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Effects of ozone pollution and EDU spraying on the phyllospheric bacterial community of wheat plants

SU Yi, CHENG Cheng, WANG Qi’, LIU Yuanyuan, XU Yansen, FENG Zhaozhong"

(School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: In order to study the effects of elevated O, ethylenediurea (EDU), and their interactions with the phyllospheric microbial
community, Triticum aestivum L. Nongmai88 was grown in the China O; Free—Air Concentration Enrichment (0;—~FACE) platform under
either ambient atmospheric O concentration (A) or 1.5 times ambient atmospheric O3 (E), and the foliage was sprayed with 450 mg- L'
EDU or water every ten days from March 1" to May 13". Compared with A treatment, plant height decreased by 9.4% under E treatment,
while plant height increased by 11.0% when EDU was sprayed on leaves under E treatment. Based on alpha diversity analysis of the
phyllospheric bacterial community, elevated Os, EDU, and their interactions had no significant effect on alpha diversity indices. Both

NMDA and PCoA results indicated that the structure of the phyllospheric bacterial community was significantly affected by elevated O3 and
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EDU, respectively. At the phylum level, the dominant phyllospheric bacteria included Proteobacteria (84.7% - 94.8%) (with
Gammaproteobacteria accounting for 75.2%—94.3% ), Bacteroidetes (1.3%—13.1%), and Firmicutes (1.6%—5.4%). Under E treatment,

EDU significantly reduced the relative abundance of Gammaproteobacteria and increased the relative abundance of Bacteroidetes

compared with the control group (water treatment). In addition, the relative abundance of the abundant genera also changed significantly.

Compared with A treatment, E significantly decreased the relative abundance of Pseudomonas and Serratia by 50.6%—57.2% and 41.4%—

65.5%, respectively. Under E treatment, EDU reduced the relative abundance of Erwinia by 73.0% compared with the control group. In

conclusion, both elevated O; and EDU change the phyllospheric bacterial community structure of wheat plants, although they have no effect

on alpha —diversity. EDU may improve the tolerance of wheat to Os stress by increasing the abundance of environmentally adaptable

microbiota.

Keywords : ozone; ethylenediurea; wheat; phyllospheric bacteria; community structure; biodiversity

4 () 1 b5 53 B K B T A 9 2 B, Partida—
Martinez 55"\ 0 AN f7 76 WA HUE W AR Y . ¥
Vorholt”ffi 11, 4Bk i R 10 FL 2 6.4 10° km?, BE 2 FH
IX10 A B AL, 7 J5 K 24 110"~ 110" /> 4 T4
Y, BRI A S A g R . AR R
Y, R s 4 TR AR S R A K S iR RS R S
VIR EEAE A o X Se i i R 1 7 A I 2R Bk
ARSI A Y TORAR R % 37 43 B WL, $ i AE A
A s AL AR AT B 2R A TR B
DRI (AR 2, 1 R e 22 IR B A A
PE L 2050 A R H A RS e D ReR

RA(OEN R MY FEHEN =552
— HIRBE RN O E RN AR E VI R ), R
B 1995—2014 4 8] K P 1AL 5 Y B A58 43 b X b
P O VR BEAT BT [, L 30 4100 7 W0 b DX b 3% O, V&
FEAT) 52 B 5 b o e, 0 R v AR T
O VR JE T Ry 2 X A il — ZR AN B A ds ity AR
AT L2 A8 GG VE R AZ A L7 o R T R A,
05 B2 B R A BRAE W A 7= R b 28 & 1 R E b 2
0100 NG A AR A X O M JBE T B A A
2010—2012 4 1] 0575 G XoJ B[V EE R e [ (1) /N 22 77 5
M) e ", B AL AR v PG A 1% R b DX s i
JtBIL 15%"), Feng " LT FoBR) Os 7 2 SO ALEE
KB Os 75 G fifi h [ /N2 7 5 TR T 28.2%~36.9%
K=EMENREY E- K2 — Wk E O, 85
YeIX 22— 2014—2019 45 [A] O 1 J T i S50l 12 X 3]
KNI 20.4% AL TR L 74030

O = B30 1 5 | A0 N 3852 1 X A VE W 7™ A 45
R P o AL OISR T AMA N R 05 i
R fige O = A 0 P AR, R T P A% A A R A 0
TR, e A RHIF TR BN B PR R R AR
T R G 5E T O BE T i Xt /N 22 g 5 i1 2 fi
A ST T Os MR B T i3 6 /N2 B s 2B 9 B U 1Y

AL

W2 % R (N=[2- (2= A -1-Bkme ke 3L ) &
FE-N'-ZREER , EDU)AE I — Rl 0: 708 12 FF
TEHT 05 ¥ B T w55 X A8 45 04 52 7V 07 8 Os 01k b
RS EDU DL 1] W8 it | 25 FF 1 59 51 4 5k
) 77 =it B F AR, FLRE A RO I e A R &
PR EOEA R B R T I AT A AR Y
He P24 FEF Meta 43 M7, Feng 281k B, 5 %) BEAH
Lt , EDU it 05 518 i /N 22 i Fr AT DL 45 £ B AR 76%
T R 5 8% , i b AR Wy /N 7 A S
7% M 15% . & K5 KRB EDU AT LU A 4
52 Os P FF I A P 1k 752 2 (R AR AP BIL T o4
AiEFER HAi2%T EDU BA/E MLH F 2R (1)
A R o B AR A AL R AR O5 AL W AT 7
(20) 38 2o 18 o ol I AR 0 Sk 00 26 B it v
AP O RIS ()1 R S A=W ot , i 3R i %
FR AR, SR EDU XA AE Py bR A= W i o 1) 8 4
5 1 AR WA A

A AR Z2 G2E P A AH GBI 5 e B AR ) 25 3 4 Ty
AT ofe X 5 A A= A A A Wy e, L R
FEPE 19 5 4 52 A8 W ARG RN B 92 AH S MR B 22 S 0K
BP0, DL b e AR B /N T R i A AR B
TR R B Os JBikaE o A B 58 ) 58 4 FF X
0:HE 2K R 55 (05-FACE) X = Mt IX )32 FPAE A9 /1
2 P (A 22 88) HE4T O FEZE , IRl IS FE L EDU I T Mg
it b B, R S R A /N i A, R A TR
16S rRNA K& A /55 38 1t W 7P B2 AR A Br O Wk B2 Tt 1 1
EDU M3 i Ak FH 6T 7N 22 I s 20 B A V& 45 40 5 2 AR R 1Y
SR, A SRR : (1) 0; FEZE 2 el AR /INAZ I B4l
HEE alpha Fll beta ZFEVE 5 (2) 1A B EDU 428 T
R 20 B 7 7% alpha F1 beta 224640, H 42 & bR 25
AR 3 8 0T BB LG i /N A7 Os it 2 PR R4 O K
TUHAZE Bk — 2P = 5 /N2 38 W 05 ¥k T8 S EDU

WWW.QEs.0r9.CN




m@g 986

VRETS Rt Y F 2B FE 5 H

G fiit/NAZ O 18 AV FHALEE .
1 #R5EE

1.1 X5 X LR

ARG F 20204F 11 H £ 202145 AETLHEH
T VAR X 0 7 5 8 TR R M g b i 5%
H RS HE (320447 N, 119925 E) JFJ#2 , 1% 38 5 X
AT T T R S MY I B N A
2020 4%, 2 Hb XA 28 500 R0 AR 34 [ K R 4 i
16.6 CHil 1 337.8 mm, 4= H RAIECN 1 455.4 h, %
XAKIA AT R e e, B T IR g R H AR R G
0~15 em M JZ - HE [ FEAR BRAL P 5 R pH 6.8 . A HLTT
2.06% A 1.1 g-kg' BB 61 mg- kg A R
30 mg-ke '
1.2 iXg&ig it

RIS LA 7 88 M LA , F 20204 11 I #%
F,20214E3 A 1 H AR 0-FACE 1 7PHA> 057
JE R TEZEAN B ARG AT O R (M2 240 40.9 mg -
L' -h™', A KB AT 1.5 5 PR O R B [ MR 2 (59.9+
2.5)mg- L' -h', E A3, B 05V B X & 4 1> FACE
BT, 541 FACE BN AR 14 m 9 1E /B, % 18
Z 6] 8] B K F 50 m, DLk S AH BT 40 . Os & 2E4e
(HY003, 5 B iR A FRA ¥ 77 4R 1 05 528 <R
A Ja il E )2 by A A BRI FACE B Y,
FER A shib 4 o0 Xt FACE Bl P Os ¥k 3 E 475K
A ARG, B A% FACE J&] Y O 1 i 2 357 1 1E 15 S N

15% AN (E 1), FFACE FBlEA 3 mx3 m I IX,

1001

(=) o]
(=] (=]
T T

10 h P35 0s 4 Ji
N
()

Variations in 10 h mean O;
concentrations/(mg-L™")

[
(=]

(=]

2% 10 d J5 T bR X /N 22 R AT I T W it 450 mg - L
EDUR, D) 5e 4 (1 7K A Ry %ot B (KO AbBR, 78 M3 it st
BER/INAZ M P RBHEAE A MBI AT o AR 10 d P g
Jit EDU VA — K, QiR me it e i 56— %8B R
BEPEA AT, I A ] LT EDU 61K

5 B i ) o 25 82 A0 H 8BS 5 R TR
FHAAR . Hor, B2 AR 220 kg - hm ™, B8 (P,0s)
FAE (K.0) 2 75 kg - hm > B A5 U 3 5] it A 4% T8, L
RE A IR 2 BEAE AR AR 4 2 A0
1.3 MR # R ES RS MR

T2021 45 7 13 H (BI/NEZ RN ) R At A
atr, G RO e R = . ST 75% RS TH B8 ), FH &
T I B 25 19 59 71 BU& FACE F8l Py /) 22 48] — i (B4
FACE Rl N BEAN/NZE b B s BUR 7, 20 AR A2 A7), B
M R RE AR TR A S O TE T B 4 B R4S [0 S 56 22 46
Mo 2% Wang S0 )7 S BRIE D), BLS F /N
FM R IR AZEA 300 mLJCE PBS 2% #13#%(0.02 mmol -
L', pH 7.0,0.1% Tween 80) [ 1 L =ffffiirh , £ 28 C
Pe¥% 1 hJ5 , AR 20 min, L5 0.22 pm
()8 RSt L2 w8 SR BRBAE ), SR 5 B F-80 CAF H
% Fast DNA spin i3] & (MP Biomedicals LLC, 3£ [¥ )
B4 (5 FE 10 B 5 $ B B A 0 S PR 41 B DN A, DNA 28
IR WEEE I FL UK B UE )5, R A NanoDrop™2000 43565
J& 3+ (Thermo Scientific , 55 [ ) Il & Hok 5
1.4 PCRY R SEENF

A 59 T99R/1993F Xf I Br 4 i 16S rRNA 3
P FN AT 35, A 514 FARERE T 12 bp B2k
FEI) barcode LA X /0 AR FE o PCRZE 50 L9734 {4k
Ao iEfT, AL 4E 25 pL PrimeSTAR Max Premix (2%)

1% WHART]

Q Q Q Q Q

X o
b"q'% b‘;& v’q' v’qﬁ) u’q'

H HH Date
AT ORI S B, 15 A5 3R 8 O3k B . RIS
A, ambient atmospheric Os; E, 1.5 times ambient atmospheric. The same below.

1 0-FACE & 10 h(8:00—18:00) 0,k E FHEHZEE
Figure 1 Variations of mean O; concentrations in 10 h(8:00—18:00)



FRAB 4 < SURTS YA EDU WEHEAS /N2 HBRETARER 1056 0 987

(TAKARA, K% ) \1E B 1] 51 9 (Invitrogen, |1 ) £
0.5 wL.1 wL DNA £ 47 (5 DNA 10 ng) F123 wL X 7%
Ko PCRY BT :95 CHIAZE 2 min J5, ¥ 204
TEER (95 CAEPE 20 5,55 CiIB K 20 5,72 CHEH145 ),
BJ5 72 CCHEfH 3 min®, PCR P29 235 s MU 1 i 9k
BSE )5 L {8 FH AxyPre PCR I 7 R 4t (Axygen, AL ) X
Hibtratife . ¥4 e )5 1 PCR =Wy S5 5 R i iR A
J& A Mlumina MiSeq il FeACHEA T o 18 &0 7 o
I6%E O T NCBIEUE R348 5 %5 (SRP375487) .
1.5 BUESIT

Z: 8 Wang 551 J7 7% , FIH i-Sanger (http : //www.
i—sanger.com ) 2 $ 4 20 B 1 15 A B v A0 0y R4S
U2 A 16S rRNA JERF 51 b Bl s ab 2L
HF UCLST #5155 J5 5t e 51 5 2R i OTU CRE AL PE AR
T97%), FIJH RDP Ecdhs Xf 554> OTU AT % 0E , B
15 BB R 0.80°% Sy 3k B A [ 0 P % %of 485 51 23 by
FEEE T, R FEAS B HLAHEL 15 000 450751 i1 7
J5 &% alpha Fl beta ZHEVE 43T

PL A 4% 38 % (Shannon) ™ Fll 2% 3% 2§ 45 %4 (Simp-
son) Sk FAIE 4 B FE V% 1 alpha Z2FE % . 3EF Bray—
Curtis 8 7157546 R AR i 2 48 RUE (NMDS)
FE AAFR 53 HT (PCoA ) X AN [ Ak FHAE it 40 T1 v 45 44
VAT I8 M1 . FFH Shapiro-Wilk F1 Levene 55646
BB RS S A Ay 255506, FHIMP 10.0 Fc - rh
B9 XLR 7 2553 B (ANOVA) KA #r 05 . EDU J% HEAH
HAE X R PR A TR VR alpha 224 P AL A
HEAIXT F R M . FH Tukey—Kramer HSD 45 56 A
[F) Acb R[] g S 2 2 S

2 GHRESW

2.1 XNEEREIFM

WNEL 2 Bz  AEXT BRAL AT E A 3L 25 AR
TN (B AR PREEAR 1T 9.4%) o AMEBRZRIET,
Wit EDU XS /N R A 7 A B R . E AR BEZRAF

120 1 0,.P=0.105;EDU: P=0.066; 0:xEDU : P=0.078

100 . o O a
£ T BEDU b
= 80t T
=
£
Z 60t
E
(=W
i 40
K

20 }

0
E
Kb P Treatment

DR 22 AR ANTARIEZE 5 A [l /NG 7 B) 375 b T ) 25 52
B3 (P<0.05). T,
Error bars denote standard deviation ; Different letters represent significant

differences between different treatments( P<0.05). The same below.
B2 0, iREFFFEDU M E B HEXT # 3% B/ E 0k S 120
Figure 2 Effects of Os and EDU leaf spraying on plant height

LW EDU /N2 R4 e 1 11.0%(P<0.05) . 0s
FEDU (58 HAE IR/ N W i B 7 A 3 5
2.2 Ft/NZFE I BR A B B % alpha SR

R 17, AN ) Ak B i 4 TR R 7 1) 7 s
(TEJF 51 97% WIARRLEE (K7 )3T 0.97, RHIA
I I DR BE AL TR XA T RE T BRI A S 22
JEAN BT 5 2. AR AL 3 254 T Shannon $8 £l
Simpson ¥8 EU A K& A 8 AR, ULEH O ¥k BE T
EDU Wt it S H52 B AE FHIIXF/INZE B 41 i BE Y% alpha
EZE RS RTE S AR
2.3 XN BRAE B R SRR

FEFAS[RRE 5 18] 19 Braye—Curtis AHALL I 251155,
K I NMDS Fl PCoA X AN [R) AR it - B 200 T A v 247 5
RO o G K BAE NMDS [ H1 PCoA 18] F A—7K (A~
EDU.E-7K .E-EDU 4 F &b 3 () i 30 A i 43 1 R T
ARV PE (] 3) 3 22 B O ¥k B2 T A EDU Wit 25 24
AR IINFZ IR 20 TR BT 45 o
2.4 HNEMBRAFAEEI TR

PR B /N B A R L35 B 1] 24 Proteobac-
teria (84.7%~94.8% ) . Bacteroidota (1.3%~13.1%) . Fir-

F1 AEIRIALE &4 TN EH PR R B alpha SFIEIEE

Table 1 Alpha—diversity indices of phyllosphere bacterial community of NM88 under different treatments

ZRMAR AL A E
Diversity index 7K EDU 7K EDU
Shannon F 4 841 5.17+0.26a 5.32+0.15a 5.12+0.06a 5.37+0.16a
Simpson ¥ TR L 0.95+0.01a 0.95+0.02a 0.97+0.02a 0.98+0.01a
B3 ¥ Good’ Coverage 0.972+0.004a 0.973+0.004a 0.976+0.002a 0.977+0.002a

TE AN PR R A B 22 5 235 (P<0.05) . T IA].

Note: Different letters represent significant differences between different treatments( P<0.05). The same below.

WWW.QEs.0r9.CN




VRETS Rt Y F 2B FE 5 H

m@g 988

04
)
NMDS

o
wn
A
>
z
-0.2F ® A-/K
® A-EDU
® E-/K
-0.4 Stress: 0.205 ® E-EDU
025 0 0.25

NMDSI1

PCoA2 (11.96%)
(=]

® A-K
e A-EDU

(B) PCoA
D
)
®
U < :
°

-0.21

® E-/K

® E-EDU

0 0.2
PCoA1(18 23%)

B3 AEAELGETHRMEWIEEESERESHT(NMDS)FAE A ERS 4T (PCoA)

Figure 3 Nonmetric multidimensional scaling(NMDS) analysis and principal coordinates analysis(PCoA ) plot depicts the Bray—Curtis

distance of bacterial communities in different treatments
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Figure 4 Effects of Os, EDU and their interaction on the relative abundance of dominant bacterial phyla

inhabiting phyllosphere and endosphere of rice leaves
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Table 2 Main effects of elevated O, EDU leaf spraying, and their interaction on the relative abundance of abundant genus (more than 1% )

X Relative abundance/%

P
G(;}_fus A k

K EDU K EDU 0s EDU 0:xEDU
Duganella 6.38+1.49a 8.06+0.58a 8.47+1.91a 6.15+1.35a 0.908 0.694 0.028
Erwinia 3.37+0.06a 2.92+0.89a 5.44+2.93a 1.47+0.17b 0.719 0.022 0.058
Massilia 3.10+1.12b 4.55+0.20a 1.69+0.98b 3.38+1.39b 0.038 0.015 0.835
Paenibacillus 2.06+1.77ab 0.30+0.23b 0.42+0.31ab 6.00+5.34a 0.398 0.433 0.040
Pantoea 4.43+0.93¢ 16.59+5.92b 29.68+4.81a 12.17+3.50b 0.001 0.268 <0.001
Pseudomonas 41.84+10.07a 28.10+4.13a 17.91+2.05b 13.94+4.36b <0.001 0.009 0.112
Serratia 7.99+1.79ab 13.41+5.64a 4.69+2.41b 4.63+2.82b 0.008 0.182 0.173
Sphingomonas 2.16+0.33a 5.51+3.16a 7.49+6.06a 2.07+0.86a 0.624 0.592 0.039
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