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Abstract:  Objtctive Tropospheric ozone (O;) is one of the most severe plant toxic air pollutants, it poses a serious threat to
food production and security. Ethylenediurea (EDU) can effectively mitigate Oz-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 (O;-FACE) platform under either
ambient atmospheric Oz (A treatment) or 1.5 times ambient atmospheric O; (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 O;, EDU foliar spray, and their interaction did not significantly affect the alpha diversity
indices of rhizospheric bacterial communities, but the elevated O; 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 O; 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 (#=0.604).

[ Conclusion] In summary, wheat may improve its adaptability to increased O; 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 O; stress in wheat through this way.

Key words: Ozone; Ethylenediurea(EDU); Wheat plant; Rhizosphere soil; Bacterial community

WRRE (0;) EERMBAAMY (NO,) M
PERYEA P (VOCs ) Zid— RN 28 myAEL L
e RO AE R, BT R E R R . Tk
LIS, BEAEALATRREMOE AT, i3k O vk & Tt
JEHGEAF AR AR X3 O VR EEA B H 45 1
TP Oy RN —FhER AL, RS AL
AAEPy R A S A, S o A B R
AL, AP AR D, CA R O,
Ve T W AT T AR 1) 3t AR O3 B A E 2T
OB 3 rp JCHLRURN AT VA BLBR 5 BRI,
BEXS ESREBUE Y AR | RER SR LA S AT
WA . L, Os MR T AR 1 A
AT e R L R e A e LR R W M o
it PR Ol B 3R A3 IR AZ R, 440 A R L TR A
(LR MR R AR 217 (LA IX Oy
Y JEE T fe B W L R AR A R AN S 2 O i e, A
FFRAMTS

W 23 Ik ( Ethylenediurea, EDU ) & HAIE
HI AR O Wt f A AR AR 77 22—, T L)
ot G R . REDLE R SUE YA BT
W R A LA TG R SR, R4F EDU EL7ERF
FERRH T 40 248, HAAPHLEI A2, EDU
B EEOE A E B S 1) BRI R
Os; 2) RN TAL T HEORIEAL O MU 5 3)
I Aok 10 AR RN AR AR B AR R R 2 BRI M AR
(ROS); 4) VENIMNEY IR ERFRAS; 5) TRk
AP REEER, RitEpARM, i, |
HIEEXT EDU it FH XA FH AR 285 28 48 52 i (9 A DG PFAG
TARSEEAG A, BRI T HAEAR M A = ey iz v .
CAHIERVIFREE O, VREE 11T EDU g i &34 hn
KRR R AR, FEIOKFER R 15 pH K%M
A AR &, HEEIRS a5 E A SC T se 5 A 1Y
E IR UL EDU 0] REE o 5 AR 2R AR A R B
AFARPRGUIAEE ,  HE 7752 e AR B G0 W A % o

http://pedologica.issas.ac.cn



1696 + b1

=

61 %

TEBEYREEE, EEFRTEESR . LIE
JIE 3 e A 7= rp e P E AR AU AR &R
OSSR A AR PRy S E e AT B
THIERBF LA REZRN ., TR, YRR
B T P A Bl A R Y AR PR IR T R
YIsE I RE BRI, TERASRE SRR . B AR R 4
¥ LA K AR 1 3 e sz 45 Fp AR A E A W 3 b & 445G
SEVERU, FR I N AR PR E IR Oy YR BE T
1= . EDU Wit S A2 B AR AT e384 hy . AR -
1) O VR JFETh i 23 U AE /N7 MR 40 B RV 2 R
54585 2) EDU - TH] i 8 2 2i 728 AR B 240 TR R 7
ZRE S S5 3) O3 WEETHE A1 EDU A [H s i Xof
HR PR 20 B BV 22 R 5 245 0 1) 52 ) T RE A7 76 58 AR
o ARWFFELL O5 BUBERI/N: (A 88 ) MiFFExt
%, FIHE2TFH 05 22 RS (05-FACE ), 45
A AN HEVE T AR R TR T (RDA) A%
RUAHAT Os HJETHE . EDU -t it M Hosz HAE
XN RN AR E RS DU — 2 R H
RGN O T i i KA L) K2 EDU 28 fif
ARAE O 3t (i 1E AL .

BB

1.1 HARXER

RIAEN FILI A B M T LRI = H S A A
VEAE RS A5 B TR R A Nk Rl i 5 S5 7R 1
FeHh (32°44'N, 119°25'E) JFJE, ZHiE T I HH
AR, KIEATREZ $01E . 2020 4FiZHLIX 41
SR 16.6 °C | AERF/K B 1337.8 mm, 4F H BRETHEL
14554 h, THERANINZ R A
1.2 Rt

F 2020 4F 11 A = 2021 4F 5 A #k47, /%
Jpo“qkFE 887, 2020 4F 11 &R, 2021 43 A 1
H P8 R 52 2 it 05 % R4 (05-FACE)
PEATEREE O3 e (MRPEZ N 40.9 pgm>h', A 4b
B R 1.5 AR O WREE (MREEZY N 599 +
2.5ugm>h', E AbBH) B4 O WEERITEZE, H1- O;

18: 00) ( BIFMIKERSD ), SLPREEZE 49d, O3 Wk
il 22 SR IEATE 15% AU, B 10 d 5 AR/
3% PEAT I T 5 450 mg-L ' A9 EDU ( D45 /K
Ve HEAL 3 ) U7V DI/INZZ I e B AR 1 T R b v

PEATIE . AERS 10 d MRS EDU i —k, a0
W 05 R N R AT R AT, eI
[ M5 EDU6 ¥, 45 B RE R ] . Fae % 52 5 H
WA S RE KA. i, ERHZEAE (R
%) 220 kghm 2, BEAE (P05 ) FI4IE (K,0) (&
AHE ) 75 kg-hm 2 AR it

1.3 HEmil&E

T 2021 4E 5 1 13 B CHINERERI ) BEMR
DL ARBR A3 RE i o 95% TV RS #5457 15814,
M — 7 UNEEMRA - —35H . 28 Chen %™
BTV, KM EEAR SR 2 mm DL B9 SRR E
TR PR HE . R BIE R RIS R, A AR
FARFME T L, BUARPR £ o KRR PR 45 s 1,
— TG 40 B, — 0780 CURAF, LAME)E
SLiEAT FRALME BT 3 AT AT DNA 25
1.4 TIEBEUERSSH

FREC 1 g K4, #0105 By LB A & b5 iy
EBTIK (£ CO,), FEIK 150 rmin' 527% 30 min
J5 M pH i+ (PHS-3CT, " g ) il 33880 )
pHo SRATH B FR R AMInFATE I 5 + A LA 7 5t
JHICZE MY ( Vario Max, Elementar, fEE ) il %
HIEARE (TN) & 1 mol' L™ Z MR B HE I 1 1%
AR (AK) Ja H G861 (FP640,
INASA, H[E ) MlEH S5, A 0.5 mol-L ' NaHCO;
FRE R (AP), RSB P OLE
P A
1.5 1% DNA RIS SEHELE

FRHL 0.5g +FE, $% Fast DNA Spin i{ ] & ( MP
Biomedicals LLC, 32 ) ViB-H#EBURFF HHU4EY
JLP 4] 8 DNA. FF 0904-16SVA4-F /0904-16SV4-R
1YY AR 16S IRNA R V4 X, £4514) F
R T 12 bp B4R barcode DA X 40 [RIRE o
P12 IR Wang 5P ikt AT PCR §744, PCR 7=
Yot s FEEREIRA )G, A llumina MiSeq il
FPASGIEAT im0y o PR IR EOE ©F NCBI £ %
AT S (PRINA9SS5102 ),

FIH i-Sanger =AM & (http: //www.i-
sanger.com ) X i H2 0 7 SR A5 B B HEA T 40 BT
JRARECE 4 5, B FH UCLST 4 i i i 7 51 R 25,
OTU (AR T 97% ). I FH RDP #4514~
OTU #ATH5E , EAFBIME N 0.80, Ay kG A w7
TREERTZE R A7 A T80, IR A rh BE AL Ak

http://pedologica.issas.ac.cn



6 4] SRR A . BLAETS YR £ — IRISTIE X0 /N A2 AR B 240 B 7 B 2 1 1697

110 000 57517 J5 4% alpha il beta ZFEH3HT o
1.6 ZEitorin

LA Chaol #5841, F &R 48%% ( Shannon) I
FrA8 %0 ( Simpson ) SR FEAE AN #EIE Y alpha £
PE. BT Bray-Curtis B 115 57k, RAHIEE &
ZHERE (NMDS) FlF 4555047 (PCoA ) XA
(] &b A s 20 TR R I 45 A AT IR 2R AP, SRS A
FHES 245 7 22 08 ( PERMANOVA ) 17 i
FHER R M RIE T QAT I0A 5T (RDA)
K fifp AT - S5 A it 3Lk P T 0T /0N A AR B 4 TR RE VR 7Y
=W, FF Shapiro-Wilk #1 Levene K5 LKy 2r
B A IE A A A 225505 . IMP 10.0 3k
R R 7 224081 ( ANOVA ) Kf##r Os. EDU
J A B AE XA A APt . AR By B Ak M 5T LA
K ARPRAN R BEVE alpha 224 S A S BB AR X =F
FERY 2 . A Tukey- Kramer HSD 45 56 AN [A]
RhFRE R R A B E R

2 4 R

2.1 O;REFS EDU BEEXTR R A=A

miEl 1 s, A BT EDU it i 3 52
T/NERRTE, SXTEAHILEMT 37%, 1M E 4k
HA&MET EDU BUGWXR A TEEA B EER.
O; WETHE S EDU Biitixf AR R THE A BB M2
HAER.
22 O;REFEF EDU BifEXTHRER R4

R HIM

mZ 1 fin, O3 WEETH = Al EDU Wi %) + 15
APLEKAT TN & m I EA B AF O
B4 R Wi EDU 3% AK ¥ 3 R RE#, B
FIEFN B EKF. ALGEEN T, Bt EDU B[
% THEPR 109 pHo O W BE Tt =5 il EDU Wi i 4 58 .
VEFXT L HE AP &= T W %0, E 4b B F EDU
Wi . e T ARPR L AP Fra
23 O REFEH EDU B RERAE B EL

=AU

F 2 ATLAE W, AT b A TR R T AR
Chaol . Shannon Fil Simpson $8 5% A B % 25, HI
O VRJE T+ 5 EDU W1 WS il 41 AT X /INAZ AR B 4
FFEV alpha Z2 R =4 W 3E 5200

14
B/KODEDU 5 Oy P=0402; EDU: P=0.172;

~ 12} [ 0,<EDU: P=0.072

=

& 10T J ab  ap
W 3
®E Of

D

z 4t

z

S Ll

0 1
A E

FLAE AN Ozone treatment

TE: AKLIE, PRBEOs¥KEE: EAbIE, 15 F5FFET Oy Wk,
EDU, M-iiimiit 450 mg- L' EDU AR ; 7K, I T i it 25 4
BRI IR TR PR R bR 2E s A RNS T REROR
AhERA] 225 3% . TH. 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 Oy WBEFHE A1 EDU Wit X /IN22 AR 2 3 (145 1
Fig. 1 The effects of elevated ozone concentration, EDU foliar

spray, and their interaction on root dry weight of wheat plant
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Table 1 The effects of elevated ozone concentration, EDU foliar spray, and their interaction on the physi-chemical properties of wheat
rhizosphere soil

Ab 3 T e MLk 2R AR AR
Treatment ot SoC/ (gkg") TN/ (gkg!) AK/ (mgkg™) AP/ (mgkg™)
A-CK 6.84+0.20b 2.06+0.80a 1.11£0.17a 61.0+14.1a 29.7+2.5b
A-EDU 6.12+0.18¢c 2.40+0.75a 1.16+0.15a 52.343. 8a 26.4+4.1b
E-CK 7.25+0.27a 2.12+0.22a 1.04+0.12a 49.3+4.9a 28.2+4.3b
E-EDU 6.94+0.09ab 2.02+0.85a 1.23+0.21a 46.0+5.6a 41.5+7.6a
PH
0O; <0.001 0.768 1.000 0.094 0.003
EDU 0.115 0.703 0.241 0.240 0.008
O;xEDU 0.002 0.602 0.501 0.588 0.002

W BAETEE R TR EZE (n=3); F—FIAR/NG FEEFRRA PR 2 5 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 O;KEFS.EDU B R EZBERXMNERERR
449 alpha % IS ERI 20T
Table 2 Effect of elevated ozone concentration, EDU foliar spray,

and their interaction on microbial alpha diversity index of wheat
rhizosphere soil

Ab PR Alpha ZHEEF5%L Alpha diversity indices
Treatment Chaol Shannon Simpson
A-CK 13 638 +121a 8.19+0.03a 0.999+0.001a
A-EDU 13 850+437a 8.34+0.03a 0.999+0.003a
E-CK 13 271+£420a 8.24+0.06a 0.999+0.002a
E-EDU 13 727+284a 8.27+0.06a 0.999+0.001a
P1H
0O; 0.373 0.107 0.959
EDU 0.510 0.789 0.562
O;xEDU 0.742 0.268 0.253

H: BB R MEZE (n=3); F—3IRR/N
BELRNAGIRE 22573 W% . 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) .
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WK 4 B, AR 1 4 55 B A0 P o 3 fig
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JCZE T ] ( Actinobacteria ) I Alphaproteobacteria
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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
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significant differences according to Tukey’s Honestly Significant Difference ( HSD ) post-hoc test following significant interaction effects ( P < 0.05 ).
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Fig. 3 The effects of elevated ozone, EDU foliar spray, and their interaction on the relative abundances of dominant phyla ( subphyla )
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) 5% e HL ] o

5 2 A BT 2P0 O Mk B 5 R AIK T 45
Alphaproteobacteria Y[ THYFHXTFE B (& 3 ).
Alphaproteobacteria J& T & 2 W #F, A K HEE S H
X COR A RAR T B e AT Ab B Y £ 3
Alphaproteobacteria i % <3 G4 PLFEAELRA, T O,
TR EE T e BRI AR ) ' 7 32 1Y [) it 9 2D 1 - 43¢
TCHLEUR A A ALRR 4 ol RS, R et R T
Alphaproteobacteria B #f 1A K AT . AN 5T K
B, TEAFE Oy MEZRMT EDU Bt XAk 1
Alphaproteobacteria [# ff (1A 32 BF o BAR Z B O AF
I8 R BUAE - HEEE Y A5 0F N it 350 mg-L ™' EDU %
W REAR B AL AR, (H 5l A 77 v i sk
RIEAIR, EDU A RS HEREAR Y B WO iy A1 FH 1Y
TS A MR, It EDU Wi A it #5520 I 1%
A #2%5 Alphaproteobacteria HEFAIFMEXIEE ., 52
AHXTI A, EDU 4 1 AR BR 38 v i 73 72 75 7 Y

F3 HEEAMRFAMAERE QLD BXFEEZEBHEXE

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

pH FHHLIK SOC 2% TN AR AP HAH 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.
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A0 B A X 3 B (4145 Chloroflexi. Planctomycetota
Fl Verrucomicrobiota F# 1] ), Hiub#EWr, EDU W fg
T AT B ARG S A R A T T 8 A () B R v R R
YRR X B RIG IR O5 A A1 /N MR PRTgE
YIRETEXT S50 B = 038 N 1 o

O, ¥ & Tt F EDU M i &b B 25 4 RDA 73 Hr
ZEIR ] - AK SR AR 88 MRPR AN b fiE V& 45 #4132
IR ZR ( 4), MR T 20.6% M HFIE S5 A8 5
H AK & 5 Alphaproteobacteria B i A XS 3 & 5
WEIEADE (3R 3). Oy VREETH = Fll EDU Mt iR
BR AT SRR iR, (ARGA B K (3R 2),
Wang %5 & BB Oy MR BE 4% 14 F 0 ifd 58 it
450 mg-L ' EDU 3 eI T MR BR 04 RS 81 10
i, FEJF A A R EDU Wi 2 35 82 5 T KRS &
AW, KR MARPR I T 2 e, A
R LB, TEARIE O W EE ™ EDU Wity 4w 17
fez 88 AL Wik, (BAUIEAEL O3 M JE T A%
K (B 1), HUGHERT, EDU it v] fig 2 38 i 4
FOKTEIR RE5 M TEE (R RNEDE . WA
WALH 3 LA KR ZR 035 77 ) SR Tl 422 52 X /N A2 AR &
TR W T A R

ZRTEIMFFE P ERAT T A B 1.5 A5 3A5E O ¥R SR T,
I EDU #2574 88 3K Bacteroidota (1Y
XN, ATRERE K Bacteroidota B[] B A% 1y H.
A HEE B el s gk B et R B A
Z KA FIFE B4 R EPY; H Bacteroidetes £ i
P R b O B B T BERY ACTTIcaa3COx I
G RWIR T T ENE S o TRk S Y hE
1B, [} Bacteroidetes W LIFI LI EF R0 &
VB R R AMRAR PRI B, R X o — SR 2k
BE 8 A R BT SR A M o AR B b A 3R
HMPRAAIEFREFE, WHEAEE; AR A
O3 W FETFF X & 2 88 MR PR 13%# Bacteroidetes HYAH
XEERA BERW, H EDU Bitf5 s mfEIL T
Bacteroidetes FYAHXS S o X BRI T AR YA [R5
AL FA) TS A O R 7 0T AR5 72 A P A [] i iy R o

AT Xt /N AT I I 450 mg L' Y
EDU, Ul Ebk/INE it i Be s s WA bR e T
W3 it 5 33X R B A5 A R4 EDU VAR IS W= AT 7
B 7T AEERm ., Ktk O3 TR 4T EDU Wit
X AR Bl A P HE v (R R 75 P e A0 4% EDU ¥ HL
FERUE TR PR IR A bR, AT B A W v 4

R A UR . PRI AE S5 SEWF 5 vl DUR T 2 A 0
i B EREAR S BDU i Wi it (7] Fsf P 28O JE 4
hHE) Ak P — 2 B AR DT 5K

4 Z5 &

EDU Wijfiffife 88 ALY EILR T 5%~
58%, HAEPREE O3 WL T ik T B E KK O;
WP Fhm . EDU M1 Wi S LSS AR X fe 42 88
PR E A B REV% alpha AR TR ERZN; O,
W BE TR R T AR R - A R AR IS S50, 1.5 4%
B O W2 54T EDU X 41 B 75 45 F4) 1) 52 i 458
W O VRBE SR 2 1.5 A53RE O WREEAN EDU
TG AL P 25 BRI T Alphaproteobacteria [ 4H
X EEFHEHEE T Chloroflexi MAIX £ ; BIKE S
I DAAE AH T 32 B 0 () B 2 v B8 R R R AR N T
AR /NZIE N Oy WREE T+ LA S EDU Z&fif /N &2
O 38 W Tl A 1 2 I P L o AS A 5 Sy ek 4 o
A W R DG T A 0 R R R 3 R R T AR S AR G R
AR AR I ) B A AE W A= 7= g B At T 3R R
K
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