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Abstract: [Objective] Elevated near-surface ozone (Os) concentrations are an increasing threat to rice production, but the
mechanisms and dose effects on below-ground ecosystems, including soil nutrient cycling and microbial communities, remain
poorly understood. [Method] This study targeted three major rice cultivars (HuaiDao 5, NanJing 5055, and WuYunlJing 27)
in the Yangtze River Delta. Using open-top chambers, we conducted an 84-day fumigation experiment with four ozone
concentration gradients, including [NF (ambient air), NF20 (ambient air + 20 nmol-mol!' O3), NF40 (ambient air + 40
nmol-mol! O3), and NF60 (ambient air + 60 nmol-mol!' O3)], to systematically analyze the dose-response effects of elevated
O3 concentration on soil nutrients and microbial communities in paddy fields. [Results] The results showed that increasing
Os concentration significantly altered soil NOs-N and available phosphorus (AP) contents, as well as the abundances of
methanotrophs (pmoA gene) and archaea during the rice filling stage, whereas no significant effects were observed for soil
DOC, total carbon (TC), available potassium (AK), bacterial or methanogen (mcrA gene) abundances. The interaction between
Os fumigation and rice cultivar significantly affected soil NH4*-N, NOs™-N, and AP contents. Specifically, O; fumigation
significantly reduced NOs™-N contents in HuaiDao 5 and WuYunJing 27, although the inhibitory effect weakened with
increasing O3 concentration. In contrast, NH4*-N content in NanJing 5055 significantly increased under the highest Os treatment
(NF60). Similarly, NH4*-N in HuaiDao 5 decreased under O; stress but the effect weakened at higher concentrations, whereas
NH4*-N in WuYunJing 27 increased under NF60. AP content in HuaiDao 5 exhibited a negative correlation with O3
concentration, whereas no significant effects were observed in the other two cultivars. O3 fumigation significantly increased
the abundance of pmoA gene in NanJing 5055 and WuYunlJing 27, with the promoting effect intensifying under higher O3
concentrations. Soil bacterial community analysis revealed cultivar-specific responses, the relative abundance of Bacteroidota
in WuYunJing 27 and Chloroflexi in NanJing 5055 was positively correlated with O3 concentration, while the relative
abundance of Bacteroidota in NanJing 5055 and Desulfobacterota in HuaiDao 5 showed significant negative correlations.
Moreover, the abundance of carbon and nitrogen metabolic pathways in NanJing 5055 and WuYunJing 27 exhibited nonlinear
dose-response relationships with increasing O3 concentrations. [Conclusion] Our findings demonstrate that soil nutrient
dynamics and microbial community responses to O3 stress are highly cultivar-specific, with evidence suggesting the existence
of threshold concentrations for Os sensitivity. However, accurately quantifying the mechanisms underlying Os-induced
alterations in below-ground elemental cycling and identifying key ecological thresholds will require long-term in situ
observations. These findings offer critical insights for assessing the ecological risks of ozone pollution in rice paddies and
guiding the selection of ozone-tolerant cultivars.
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Fig. 1 Responses of soil TC and DOC contents in different rice cultivars to O; concentration gradients
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Fig. 2 Responses of soil NH;"-N and NO;-N contents in different rice cultivars to O; concentration gradients
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Fig. 3 Responses of soil AP and AK contents in different rice cultivars to O; concentration gradients
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Fig. 4 Responses of soil bacterial and archaeal abundances in different rice cultivars to Os concentration gradients
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Fig. 5 Response of soil mcr4 and pmoA abundance in different rice cultivars to Os concentration gradients

2.5 05 KEFKFERMS TR ETFHREXKE
O3 KRR IE  /KAR fin it &5 3 PR 7 [B] AR SRR 2 R ANR] . 2Tl 6 P, Os W 5 3 NOs-N
FRIHRME (02 <r < 04) FERZEM (P<0.01) BEE; O3B 1 AP & & merd £
B RFELM (0.01 < P <005, {HMKMERT (r < 02), KREMFE T TC &ERHIME
(02 <r<04) FEZENE (P<0.01) ¥HFE; KREMAEI T NH N AK 1 AP & B

FHRN (0.01 <P<0.05), HHRMERS (r<02),

TC
Mantel’s p ¢
— <001 DOC
— 0105 p ize
> =0.05
Mantel’s r |
— <02 = s cultivar
- 0204 — —
e CoEE-
Pearson’sr | — —
0.9 Bacteria | ° D ] D‘ O D ® ]‘
06 | I ] I | I | ; |
03 Archaea | - D"D‘D‘D.DA° ‘|
|
l 00 erd [] - e |[]m|@| 0=
5 { } I } ! I
PmaA‘DA.4u_D,. ° AD,D‘.
v & & 8 <
o) ; 2 T & X g
= o« M o Z £ 0§ 0§
A g o g g 2 A
Z = &

http://pedologica.issas.ac.cn



+ 5 ik
Acta Pedologica Sinica

" TC, &k DOC, WEHEANRK: NIL-N, A% NOy-N, WHEE: AP, A AK, #u4H: * P<0.05: **, P
<0.01; ***, P<<0.001. Note: TC, Total carbon; DOC, Dissolved organic carbon; NH4"-N, Ammonium nitrogen; NO;-'N, Nitrate nitrogen;
AP, Available phosphorus; AK, Available potassium; *, P<<0.05; **, P<<0.01; *** P<{0.001.

B 6 O3 94 B AR A il P55 - 398 D)1 1) 2 kg R AGE 560 23 AT
Fig. 6 Mantel-Test analysis between ozone concentrations, rice varieties and soil factors
2.6 NEIKFEmF IR MEERE R AT O IREFA SRR
TIEA A VK E E B AW 1] (Proteobacteria) « %% % [ [ ] (Chloroflexi) « #L #F B ']

(Bacteroidota) FERATE [T (Acidobacteria) % (B 7a). MHARTTZ4HT (K1) £H, O:KE
Xf Chloroflexi & HA MR E 0 (P<0.01), s O3 M58 B AEHXT Chloroflexi A Bacteroidota
FIE 2 AR B2 (P < 0.01). BbAh, NF20 &FEF, FEFE S F11 Desulfobacterota =F F¥ i 3%
Tk . FESrEE R (B &) it —BRaR, ANE SRR B B RIS T O il e S AF7E 72 57 o
B KR A A Chloroflexi /25 Oz ML 2 835 IEAHSG, TH: Bacteroidota 3= N 2 A AHK (P < 0.05);
Iz K i Bacteroidota /5 O3 WKJE .35 IEAHI: HERE M M) Desulfobacterota M5 O3 W&
BFE R (P<0.05),

& 105 KRR ZENZ BN TIEAEEE AR

Table 1 Effects of O3, rice cultivars and their interactive effects on soil bacterial structure

A B P Fol o 03 i< O3
Soil bacterial Cultivar Ozone CultivarxOzone
Proteobacteria 0.360 0.582 0.155
Chloroflexi 0.212 0.006** 0.022*
Bacteroidota 0.590 0.166 0.008**
Acidobacteriota 0.167 0.174 0.382
Desulfobacterota 0.052 0.532 0.067
Verrucomicrobiota 0.311 0.104 0.859
Nitrospirota 0.360 0.725 0.862
Planctomycetota 0.146 0.062 0.502
Myxococcota 0.111 0.609 0.710
Gemmatimonadota 0.317 0.872 0.395
Patescibacteria 0.206 0.269 0.634
Latescibacterota 0.186 0.354 0.906
Actinobacteriota 0.409 0.649 0.750
Firmicutes 0.026* 0.751 0.662

FTF PCoA H#T, TIEANBHEVAEA O3 AHE N FAkbrasa if 2 B 505, R O3 IKFERLE
SRR EA B (B 7o), TURSHT (RDA) #t—5#/R, 13 NH./-N. NOs-N. TC.
DOC. AK. AP &K mMLYE RDAL #iIEAHOE, DOC FEHMEHESEMWERE MK (P <
0.05), NEEMMTRIKSIFF (B 7c). HEKRZ T, O3 KE K merd. pmod. HHF L RDAL
AR, HA merd FENFEE SRR EWEZ A (P<0.001), HEREBLIERZEKT

(P <0.05. BEOSMERER, SIANHE TR ST EFE RN merd. HHE pmod £ .
O3 W& DOC &, L& BT Os il RV DhRe S ik E L4 RO B R 1R A
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Fig. 7 Effects of O; concentrations gradients on the composition and structure of soil bacterial communities in different rice cultivars
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Fig. 8 Linear regression analysis between soil dominant bacteria at the phylum level and O; concentration

PICRUSt2 WRETIM /3 HT45 & KEGG JERAER (I 9) FKM, AR ShFs 2240 5 i i &4
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Fig. 9 Effects of elevated ozone concentrations on soil bacterial carbon and nitrogen metabolic functions in different rice cultivars

Os X T HERRAE A 1 52000 32 B Ik X A A b3 i) AR B R 4 [ s 8. BT il O 75 HiER
JZ R R A R B A0, JHOGT 3 14 FH 2 T SO AR A B PR A LR SE RRP . AREIE AL
A CHE b B ) S5 R R, Oz IR FEF iy B 3 PRI T OBIBAN T CO [FfidE R . RALFE AL &
HRR, X 5T Meta T4 —50, O Wrid il it i A USRI IR T, S EUA R SR
IYBCED s TTT FRARAR R - i P AR AR N, DRI Os T il 7 PR AIC 358 TC & &S, SR, ARHF5
o= ANKAE S AP 3 TC & BAEANF Oz FE T IRFFIRE (P> 0.05), X AT AR T-hai A gk > Fg
WU 73 AR AE S 9 /N AR KT 208, O3 5 S AR IR A R AR T 25 B 3G N, 1828 T A MU 7 fif
(51, S &AB YR 5y BCIs /D F o) il S 1 R B 4EHF T IR ~PT . 38 DOC & T3 MU e i
TEERIAH 7y, CA TR B 3% DOC & &4 O3 WK BT AN A AR B BRE R 4 B2 . 2015 4F Tang
L0201 T FACE #5350 R BB KA 1.5 % O3 ¥KE (42 nmol-mol") X 7K F& 43 BERAFN 1L A K £
5 DOC TG i E#Mi, Zhong 55U3N@d FACE ##i58 A 5L RS 1.5 % O3 K E (44~56 nmol-mol-
D BERRCT KRBT AR Z IR 135 DOC &8, (HXF HARR AR =4 B2 . AT %
KRG AR 3 DOC & BN A BB E A, RN R /KREREURAE B I GRATRZAEED,
PRAEKFIR RIESIHE R, O3 MR RIS IER, DOC B FEAK, 175K 5 AR XA e 1,
DOC To i E BT, /NFz 1338 DOC X O Fopie (i B 2 IS [ AR SR AR . /NI 4t 3 4R 1) Os B
# (+20 nmol-mol™") P& T T3 DOC &P, 1M 1 FRIEHIAEE REERS 1.5 5 O3 W) KXt
/INFEEE DOC F=AERE MR, FiRgE U Os X 30 & [0 B2 00 1T B A7 (0 R\ -4 H F2 1)
AP MRV PRI & #2257 DL R[] SR RS R0,

AW R IR O3 R BT o 4 BUE B S A5, O3 R FE T i35 B AIK 77 VARG it P 1348 NHL'-
N fI NOs-N & &, XE5ARIE AT F3a 7 Os BhasikERs 5 SR R EMEM LS 1L—5,
X PRI AT e UH R TAR R A i8> 5 8RR - WA R T B, 3k i 55 AR 4 Bk B ) U A i
FEPY, &5 R HIELEHE S E T, X455 Zhong F5BI7E FACE 2515 T 1.51%5 053k fE (44~56
nmol mol™) ALER/KFERS 1) R IARST o (EFFHER RIS, ABFFR I T 7KFE i Fhoke S 770 1 v 2 A
O3 FEZEXVERE 5 5 138 NH4'-N Al NOs-N &= FHIHIE A BE Oz WA Emiss; sk 27 51
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NH4"-N & fFE O3 WREEF- =i H9 i,  MH NOs-N 75 217 B HL A 200 v B s ek« X Fhk
AN SRHIE S Li SRS BRI Y i A 22 A AL, L EIE T Agathokleous SEI7ISIEE )
T O3 B A7 7E AR S 1 77 5 RS I Ao AR B — 20 A IS 7 = 7 B O3 AR BR R S7 00 ) ek 55
w1 O3 Wria Xt s A i A NOs-N. VERE NH4 -N &m0 8 3BE O3 W mm B, 3=
(1) O I8 W] RE2x 5 3 VRV (3 S PE A B, AT 39 5 S AR Mnt Os TN 52 PEB4 . 25 B, O3 X
74 H 3% NHa"-N F1 NO3-N FIsZ SR TAEVIBURME . Os 7 R R S5 2 IR Z, SR T H Ao
BRI M AAEATRENE, FFidE— P45 SR AR D R AR D T IR AN 5T

A A R A B R I N B D OB R AR, R R IR PR BURE 5. CA
AR, EWREE O3 A Red I | SR 1A ff eSS BV RS, 3 E WLEE B0 A AN U RETBG,  TT F
K AP & . — OTC I 70 &P, 80~110 nmol-mol-! O3 W JF & F&M% T K& 11 AP & &P,
A FORGE RN RAGE R, Oz IREEF R W3 PRAK THERG 5 510 AP & &, WS Os/ha N4 FE T
SN 7 e =/ eI N R S IR 7 A A P S SO [ o e =5 v WL DAV S K [ W N A i U e
AP FI7KFE PR S PR e SO, VERE 5 5 I AP ST ER O IKETHE 2 B 241 T FFiE,
MRISFE R FIBE O3 W R = b8 5 - FIHE L 2R 4, NF60 Ab3E R -1 AP & EikIg(H. Hom
FIERACEE T AN RS, U SRR Os Man] fe s T A (EVIRIE R R . IR g5 Rk
B, O3 X 33855 43 [ S M A7 AE B 2 IR 0 2R S AT S R RO i, axX b 22 e vl BRI T AN [T R &
7 ARV AEBRHE . AR ERE L LIRS EER, FEH— P I oem AR5
PEAAREY)- T8 A= EAE A BEIRNRRAT

TIEAEDE N IR HONTE R S, g IR A Bh ), EAEYI R SE A R Ay
HEZMO., O:MHaMtIEYDEEIER, BIOEE T PIiR &R B8x BUAR Ry, 25 ] 5ese
Wit SR A i 1 A AR D SR RO AR, FEARBE T, SASKARS A LIRS merd
RFEEE O A NEI FEBES, BARKEENKY, HY FACE IH 1.5 ff O; WKE (43
nmol-mol™!) XJ7KFE 1 merd F=EERIHNEI RN — 24, X AR AT IR T Os b e 7= o ic J2
FER R W NGB, g BRI H G B B RRIR BERBT. 52AH, E pmod PR (FH
FEEALED FERE Oz IREFAm RN, XY HuangBSI7EZ2th H 88 B R — 3. EEFEER
&, O3 AbFE (NF60) TREFE 5055 5 FIRISHE 27 510 138 NH-N & BEUAREMHE, R SR ARA
W2 4 S B LR AR R KB, KRR R A REIR A T RE SR A 1 e S AR R,
fERET OsMA ™ pmod EFERIYE N, SR, TR 7 BB A& BB AAE AR =407 BIE R
JEOT, BRI AR IS H O5 BE 75 T BB AR AT BT b T F e S| A I AR AR 2k X TR), (HKC ST O3
75 N IEE-H e S B BAE RN FR i — PR AT . XS RIL[FR I, O R s “OE
TR R WD E WA RN, 5O A 438 e = A 5 AR A PR T 18 3 T 2 i R R PR
e, HKFE St oF ) 2 7 W2

AHEFRIN Oz W E T+ imrht - Be4H i HEvR S5 A AN D RE Y 22 e Ak . 17 N FACE 38K, Os
FiE (+40 mol'mol™)) B FHFFAK T B A G I REIE R FBE, FFElAR 1 RF a8 40 1 J8 [ A 3= B2 11,
ORI RV 2R, JETTT S AR D S B B A I R0, AR AR I Os i o + 1%
MRV B 2 EMERIEIER, JEREENR o 2R, (HE RS T Chloroflexi FIAHX FE, ik
TEIREEPIE FACE RIS AR — 8. XMk $EtE 'S S nT 58JE T Chloroflexi XJ Os 753 FIHR R 501
YA LA TG RIS AR — 0 R I T O3 A SRR A8 LA, Iz B il Ff Bacteroidota F1RG
FE i M Chloroflexi 25 Oz WKFER A, TEGAE M Fi Bacteroidota FIVERE 5 /i Ff Desulfobacterota
F NG E ARG, THRETUN AT 27, EERE 5055 5 Bk B A S 3 B 2 BUIRIE S i f) E R
N, ISR 27 5 R AR = (2 AR AH SO o b 7RG ot Aol T (%) i 87 22 S5 W S B 1 T 52 i
Foh AR it b - S M AE BRSBTS T 5 R BRR, 5 R 2
RREARR | FIRTE AL R, Os Wl T eI O R - A -9 MR B TLAE R4, B R
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A A2 R G 0 BT BT AR = SRR AWT e, Os RIS RE P B T SHME S W HE 2
[V 72, X FZIAP TR R AR LD X REIKE T, Tang FF207E FACE #5152
BB T R A 22, PR S 3 O SEME HIm 22 « 4R Os R B A4 IR RO 45040 Pl 5k,
JEEEWT TR 5 NR AN B S A B SR SR I, It — P XSS O IR R Z 2 [H )
KF, LURTE O3 IR BRI AN & I HERfe k.

4 %5

O3 WREETH iy 12 3 U 1 /K ARG LB 70 A M (NHa*-N. NO3-N. AP) ARG AERE T 454
FEEE . ANFEIRIRXS O3 M Z M N, BT (KR SRl ) 138 NOs-NL € bRl )
NH4"-N. AP &R PSR B GE N EEE Oz TR R ARLMEMI NG R, 187 i AR 13 AP
. WL R E A 5 A R O IR T ey LR TEMIRIOG R o A Rl it il
- E Y RGNS Os B AFAERF R RN, H X Os HOBUREE AT RE A WS B R NV AFAE . 8
M, KT Oz Braaxt s~ R C R RS2 m b ] b H OB A 25 B I 552 AN B s, 076 R
FERIIE LRI HEAT IR T o

SE L (References)

[1] Feng Z Z, Li P, Yuan X Y, et al. Progress in ecological and environmental effects of ground-level O3 in China [J]. Acta
Ecologica Sinica, 2018, 38(05): 1530-1541. [BJK /&, 255, ZAREE, & FREHR REESIIRB T At )], A%
i, 2018, 38(05): 1530-1541.]

[2] Ministry of Ecology and Environment of the People's Republic of China.Bulletin on Ecological and Environmental
Conditions in China (2023) [R]. Beijing:Ministry of Ecology and Environment, 2024. [ A\ B3 AT E A= & R85 6. 2023
A I BDRBL AR [R]. AL5CAERIABEHE, 2024.]

[3] Sicard P, Anav A, De Marco A, et al. Projected global ground-level ozone impacts on vegetation under different emission
and climate scenarios[J]. Atmospheric Chemistry and Physics, 2017, 17(19): 12177-12196.

[4] Feng Z, Xu Y, Kobayashi K, et al. Ozone pollution threatens the production of major staple crops in East Asia [J]. Nature
Food, 2022, 3(1): 47-56.

[5] Xu Y, Tang J, Xia J, et al. Joint ozone pollution and climate warming reduce yield but enhance grain protein content in a
resistant wheat variety [J]. Global Change Biology, 2025, 31(7): €70351.

[6] Lee HS, Jo S H, Kim J H, et al. Impact of heat and ozone stress on rice growth and productivity: interactive and mitigating
effects [J]. Science of The Total Environment, 2025, 980: 179471.

[7] Nowroz F, Hasanuzzaman M, Siddika A, et al. Elevated tropospheric ozone and crop production: potential negative effects
and plant defense mechanisms [J]. Science of The Total Environment, 2024, 14: 1244515.

[8] Gu X, Wang T, Li C. Elevated ozone decreases the multifunctionality of belowground ecosystems [J]. Global Change
Biology, 2023, 29(3): 890-908.

[9]1 Li P, Zhou H, Xu Y, et al. The effects of elevated ozone on the accumulation and allocation of poplar biomass depend
strongly on water and nitrogen availability [J]. Science of the Total Environment, 2019, 665: 929-36.

[10] Singh A A, Ghosh A, Agrawal M, et al. Secondary metabolites responses of plants exposed to ozone: An update [J].
Environmental Science and Pollution Research, 2023, 30(38): 88281-312.

[11] Toet S, Subke J A, D'Haese D, et al. A new stable isotope approach identifies the fate of ozone in plant-soil systems [J].
New Phytologist, 2009: 85-90.

[12] Lu X, Li J, Zhou X, et al. Negative effects of elevated ozone levels on soil microbial characteristics: a meta-analysis [J].

http://pedologica.issas.ac.cn



+ 5 ik
Acta Pedologica Sinica

Plant and Soil, 2025: 1-16.

[13] Zhong X, Agathokleous E, Wu J, et al. Elevated ozone mitigates warming-induced methane emissions in a rice paddy
field [J]. Agriculture, Ecosystems & Environment, 2025, 385: 109577.

[14] Zhang J, Tang H, Zhu J, et al. Divergent responses of methanogenic archaeal communities in two rice cultivars to elevated
ground-level Os [J]. Environmental Pollution, 2016, 213: 127-34.

[15] Zheng H, Vesterdal L, Agathokleous E, et al. Ozone strengthens the ex vivo but weakens the in vivo pathway of the
microbial carbon pump in poplar plantations [J]. Soil Biology and Biochemistry, 2024, 198: 109559.

[16] Zhu N, Qian Y, Song L, et al. Regulating leaf photosynthesis and soil microorganisms through controlled-release nitrogen
fertilizer can effectively alleviate the stress of elevated ambient ozone on winter wheat [J]. International Journal of Molecular
Sciences, 2024, 25(17): 9381.

[17] Agathokleous E, Araminiene V, Belz R G, et al. A quantitative assessment of hormetic responses of plants to ozone [J].
Environmental Research, 2019, 176: 108527.

[18] Agathokleous E, Belz R G, Calatayud V, et al. Predicting the effect of ozone on vegetation via linear non-threshold (LNT),
threshold and hormetic dose-response models [J]. Science of the Total Environment, 2019, 649: 61-74.

[19] Shao Z, Zhang Y, Mu H, et al. Ozone-induced reduction in rice yield is closely related to the response of spikelet density
under ozone stress [J]. Science of the total environment, 2020, 712: 136560.

[20] He L, Bao M, Li Y, et al. Leaf biochemical and physiological responses to elevated atmospheric ozone concentration in
eight modern rice cultivars [J]. Ecosystem Health and Sustainability, 2024, 10: 02609.

[21] Shao Z S, Shen S B, Jia Y L, et al. Impact of ozone stress on growth and yield formation of tice genotypes with different
ozone sensitivity [J]. Scientia Agricultura Sinica, 2016, 49(17): 3319-3331.[ABTEME, Tht1d, T8 —%&, &, REME N AH
BURROKFEAE KA = B R g2 7). o B R RELE, 2016, 49(17): 3319-3331.]

[22] Shang B, Deng T, Chen H, et al. Effects of elevated ozone on physiology, growth, yield and grain quality of rice (Oryza
sativa L.): An ozone gradient experiment [J]. Agriculture, Ecosystems & Environment, 2024, 363: 108858.

[23] Lu R K. Analytical Methods of Soil and Agro-chemistry [M]. Beijing: China Agricultural Science and Technology Press,
2000. [& fndh. AN HTITIEM]. ALt R RHE R, 2000.]

[24] Andersen C P. Source-sink balance and carbon allocation below ground in plants exposed to ozone [J]. New phytologist,
2003, 157(2): 213-28.

[25] Hu E, Ren Z, Wang X, et al. Effect of elevated tropospheric ozone on soil carbon and nitrogen: a meta-analysis [J].
Environmental Research Letters, 2022, 17(4): 043001.

[26] Tang H, Liu G, Zhu J, et al. Effects of elevated ozone concentration on CH4 and N2O emission from paddy soil under
fully open-air field conditions [J]. Global Change Biology, 2015, 21(4): 1727-36.

[27] Zhu A, Gao J, Huang J, et al. Research progress on morphophysiology of rice root system and its relationship with rice
quality[J]. Journal of Crops, 2020, 36(2): 1-8. [4 %2, = f#, B, &5, /KAGHR RIBA LT S S FEK G R AT 7Tk g
[7]. 1EnZ4 3K, 2020, 36(2): 1-8.]

[28] Zhang W, He H, Li Q, et al. Soil microbial residue dynamics after 3-year elevated O3 exposure are plant species-specific
[J]. Plant and Soil, 2014, 376: 139-49.

[29] Zhang H R, Shi Y, Liu Y'Y, et al. Effects of ozone pollution and ethylenediurea spraying on the rhizospheric bacterial
community of wheat plant [J]. Acta Pedologica Sinica, 2024, 61(06): 1694-1702. [5k 4R, a3, x|l [, 2. R4S Yef I
I IR /N AR BR A R A T RZ A ], IEEER. 2024, 61(06): 1694-1702.]

[30] Feng Z Z, Yuan X Y, Li P, et al. Progress in the effects of elevated ground-level ozone on terrestrial ecosystems [J].
Chinese Journal of Plant Ecology, 2020, 44(05): 526-542. [{5JK/E, RAREE, 250, &, R REARE T mx i AE S RS
SN AT AT HE RE[T]. MRS 244R, 2020, 44(05): 526-542.]

[31] Zhang K, Zentella R, Burkey K O, et al. Long-term tropospheric ozone pollution disrupts plant-microbe-soil interactions

http://pedologica.issas.ac.cn



+ 5 ik
Acta Pedologica Sinica

in the agroecosystem [J]. Global Change Biology, 2024, 30(3): e17215.

[32] Wang Y, Hu Z, Shang D, et al. Effects of warming and elevated O3 concentrations on N2O emission and soil nitrification
and denitrification rates in a wheat-soybean rotation cropland [J]. Environmental Pollution, 2020, 257: 113556.

[33] Li X, Deng Y, Li Q, et al. Shifts of functional gene representation in wheat rhizosphere microbial communities under
elevated ozone [J]. The ISME journal, 2013, 7(3): 660-71.

[34] Wang Q, Zhang M, Tang Z, et al. Ozone stress alters rhizosphere soil pH, enzymes and microbial communities of Acer
negundo and A. mono Maxim [J]. Journal of Soil Science and Plant Nutrition, 2025: 1-17.

[35] Tian R R. Effects of ozone stress on soil nutrients, enzyme activities and microbial communities in the root system of
soybean[D],Shenyang Agricultural University, Northeast China, 2018. [ FHZR 5. SLA MG X KGR R 54y, BTG &
TEREE B2 D], AL TLFRAOE R, 2018.]

[36] Agathokleous E, Feng Z, Oksanen E, et al. Ozone affects plant, insect, and soil microbial communities: A threat to
terrestrial ecosystems and biodiversity [J]. Science Advances, 2020, 6(33): eabc1176.

[37] Guan S, Qi Z, Li S, et al. Effects of rice root development and rhizosphere soil on methane emission in paddy fields [J].
Plants, 2024, 13(22): 3223.

[38] Huang Y, Zhong M. Influence of elevated ozone concentration on methanotrophic bacterial communities in soil under
field condition [J]. Atmospheric Environment, 2015, 108: 59-66.

[39] Yang B, Wang X-M, Ma H-Y, et al. Fungal endophyte Phomopsis liquidambari affects nitrogen transformation processes
and related microorganisms in the rice rhizosphere [J]. Frontiers in microbiology, 2015, 6: 982.

[40] Pan H, Li Y, Meng C M, et al. Effects of nitrogen levels on interactions between active methanotrophs and nitrifiers [J].
Acta Pedologica Sinica, 2022, 59(02): 557-567. [WG4L, 4% 5, Ftetl, 55, B A /KT 1398 PR Ge S0 FH RS AL B 28 A LA
FHIRENR[T). £3E2A3R, 2022, 59(02): 557-567.]

[41] Li K, Hayes F, Chadwick D R, et al. Changes in microbial community composition drive the response of ecosystem
multifunctionality to elevated ozone [J]. Environmental Research, 2022, 214: 114142.

[42] Wang Q, Li Z, Li X, et al. Interactive effects of ozone exposure and nitrogen addition on the rhizosphere bacterial
community of poplar saplings [J]. Science of the Total Environment, 2021, 754: 142134.

[43] Bao X, Yu J, Liang W, et al. The interactive effects of elevated ozone and wheat cultivars on soil microbial community

composition and metabolic diversity [J]. Applied Soil Ecology, 2015, 87: 11-18.

(RfEREE: » %)

http://pedologica.issas.ac.cn



