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Abstract: [Objtctive] Tropospheric ozone (O3) is one of the most severe plant toxic air pollutants, it poses a serious
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threat to food production and security. Ethylenediurea (EDU) can effectively mitigate Os-induced crop yield loss.
However the effects of elevated O3, EDU, and their interaction on the rhizospheric bacterial community of wheat
plant remains unclear. [Method] Triticum aestivum L. Nongmai88 was grown in China O3 Free-Air Concentration
Enrichment (O3-FACE) platform under either ambient atmospheric O3 (A treatment) or 1.5 times ambient
atmospheric O3 (E treatment), and the foliage sprayed with 450 mg*L-! EDU or equal mount of water every ten
days. The rhizospheric bacterial communitites under different treatments were analyzed by MiSeq sequencing of
bacterial 16S rRNA genes in combination with redundancy analysis (RDA). [Result] It was found that EDU
increased wheat root biomass by 8%-58% and decreased soil pH by 4%-10%, both of which reached significant
levels under A treatment. The elevated O3, EDU foliar spray, and their interaction did not significantly affect the
alpha diversity indices of rhizospheric bacterial communities, but the elevated O3 caused significant variation in
the whole bacterial community structure. In addition, the effect of EDU on the structure of the bacterial community
in A treatment was more significant than that under E treatment. Proteobacteria (with a relative abundance ratio of
28%-39%), Bacteroidota (11%-20%), and Acidobacteriota (7%-11%) were the most dominant phyla in all
treatments of the rhizosphere soil. Both the elevated Os and EDU foliar spray significantly reduced the relative
abundance of Alphaproteobacteria but increased the relative abundance of Chloroflexi. E treatment increased the
relative abundance of Nitrospirota by 71% to 164%, while EDU treatment increased the relative abundance of
Planctomycota by 23% to 70%. Based on the results of RDA, it was found that the content of available postassium
(AK) and pH were the main drivers, explaining 21% and 16% of the variation in bacterial community structure,
respectively (P<0.005). Furthermore, the Spearman correlation analysis results showed that the content of AK in
rhizospheric soil was significantly negatively correlated with the relative abundance of the Chloroflexi and
Nitrospirota phyla (r=-0.846 - -0.586), while it was significantly positively correlated with the relative abundance
of the Alphaproteobacteria subphyla (7=0.604). [ Conclusion] In summary, wheat may improve its adaptability to
increased Os concentration by reducing the abundance of copiotrophic bacteria and increasing the relative
abundance of oligotrophic bacteria, while foliar spraying with EDU may also alleviate wheat O3 stress in wheat
through this way.

Key words: Ozone; Ethylenediurea (EDU); Wheat plant; Rhizosphere soil; Bacterial community
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Note: A, ambient atmospheric Os; E, 1.5 times ambient atmospheric Os; EDU, sprayed foliage with 450 mg'L' EDU; Water,
sprayed foliage with 0 mg- L' EDU. Error bars denote standard deviation; Different letters represent significant differences
according to Tukey's Honestly Significant Difference (HSD) post-hoc test following significant interaction effects (P < 0.05).
The same below.
Bl 1 O IRBETH A EDU Wt of /22 R AR T FE A 2
Fig. 1 The effects of elevated ozone concentration, EDU foliar spray, and their interaction on root dry weight of wheat plant
2.2 Os AREFHSH EDU B iRFR HIRIRL 14 BRAOSNE
WM& 1 frR, Oz WEETHEAI EDU Wity LA HLaAn TN )& B 1% B2 1 50 .
ANNF) O3 WA T4 EDU T3 AK 2 2B NS, (HARAFREAKT . A LBKT
T, Wik EDU 35BS 7 ARFS A pHe O3 KT A EDU Wi )22 BLAE AT+ 58 AP &5
BT RERM, E AR EDU Wi E S ARSI AP S
& 1 0:REFS. EDU Bihti & B2 B AR R X/ NERER T IRIB L1 REY S0
Tablel The effects of elevated ozone concentration, EDU foliar spray, and their interaction on the physi-chemical properties of

wheat rhizosphere soil

AbER TN ot L vea AR
Treatment Pl SOC/ (gkgh TN/ (g'kgD AK/ (mg-kg") AP/ (mg'kg"
A-CK 6.84+0.20b 2.06+0.80a 1.11+0.17a 61.0+14.1a 29.742.5b
A-EDU 6.12+0.18¢c 2.40+0.75a 1.16+0.15a 52.3£3.8a 26.44+4.1b
E-CK 7.25+0.27a 2.12+0.22a 1.04+0.12a 49.3+4.9a 28.244.3b
E-EDU 6.94+0.09ab 2.02+0.85a 1.23+0.21a 46.0£5. 6a 41.5+7.6a
P{H
0O; <0.001 0.768 1.000 0.094 0.003
EDU 0.115 0.703 0.241 0.240 0.008
0O;xEDU 0.002 0.602 0.501 0.588 0.002

W RSP EUE A P BT HEZE (n = 3); Rl —FIARE/NG FRER R B Z 7 3% . Note: The values are arithmetic
means + standard error (n = 3). Different letters in a column represent significant differences according to Tukey's Honestly
Significant Difference (HSD) post-hoc test following significant interaction effects (P < 0.05).

2.3 O3 AKEF S EDU Wit Xt iR PR A E #45% AOR2 0T

RK2ATUEE, AFAEYH 7% 4551 Chaol. Shannon Al Simpson a3 H B3& %
5t B O3 WKREZTH S EDU T A 0 N ARBRAA 7% alpha 22 FEIE AR 22550
M o

-

R 20:REFAS. EDU Bt R EAZEAERT/ NERBRHAES alpha ZHMIEHAIFIN
Table 2 Effect of elevated ozone concentration, EDU foliar spray, and their interaction on microbial alpha diversity index of

wheat rhizosphere soil

Qb Alpha Z #1440 Alpha diversity indices
Treatment Chaol Shannon Simpson
A-CK 13638 +121a 8.19+0.03a 0.999+0.001a
A-EDU 13 850+437a 8.34+0.03a 0.999+0.003a
E-CK 13 2714£420a 8.24+0.06a 0.999+0.002a
E-EDU 13 727+284a 8.27+0.06a 0.999+0.001a
P1H
O3 0.373 0.107 0.959
EDU 0.510 0.789 0.562
O3;xEDU 0.742 0.268 0.253
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T BGPTSR ZE(n = 3); R —FIAF/NG E BRI R A3 (7] 22 573 225 . Note: The values are arithmetic
means + standard error (n = 3). Different letters in a column represent significant differences according to Tukey's Honestly
Significant Difference (HSD) post-hoc test following significant interaction effects (P < 0.05).
W 2 o, Bra i, Os 3 SR/ N ZRPRANF A (F=7.56, P=0.016); 14X
Z TG O3 IKEE, 1.5 {53 5T O3 IREERAT T Wit EDU R /IN22 MR B 40 1 e 1) BE AR S5 H)5
Wi SE 2 (F=10.24, P=0.009).
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Bl 2 ASFALEERAE T AR A AR R 2 4ER i (NMDS) (a) MEAARHr (PCoA) (b)
Fig. 2 Nonmetric multidimensional scaling (NMDS) analysis (a) and principal coordinates analysis (PCoA) plot (b) depict the

Bray—Curtis distance of bacterial communities in different treatments

2.4 O3 KEF =% EDU BEkext /N IRFRAAE EHE M A M EHE T FE E RS20
TETTHIKP b Os IREETF it 1 BT A AL EE R AL IE € B 1] (Nitrospirota) FAHXT =%
EHRARBREKF), FHFRERIKT o« BIEHEA (Alphaproteobacteria) HIFHXTFFE . Ik
4ME EDU Wi 26 T O3 MR THE {8 IR 1T (Verrucomicrobiota) FARXS £ N [ 1 44.5%
(P<0.05),
EDU X f#F 517 (Bacteroidota) £%E T [] (Chloroflexi)+ Alphaproteobacteria. 75 2 B
I] (Planctomycetota) FIFEHLEE] (Verrucomicrobiota) [AHXS = EER) = 1 W E MM .
M Os WREZH EDU Wijitiff Bacteroidota 1 Alphaproteobacteria FAHXT T 4357 TR T
18%-~20% Al 15%-~22%; Bacteroidota I FE/E B LB T FEH 7 &FKF, m
Alphaproteobacteria X FFEAE A AFETIAR| T RE/KT. AR O3 XM EDU f#
Chloroflexi 1 Planctomycetota HJAHXT F= 5 5lFE 1 T 16%~70%F1 23%~70%, HITEFEL
O3 A FIB B R FE Ko IBAMAEE O3 2441 EDU 24 | Verrucomicrobiota FIAHXS 7=
F, ST IEEMET] (Gemmatimonadota) A Verrucomicrobiota X FEBFIME, O3 KkE
F+ = A EDU Wi B B & A BAEH (K 3).
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a OEDU: P=0.024 10

QEDU: 0106

Hl H[ ﬂl il

T
Relative abundanees

I ﬂ[

Nitrospirota Planctomycetota {m) Verrucomicrobiota
16
4 O PR EDU: Ponimng; 0,: P=0.018; EDU: P=0.046;
a 1
Oy P=0039: EDU: 7 =0.3579: 0,<EDU: P=0.196 ab 3 0 5EDL: P=0027
O DL P 0368
£l 8
a a 3
- £ a
@l .
0
SRELTE Ozone treatments E? P Ozone treatments %ﬁxﬂ Ouome treatments

E: RELRRIRUEE; AFR/NG FRERIRAFE R 2 5 5. 3% . Note: Error bars denote standard deviation; Different letters
represent significant differences according to Tukey’s Honestly Significant Difference (HSD) post-hoc test following significant
interaction effects (P < 0.05).

B 3 O WK EZTH i EDU Wit S HAZ AR IR /N AR PR LB AT B 1] CIETT) A = B2 A2
Fig. 3 The effects of elevated ozone, EDU foliar spray, and their interaction on the relative abundances of dominant phyla

(subphyla)

2.5 HIEB MR N ERFRAREESE RIS

W 4 Frow, AHEFCIE 0 35 BUL AR RE T 60.7% A B B E 45 M08 7, b
R pH & EEIRENA T, RIS T 20.6%H1 16% KA LA R (P<0.05). A
Mres R, pH S5iZkE ] (Actinobacteria) F1 Alphaproteobacteria FfFHXS = F& 2 30 35 FAH
Ky AHWEEEYS Gemmatimonadota FHX 42 B R F IEHK; HEBME RS Actinobacteria
H1 Alphaproteobacteria AHXJ = & 2.2 1EAHC, 1145 Chloroflexi A1 Nitrospirota AHXJ =/ &
BEHAR (3.
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Fig. 4 The effects of soil physi-chemical properties on the structure of rhizosphere bacterial community based
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3 DEEBAMRMAEED () EXFEEEHEX S

Table 3 The Spearman's correlations (r) between soil physi-chemical properties and the relative abundances of

dominant phyla (subphyla)

A TR I EE O3 W FE S A1 T W57t EDU 23 FAIC T AR PR L4% pH, 52 BTAIRF T4 3
—E3, X ATRER DN EDU Wit R e i T /NEIR AR AR (B 1D, AN RER 8553
W Z A HUERAE W), AT FEAR 7 AR PR 3% pHo 1.5 {53435 Os 244 T, EDU BRI
TIRAEVEAEARB RN L ZACE, XN pH A HT T FEERIE SR Z KT (R D,
AW R RAT B A ARG RERS E M B 24K, MR B A S RS T RE
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pH H K SOC 2% TN % AP T AK
Acidobacteriota -0.559 -0.540 -0.021 -0.133 0.042
Actinobacteriota -0.608* 0.123 -0.364 -0.266 0.604*
Bacteroidota 0.308 0.131 -0.105 -0.084 0.126
Chloroflexi 0.294 -0.392 0.119 0.322 -0.586*
Desulfobacterota 0.524 0.152 0.012 0.203 -0.565
Firmicutes -0.084 0.071 -0.553 0.060 0.077
Gemmatimonadota 0.524 0.452 -0.301 0.580* -0.239
Myxococcota -0.133 0.282 0.021 0.077 0.035
Nitrospirota 0.713 -0.053 -0.091 0.462 -0.846**
Alphaproteobacteria -0.587* 0.102 0.070 -0.462 0.600*
Gammaproteobacteria 0.294 0.554 -0.203 -0.049 0.228
Planctomycetota -0.035 -0.550 0.469 0.189 -0.456
Verrucomicrobiota -0.392 -0.497 0.385 -0.210 0.060
*, P<0.05; **, P<0.0l.n=12.
30 i
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e, @ O T = S EMEMAR R ThRe R LA L, AT 8] 42 5 8 IR AR Y RE
VAL 22 PRI ()R 20 23240 {HAEER 73 i S0 O3 WRFE T+ IR w25 1 1 IR A= MR TR
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WE R, RS RIA BT R SEY SRl Os B K B 75 5 XA OG; [FIN B /R
B Z T SR A T AR O % IR MR TR B2 I B o

5 2 AT HIHEFEZABIR0), O5 3¢ B I 25 F#{IK 7 1235 Alphaproteobacteria V[ J AT FE (]
3). Alphaproteobacteria J& T & & 7R Wi, ALK B2 B X C BRI 2R, R it A Ab 322
)13+ Alphaproteobacteria JH# 2 (L ALSAL, M O3 IRE TS 7ERBRRM Y e G R
()[R 8k 1 ST B AA A HLBR ) TR A 128, BRIt PR T Alphaproteobacteria
BB A KA. AN AT ORI, fEAR Os W KT EDU Wi it 3 FF K T
Alphaproteobacteria B #F AT F 55 . EAR 2 BT (OB 78 K IRLAE L 338 SR 55000 2% 44 R Wi 350
mg-L' EDU ¥ REE B ZUE /R R, (B S0l Az = i - EUEAN ], EDU ASRedi it
B B WU ORI RS S B A E A%, Rk EDU 5 jit A1 it 38 R 2R FE 3% A 18 5
Alphaproteobacteria B EEIAHX FE . 52 XN, EDU $gm 1 ARFR LIR30 8 75
UL AT E B (245 Chloroflexi. Planctomycetota 1 Verrucomicrobiota [ 1), HMbHE
Wr, EDU n] B ik B A1 B 8 77 20 TR A NS = 52 14D 7] B 492 s 225 7 2R 40 B A0S =F B SR I 5 O i
AT /N FE AR BRI AR D RE VR R 75 43 B2 RIS R

O3 WK EE T Al EDU Bt AL B2 5% 4 T RDA 434 R B 3% AK fe AR 7 88 MRERAN B A
MM EERGHFE (B 4), R T 2060 HEEMTR; H AK 885
Alphaproteobacteria B #f [IAHXS 35 2 23 IEAHC (K 3). O3 IREFH =1 EDU Wit 3 {H AR
bRt ARG E TN, EARBEIREKT (R 2). Wang FIRIIAEE O3 IRFERMF T
BT 450 mg- L EDU 2 2 FRAIK 7R br ARG &8, FEEH T FEZ EDU Wit i
Ehem VKRR EYE, (FKREMRER LI Rl 7 2 8 AR I, FEANE Os
WL EDU Wit fe my 1A 22 88 iR R EW&E, (HAAEIA R O3 WS T IB BR8] 1.
HHEHENT, EDU Wit n] G d it KR R4 Dhae (ISR R AR, AR WAH
Gy AR 25 71D RIS /N 2R R AR VB T8 1 T 428

ZHTHIEE T BRATAR I 1.5 5388 Oz IREEZRAF T, WHWiiE EDU &4 s 1 R% 88
I3 Bacteroidota [ L0, AT REJE KA Bacteroidota B ] B8 k3% A i B 5L B E g8
W EATIZANIA B R IR H 2 K MFE 0 AR EBY; H Bacteroidetes 7E#EL IS 2
HIE R BE )= RCTT RERY) ACTTIcaa3COx PG B A A IR T 1 e 5e 5 @ T 2K &)
REJJBO; [RIINF Bacteroidetes ] LA FHZRAL 3 KR (3R AE R AN ARY 7P, DA T
FIX — TR AR A B R A RGN . AR bR IS S PR L SRR,
TONFRE s ALK O3 W EETH it Ak 22 88 HEFr 1213 Bacteroidetes FIAHXT = B A i 3 5%
M, H EDU Wit /5 /< 1fi I T Bacteroidetes FIAHXS 3B . IX WARIL 1 REHAS [R5 AL AL
VIREVET PREE AR AL IRIAS ] v B2 R4 o

AT T A AN AT I i 450 mg- L' (1) EDU, 2 PARRRR/INZ I Fr REHE A 1N
FRUEREAT WM 1X BB RS A 5> EDU RIS 2 B R TR 2 1 LR . Rt Os IKRFEEF
2k N EDU Bt R BR i A= B 7 1) R 4% T Be L B 4% EDU ¥ B30 1 AR PR - 438
AEBE, I3 B A R T8 25 0 R AR oA o DRI AE s 8T 9 o] DRI P 2R i g i ol 1 B e
R 5 EDU M- C[R)y FH20RHIS RS 35 1) Ab 3t — 25 Wt AR F 7 2

4 45

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

EDU Wiiffik# 88 IR REMEIRE T 5%~58%, HAEIEE O3 IKJE &M NIk3 T ¥
K Oz WREETHE . EDU [T S H AT HAR XAk 2 88 HFn L3R AN R # 7% alpha £ FEME
WITRE, Oz IRFETHE AL T MR Br TR B AR BV 450, 1.5 53048 O3 IRFEEME T
EDU X} 40 B BfvE 25 M R FEMA A0 O3 WREE R F N2 1.5 5388 O3 WREEA EDU i
W it b 3 45 4 25 K T Alphaproteobacteria FIAHX = FEHEE S T Chloroflexi FIAHXTFJE; B
IS E F7 R 3= B RN 208 TR B BEARN T Re e N2 & N O3 IR TH i BL A
EDU ZZfif /N2 O3 B T AR 2 R HLE o ASHIE 78 a5 R 8 R AR G AR M T R
B R AR A RGN A TR ) SCRAE A 77 D03 1 B A0 AK 4
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