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XM RS RKEDsER M0

WAER 2, x| A, BB, AELZ BEHY
ClpggRN AR B, T RS 030801; 7 RN A MBI SR, LRSS AW BR E SsL =,
AR5 266109)

W E: U4PF (Paeonia suffruticosa) “JEALZL NaRIGA L, Tt @ 2R R 5O PUE T 5 3) 2
Mizk. 820 nm YW gk DL S AL HSHA HO0, & i, WFSE T AR BE9%  ( Cylindrocladium
canadense) AP G EMERERIDCRZ DR M. SRER: EWRERRE, PR mEss
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Cylindrocladium canadense W2 4%, 18 HyO, B B3G, %I PS T A PSII ) Th b pedii# . PS 1 iEPEM T BE
FHAS T PSILI PS T AR 14538, RIS GERS N, S50 ROS 40, #0146 D1 & A& B Il 7%k PSTI
i, KR HAR RAM 0GR G R A

KER: HIF: FEEAMMBER: SRFE 1 RGEL: EHR
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Effect of Infection by Cylindrocladium canadense on Behaviors of
Photosystems in Tree Peony Leaves

YANG De-cui'?, LIU Chao®, GAI Shu-peng”, ZHENG Guo-sheng®, and GUO Ping-yi""

(Y4gronomy College, Shanxi Agricultural University, Taigu, Shanxi 030801, China; *College of Life Sciences, Qingdao
Agricultural University, Key Lab of Plant Biotechnology in Universities of Shangdong Province, Qingdao, Shandong
266109, China)

Abstract: In the present study, Effect of infection by Cylindrocladium canadense on behaviors of
photosystem [ (PS I ) and photosystem Il (PSII ) in tree peony (Paeonia suffiuticosa ‘Zangzhihong’ )
leaves was estimated by simultaneously measuring their Chlorophyll fluorescence transient, light
absorbance at 820 nm, gas exchange and hydrogen peroxide (H,0O,) content. The data showed that the net
photosynthetic rate (P,), stomatal conductance and chlorophyll content were significantly decreased

compared with that of the control after infection by C. canadense, whereas intercellular CO, concentration

Wis BH: 2012~ 11-23; fEEBHA: 2013 -02-25
EEWE: WARARIVRMIREERH (BRER2008]1167 %)
* JH{EYE® Author for correspondence (E-mail: pyguo@sxau.edu.cn)
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was significantly increased. These results indicated that the decreased photosynthesis in infected leaves
was resulted from non-stomatal factor. Furthermore, significantly enhanced H,O, content, reduced F/Fy,
and Plaps, as well as the changed chlorophyll fluorescence transient was also observed in leaves of tree
peony infected by C. canadense. The donor sides (Oxygen evolution complex), reaction centers and
acceptor sides of PSII were significantly inhibited by C. canadense infection. But the acceptor sides were
more suffered than the donor sides. At the same time, theactivity of PS I was also significantly reduced.
Taken together, the data presented here indicated that C. canadense infection resulted in the accumulation
of H,O,, which in turn damaged the functions of PS I and PSII. The decline of PS I activity inhibited
transportation of electrons from PSII to PS I , which then led to the accumulation of excessive excitation
energy and reactive oxygen species (ROS) . The increased ROS Inhibited synthesis of protein D1,
accelerating damage to PSII. It was the main reason for inhibition of photosystems in tree peony leaves
after infected by C. canadense.

Key words: tree peony; Cylindrocladium canadense; PS 1 ; PSII; reactive oxygen species

Padd, 4P (Paeonia suffruticosa) W GLEEA 20 ZFh CEARI 45, 2003) , Wi T
FEPHERR K BIRTS, e/ AR BE 2 tH 9 5 Cylindrocladium canadense 12 42 51 211
(Lietal., 2010; &JFRIEDEAR, 2012) , AAEE, AR, HBLy o, ™ HE b BEAHE,
I8 R P R SR AR o DA AP T BT FEAS R 0 B B 11 M BB TN SR AR G S A

Az AR A AR AL AT R

R0 I e AR ST — LA AR BEAE B AN . K 2 I Jo 2 3 B0 S R B ADG
E R N BE (Funayama et al., 1997; Zhou et al., 2004) . #:FHH G HE TR, SmEPDLE
FEIARE, RETT PR R B R AR B LA IR (5515, 2005) o #FST C. canadense
RGP AR B A B T4 PP R R S .

2 22 PECEAE T R N T A AE MBI R (BB 55, 2005). LArf2gza
JAE R FTAREREL , BIFFEIA B B4R B0 Ol R S8 D e IR 56 i 2 — SR DO TR PRI R A o 8 SR T AR it AN [
HYPeRg 1 (PS1) ARG (PSID AAARMEEN, X TR NEY), HEREIOS
B A R . YailE, Eupatorium makinoi FIT MR FHAZ G5 Fo/Fn %A 224K (Funayama
etal., 1997; Guoetal., 2005) , {HUHTEFIMIME > ZREERYY, Fo/Fy &AL (Chia & He, 1999;
Zhou etal., 2004) . FIKY IR YL HN, PSIIZ I REHE], (2 PS I iz sgmif > Ghe 45, 2003) ;
T A% A B AR B B I G IS R G2 20 GRREESE 46, 2009) o KT IR0 66 (140 AL
i, EEAE (2003, 2008) A DI S FRIEEAMIE S PSITTETERARM B ENE; thAApstl
PR HoOp S T S, M T RGE (MR 48, 2002) .

AHIF R FH TR IR0 5 PR & 32 9680 ) 2 i 2 1 820 nm YGRS (AVIo) IAHXAEAL,, 45
BRI SHON Ho0, F 2 IIE , WFCATE A B A PG G Ve fE LLACK PS T A PS I DI e 5%
Wi, AP BT VG LU B R A B R A .

1 ARSI

1.1 e R AT
PSRN R 4 4FA GERALZL, T 2011 4F 10 H LRI EIGAN, ARATESL (45 cm x 32 cm),



3 ] MRS MR BT (Cylindrocladium canadense) XYW Y6 & KRG TNRERI 517

I T A, 2012 46 3 AP ABANE, EEEE 20 ~ 30 C. &P AKMEIEE B, AR
KAtk

W JSUR Cylindrocladium canadense K 2 By RN K AR BESNG % . MW B A2 03 853293 25
IR, £E PDA BiRFER IR, 25 CRIEETR 6 do fr vk HARZ 6 em I, B 22 U RN
AJHas, INEHEKEH, BRTETE 2K 1 000 mL . UL K Sl BEripk, FHmE vk
W R E S, CARFTI T AR K N B o ARG IR RS & FAEAS LA R 24 h, 0] JRFH TG 1R 7K i
Jiti o

O3 SRR R S I 0 CREBRAT). 5. 104 15 20 A1 30 d BURE, 4 9 IHUM o 76 R 2090 BF
HULZ) 15 om ACHCRE, BRZERIESY, FEnE BRI BIRRIR ST, WA, - 70 CARMRIRAE, AT
H,0, A4 25 F 2 (1 5E .
1.2 WREMFRXRAFSHAFHRENEUR PS T EHERINE

HPFH R A R POE S8 )¢ i (OJIP #iZE) %€ 2% Schansker 25 (2003) {715,
FIH M-PEA (Hansatech. 9 [E) 5 e th 23878 PSITTE LA, LX) 820 nm YEISCAH X 2
i (AVIo) FRor PS TIGTEARAL o 00 IR B AL B 5 (W AN RIS 1), Kk PHAELARZE 2 FIEE 3 THREmHHU R
HHATIT SR 229G o FH W I8 B 2 ] 5 A B BEH 0y 1.5 em ARHEIE Y. 20 min, i H M-PEA T
WE EREE 2%, 2009) . OJIP 1%k 3 000 umol - m?- s™ fkMOGHE S, 0FIEelE 5 M 10 ps FF
W, &1 s W, WRIIVIEERNER 100 M8, 6 MEE. OJIP %6 F 2k F JIP-test 34T
43HT (Strasser etal., 1995) , ZH T A% Strasser 25 (1995, 2000, 2004) FIZ= L4 (2005)
(175 o

1.3 S IBISHRAYNIE

i FAE 06 &1 CIRAS-1 (Fi[H, PP-Systems Aw)) , {55 JE B ACF G AR R E, £E4t )
FERE_ESEBUES 2 A3 ThEem:, BEBOR IO 1.5 em AREATIN G, LAMXES A AR AO6E, BE
Jt% 800 umol - m™ s, WRAE 25 °C, AHNNEEE 45%, CO, 2k 350 pmol - mol™.  F/F 9—11 ISl 5 ¥
HEHE (P « FILTE (G MR COKE (C) , 3IRER,

2R 25 B E S % Amon (1949) )57, FREUH A 0.1 g BT 10 mL 80% 1) A i 7 T Ab s
$2 48 h, HEHRG LK, Rt sk, RESEHETERT, H U-2900 466 (HAT,
HAD 43510 E1E 663 nm. 645 nm A& OD fH, AR ERE, 3 IKER,

H0, T &MEZ I (R AT SR EOR) GRA 55, 2002), 3 XHEE.

BE 18 Excel 4bFF, FI SAS (8.1) HdiabFH & AEHE4T & HT

2 HiIR50H

21 HBEMHIREERAENHASERIGRSEITEESEWT I

HR 1 B2, HABHEE (C canadense) 1R G4EPH F G, HAHAE S HR AL T EA
Wr NE%, #E 15 d N EIA R R E K, (HAMRIER COL iRIEEARIE . 25REH, P, MR ELEZ
AL ZE W . 2k 2R F R ARAE AW N, 75 15 d RHAR L /K, BRI IR R GeAdiat 1t
23 25 B I PR B8 A 1l 52 21
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*1 ARAMBEFERFHAMNFRESEZRSEMHEESENTL

Table 1 Changes of P,s Gs, Cjand Chlorophyll content in tree peony leaves infected by C. canadense

%ﬂ:)ﬁﬁﬁ/d_ Py/(umol - m™ - s™) Gy (umol -m?-s™) ¢/ (umol - mol™) AL (mg g FW)
Days of infection Chlorophyll content
0 11.8+0.75a 2447+21.73 a 197.7+£18.50 a 2.02+0.09 a
5 11.3+0.72a 243.0+529a 226.7+17.01 ab 1.94+0.09 a
10 10.3 £ 0.66 ab 229.7+£9.02 ab 250.7 £21.73 ab 1.83 £0.09 ab
15 9.5+ 0.60 be 225.3£6.66 ab 268.7 + 15.18 be 1.59+0.15b
20 83+1.06¢ 212.0 +17.06 be 281.0£21.00 cd 141+0.13b
30 57+1.01d 19471537 ¢ 301.3+24.58d 1.01 +0.14 ¢

e RS E ARG TR o= 5%KFH W& Z 5.

Note: different letters indicate significant difference at 5% level.

22 HFREMHBEFEERENEA PSIIEMERRE

PS T KOG30 (Fy/Fo) ZFRCE NG e T2 SO I B K303, Ua)
FEAR N7 B L WA R, Fo/Fn o KA25 4K (Strasser et al., 19955 ZEIB %5, 2005).
93 B TR A Gedtt P S PS T8 g 27 2 TR 28 B 2 I 038 S5 KWL Fr BH 2 PR CIEL 1, AD
PR F/F o AT PERESR B (PLaps) #8H 3% FEE (K 1, B), R PSILIEMERAK,
XU SR AR AT AP G R R, X OGREMI R 26 FRAIG, BT A &5 5 R () e th 2 A AR A
Hill, T PIaps S5 AE R MU A2 G0t PSTT A .

A B
1.0 /WOd 120 r CJFJE, [ Plasc
B < 100 - —h
£ 08 — 5 [ =
g il e B =
‘Qa) g AMpapemAMML 10 5 gy
™= 5 06 - = g
B2 T2 60
F 33 3
Kgp 041 X3
- BE o |
= 02t 20 | j ﬂ
0 = oo 0 L 1 I I
0.01 0.1 1 10 100 1 000 0 5 10 15 20 30
If i /ms Time 12 Yubfia] /d Infection time

L TN B E R A KR ORI RROTE A N L MERR /P Plass RUZEH

Fig. 1 Changes of chlorophyll fluorescence transient and F./Fn, Plags in tree peony leaves infected by C. canadense

2.3 HRBMBEEREX A PSRN . ZRMF1 SR ool B R0

Wk 2 fros, SRR GA oE, R N EE, B SO ARG RET T AR T
PERHERAR, U] PSILAARNS L FARBRE ) T B i &Max R PO T3 il Zerh K xS Ap
BRICHIRAN, K ST ERRBEEE &R (OEC) T2 EImM. b4 C. canadens 12 JLif ALK,
Wi AEZH T, BEITBCA R SR OB F . 1y /TR Qa BUEE RN, 1 dV/dio W2
Qa BOL B KA. ] 2 wlan, “HAAEREMT &, Ron Qa MARAERI, QaFl Qs
TALIE S B, U] S AR 52 B RS L AUA IS . di3k 2 WAL, B C. canadense {5 LI TR X 4T
K, B B R R N L IECE (RC/CS,) {ERE, SRR FOGRE I (ABS/CSy)-
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JEREMIFHIZR (TR/CSy) AFANL AR L H]F- M FALEE R (ETy/CS,) Wi 24 FRAIG, W= 4% PS1I
ANA VS 982V SR VA RS ST T ST T RERD PN 2 et S 5 T ey A G P SR U NS
W N LR Qa AR (TR/RC) FESEHN, WO RE R, I S Moy g, BE— 204 &
IVASRHVS 8L Tk

—&— {54 Infection

07 1 —o— % A Control 0.50

0.6 L 0.45

. | 0.40
& 05 N

e o4 b & 035

: 0.30

F g @
0.3 0.25
02 I I I I I I 020

dvydto

0 5 10 15 20 25 30 0 5 10 15 20 25 30
12 Yubfia] /d Infection time 12 Yubfia] /d Infection time

E2 #HHAHBEFRERAEANFRERESE ok, Wi Vi dV/i BTEX
Fig. 2 Changes of chlorophyll fluorescence Parameters of pE,» Wi V]
and dV/dto in tree peony leaves infected by C. canadense

#2 HRBHBHEEFRLHAMKE RC/CS,. ABS/CS,w TR/CS,w ET/CS,f1 TR/RC HIT{K
Table2 Changes of RC/CS,, ABS/CS,s TR,/CS,» ETy/CS,and TRyRC in tree peony leaves infected by C. canadense

gﬁﬁjﬁﬁ . RC/CS, ABS/ CS, TR/ CS, ETy CS, TRy RC
Days of infection

0 100 a 100 a 100 a 100 a 100 ¢

5 92.0+3.14b 954+535a 96.0 +3.28 ab 87.3+4.22b 104.5+5.40 ¢
10 793+6.21¢ 93.6+8.02a 93.1+7.30b 77.8+3.59¢ 121.9+4.98 b
15 69.7+3.44d 848+2.27b 833+4.1lc 70.5+7.45d 1279+ 1123 b
20 56.9+1.68 ¢ 81.5+4.23b 74.0+2.18d 572+545¢ 1324+10.80b
30 31.0+4.14f 72.7+11.08 ¢ 51.2+6.86¢ 36.7+4.08 f 156.6+15.18 a

e FSEHE ARG PRI o = 5% R 25 RPEEN RRI, %), RC/CS,, ABS/CSy: TRoCS.» ET/CS,
M TRy/RC HIURAH 53 4 4 176, 5839.2. 4453, 3071, 0.7043.

Note: Different letters indicate significant difference at 5% level. The values in table were (Infection/Control, %) . RC/CS,; ABS/CS,; TRy/CS,»
ET,/CS, and TR/RC initial value was 4 176, 5839.2, 4453, 3071, 0.7043, respectively.

24 HEREMHEFEERERAR PS [ IEERME

HH 820 nm AHXIWRMAE (AlTo) AR PS T vtk I 3 B3, B R 212 Je it ) () e K
PS I iETE R I, EAFESdERIET 5.9%, $30d & NI T 67.4%. X R WIFRfHBRE%R
(C. canadense) 124 H M T PS T MIvG M, tUiiA PS T X0 R 1= ek BBU% .
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25 HREBMHBEEREZHAX H,0, S =/

FEMD)—I0 SR BAE IR, AR Ho O, B 238 (R E5E 4%, 2002) o {F C. canadense
RGP B EANFRIRE, Ha0, A W& T (K 4), 765 d Il bt 38 0 35.8%. H,0, &
ThEr, ATREXT G R Gt it .

—&— {54 Infection —&— {54 Infection
D012 o A Conto S N[ o A Conro
0.010 Bl -+
& T a5t
s 0.008 = % 30 |
S 0.006 i 3 25t
>~ o' 20 ¢
0.004 i s T
4o
0.002 o 107
T 3
0 ‘ ‘ ‘ ‘ ‘ ‘ 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
12 Yubfia] /d Infection time 12 Yubfia] /d Infection time
3 HRAHMFREERJAHANREAV T B4 #HEAHBEFEEERJEANRE HO, SENTL
Fig. 3 Changes of Ao in tree peony leaves infected Fig. 4 Changes of H,0O, content in tree peony leaves infected
by C. canadense by C. canadense
» A
3 W

AKIE T L PG AT R R B 5 150 G il B BRI, AL BEA BT T R, R0 lRI B CO, T,
XU A R R AR AL ZIE R, XSV 20 R YDA E - s (Ghs 4,
2008) AHML. AE AL ZE AR G148 (OEC) #EtE. PS T A1 PSIT S Y A O 1 DA S FL A a4 i
P P BN O 5 28 BRI A o EE R 52 i

—UO R ERER Y SAE Fy/Fyn B, PSILVEYEZBIFNHE] (EFMF 55, 2000, Th= 45,
2003). C. canadense 1 JBAE Fy/Fo FEE, UiHR RAEHIT DA RED FRE, JCREFIAI ARG, K
AT A TEREIREL (Plaps) & —MREZRE WL PS I & AOGIE R . A3k S W 3l
H RS2 AR H AL B RCR 96 S H, e R B e e PS T3 P AR ZS (Schansker et al., 2003).
993 SRR G JT Plags 3% N BFULIHAEAS PS T IR &5 A F D el 52 21 T ™ A 5 .

W OEC " H 2K3%, whasii/d PSIL i Qa ML FAEEE, W Qa ¥ EILRARMIL R . (H5FR
LRI AR QAL Vi R dVidio W& Ty, RN Qa IR ERER, KR8 Qa B Qp ML AL SZ I, MM
Tt I A2 A0 32 B R EE AR K . BE C. canadense 12 4 0] (R 41 22 2 & A, SRR AR
AT TE SN DI ECH (RC/CS) ARG /D, AR ESERERII (4BS/CS,) ~ JeREMIHisk

(TR,/CSy) MIHALHAL L T oL # KGR (ET,/CS,) 52 FA%, WA EYER Sy ik
Qa MIRETR (TRJ/RC) HIAEYEIN, VIR GNT PSIT W i il fs 2, A s O SR el k3, [A)
I A R 2 €0 R PR B A R o R T S b RE SR AR I BE D I RE AR R AT PRI
PO RS IR T TR AR AT T R B R R (R AL, R ) e N A T

9 R TR AR G A AL PEIT o6 820 nm YeW I (AlIo) 3 N, FRon PS T 3G, X 5ZEH
XPRREL R s AR, GREESE 48, 2009) o FUMR AR Qe st M BL R BB iR Gy /N4 (U 4%, 2003,
2008) #HFK W] PS T AU, X AVF A H T3 S 142 B WL RO AN [R] i R R A ) 22 S | RS 1

99 JEL TR AR At ] 5 RS2l 25 P4 (reactive oxygen species, ROS) R (Wojtaszek, 1997) .
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A5G, C. canadense 13 9% J5i HyOp BB 3 T 151 . ROS A& X G R G0 il 35 10 5 2 L K (Aro et al.,
1993), Refg it 4] D1 & = 1A kD am ], A PS 115 4 FE Ik (Parrado et al., 2003; Allakhverdiev
& Murata, 2004). PL#45 (2008) \A, /N D1 R ESEN T B0 S5 PS G ALK &
TR FEZ —. ROS WM RGN PS T EAE GRS A0 MM, 1 PS T iR AR H 2 Tovk
4 (Teicher et al., 20000 . [k, %R RAZ et il HoOp KEAR SR, #1087 PS T AIPSIT, A
T EER

Lo Ll EBEUE R, HEN C. canadense 12 4Tt Fr HyO0 B M0, X5 PS IL A HEARMN L Jse i
ORI SZ AR IE A5 5 AHSZ AR BT 5240 T I ™ B, I RO RE LT, SRS e e R R AR e R Al
PS I %2453, PS 1 MfHE FE PSIIGE Ltk i A2, BUE PSTL s Y O FH 52 A4 1 715
R R IR, WK RERLR], FEAEEE 20 ROS, M D1 & ISR, % PS I i &, X
Alfgit & C. canadense 12 4<% 6 R G i 5 (1) E 2R A
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