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Effects of Free-air CO, Enrichment and Temperature Increase on Related
Proteins and Defense Enzymes in Plants Infected with Rice Sheath Blight

SHEN Min" %, CAI Chuang', SONG Lian', ZHANG Jishuang" ?, TAO Ye"?, WANG Dongming"*, YANG Xiong" ?,
WEI Wei' 2, ZHU Chunwu'"

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:  Objective Sheath blight (ShB) is a soil-borne disease, whose occurrence and development seriously threatens rice
(Oryza sativa L.) production. However, it is still unclear how elevated CO, concentration ([CO,]) and temperature affect
pathogenesis-related proteins (PR proteins) and defense enzymes in plants infected with Rhizoctonia solani. Method In this study,
temperature by free-air CO, enrichment(T-FACE) system was used with four treatments: ambient condition; elevated [CO,]([CO,]
up to 590 pmol-mol’l); elevated temperature (temperature increased 2°C); the combination of elevated [CO,] and elevated
temperature. Two cultivars (a susceptible variety, Lemont and a resistant variety, YSBR1) were planted to explore the response of
PR proteins and defense enzymes activities in leaves and stems for two cultivars by artificial inoculation of R. solani, as well as
basic physical and chemical properties of soil. Result Results indicated that there was no significant difference in the growth rate
of R. solani on soil extract medium, which was made by bulk soil under elevated [CO,] and temperature. After inoculation with R.
solani, the development rate of the ShB lesion was not related to the basic physical and chemical properties of soil. The
combination of elevated [CO,] and elevated temperature induced different effects on PR proteins and defense enzymes activities
in the leaves of two cultivars. For the PR proteins and defense enzymes in stems, the combination of elevated [CO,] and elevated
temperature obviously increased the catalase (CAT), phenylalanine ammonia-lyase (PAL), B-1, 3-glucanase (GLU) or superoxide
dismutase (SOD) activities for both Lemont and YSBR1. For different cultivars, after being infected with R. solani, the activities
of PR proteins and defense enzymes in the leaves and SOD and CAT in the stems for YSBR1 were significantly higher than those
for Lemont under different treatments, and the development rate of ShB lesion for YSBR1 was significantly lower than that for
Lemont. During the whole disease infection, elevated [CO,] and the combination of elevated [CO,] and elevated temperature both
significantly increased the development rate of rice ShB for Lemont by 21%-45%, but not for YSBR1. The correlation analysis
showed that under different [CO,] and temperature treatments, the development rate of ShB was significantly positively
correlated with GLU activity in stems for Lemont and YSBR1. Conclusion After inoculated R.solani, the defense reaction
formed by PR proteins and defense enzymes in resistant cultivar can effectively reduce the effect of elevated [CO,] and
temperature on the development rate of ShB in the future. This study can provide applications for breeding ShB-resistant cultivars
to ensure global rice production under future climate change.

Key words: Rice sheath blight; PR proteins; Defense enzymes; Elevated [CO,]; Elevated temperature

IKFE (Oryza sativa L.) J& N fe B B0 TRAE
Wz —W, KREEOR IR T AT R E, oL
Wi 22 ¥ ( Rhizoctonia solani ) 51, %k E M A4
e H A H 4™ 5, — ] @& BUK R 10% ~
30%, UETE 50%P Y, FIEHEEF R (40 pH.
BV ) Sm 2 EREE, BT Refe ok 2
F AR LT AR S Pt nT BRI A K AP
JUT RN B-1, 37 JROMIIE K 2 KR o 400 M B ) 22
B, JUT i ( chitinase, CHT ) AJ LA i
TR T 22 R G LR JL T B R 40 o oo ot o ) AR G

WAl HrIA] -1, 3-% S MHEE ( B-1, 3-glucanase, GLU )
SEFEAY RARIMEEEMECT . ik, CHT Al GLU J24
Vi DEFERFREEPEZEAREMCER
( pathogenesis related proteins, PR Z ) ", —jifi
TSR E R YRS, 1A S PR & ARSI,
72 7 B S N o A Ak ) B 4B B ( superoxide
dismutase, SOD ) Z&BiMH R Gi b f ek ny—A- 5
B AE , FLAEGUE A A S P T A

MR DHIR A G , T FEE SR80 — B EiE R,
A=A i AL Ul (catalase, CAT ) SREH k9% R
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P AR YRR, BeAh, Z A LA polyphenol
oxidase, PPO) 5ZKTN & MR %% i ( phenylalanine
ammonia-lyase, PAL) 0] & 5 YIKENAREKE
(B B, AR 30 il g 3 14 o Je B ¥

YE R BRI FEZFRE, KR CO W
([CO,)) FIZIREC LI HRE ., B3| 21
2 AK, [COLIRTi. 500~1 000 umol-mol ™", AH ¥
UK 1.0~3.7CP . BHEPEEY, &[CO,)
IR T 23 18I0 SO 5 1% & R AU N, 4 R,
solani 12Y%J5 , 1B [COL AR FH X AH AR A FIZE 45 PR
B S ARG B A ) s, N H S SO K R R
AIAE FHBILII AT 2

PR, A3 7K R SUR 9 5 8% i Fl Lemont
( Oryza sativa L. japonica ) FlPiPE i F YSBRI
( Oryza sativa L. indica ) 504, T A
HI R[CO Tt A T ( T-FACE ) ¥ &, BitR
HAURAZAL T [COL T i AR T 55, Jl kAN T 4eph
R. solani FRFEIKFE BRI B FI T I it Ao B ¢ e
WA, PRI IR T PR AR R OC B AR
- 3 3 A AL MR [COL RN I B -8 1 i) oy S
55 GO 95 B 2 I 25 1 R AH DG M

1 bPR i

1.1 R SF0 T-FACE &R

T-FACE V-7 T VLI & 20T iy B0 PRy
(31°30'N, 120°33'E), %50 b 5 & 370 i) I 4
M2 AN A B 12 AN IEAIE /N X 4
W BA/NXER 8m, B 50 m?; & /hIX
HAMPIR R S 28, ZFatkikd 4
ASAbPH: IEH H B AR AXT] (CT). KR
[CO,1TFE & 590 pmol-mol™ ( C+T )., 76 )2 iR # X}
MEFHE 2°C (CT+) KL [COL 1 H il FH BAF (C+T+)
b3, BN ERE 3 ANER . KX T-FACE &
R TR A 86 T RS B B 4 1 D, Cai 20
1.2 IekiEERE

HEL KRR S A K Lemont (CHERS I &h ) Fl YSBRI
CHIFEEAR ), T 2020 4FF1 2021 4F A 7K Fef i 0 2 A
fi. Hr, Lemont K /KRESUHE 5 & A, YSBR1
PSR P Lemont 1 YSBRI (144 & A4
VT ,2020 4543510 142 d T 146 d,2021 4EH 4 143 d.

P A T AR B RS MoK ERTE
B, 2351F 2020 4F 6 H 22 HA12021 46 H 26 H
Ak, BB 2 Wi, BRITEESH 16.7 cm x 25 cm
( BVAMAE S BE 24 7C-m ™ ), 7E 2020 F1 2021 4F () 7K A5
4K 7 6—10 H, T-FACE izf7#la][CO,] 1444 %
7 183~205 pmol'mol™', MREEFHIIHTE 1.6~2.2
Co PUERANEHEML . /B AL AR R 6.9,
6.0 f1 5.2 g'm™>, JFbF740— B H )25 BEEE 0 7
S0 B A A I S S HE AT OE ) 3 bR
B3G5 A 6N DX A AR R -
1.3 HEEAT#ER R. solani RIFHERBERFE

R

F 52 rb 45 a8 3 0 S0A 9 B0 R R (R
solani, YN-7 isolate ), H137 N K273 PR = $2 4t
B RIZIRR TR B W ZE s A 1 e,
R R AR S 1.0 cm, 98 2 mm, P4l
Fas IR HEA T 3 R K ARG AR 5 1Y
TR SR AR FE W ( potato dextrose broth, PDB ),
ISR IR MLrh Je 4 AAHIRI K/ R. solani TR 223t
BT 28 C IR IAEE h 5 5% B R AL B R R K
B R. solani WIARZEAERIEFY), 4351T 2020 4
2021 4F 8 H 17 H P3| H A% AL BE T AR K11
KM, 4~/NX, Lemont Al YSBRI1 ¥4/ 12
I, BN 3 AN EZE L BARIEETE R. solani 1)
AKRERAFNE 3 P2 1 om 3K, FHFAEEM G REE
- 3 25 A AR AR AR 10 B0 2020 4E AT 2021 4
W 8 H 17 H%FN R. solani, 9 H 4 H#EAFHREEH A,
RYRITFFEE 19 do AR 2 Yol g0 10 5] 9 B 1Y)
KB

V = L/ID (1)

X, v ORIREETEE Dy &R EE (mmd ' ); LA
SR AR AR L BE R L 1) A R (mm), RO &
I EEARE B 1) b e RS B S K D Ok
W& B REL (d), BRI B RE 19,
1.4 TEHSKS K R solani ¥R

T20204:9 A 5 H HHEREAFAL T Lemont
A YSBRI [HVE L, ARFEFE 5 40 b i 3R
o BRIT . R +33 20 B, F Mettler-Toledo
pH T 3% pH, +/KE 1:2.5 (w/w). FREL S g
i 100 BT 1, Hy,S0,-H,0, HE R H G ER
% 50 mL, FAIEIGE B E 440 (total potassium,
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TK), FITZE4H1L (Perkin Elmer 2400, Series II
CHNS/O analyzer, Perkin Elmer Inc., Waltham, MA,
FEHE) ME+IESL%A (total nitrogen, TN) Fl4
(total phosphorus, TP ). M4k 5 4% W2 #1 &1 hn il
E IR HLEE (total organic carbon, TOC) %)

FIH FIARS AL BER Lemont Al YSBRI1 i 20 H
i AT 5 BB £, IR R WO SR R . A AR
I 100 g HIEFESIEIA 200 mL #E&EK, FEFEIR
180 rrmin ' #45# T, 5E¥%5 60 min /MRS . BRA
g HBREM IR, A% 500 mL, %%
100 mL Jitit « 1 g BRI LLBEAT AR A 121°C i K
JER B KA S TAES T, 7EEAN 90 mm
ARG SR L I AAH R BSE FR 2E, R . B S
% H . Wa, BUERIFE R solani T2 25T
R AR AR T ) R i s g S ), 28<C
RIS SR TR, B IR B B TR AN R s R e
B SAEE 36 h JF TS AN R HRAEKER,
T R. solani W 224K HEHE (mm-h ') 1,
1.5 PR EQ P HEEEENE

T 2020 4F 9 A 4 HHEAT HEEORE AN/ N X
AR 3 MR YR 2R, AR SR N R R
solani W) ZEFF BT XTI B & i, DL Ko fi 22 SR Ab 1) 25
W (SRRt ). BOMERS, L2 I A 3R,
—B0CIRAEFTH . KT BB HWRBEIIE, 735 FR
- mEAELE D, Fikha (g) 5
0.1 mol-L™" pH 7.4 B2 L ZE vh (mL ) 1 : 9 (Y HL M
VORI T AT, W W A Rk 10 9
i B 1%ZH 1513 R . A4l BCA flbi ik (1855
P0012S, FHAKREVHARNT), FEWMEFIET, &
FIFE Cu™ 5 Cu', Cu' BCA IKFIIE L& G
A, 7E 562 nm ( Thermo Evolution 201, 3£H )
AR GRE , LR EAWED, LT PREA
I BH AR BTG PR B I AE , 43 BRI 0.5 g FES A —E
Y PBS (pH=7.4), 510K, B.OWEE BN AE
M, PR &1 (GLU Ml CHT ) MR it ( SOD. CAT,
PPO F1 PAL ) i 53500 FH X 07 %) il E6C 928 v 3]

/5. JL22712, JL13589, JL22719. JL22741,

JL22725, JL22714; FHEIISAEYRHELARA )
AT E ,, BAARBAES BRI S 1Ea PR, m&R
Y38 3 i FRAY ( Thermo Multiskan Sky, €[ ) il
JETE 450 nm T WM RE , BETE PR FROR b B A T
F 3527 (U-mg ' pro ) M,

1.6 HiEALIE

ffi il IBM SPSS 26 X ¥R #7401, R
PAAR 5 2243 H7 (univariate analysis of variance,
ANOVA ) KA 56 i Bl . [CO,1FITE X PR 2K 1 A1AH
K 577 0 il % M B SO o e B R e R R Y S e, I
JKF- A P<0.05, FJH Origin pro 2023 #Ef74:

2 4 R

2.1 [COJFBBRFI T IEEARBL MR

BT, Lemont AYFHE 1Y pH B FH KT
YSBRI (£ 1), AN S, #5[CO,) (C+T)
5 E T Lemont F1 YSBRI1 #E +#9 pH, {H
FHEANT Lemont A1 YSBRI1 #HE+AY TN &4
TOC %t i A CT+ ) EHE N T Lemont F1 YSBR1
BHEL M pH. TOC &, DL YSBRI1 #HELH TN
Ear, HEBFERAILT Lemont #ME+#) TP &1,
AR, [COLFIEE %) Lemont #HE + 1 pH 5 YSBRI
BHELH TN S BA B ELEEN.
22 AETEZREIEFES R solani £KEE

g

BRI, Lemont XJ N7 (1) - 3E0R H I 1 97 0k
T R. solani T8 22 KRR | B 2 5T YSBRI,
MR 3.48%~7.64% (& 1), RALEEZMIN 5,
XA, S[CO] . WRF A KW A HAEHTT
Lemont FI YSBRI1 X[+ 32 45 75k R,
solani AR HER LR E XS (K1),
2.3 [COJABMEBEAX BEMRBKBEKM FH PR

T | 048 < By 16 B 1 A S22 I

SEARRITT S, FEXT B DL B [COL ) FIE T 1f &b
T, YSBRI AR AR Al ) PR & FIAH S B
EEHE Y B T Lemont, MU S, &
[COL AT XT PR LAt i) PR AR L AITAE G B
BTG PE TC R E R (K 2, £ 2). &[CO, MR E
%} Lemont #8#% M F 1 GLU .SOD #1 POD, } YSBRI
FEFER F B GLU il CHT A B &M EAEH (%2 ).
EXTHEAHLG, [COL R EE [ B A+ 55 23 B AIK Lemont
A YSBRI Al GLU itk (43 BIFEAE 6.03%F0
3.72%), {B3441T Lemont i F 1 SOD F1 PPO %
PE (AR50 4.47%F01 23.52% ) LK YSBRI I rh
CHT FI3E M (389 6.75%, K2, F£2).
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Table 1 The basic physical and chemical properties of soil, and summary of the analysis of variance (ANOVA) for the influence of [CO>],
temperature, and variety on physical and chemical properties of soil
il b3 S BB A e el
Variety Treatment P TOC/ (gkg") TN/ (g'kg™) TP/ (gkg") TK/ (gkg™)
Lemont CT 6.75 +0.05 13.09 + 0.47 0.43 +0.07 0.97 + 0.04 12.70 £ 0.07
C+T 6.73 +0.08 16.81 £2.22 0.62+0.21 1.04+£0.21 12.73 £2.66
CT+ 6.96 +0.03 15.20 £ 0.77 0.49+0.12 0.78 + 0.06 12.32+1.18
C+T+ 6.73 +0.01 19.41 £1.30 0.84+0.18 0.84 +0.02 12.55+0.24
YSBR1 CT 6.85 +0.04 13.95 £3.20 0.52+0.03 0.95 +0.09 12.61 +1.42
C+T 6.80 +0.06 17.45 £ 3.01 0.66 +0.14 0.98 +0.12 1297 + 1.51
CT+ 6.99 + 0.06 16.51 £2.21 0.48 +0.06 0.91 +0.06 14.36 £ 1.02
C+T+ 6.82+0.07 21.61 +0.85 0.95+0.11 0.89 +0.05 12.40 £ 0.59
75257 ¥r Analysis of variance
Lemont C 0.002* 0.001* 0.018%* 0.317 0.879
T 0.005* 0.017* 0.160 0.016* 0.755
CxT 0.007* 0.761 0.390 0.992 0.911
YSBRI C 0.009* 0.017* <0.001* 0.858 0.280
T 0.039* 0.048* 0.046* 0.219 0.417
CxT 0.111 0.594 0.014* 0.590 0.133
\% 0.005* 0.341 0.296 0.525 0.344

M. CT, XHHEALTE; C+T, [CONTHRALEE; CT+, EIFALTE; C+T+, [CONTFHRART TR, V. C H T 43 5CFMFD .
[COJRIRBE . VY8 + FRifEim 2% . *N R 2 F3k T B K F (P<0.05), F[A, Note: CT, ambient condition; C+T, elevated [CO,];

CT+, elevated temperature; C+T+, the combination of elevated [CO,] and elevated temperature. V, C, and T represent variety, [CO,] and

temperature, respectively. Means + standard deviation. * indicates a significant difference ( P < 0.05) . The same below.

CICT E3@C+T
. B CT+ e C+T+
T02F a b
<= ab a 4
g2 | ] E NI
S
£
se
= 0
<5
z
2
&}
0

Lemont YSBRI
JKAE AR Rice variety
H: AE/NG FRER R AT H 22 53K P <0.05 2 #KF,
T A . Note :

differences between different treatments, P < 0.05. The same below.

Different lowercase letters indicate significant

Bl 1 &A4PEF Lemont A1 YSBRI1 X + I8 5k 1% 95 4
' R. solani H K R
Fig. 1 Growth rate of R. solani cultured on soil extract medium by

cvs Lemont and YSBR1 under different treatments

24 [COABEMBRFAIBFEREZIF PR EH
048 3 B 1 B 14 RO S M
kR AR R, YSBRI B £ 8 o K4 B 46 il
( SOD #il CAT) {5 it = T Lemont (& 3, £ 3).
SALHSE T E , F[CO,)%s K Lemont 254
H CHT 3 i T4 B & 34 i Lemont 2245 GLU,
CHT, PPO Fil CAT i&: LA % YSBR1 Z5#5H CHT i
P (E 3, 3 3), k4, [COJFREXT Lemont 25
B CAT I PAL LA K YSBRI Z£# GLU 1 SOD
AWELEAERN (% 3). 5XFEAML, [COHMEE
[l TS 238 Lemont 25§81 CAT Ml PAL 154
(36.72%F1 10.18% )LA M2 YSBR1 Z£#5+H GLU il SOD
WM (12.98%F11 16.20%, K3, #3).
2.5 [COFABMBHAIKBLUHBEEBERY
A

2020 4FEF1 2021 445 B34 B 7R SO R S 8 A
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a) g b) g ©) 3
a a =
2o W oer mor a o 2 2., % a
11 . e
%8 =CT+ mmC+T+ 1 ab d g =g
2o o 20t a ol ab
EEIST e be EE P == o ab
X3 d ‘ =0 BT S % be "¢ be e be
=5 10} By S5 aof ¢
“ = 2= 10 =z
58 £% %r H
Q. L ~ =
EE S =L s =z
=3 " 3 =%
=5 O Temont YSBRI = O Lemont YSBRI =5 Lemont YSBRI
) @) [%2)
)3 e) 2 H e
iy w5007 # B s,
' :  H b =
o B ) ab S5 400} ab B 25
Z2s b b b Es be ab K2
%3 18t =3 g 10
g & g 3001 od 8 3
W = d i
T e G S
SRS ol & S 200F g ° sl
Ty T2 ®z
i .2 ic .z 100t T2
T3 + 3 ic §
£ 0 e 0 T3 0
5 Lemont YSBR1 8: Lemont YSBR1 § Lemont YSBR1

JKAG AR Rice variety JKAE AR Rice variety JKAG AR Rice varity

ANTRI[COL L EE b P B J5 9 Lemont A1 YSBRI I ep B-1, 3-#5RAHME (a). JLT M (b), BEMAYE L
(c). AR (d). ZBEMEF (o) ARNARMER () EHERZm

Fig. 2 Effects of different [CO,] and temperature treatments on GLU (a), CHT (b), SOD (¢), CAT (d), PPO () and PAL ( f) activities in

leaves in infected plants with R. solani for cvs Lemont and YSBR1

& 2

F2 AECO,. BEMRMEBHEERIF S PR EQSHEXGHEEEERNTEZSH

Table 2 Summary of analysis of variance( ANOVA) for the influence of [CO,], temperature and variety on the PR proteins and defense enzymes
activities in leaves in infected plants with R. solani

st A fb 3 B-1, 3-HiRMEME  JLT M WAL JEAEE ZHEAE KN

Variety Treatment GLU CHT SOD CAT PPO PAL
Lemont C 0.909 0.998 0.430 0.455 0.623 0.775
T 0.635 0.272 0.874 0.993 0.137 0.117
CxT 0.010%* 0.595 0.029%* 0.645 0.001%* 0.448
YSBRI1 C 0.095 0.530 0.880 0.348 0.565 0.906
T 0.319 0.601 0.091 0.236 0.370 0.415
CxT 0.010* 0.004* 0.213 0.277 0.748 0.315

v <0.001* 0.001* <0.001* <0.001* <0.001* <0.001*

W BV, CHTARURE SR [COIMEE . *NFREFEFEFAKFE (P<0.05), FA, Note: V, C, and T represent

variety, [CO,] and temperature, respectively. * indicates a significant difference ( P < 0.05) . The same below.

Lemont 3% B & J& i 3R 13 35 55 F BT 80AG 9% & AP
YSBRI (3 4), 4EBR[E][CO,) T A TH 3t 7K Fei kit
PR SO 9 BE & SR R A S i e — 3 . Bk R
A, [COLTFRXT 2020 4FF1 2021 47 PR i P SUA
I B 2 JRe SRS TG S 2 R T 5 T I T R N 2020
AEFN 2021 AEP A SRR SORTRIRBE R R (R 4),

UEAh, ARBFFTES R KRB, IRTHRT 2020 4K REAE B
SR 95 998 BE & R S R R T % B A T A O e 22
5o MEEIEERM, BT 2020 4E Lemont FE AR AY
S0 9 e BE K R R B R E R B R T
YSBRI #i#k . [CO,JFILEE X 2020 4F /K RFAH R SUA
W BE A SRR W A HAE ] (% 4). 55X
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a) o b) = ©) ~
& 2 e
7, 27,9 CT =3 CH+T T 257 =50, a
s == CT+ mm C+T+ a M E a . 1\-5%%9
g - b ab b T L =
B% £g X b S2 60} ab qap
w18 c c ¢ E El 15 b b b = E b ? ?
5 C I N
3 § B «§ S Zao0f |
—%B ol E < 10t ® o
A = o 2 BE 201}
£3 =22 s £ 2
gg"; g #P(H *g EE‘F g
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Fig. 3 Effects of different [CO,] and temperature treatments on GLU (a), CHT (b), SOD (c), CAT (d), PPO (e) and PAL ( f) activities

in stems in infected plants with R. solani for cvs Lemont and YSBR1

£3 AEICO,|. REFMMMERFEKRZHD PR EQSHEXMHEBEEERNAESN

Table 3 Summary of analysis of variance( ANOVA) for the influence of [CO,], temperature and variety on the PR proteins and defense enzymes
activities in stems in infected plants with R. solani

st b3 B-1, 3-HisR¥EME  JLT R RSB JEMAEE ShEAE KNEARERE

Variety Treatment GLU CHT SOD CAT PPO PAL
Lemont C 0.350 0.003* 0.343 0.586 0.890 0.231
T <0.001* 0.005* 0.654 <0.001* 0.028* 0.061

CxT 0914 0.083 0.404 0.030%* 0.074 0.003*

YSBRI1 C 0.091 0.268 0.072 0.856 0.651 0.506
T 0.244 0.046* 0.906 0.982 0.665 0.094

CxT <0.001* 0.113 0.042* 0.582 0.442 0.372

v 0.178 0.873 0.003* <0.001* 0.294 0.086

HIEL, 2020 4EA1 2021 4F iR T KL S5 R[CO HAES
BTN Lemont A R SUR 5 5E & e 13 3( 2498 21%~
45% ) LI K YSBRI FEPRSURG s 5 2 e il % (2928
—4%~28%, F4).
2.6 SULRABIAREESBFREKN PR BB
R Xp BRI X R
SR PR F RURE G 9 18 5 1 5 Sp e

o BE 2 Je SRR I AH DG ME A3 B R W], Lemont AR R SUA
I I BE R R R AN S ) PAL 2 I 3 R fURE OC
(£ 5), X258 1Y PR EE FRIAH G B ARG 2 5 SR
3 i BE A SR A DGR 23 A R W, Lemont A FREL
i s BE ¢ R i 46 5 ZE M %) GLU Al CAT £ 311
IEARSG ; YSBRI A RSO XE & Je 1 3 15 2K 1Y)
GLU #1 PAL 2 B E M IEAHE (£ 5),
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% 4 Lemont #1 YSBR1 7E£ CT. C+T. CT+# C+T+ B T HFEFHERY BiER

Table 4 Development rate of the vertical length of ShB lesions for cvs Lemont and YSBR1 under ambient condition, elevated [CO,], elevated
temperature, and the combination of elevated [CO;] and elevated temperature treatments

SO TR LB

a A b3
Development rate of vertical length of ShB lesions/ ( mm-d ")
Variety Treatment
2020 4F 2021 4F
Lemont CT 3.18 £0.16¢ 4.11 £ 0.67bc
C+T 3.01+£0.27c 3.90 £0.72¢
CT+ 4.04 £ 0.24b 5.94 +0.82a
C+T+ 441+0.31a 4.95 +0.06b
YSBR1 CT 2.10+0.01d 2.28 +£0.35d
C+T 1.80£0.17d 2.31+0.28d
CT+ 2.02+0.16d 2.91+0.27d
C+T+ 2.08 £ 0.06d 242 +0.14d
J5 253 ¥7 Analysis of variance
A% <0.001* <0.001*
C 0.912 0.054
T <0.001* <0.001*
VxC 0.198 0.378
VxT <0.001* 0.017*
CxT 0.012* 0.124
VxCxT 0.573 0.755

# 5 Lemont 1 YSBR1 &ifHFMEEZARRESH FFZEH B PR & B FE KB MEAYHE X 1%

Table 5 Correlation between development rate of vertical length of ShB lesions for cvs Lemont and YSBR1 and PR proteins and defense
enzymes activities in leaves and stems

SRR TE HZ B #R Development rate of vertical length of ShB lesions

MR AL AHCHE bR
Lemont YSBRI1
Plant part Related indicator
r P-value r P-value

Uy B-1, 3-HZHNEMG GLU -0.30 ns 0.43 ns
Leaf JLT il CHT -0.26 ns 0.27 ns
AL B fL I SOD -0.17 ns 0.35 ns
i E AL S CAT 0.02 ns 0.12 ns
Z Wy E AL PPO 0.17 ns —0.47 ns
RN R i 7B PAL —0.63 * 0.21 ns
EX B-1, 3-#iRAEE GLU 0.88 e 0.59 *
Stem JLT il CHT 0.39 ns 0.28 ns
AL B fL i SOD 0.10 ns 0.18 ns
i H LA CAT 0.72 kx 0.36 ns
Z Wy E AL PPO 0.44 ns —0.04 ns
KN A T PAL 0.17 ns 0.61 *

[ *, #x R RRIROR P<0.05, P<0.01, P<0.001 KFEMRE, ns FARTLEZELN (P>0.05), Note: *, **, and ***
indicate significant levels of P < 0.05, P<0.01, and P <0.001, respectively, while ns indicates no significant impact ( P> 0.05) .
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A5 H, Lemont MIHHELM pH B EHMT
YSBR1 (& 1), & [CO,1FERTHXF A [6] 2K A8 i b B
A b BEA A 5 A 52 ) TT BB 2 ()4 5% M AR AR 119 2
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FEF i) 334 e 490 A 25 0 g A1 o e R il S T
XATHEYS Lemont #FFE + i i A4 K IR BT 88 =4 i
BFIF R. solani WAERKAT X, MIMfERE T WG 451
H Lemont YRR B FE 3T R solani 224K
HOREE YSBR1 BB N T 3.48%~7.64% (& 1),
[COL I T & BEAR T WK AR S AP BEAE -0 pH, 34
T KRS S FPEEE 1 TN f TOC & i A%
BT WK AE SRR ERE L pH AT TOC & DA M
YSBRI BHEL 9 TN i, (HJE 8K T Lemont
FEE LR TP i (38 1), ARREIBUEM R 1 3EE
AREAEPER A A 72— 80, X AT AR N AR [E K
Rt it AR R 5 43 WSO 1w [C O, R il T 4 e 1 A ]
MW BN, AR IIEE S R R, TR
E RS A E R AL S SRR AR
B, XFRRISRHUE SIS, m[COL R
FEFHEE L) IR PR B SR I R, solani TH
2 KRR TR E R (E 1), XU R
solani 5, TEIRTF M HEE[CONEMELET, FHEE
RN E 5 A AR b T

ik [ B 25T B R, R. solani T A 24315 5K
FEEt FoFInt 4 PR ZEFIA3E 0. KAEHERD R, solani
J&, HBRIRIN SOD, CAT. PPO Fil PAL % 54X
O 55 LT FH 5 A 5 00 S e 2 7 o B AR AT
AT UL, R IR ARG, PR AR 1 FITRE 65 A i e 75
M DRG i E AR . ARK i F Y YSBRI
JE 2t AR PR AR T Ok Hh A He b e LR ERR E Y
JKAE S T Lemont W Ay Xt S0 9 25 13 57 8% 1) /K R
g it 1314 191 e 2R B OR L 24 R, solani NMRJ
AL FR YSBR1 M HH PR ZE (A FIAH 56 B 4 il LA B
ZEHHh SOD il CAT {6434 B 2% = T Lemont ( & 2
FIE 35 3% 2 FIER 3 ), iX B YSBRI A BRI B A B
MR E, BRI R AR, B R
T TR B 7T 25 R0 R — 2 B, R
X SURR BT Y 22 5 ORI Y PR 2 1 A7 48
il 05 P 0 22 5 7 RO [COL T 8 AR T4 5 Ak 4%

gk,

SR JELE PR R BH E0 l 35 1 A B AL v
YER, ARBFSEHRTE T M SCHE bR -5 S0R 9 BE & e ikt
MM . PFRERFRY, R LI 5 E[CO,]
AR S HG I RD SUR R B e R, T HL
XA RN AR AT PR IAR — B0 (3R 4), 5% AR
b, 2020 4EF0 2021 4EiR A+ (CT+) AH5H5[CO,17t
FEAE (C+T+) WEHINT Lemont BYSUHGR & J&
R 21%~45%, WA YSBRI SUAG R & JR R
—4%~28% (% 4). BIAMBFFREGREY], KFLL
M = i =R, 1 ELR AR B S R R
solani MR [COL T 238 I SO s 78 H ]
1 H AR B R — iR, X B SRR
T AR SRR R BE I R R Y S 2R
GLU & B FEIEAHSC, M5t PR & A
TEPETC— S ARG (£ 5). B, AWF5EERM,
A [COL) T 5 R T Xk 7K ARG Wk S0 995 9 BiE % Je
IS 2375 T 25 T GLU (4R I i 1 A8 £k

AWFFLER TR, [COLITHEXT 2020 4EFA
FAE PR ZERE T 9 GLU ¥y00 8 F PR Rs2ma , i
IS N 2020 4E Lemont A8 #RZEH 1 AY GLU
(£ 3). XEH[COTHRXT 2020 4F 54 & FRE Ak 8L
I 98 BXE & J SR M4 TG W S P RS2, T R 2
3N 2020 4 Lemont AE B SUR I 5 BE 2 i 4R A
K (FR3). LRERFW, WARREIBUME SRS
i 9 9 B 2 8 3 3 i T e L5 [COL T i BAE Y
Wi R 25 5 25175 25 i GLU AR Hh A I 1 i) 107 24
5o B, 7E R. solani 2 Y5, YSBRI HV5R 1 B
TR, Wi AR i [COL RN TH 264 1 o 1 e
HRM R M EERE, Wi, %5 RS
BT REE SRE W RIE SO PR
55 55 A (T HE 258 TP Y GLU ) A 56 3[R A 2k
XA H T i — 2P PR AR SR IR 24

4 %5

TE R. solani (YK FEHEMRS , SURPRHTTE 5L AR
YSBRI i #EH PR £ AR 5 B AR A% A% B T3
o7 B AR 25 T 5 B Bl Lemont, 33 il i o ] 4 22
S R BUAE 2 7 AR [COL T v AR THIE 5 R R BE
FETE o DN ZR B L 78 2 1T SR R [CO, )T 5 Al 1
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5T, YSBRI B H S0k o3 35 i Je i 32 B Al T
Lemont ffk. RFF RIS [CONT M EAES
W4 /N Lemont AEHBR MY SUHTHG & B2 . YSBR1 Al
Lemont FE i 20 9 I BE (1) A& J8 R 5 H 2585 1)
B-1, 3-#i KMl (GLU) W EMEEMC. Hik, A~
[i) 7K 8% it o () S0t 5 B 2 5 B X SRR [COL ] T
e R T (i 1 22 5 AT DASE S AH G Y PR AR IR
MHEE (o HJEZER Y GLU ) AR LSRR IEAE

B H A Bt dy ARk K ) B A e i AR L
ZIF B 2011 S vA kA % # T-FACE -F & & 5 5 )i #)
EATRAEG A B A I AR RGN R T AR
& )P B F BA A AGX B2 32 4569 Lemont #= YSBRI &
RAGHF . LA Hm A (R solani, YN-7
isolate ), VA BT W JA] S A6 R AP TAE 69 35 5 A=A B
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