L
AaaPamMQmaSmma

DOI: 10.11766/trxb202302220074

TEER, RA, R, SRAEXL K@WR, ERY, Bk, B R KR COp WREETm A TH X /K ARSI 2 45 i AH 6 R E AN By
EE R[], XA, 2023,

SHEN Min, CAI Chuang, SONG Lian, ZHANG Jishuang, TAO Ye, WANG Dongming, YANG Xiong, WEI Wei, ZHU Chunwu. Effects
of Free-air CO, Enrichment and Temperature Increase on Related Proteins and Defense Enzymes in Plants Infected with Rice Sheath

Blight[J]. Acta Pedologica Sinica, 2023,

KR CO: REASMBEHN KIFZNUFHFF
F R RIHE < 2B 5 R s AY 220
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g2, R, REEY

(L SRS AR AT FRER R R TS0 5 (b A2 BE R RIS, AR 210008; 2. whEAFEBE R, JE3 100049)

ot

W E: U (sheath blight) 1EN—Fh B, HORAETURE™ E B 27KFE (Oryza sativa L) 4
7o BT, KA CO2 & ([CO2] )AL FH 5y o] 52 M JEJ3 AP P4 973 B2 4H 5% B [ (pathogenesis related proteins,
PR ZE ) FFBIEEMATEEE . AW 58 LLSUR TR 5 Bkl (Lemont) FIHLtEdhFh (YSBRL) Asigstkl,
1) F L ) AR B RS [CO R EE T+ (T-FACED -6 ULEIE/\&JE- XL [CO] T ([CO] T2
590 umol-mol™®)  M&Ft GaZHREF R 2 °C) K[COQF AR AAZ B, @ik N THF R. solani, #RFAF
Pk AR AR PR B ISR EEG A, DL AT MR IR N B AU IR i [CO R
T BHE L) TR PR SR R, solani A KIREF LR EZ R, R R solani JEHRBLE BEE S 1
BRI IERTC R . KFERERR I J5, PSSR FIZE8E T PR AR FURUAR G MG 2 I L ) 2 22
HAER[COAFMRTF AT R, 122 Rt — PR X T 228 ¥ PR A AT, = [CO) AR T A HAL
B2 8450 Lemont A1 YSBR1 2 id B AL AR (CAT) « FN M ERE (PAL) . B-1,3- R WElE (GLUD
A EALEF (SOD) FEME. X THAKEMM, 24 R. solani NMRJ5, 7E&KLBLT, YSBRL ity
PR & EFIAH DG HEG LA & 2287 SOD A1 CAT y& 143 2% % T Lemont, H YSBRL #itk lE# % BEKT
Lemont. TEFEANRIGIIFES, ETHACTE M H 5 [COL] HAF AL 25 B2 19 in 5 B S Fh Lemont (1995 BE % & 3R
BT 21% ~ 45%) , XL FR YSBRL B R R R R E . MRS REH, %
AEFER Lemont A1 YSBRI EAKSURI I I A A RT3 AR 1 5 2L 8 b GLU W MEAFAE B35 IEAHOC. BT, 7E
R. solani RYLJ5, P f AR E S 1 PR A RS A ERE 1 TE BB R,  RERE A 308 R >R =i [COZ] AN
TRTH 2% A SURG 993 BE R FEE S P (RS2 o BT 90 485 KT 38 T8 ORI B i o SR 3 B R SRS AR AT 5 R IRIK
Fa P R B B S
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Effects of Free-air CO2 Enrichment and Temperature Increase on Related
Proteins and Defense Enzymes in Plants Infected with Rice Sheath Blight

SHEN Min?, CAI Chuang!, SONG Lian!, ZHANG lJishuang*?, TAO Ye!?, WANG Dongming?,
YANG Xiong*?, WEI Wei'2, ZHU Chunwu?f
(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 CO2 concentration ([CO2])
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 CO2 enrichment (T-FACE) system was used
with four treatments: ambient condition; elevated [CO2] ([COz] up to 590 pmol-mol?); elevated temperature
(temperature increased 2 °C); the combination of elevated [CO2] 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 [CO2] 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), -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 [CO2] 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 [CO2] 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 [CO2] 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.

Keywords: Rice sheath blight; PR proteins; Defense enzymes; Elevated [COz]; Elevated temperature

JKFE (Oryza sativa L.) J& NS B M FRIEY) 2 — 0. AKAGLUR 8 T LA FL B

FH, HOIA 2% (Rhizoctonia solani) 51, 1M FH MK EMAGERLE Has™E, —nl
1 IR FEIE 10% ~ 30%, FEH R AL 50%24, LHEAIER R (W pH. BEFRVIAS) &%
Wi 2 SR SR B, BE AT REAR B I AR KR B 4R ST B AT RE R = i R AR, LT R
A1 B-1,3- 1 SR 2 K 2 B L T A R BE 1) S SRR LT i (chitinase, CHT) wJLLIE
i BRI B 22 4 g A R LT BT R R R AR, R R [E) B-1,3- Hi 5K BE
(B-1,3-glucanase, GLU) Z5E784r RAEINE G ML, Kk, CHT 1 GLU 2 MY T K Hi
Eig A EERAEFSCE [ (pathogenesis related proteins, PR & ) U, — 1M & UM

http://pedologica.issas.ac.cn



+ gk
Acta Pedologica Sinica

WR GG, TTES PR R A NG, ZoRGEEE) O A LR (superoxide
dismutase, SOD) J& il & G+ & SR IA 1) — N BB DA, ARG b F R v PRI K T J%
WA BRSNS, RS EE S AR R, WA AR (catalase,
CAT) SRBH 9% J5 i 3 — B R G AN IR, b, LWy LEE (polyphenol oxidase, PPO)
HRNRRREAN (phenylalanine ammonia-lyase, PAL) 3417 2 5 AEA 1A P9 AR 25105
DA IHE SR A i 55 1) A e 3. 81

VERABRAEAR I EBRFE, KA COKE ([COD M SIE CA IR FFEL S .
iit#] 21 40K, [COZ]nTIA 500 ~ 1000 umol molt, FH N < IEH N 1.0 ~ 3.7 T, &
BRI, R [CO T2 B ISR (1993 17 A J RO, 4 R, solani 2445, #i[CO:]
AR TG RE R FIZEHE PR EE S AH B BRI 5, B 5 SO0 A= 72 FE PR L LA
AN 2E

BRI, ASHIF 9% 308 P /K R S0AG 5 5l 5 A Lemont (Oryza sativa L. japonica) Al 5 fh
YSBR1(Oryza sativa L. indica) A58 Xt %, FIH 8N H H KR [CO)F s il F (T-FACED
P, BIASRAERN N [COT mfliR A E 5, ik N T 8RR R. solani #R 8 /K FE SO I
PUPEAN T3 B it MO B R 2, PR ATy A 258 v PR 2R FURTAH SR B Tl . e FEAC TR Ak 1
RXT [CO] Ak T v P Wi 7 R 5 SR 9 1 BRE R Fr i 246 1) PN ZEAH DR 12k o

1 MRS 5k

1.1 R M EF T-FACE EE&ER

T-FACE “F- &AL TYLI5 4 & B 7 LR A (31°30'N, 120°33'B) , kLt s T
SR R ZE SR, 1% S 12 AN IE GO RN A AKX EZ 8 m, B
L) 50 m?; E X B LR S Z 8. % FEHEA 4 AN EEH
[E IR AR (CTY o KA [CO-] T % 590 umol mol™t (C+T)  7ak JZ I e 0t e Tt
1 2 °C (CT+) PLA B [CO) ST THHAF (C+T+) Ab3E, FEANAEERE 3 NE K . f5551% T-FACE
P& I VEGH A RO B R A5 AT L Cai 50,
1.2 RIEFIEETE

At KRE SR~ Lemont CREAZIEAP) AT YSBR1 CHURZEAN) , T 2020 441 2021 4E 1)
KGRI ZEFIHE . Forb, Lemont /K FELURS I &yl i Fl, YSBRL S s Al 281, Lemont
1 YSBR1 (4B WIAHIE, 2020 4E40 518 142 d F1 146 d, 2021 “E¥)N 143 d. K5 S Fh & T
IR SIREE N RoK S H R ER, 45T 2020 45 6 H 22 HF1 2021 45 6 A 26 HEg 4k
RN 2 W, MRATEE N 16.7 cm <25 cm  (BIFME %5 24 9 m2) . 7E 2020 Al 2021 4
7K A K2 6—10 H, T-FACE iz7JIE [CO,] V¥4 £ 183 ~ 205 pmol mol 2, I -1
HIMETE 1.6 ~ 2.2 °Co PIEEMIEIEREAE . 2 BEAEAIARAE &N 6.9. 6.0 A15.2 g m2, FEHHT
S5 — [ FH [B) 5 B a0, 7 58 RREE A 2500 5 S HEAT 1B H AR S5 PR 2, ek S i
RGN X A AE R o
1.3 AiE A T1EH R. solani ZFEB A R R IF TR

HIF T4 FH P 455 B2 A SORS R BOW R (R, solani, YN-7 isolate) ,  HI475 ) k29 B it
PR, AR VEANE B R 4, BT, e P AR SR 1.0
cm. B8 2 mm, SPEET A AR IR I AT SR KB o SRS DN KA S 1) S5 253 26 WS R

(potato dextrose broth, PDB) , FH-7E£57E ML+ Jefz AAHE /NI R. solani B 228, & T 28 °C

SRS A b R 5 A T 2 Al S SR . B E T R. solani FIARZSAE NEERIY, 435I 2020 4EAT
2021 4 8 H 17 HEF0 2| H a0 AT EE T A K PR FEfEM . B4~/ X, Lemont il YSBR1
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WFeFR 12 9%, oA 3 AN FE 2K, BN 5 R. solani FIARZSHR A IE 3 M H125 1 cm
I, FEERERD G R S H ZE PR S AR 10, 181 F- 2020 SR 2021 SE1) 8 H 17 H4%EA R.
solani, 9 H 4 HIH TP, RYLAIEFEE 19d. MR Geial 36 1A 0] 99 BT 1Y A f il
.

V=L/D D)

o, VORI BT BT AR R (mm dt) 5 L OAYBORAE R LB E 7 A (mm)
FH RGN 5 Mo B T 77 [) B A R B v s D MR R R REL (b, RIR B4
IS R% 19,
1.4 1B DA R. solani 337G

F 2020 4F 9 H 5 HHAREAF LI T Lemont 1 YSBR1 HIBHE L, HRIEFES 2 Hrds
HER T A B AR . TR 20 H R, F Mettler-Toledo pH 113l +3% pH, +7KLt
1:25 (Ww). FREL5 gid 100 BT 1,  HS04-H0, JHE R E G E A% 50 mL, HI/k
e v 52 4= 47 (total potassium, TKD, H 7o 43 #T4% (Perkin Elmer 2400, Series || CHNS/O
analyzer, Perkin Elmer Inc., Waltham, MA, 3£ ) 5 -3 4% (total nitrogen, TN) F
2= (total phosphorus, TP) o M4 BE4% R AP N #3138 A7 ALk (total organic carbon,
TOC) D51,

FIH LA AL BT Lemont F1 YSBRL it 20 H i KT 5 FBHE L, HIE L3RR 77 5
43 HIFREL 100 g H3EFE S IR NN 200 mL HE4E/K, 7EREPR 180 rmint #£i8 R, E3% 60 min 7
IR MR IE 2R T LR HETE T, EZS A 500 mL, F&MEAE 100 mL Filyt: 19 ZR
FEEATER N, 121 °Cry K a2 K S TAES T, E£EAN 90 mm HHHE
A A FA R R IR 5L, Wil BEHEEA M. &5, HHESIFR R, solani B 22842 Fh %
FHIERA R A ER R B R PR TR A E], 28 °CHY MRS &M N R, BN REME S
ANFFEFRERE S NER. 36 h 5 TFX ENERELEKER, 115 R. solani F2EK
HEE (mmht) [l
1.5 PR AP HEEEMENE

T-2020 - 9 H 4 HAT HIEHE . FEAS/DNX AN SFPEL 3 MR YL ZE, AR
FERHRT R, solani FRIZEFF P RIS, DLAR (A8 AL ) 258 (L& 25/ AIH) o B
FEfG, SLZI AR, -80 °CIRfE#& .. KT EREEAIREMNE, 7 nlFRE— & 2 FE W
BABOEY, FHFE (¢ 501 molL?! pH 7.4 BFESh MK (mL) 1:9 (1 el #E vk /k
W RT3, B EIER A B AR K 109 FRRE K 1%ZH 2R 5 KAl . AR BCA Ttk (B2
71 P0012S, A RAEVHARR[TD , MR, EEK Cu?idJ5ih Cut, Cuts BCA
WAL R ORI EY), 7E 562 nm (Thermo Evolution 201, £[E) AbMSWROGRE, &t
HEFRER, XF PR & A MBI EEES M E, 2RIFE 0.5 g FESIIA—E = PBS

(pH=7.4) , 7L, BOUE FIERAAN. PREHE (GLU 1 CHT) FIPifHIEE (SOD.

CAT. PPO F PALD i 4443 7l FH R I 4 B EEC B 26 9270 8 (0 5 JL22712. JL13589. JL22719.
JL22741. JL22725. JL22714; GLHRISKAEVMREARA R #ATINE, BAARES R
BVED IR, N OB EEFRC (Thermo Multiskan Sky, £ ) ¥l 5E 7E 450 nm K W%
JERE, WSRO N e B E R E R RAL (U gt pro) [0,
1.6 HEALIE

i H IBM SPSS 26 Xt ¥t geit 04, RAHAAETT 2504 (univariate analysis of
variance, ANOVA) SKEZIE S, [COLJ AN EEXT PR & 1 FAH S5 flN i 75 14 S SUR s 9 B
JEE R K5, B3 /KTAN P <0.05. FH Origin pro 2023 #4174 .

2 & R
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2.1 [COJAEFIRF I HIRE AR UM IRAI RN
AR, Lemont F#HE L0 pH E2E KT YSBR1(GER 1) s A BRI 5, =1[CO2]

(C+T) EERET Lemont A1 YSBRL #HE L1 pH, {HEZEINT Lemont A1 YSBR1 #HE
+H9 TN &8 TOC & . IiJF (CT+) REHT Lemont Al YSBR1 HiF L) pH. TOC
i, PLACYSBRL BHELM TN & &, HAERZERIC T Lemont BHELM TP & &E. 4t
[COL) AL X Lemont BHiHE L1 pH &5 YSBRL BHE-L TN &8 HA RELHEM.

R 1 DIRERBUMIRRE[CO:]\ iBE MBI IR RFMME 5 ZE D
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

A A sl JSEELiIR et B i
Variety Treatment P TOC/(g g™ TN/(g kg?) TP/(g kg?) TK/(g kg?)
Lemont CT 6.75+0.05 13.09+0.47 0.43+0.07 0.97+0.04 12.70+0.07

C+T 6.731+0.08 16.81+2.22 0.62+0.21 1.04+0.21 12.73+2.66
CT+ 6.9610.03 15.204+0.77 0.49+0.12 0.78+0.06 12.324+1.18
C+T+ 6.731+0.01 19.414+1.30 0.84+0.18 0.84+0.02 12.55+0.24
YSBR1 CT 6.8510.04 13.954+3.20 0.52+0.03 0.95+0.09 12.61+1.42
C+T 6.801-0.06 17.454+3.01 0.66+0.14 0.98+0.12 12.97+1.51
CT+ 6.9940.06 16.51+2.21 0.48+0.06 0.91+0.06 14.364+1.02
C+T+ 6.8240.07 21.61+0.85 0.95+0.11 0.89+0.05 12.404+-0.59

77 53 Hr 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

YSBR1 C 0.009* 0.017* <.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

\Y 0.005* 0.341 0.296 0.525 0.344

TE: CT, XMRALEL C+T, [COFtwudbHl; CT+, AL C+T+, [COIFmANERS HAELI, V. Cfl T 4RI
Fhy [COJFIREE . P +hrulm 2. *N TR 25 7IAF B /K (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.
2.2 ARITIERIBRIEFEST R. solani FKRFEHIF M

HURATT S, Lemont X B R AR 7Rk R, solani T 22 42 KO AR B 25

T YSBR1, #ilE N 3.48% ~7.64% (K 1) . #ibEEmimnE, SxTEME, &[CO. It
DAL 2 BAFE T Lemont AT YSBRL X () L4802 SR IR 2 R, solani BZE i A< 1
TREER (KD .
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[_Jcr e+t
[ T+ T+
_; 2F _il:_ ab a ab . be
W E . -
M3
o
3
(3} 1F
E
k|
z
e
&)
0
Lemont YSBR1

JKEG AR Rice varieties

T ARG FRER A FRA) 2 Rk P < 0.05 23K, FIA. Note: Different lowercase letters indicate significant differences
between different treatments, P < 0.05, the same below.
Bl 1 %403 R Lemont AT YSBRL i b L4244 77 5 v R. solani £ K iE

Fig. 1 Growth rate of R. solani cultured on soil extract medium by cvs Lemont and YSBR1 under different treatments
2.3 [CO A EFhRF X Befm/K FEHE KR e PR 22 B FN4E X B HHIER & M A S0

AT S, X IR BL R R [CO MR T AL FE R, YSBRL B bR frh il E 1 PR
R EAAH KB A S PR 4 2 2 = T Lemonto SUALFREZIRT 5, =i [CO2] AR THRT 5 A ity i i
Fi ¥ PR Z VR SC B B IG M8 E 5 m (B 2, R 2) . m[COL] MG XS Lemont 4
#RIH A GLU. SOD Al POD, K& YSBRI Hi#RM 7 [¥] GLU il CHT A & F IS HAEH (R
2) o SXTAALL, [COMMER LA Tt 2 Bk Lemont A1 YSBR1 M ) GLU i (73
B 6.03%A1 3.72%) , {HIEHN T Lemont I 1K) SOD A1 PPO i1 (73513 A0 4.47%A1
23.52%) LA YSBRIL My CHT HiEE (39hn 6.75%, K2, %2) .

@ s20r b) 25 ¢ _80p
g Cder o a g B
Ecr ElcT a
, a I en
#H ab = E 60
be ¢ [ .
= be
d = ¢ be
d B e ¢ ¢
=3
Z B0
I =
= £
=
=
~ oo
Lemont YSBRI Lemont YSBRI
a a g
| o N e
al 3 T
b b b o
e 8F { I b
ar 9k
0
Lemeont YSBRI1 Lemont YSBRI1 Lemont YSBRI
AR S F Rice varieties AKHF b Rice varieties AR Rice varities

K] 2 AS[R[CO] FHiELIE &b BEXHEP J5 1) Lemont F1 YSBRL i o B-1,3-# 5 bkl (a) « JLT MG (b) . ##
AMEAeEE (o « dELERE (D . ZHALE () NMZENERMEAR () iErErm
Fig. 2 Effects of different [CO,] and temperature treatments on GLU (a), CHT (b), SOD (c), CAT (d), PPO (e) and PAL (f)

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

% 2 TE[CO7]\ iR FmHE RARIEM o PR BB SHEXGHEEEESNAES
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
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A SE B-1, 3-MiRHMEME LT Ay REMMEEE  dEAEE ZBEKE RN ERMEE

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

YSBR1 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
\Y% <.001* 0.001* <.001* <.001* <.001* <.001*

VE: R V. CHT 2 5MRER S [CONMIEE . *MFRon 2= Fik BB 2E/KF (P<0.05) . FF. Note:V, C, and T represent
variety, [CO,] and temperature, respectively. * indicates a significant difference (P < 0.05). The same below.
2.4 [COJABFIRART BIRIEMAZEE T PR & B FNAE X B G FE AV S2 0

AP S, YSBRL B 2285 Hh 5 73 B 4l (SOD Al CAT) % 2.3 =T Lemont (& 3,

£ 3 o MAEEWE, m[CO&EE KL Lemont 25 CHT i 1E; B2 BER N
Lemont Z£¥5+ GLU, CHT, PPO Al CAT #&14: LA f& YSBR1 285 CHT #51 (B3, £3) .
A, [COLJMIREEXT Lemont Z581¥) CAT Al PAL L& YSBR1 Z£#5(%) GLU il SOD A &%
THAEH (R 3) o S0, [COJFRE RIS T &2 Lemont 2545+ CAT Al PAL
TETE (36.72%7F1 10.18%) LA J YSBR1 2585+ GLU i1 SOD %14 (12.98%71 16.20%, K 3,
#*3) .
"" 'g” et e

T - T

Lemont Lemont YSBRI Lemont YSBRI

ab

-

ab

ERh R EREANEE 2

Lemont YSBRI Lemont YSBR1 Lemont YSBRI
AHE S D Rice varieties KBS dh A Rice varieties ARG ALFD Rice varieties

& 3 AS[RI[CO] i Ak B %6} 8695 5 i Lemont A1 YSBR1 ZE84 B-1,3- % BHENG (2) « JLTHM (b) . #8
AUEALEE (o  TENEARE (D . ZWHEANEE (o) RN RMEEE (O FERNn
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 RE[CO7]. REMMMIEIRFERZELH T PR EASHXMHEEEERNFESH
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

At pasil B-1,3-#I%RbEmE LT bl BAEMYEEE JREERE ZmEEE RNERME

Variety ~ Treatment GLU CHT SOD CAT PPO PAL
Lemont C 0.350 0.003* 0.343 0.586 0.890 0.231
T <.001* 0.005* 0.654 <.001* 0.028* 0.061
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CxT 0.914 0.083 0.404 0.030* 0.074 0.003*

YSBR1 Cc 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 <.001* 0.113 0.042* 0.582 0.442 0.372

\% 0.178 0.873 0.003* <.001* 0.294 0.086

2.5 [CONFmFmEFA T K FEL bR & IR IE R AIFZA0

2020 FEAN 2021 S5 R I B R SO 5 GG AT Lemont FA9p B & R T 240 00 2 v T L AU
Wi anAt YSBR1 (3% 4) o 4FBRIA][CO2] Tt i Al T Xof 7K REAEL AR SR P T BXE R Je i 4 1) 5 Wi 9
. BARRIUN, [COlTt ks 2020 - 2021 4F P/ dt Tt SURS 9 XK g i R 2506
BRI IR T RGN 2020 EAN 2021 AN MR SUR TR BER EE R (R 4) . IEAh,
ABFFEEE RE R IL, RTINS 2020 S 7K REAE IR SRS A Fo 3 46 PR M 2 3D H B S ) ot
ZE5t . MREAER, WX 2020 45 Lemont AR 1SR I I B & Ji i 28 1A (i i FH 22
ST YSBRL AE K. [COAMIR BER 2020 4 /K AFHE PR SUR I3 3 B A Pl e S 25 O 58 B A
A (R4 o SXEALE, 2020 A0 2021 AT H 5 [CO) HAR 249 I Lemont FE RS
R BER R (4954 21% ~ 45%) DL YSBRI RSO BE R JE A (£179-4% ~
28%, K 4) .

% 4 Lemont 1 YSBR1 #£ CT. C+T. CT+H C+T+HEB T A HRBREET RIER

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

SOk I B Y R 2

wh Al b2
Development rate of vertical length of ShB lesions/(mm €1)
Variety Treatment
2020 4 2021 4
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+ 4.414+0.31a 4.9540.06b
YSBR1 CT 2.1040.01d 2.28+0.35d
C+T 1.80+0.17d 2.314+0.28d
CT+ 2.02+0.16d 2.914+0.27d
C+T+ 2.08+0.06d 2.4240.14d
J7Z 54T Analysis of variance
\% <.001* <.001*
C 0.912 0.054
T <.001* <.001*
V <C 0.198 0.378
V xT <.001* 0.017*
CxT 0.012* 0.124
V xC xT 0.573 0.755

2.6 QUbTRHRBEA RIEER S RIRIEMA PR & B MK HEER XA

IR HE PR SR FRIAR SBT3 A 115 ORS00 R A FR 3 2 RO AR S % 0 W, Lemont
FEPR ORI PR T A S5 I A 1K) PAL 2 535 (I UAHSG (R 5D o X288 PR B A
SR T 285 SUR T DR R R A (MU AH O /)T B, Lemont A PR ST 9 o B A FR i
2R8I GLU Al CAT 2535 MIEA S YSBRL A MR SUR: 9 BE & F 2R 5 25851 GLU AN
PAL & Z [ IEMK (R5) .
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# 5 Lemont #1 YSBR1 QU RAHEE L RIEESMH FFIZEHT PR &R MAE X HEEEMEREX
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

UM B B2 Development rate of vertical length of ShB lesions

TERRFBAL P
Lemont YSBR1
Plant parts Related indicators
r P-value r P-value

I B-1,3-%i B bl GLU -0.30 ns 0.43 ns
Leaf JUT )5l CHT -0.26 ns 0.27 ns
AN S LEE SOD -0.17 ns 0.35 ns
T EALE B CAT 0.02 ns 0.12 ns
Z Wy (LG PPO 0.17 ns -0.47 ns
F AR R E S PAL -0.63 * 0.21 ns
Ex B-1,3-% S MG GLU 0.88 ok 0.59 *
Stem JUT il CHT 0.39 ns 0.28 ns
ALY SOD 0.10 ns 0.18 ns
EEALERE CAT 0.72 feiaid 0.36 ns
Z WALl PPO 0.44 ns -0.04 ns
AR REEE PAL 0.17 ns 0.61 *

e R, R EROR P < 0.05. P<0.01. P<0.001 KFHMIEZE, ns FKRTRELN (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).

39 it

AHFFEF, Lemont FIFHE L pH BEMKT YSBR1 (R 1) o &[COJFIETFFXF A FIK
s AR L R AR B AL T B s o] R 2 MR A R A KR E . AR H, R
solani = fmE VLM 358, HH [A) 1Y it AR S5 A ) T PR A =5 P B AR BN 5 170, dXml 5 Lemont
BHE L B KR aE 2R E A AT R, solani (4K, IMERRE T W 7T 4 B
Lemont 3812 #3315 77 25 71 R. solani B 2228 Kl R 4% YSBRL BR80T 3.48% ~ 7.64%(
1D o [COTt iy i 3 FAIK 7 7K AG s AP E LK pH, 380 7 WK RS A #HAE L TN F1 TOC
B BT R E N T WKRE AR L0 pH AT TOC & &L YSBRL HHE L1 TN &=,
HREZEFK T Lemont BHELI TP &8 (R 1 o AEGUME SR 3585 AEE b R 148
AT B, X 0] BERE AN B K FE AR B 77 20 W Sont w8 [CO AR T B e REAS [|] o AH 9K
WL RR, KIS BRI SR, 1090 5 1™ AR R S 27 B L BOE FRRAS A B
PEFRSL, (B2, S TARSRPUE RTINS, &[COMMRA FHHE L s IR 52 i
B R, solani B 224 KR LR E M (B 1) o XU ER R. solani J&, 7RI
HER[CO)EAEAEET, 7 BE &R 2 (1) 0 ) 5 - 3 B AR ER AL P T TE K

ik [E RO o, R. solani IR 25 F/K ARG F FIH PR 22 (36 . /K FEEs
Fl R. solani J&5, EFEEP SOD. CAT. PPO Fll PAL %5 5005 [ 8 25 1) FH S R85 B 14 2>
P R EAAET 1, Rl L, RIRAR S, PR R A RSB EIBEE S B B ARG ik
HEMEH . AR IEE K YSBR1 &4t 2 F R 7T ik H bt s H R AR € KA
st P, T Lemont T S5 SOk 9 15 FE 55 B K Fg dy pp 4 1324391 g FE 25 BB IR, 24 R, solani
NRJG, &AES YSBRL e PR L U FIAH GBI 1 LA S 25 7 SOD il CAT 3 1E3%) i
FET Lemont (B2 A 3; # 2 AL 3) . iXEHW YSBRL HRIEEARL 0 RS E g, ]
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WP IR ENAR, B ISR T AT AR T SRS Rl — 2B Ui B, R R SOk,
RPN ZE 5 S LR B 1) PR R 1 RS A AT 12k (1) 22 S 7E AR [COR) T Al S 55 K
SRFRSE.

NEE PR & AN A S PECE DU S R, AR R AL T A SR AR SUR
BER A A . TF RS IRR I, BT X H 5 R [CO2) T AE 535 1Y 0 i /™ it P SORG 3 9
PR IR, T FOX M RE ROBAE AR BR R — 3 (GR 4) o SXTREAHEL, 2020 4EAT 2021
T (CT+) KHS[CO T mE HAE (C+T+) ZERAN T Lemont HILUREE K& e £ 4] 21%
~ 45%, AN YSBR1 SUkbii K B R A)-4% ~ 28% (K 4) . FARIWI AL RE, KB
Fi73 5 il e, 1T FLIR AR Bt 2 EL 52 R, solani A2 R0220, [COR) i th 2 B i 8ok
JRTE A1) H AR R IR R, b — MR, XA SRR S, 5 A3 SO 93 99 BE 1 K
JEH AR 52 R GLU 2B IEARD, WS PR AR R B B MG — SR AR
KM (R 5) o Wk, AWFARFEH, KK[COFE MR KRG AR SO 7978 BT R JE i R
FIS2 M 2175 S 2585 GLU FRAR R R AR 1K

K FLE R IR, [CO)Ftmikt 2020 4F P A i A bR 2515 1 1) GLU 35170 8 35 PR 52
TR A 2 5 3 0 2020 4F Lemont FERZEHH Y GLU (58 3) o X 5[CO.)Ft =% 2020
FEPRA i R IR SO 9 5 TR A P 46 351 0 X S5 PR IR 2 ), 7 i - W Y238 i 2020 4% Lemont
T MR SR B R SRR % (R 3) o LRGSR, PR EIGUME 5P R SRS 73973 BE K
JR I Z R T S H 5 [CO2) T ey FLAE e B 22 S 2 15 5 2585 1) GLU A6 HHAH 2 PR ol 2 222 ¢
Kk, 7 R. solani 245, YSBR1 H &b PN, MiZ 2 AT @ [CO AR T+ 2514 T %
18 K AR AR E M EE R R . KL, EHEARRISOE U M i § i 2, nrelE
RO PR B A S PR OUHZZEM PR GLU) ME N KIifHiL, XA RT3t —P R A
FKAMFEL T IR E LS.

4 45

7E R. solani R 4K FEHEMRSS, SORBHIYES AP YSBRL FEPEH PR &% A AAH G B A1 B T2
R Bl T s B B AA IR 2 v T S B R Lemont, 33X o ) 1) 22 S R BRLAE 24 T S AR K [CO2]
T AR T 5 R FIFEAEAE o NI R I H 75 24 1T 2R SR[CO] T = A A1 52 N, YSBR1 4
PRI SR B R R T ZE B BAIK T Lemont HE#K. IRTH R FHS[CO]H i BAF 2= 2 2 19
Lemont FE AR 1 SURT & 3K . YSBR1 A Lemont PRS0 J95 95 BE 1) &k g i % 5 FL 2K 8510
B-1,3-# FEHENE (GLU) BEMIEAAIC. BRIk, AS[FEZKFE & A R SO BbE 22 S S o Kok
[COL) T v R Ty . 22 3 ] DLk AH S PR 2R A ARG OCH 22289 a0 GLU) 11
A RIRAE o

OB AR E TR KFE R R EARSSE T A 2011 SF AR K F # T-FACE 7 6 # = 57 )
EATRAE GG B Ao I A SR RN K AT B IT AR E KA AR B R4 49 Lemont A= YSBR1 9 K A5
F. sAEREHAH (R solani, YN-7isolate) , VAR 8] SAs R34 TR 6945 F A5 8,
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