4338 b R FH O KL B 20 #{X ( Mastersizer 3000+ )
W, LA (TC) MAEZE (TND EFEXHITTRASHX (multi EA5000, #EED Ml5E.

RO FESFREL 0.25 g #rff -+, fH DNA $2HUR7 & (Power Soil DNA Isolation kit),
TR o AR TR S D TR 35 R i DNACDNA B i 5K 52 9% % i 2 PCR(QPCR)
XTRIEIAA KT RE 2 R #EAT € 520 HT - qPCR [ MR SYBR® Premix Ex Tagq ™1 771 £ ( Takara
EMEAR, FED, HirEROREHAEEY IR (AOB-amoA #l AOA-amoA), LAK &R
AL FETh g £ K (Bacteria-nirK. Fungi-nirK. nirS 1 nosZ ). qPCR #xiE il 5 4% 1 MiniBEST
Plasmid Purification Kit (Takara, HZ) 17 & 1 BBl .
1.6 Geitoth

T D 25 SR 35 DAE A 1 EE D S E AT AR A AR B, T B8 255 DR (1) DUBICR o B 4 5
THE. A IBM SPSS 3R SR 2= 7 208 (CANOVA) A5 AN [F) b [X 5% el -+ 338 2% Ab 2
[# pH. NHs*-N. NOs-N. DOC PR Thee = F R R E 2R . £ R B (A 4.4.0
HF A “ggplot2” Al “dplyr” ALi47 SP/O Map [RGB AL 37, 7 Origin 2021 %A
HHAT 3D AL T

2 45 B

2.1 HIFBUMREISEL
ANEREFRI B3 pHL NH4*-N. NOs -N #1 DOC #2484k LK 1 A 2. SRS,

Tl 2B B FRUAE 15 % ) S 3 O T IR R L I S . 7RIS AN, BOF &5 TOF Ab
[ 135 pH #4k BT CK ALFECE 1a). & 35d I, PR B 7 A PRy B 25 3R v 1 3% pH,
5 CK MZERYNABIN R E/KF (P <0.001; K 2a). FMEERTFER LK, Arf b4l
T34 DOC &AW . 7ERFFRMEE 7 K, TOF 4+ DOC & &K CK AbEE R 2%
B (P<0.01; & 1b), TifEZE 35 K, BOF 1 TOF 4L¥E [ DOC & 3% & T CK (BOF:
P<0.001; TOF: P<0.05; ¥ 2b). BOF 1 TOF AbFRE%FE 7 d 2 BAAK 17 45 bt 138 NH,4*-

& (BOF: P<0.01; TOF: P<0.05; & 2c), H7E 35d ) BOF 13+ NHs-N &5 i
ZmT TOF (P<0.01). P AbsE 3% NOs-N & EE 872 IR & 23 A Frit i,  HAE 21
d f135d, BOF 1 TOF [ NOs™-N & &= 2 #{K T CK (P <0.01),
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Fig. 1 Dynamics of soil physical and chemical properties during the cultivation period
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in the figure represent the standard error (SE, n = 21). *, P < 0.05; **, P < 0.01; ***, P < 0.001.

K 2 B A AR F A FE L3 pH (a). DOC &8 (b). NHa-N&HF (¢) FINOs-N &8 (d) Ak
Fig. 2 Dynamics of soil pH (a), DOC content (b), NH,"-N content (c), and NOz -N content (d) under different treatments the
cultivation period
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RO HE S, HAE 285 BOF M HEE 718 K (K 3b). BRI, MET CK,
BOF F TOF AbFi 43 51 5 2Z 4K T 48.6%F1 23.5%[1] NoO Z A HE & (BOF: P < 0.001; TOF:

P<0.01; & 3c).

0

P beine

e BRSO NbRMERZE (SE, afilb: n=3, ¢: n=21). *%&/Rx P<0.05, **#*/x P<0.01, ***%*/x P<0.001. Note:
Error bars indicate the standard error (SE, a #1 b:n =3, c:n=21). * P<0.05, **P <0.01, *** P <0.001.

Bl 3 Z5lE 1% N2O HESE AN (). BRFE (b)) DICPFHRBHILE (o

Fig. 3 Temporal dynamics of soil N,O emissions (a), cumulative emissions (b), and average cumulative emissions (c) from

different sampling sites in various treatments
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in the figure represent the standard error (SE, n = 21). * P <0.05, **P <0.01, *** P <0.001.
Bl 4 &b SR R A3 % ] 3 G A ) Be 2 R =F

Fig. 4 Abundance of functional genes involved in nitrogen cycling in tea plantation soils varies at different locations
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Fig. 5 3DI model (a) and the contributions of N,O production pathways and the reduction ratio of N,O (b)
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Fig. 6 SP/O Map (a) and the contributions of production pathways and the reduction ratio of N,O (b)
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