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Antioxidative system and chlorophyll fluorescence of Zizania latifolia Turcz.

plants are affected by Ustilago esculenta infection
YAN Ning, WANG Xiaoqing, WANG Zhidan, ZHANG Yanli, XUE Huimin, GUO Deping "

Department of Horticulture, College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310058, China

Abstract: A smut fungus Ustilago esculenta causes enlargement of infected culms of Zizania latifolia, a perennial aquatic
grass. The swollen culm is used as a vegetable in China and some southeastern countries. Interaction between the fungus
and the host plant plays a vital role in the enlargement of infected culms. U. esculenta is a biotrophic endophyte that
completes its life cycle in host tissues. In our previous studies, we have observed that Z. latifolia plants infected by U.
esculenta showed higher net photosynthetic rate and chlorophyll content, which is different from the results obtained after
induction by pathogens. However, in this plant-fungus association, detailed biochemical, physiological or morphological
changes, and the role of reactive oxygen species ( ROS) and their scavenging system as well as photosystem (PS) 1
efficiency during this interactive process, have not been studied. To ascertain the actual relationship between U. esculenta
and Z. latifolia, we determined the antioxidative system and chlorophyll fluorescence in leaves of Z. latifolia.

The experiment was carried out at Zhejiang University, Hangzhou. Z. latifolia plants (cv. “Zhejiao No. 2”7, a
double-harvest variety) were used in this study. There were 16 pots (10 plants each pot) in each treatment. These plants
were regularly watered to keep a 10 cm-layer of water above soil. Pesticides were sprayed for the prevention of pests and
diseases if needed.

In this study, the response of Z. latifolia plants to U. esculenta infection was investigated, and activities of antioxidant
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enzymes, superoxide radical (O, ) formation rate, hydrogen peroxide (H,0,) content, malondialdehyde (MDA) content,
and chlorophyll fluorescence were determined. Our results showed that plant height, leaf length, leaf width, leaf thickness,
root length, biomass of culm, root and aboveground were reduced, but tiller number was increased by U. esculenta
infection. Meanwhile,U. esculenta infection caused increase in activities of ascorbate peroxidase ( APX) , catalase ( CAT)
peroxidase (POD), glutathione reductase (GR), superoxide dismutase (SOD) and H,O, content, but decrease in O,”
formation rate and MDA content ( P<0.05). The decrease of O, formation rate in U. esculenta infected plants might be
due to the higher SOD activity, which transformed O,  to H,0, and O,. In this study, we also observed that quantum
efficiency of PS Il (@, ) and electron transport rate ( ETR) were slightly increased (P > 0.05) , but non-photochemical
quenching ( NPQ) was decreased by U. esculenta infection (P > 0.05). It is observed that maximum quantum efficiency of
PSIl (F./F,) was not altered by U. esculenta infection, indicating that U. esculenta infection may not be a biotic stress
for Z. latifolia plants. Therefore, based on the changes of the plant growth indices, PS II efficiency and membrane lipid
peroxidation in infected plants, we found the interactive relationship between U. esculenta and Z. latifolia was neither

pathogenic nor mutualistic.

Key Words: Zizania latifolia Turcz. ; Ustilago esculenta; antioxidant enzymes; superoxide radical (O, ); hydrogen

peroxide ( H,0,) ; malondialdehyde ( MDA) ; chlorophyll fluorescence
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4, ( Reactive oxygen species, ROS) , {84 H H % (0,7) Flid E AL & (H,0,) , DL 05 S iy LR e )
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it} (APX) i S AL S (CAT) (i E ALY (POD ) Rl S AL B AL (SOD ) S 7EAR Y A Beis B il id 2 i
FEM L ER Y X b A AR PR VR T REAT S T R ROS, Bl 1k BT 5k 4 Ak, DA T £k 40 e 52 8 i
BHAE
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PR AR (BT B AL AR T bR ROS R & # T EZAE 10 MDA 5 5 1] 5Lt ROS 3 B - ik 41
FERERE e RS HnT LU Py R PS TG FRCR AR ' B 5E K B0, M4 20 DR 1R e
FH ROS AR (BPAEE %) 1 B AR I P RO R 40 T (PS T W3R 20 S 4R, A LR R
YL A B e SE AR P L PS TR Z IR B4 P77 £ SR BT 5 28 I R R B AR A ML
H AT RIEE , T Al 52 28 [ 77 ROS (977 A T AL B i & Mo ane] 52 e 228 11 i G RE A i A% 346 |
FERUR AL 7 AR FE HO0E 000 2 22 v P A AR B VS 1 L0, = Al H, 0, & MDA & i i 4g K¢
JCAEA BREE AR AR AL, T SRR B -2 PO R AR I P O 5 S, e S TR AT 5 L T A ) B A A A AR
LB B B
1 #R5AHZX
1.1 5k

AR AE WL R R R KR EH AT, I B N 22 ( Zizania latifolia Turcz. ) , B R “ W2 2 57
(MEZE) , 28 FIRERAIAE T4 (30 emx30 em) N, 50 BT A H R RMHE 4 | FIEA PR & &0 11. 9g/kg |
DA LS i 92, Smg/ kg  ERLME M 25. 6mg/ke  ERLAN A 75. 9mg/kg, AENIRAERF 10 em 2245 AYK
2. RG] K i AT AR A B E B
1.2 5t

ARG Ve PR R /NS . 1 TR TR e 0928 UL RR RO BRAFLAR 25 16 A, Tl A 1 4L
(2910 #k) . X HBREIRE A AN #i 28 2 557 kb B8R AR R A A 52 8 T SRR B R e AR 72 RS AR5 26
1 JE (MR 15em) FRERIE  BTHUE MR EAE R0 3 7 it FHUEfeRetE fnnt R 2250 0 E . DUs
FEb 1 RINSE 1R SE 6 K, AR INE =D ER 6 1K,

1.3 WEdsts 57k
1.3.1 JEARFRRAR I E

ARG 5E 6 JA I AR A AR B S B R R A BEACRIAR K [ I R R 2E 1 ) 2K
i MR E R (R) M FEEE S (S) IR AMRE R (R/S) .

1.3.2  Hra Rt e

BLO.2g M H I 3mL B R 28 wh i B2 B, 32 BUVE 2 2 50mmol/L B FR 4 (pH7. 8) ,0. 2 mmol/L EDTA 2
mmol/L I8 JFAIHTIR MR 1 2% 5 LM Lelid . 12 000g B0 20 min, FiEHUH TP EA LRI E . PR
IR ALY (APX) | i S AL &0 ( CAT) (i %A ALl (POD) | 4 bt T ARIE J5E i ( GR) | 41k 47 1B Ak iy
(SOD) V& PERYINE S 1] Lee Fl Lee ™ M5, MR A 3L (0,7) P AR BRI 2 2 B0 E & B AP T 4250 1Y
I, MR H,0, &5E S IR Brennan 1 Frenkel ™' 7515 . MDA &5l 5 2 IR Stewart #l Bewley' ™
Mo
1.3.3 MERIOCHMINE

PS I b2 ¥ at (F /F,) PS ITEEBRIGAA R (D g ) ARG K (NPQ ) FIH 4% 138
K (ETR) %5 Z#UH M-Series Imaging-PAM %¢ % R 5t ( Walz, Effeltrich , Germany ) Ul %€ , Il %€ BUAE AR A 7E %
T (25°C) 2 R JehE & N 30 434, RHE R 25, 1 0.5 wmol/m? FYEERAM & F (PSR e b F5¢ 4
FEHCAF 27 4t ) |, FH 2800 wmol-m ™ s™" HGHRAKIIE F (PS I SR 1.0 58 4 K I I A2t it ) . PSI
IO (F /F,) W E B 38 2 384 TR AOI( Area of Interest) , 315 F /F, WFYE, F /F,
B EARE T S F /F = (F —-F,)/F, . Kinetics JI5& i /E FH YG5% BE 5 B R 146 pmol + m™ + 7', 20s
— Ak, AR PR AFLE Smin J5 158 @ JNPQ R ETR i, @,y JNPQ Fil ETR {F 23 i #F Imaging—WIN
By, BARRHBE TR Dy = (F,'-F)/F,' ,NPQ = F /F ' =1, ETR = (F,'= F.)/F,'<xPARX0.5
x0.84, Hr F & PSRN 04 T 58 TR I DOE 5 F, S PS 11N HC 58 4 P I I 2817 &
F R E DG TN i i RO 5 F, ARSI Z6 " i
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1.4 Sitotr

RIGEE R Excel BH, I BHRIE P < 0.05 KT TFH#E4T ¢« K50, 56 Brd 19 2 Hrad R 78 SPSS17.0
AT R e
2 BER55H
2.1 ARKFERR

X BEABL AR B b v I I SE ik R MRS R ARG M A B S TR AR B (P<
0.05) , {HH% AR (R/S) SRAAEMRIITC R E 2255 (P > 0.05) , [ 73 BEEUR E AR T JeAtitk (P<0. 05)
(1), XTHRAARAOMR & i 58 i SRR ARG R AR A M b S 6 T ) LU AR AR R 1
63.5% 39.0% .63.6% 28.6% 46.8% 36.7% 53.9% B HrEERURAZ YRR Y 57. 4%

*1 ERAEMBEEENZEAEKERNZMN
Table 1 Growth of Zizania latifolia plants after infection by Ustilago esculenta

g 73 LIRS - 5E LIIpEY; 3 - SrEEsR
Plant height/cm Leaf length/cm Leaf width/cm Leaf thickness/mm Leaf number Tiller number
%I #E Control 157+8.17a 117+7.72a 2.83+0.31a 0.27+0.02a 6.33+0.52a 22.8+2.32b
2% Infected 96.2+7.33b 84.2+5.91b 1.73+0. 16b 0.21+0.02b 6.50+0.55a 39.7+3.39a
” E iy iy b R
| Lk i i it e
Ab P Culm fresh Root fresh Aboveground .
Root length/cm . R . R R/S
weight/g weight/g fresh weight/g
X H& Control 51.0+2.65a 5.68+0.36a 23.4+0.82a 44.0+1.47a 0.53+0.02a
{24 Infected 37.3+2.08b 3.87+0.25b 15.2+0.53b 28.3%1.35b 0.54+0.01a

[l —F A U TR ] 3R 22 57 3 (P < 0.05)

2.2 PrEfbrEE
2.2.1 BrAALEEEE

L1 AT LA M B2 oA i ] o b 4= AR AR A X PR bk e A i 6 e 28 2 T s e, RS o
1 J8, RYAEERIT B () APX CAT . POD \GR 1 SOD 3 M & T X BEAAR Y, H2E R A REH (P > 0.05) , BikG
952 JEEE 6 J AR A APX CAT . POD .GR H1 SOD {4 i 2 78 T X BRI R (P < 0.05) .

2.2.2 0, SR H,0, &

MEERFE ARG 6 AR AR YR 1Y 0, PSR A H,0, & S mia s B Bk R
10, & TP (P<0.05) (B12) . A 1 AR 6 Ji, xf BAERR I iy 0,7 77 A= sl 343 5]
Fb X BR A B T 20.2% 18.1% 18.9% 14.6% 12.5% 18.1% , BG4 1 A, RZIAEHRH A8 H,0, & &
o X AR AR Y (A 22 SRR 3E (P > 0.05) s A5 56 2 AR5 6 JH, R YAEMR M R 19 H,0, & & W3 & TXF
BRI (P<0.05) (K 2),

2.2.3 MDA &H

UG 4 LB AR T, N IR A AR AR YA BRI MDA & 2 88 ka3 B0 BRAR BRIt H- 19 MDA & & i
EE TR (P<0.05) (EI3), MEE 1 JEEIZE 6 J&, Xt BEARL R I H A9 MDA 55 5243591 U AR Y R AR 14 75
12.9% 20.8% .19.3% .16.1% 16.2% 18.5% .

2.3 MHRTNL

F/F, & PSSO T i, Fon i SO FROR e AR 00 F AR i/, J2 it PS TG
AR R E TR bR . AIRIGZE R R YR R F /F, FIX AR LT B2 5 (P > 0.05) (Kl 4)

Doy 72 PS I SEBRGA 2R BN R TG G HL 1538 1 BE & o Fr SO G RE Y L1, FR RS ALY
HeAVEF B AL B 7 =40, ARSCIEE R BIR  RYAERRIT B 1) &y KX AR (H2EFRBE (P >
0.05)(K4),
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= C i
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g2 . T N
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Rz L I g
I E Y]
gg
aQ 3
3
0 |
0 1 2 3 4 5 6

7
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E1 £RAEHEEEAMNEAMNFRELEEENIE
Fig.1 Antioxidant enzyme activities in leaves of Zizania latifolia after infection by Ustilago esculenta

#* FREFEHE(P <0.05)

NPQ JEAE AR S 7 PS I R AR WM REA BB ] T 6G i 4% 3 107 LA R 1B 2XCAE R 1Y
;o ARSI R] X AR R NPQ K TR AEMRIY B 2Z 5 A B (P > 0.05) (Bl 4) . [FE, =
DAkt i B P AL R (ETR) KT X B R Y (H 22 R B3 (P > 0.05) (F4),

3 g
3.1 BB AR YR EE AR AE K A RZ R

AW EIRER BB E (U, esculenta) (RN T 28 AR A9 A R bRy (S i 98 1
R MRK ZEHEE WEE b D EERN(P<0.05) (R 1), X —Z5 R IR ZHHY) 32 R F AR Gy e R
AR R B B ] R P A T A A A K A A2 A P, 40 B BE B A ( Piriformospora indica ) LA
P EEAR (AM) LT H Y BE P BRPE TR ( Glomus mosseae ) 15 % G350 F KMk m B> B #4618 ( Mycocentrospora ) P4
A B R Y T A ( Saussurea involucrata ) 4 E T AEY MRS MEECHZE Y&

AR TSR B R R e B R i T2 I P BERL(P<0.05) (K 1), X—ZRENAH
B Acremonium lolii 124 S50 22 - BEFZ B8 ( Lolium perenne ) 53 BERIE NG — 50 L & FH BB B2 i
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& 35 150
oy 30 )
T 30T =
o 120 -
k %
g g 25 ¢ I >
H = )
£ g 20t E‘E £ 9
®E § =1
E3 15l El
% 8 15 ll_ﬂj % 60 L
= 3
3] % 10 * —0— Infected o)
g 5L —e— Uninfected = 30r
=
8 O | | 1 | 1 1 I O | 1 1 1 1 1 I
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
BRE A% BRE A%
Weeks after treatment Weeks after treatment

E2 EAEMECSAMNEAHKFEBEEHRE (0, ) FEEEMIRENE(H,0,) 82K
Fig.2 O, formation rate and H, O, content in leaves of Zizania latifolia after infection by Ustilago esculenta

* FREFEE(P <0.05)

S R B B (68 0 T H 0 e 0 A o .
Y AVEKCE ANARES D HORAIETY | o am I
VA RO AR = RN N
3.2 AR BRI R RN ORI s ENNAI
e %\5 ENEN

RIS AR R SR E o ' 2
APX CAT HPEIT (P<0.05) (J& 1), F5AY APX [5#E £ 20
LS ASA [0 i AT R TR BR80T i ROS [/
[, CAT 5% H,0, Bih il il 2 A4 1 %955 S5 ) T2 o I 2 3 4 5 s 7
S A LA L L R e B 5 R el ot tineat

( Blumeria graminis sp. hordei) WZEFIHAEF | CAT 15k H3 AR M AR S A =IE(MDA) & R
AR o [FRE, A LB Acremonium lolii 2 5¢ Fig.3 MDA content in leaves of Zizania latifolia after infection
BORZ R T APX TR PR E N SOD AE NI 4y vstitago escutenta
PR RIS — BB, W LR A R (0,7 ) B « 3R RBE (P <0.05)
fr=A: H,0, 1O, , M B8 B ad AR AR FH L AR B 5T
TS YA R I Frrh SOD ¥ 14 5 % BRAE AR B (1 1), Bir LI de i bk 0y O, & AR T B AE AR (& 2) .
X5 /AR (MR AR (AM) B R S EUEAR SOD 1G M E g4 IR —30 22 AR G, CAT
1 SOD Ik 52 T B R 34 156 HH 28 1 1A T 25 0 R 1 P BN B 5 DS 14 28 I 25 R I e it A2 1™ L GR 2 AsA-
GSH g 35 i i) — Bl S BE Al , 72 NADPH A9AEHT R, A AL AL B A BE H K (GSSG ) 8 J5 0 it J 18 45 e H ik
(GSH)'™', ABFF K& HL, & M HIRYT 28 AT GR FEPEIR R (P<0.05) (K1), 3FhAsfk 5 R H
MENEERYUEAL (P, indica) - KZEHAEPHY GR G PESE 5 1945 SR — 2, U2 B i A B KT (38 R A 4%
JEH R, R4 e AN A BT AR RE T AR UL B B T R TR R Y S5 22 (A A POD & PE T (P<0. 05)
(L) 3 Rhd B AT R 5 TR T X a B R AL P38 i DR M Sy A G, SCRTRE S 4l i ZH 2R Ak
DA B A AR Aol A o A 3 T A 6

FERE ) IE & A fr i B A AR AE ROS 1= A RS BRI Nd #2 L R B R Y &2 F ROS 17726 51
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Fig.4 Chlorophyll fluorescence in leaves of Zizania latifolia after infection by Ustilago esculenta

FEEER BN, BB ARG AR T2 A R i A A AR (0,7) PRI (P<0.05) (K12) , RN 1
PrEACBETEPE (B 1) XA R0 BRI YRR AL ZUN 19 ROS 204 R, B G S SO i 40 fk 7= ) MDA & 5t
IR (E13) (P<0.05) , %W ROS FEAME ST AALRREE FIE ™ 5340, BRAR i S Ak 5 e S A B S 45 44 45
i, W% 2 AR RO A B TR MR B BR ARG A AR 01 L AN, BB B R YR s T 2E AN Y
H,0, &H(P<0.05) (K 2), RYAEH T H,0, MTH&EATRES 0, 78 SOD BRI N ¥4k H,0, F1 0, 7
S SR RN AR HE A PR 2 A 1 PR R 1 R A A HL 0, & iR BT A B
Gilmaniella 12« R (Atractylodes lancea) HHAAE#E H,0, SREENS R - FEARNRETRERE,
PLEALH] AsA A1 GSH ABEASOE R A LI A7 4 19 ROS, 22 (1 H,0, &Pk BT XAl AE 5 CAT
1 SOD {1 T Rt 6

5995 IR B 2 Y A A i B BB o Ak (MDA 3 ) T M HGE RS R 22 AR BT R, 3 SRR B
PRI T 3 P10 F BT AL TRRE ) MDA &5 BEFRAE (P8 3 ), 50 5 £ 0 9 M TR (AMD) EL TR ekt
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F/F, W PSR bt B SRR e % AL R0 2 BN AB ) 36 A B 1 % R AR AR AR R o
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