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The Influence of Filtrated Culture Fluid of HMC Toxin on Inducing
Disease-Resistance and its Related Enzymes in Specific Host Maize
(Zea mays L.) Leaves

SHANG Chuang™?, JIA Yin-suo*, MA Chun-hong*, DONG Wen-qi, LI Yun-chao', CUI Si-ping*, HOU Li-bai?

Cinstitute of Genetics and Physiology, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050051
2Faculty of Agronomy, Shenyang Agricultural University, Shenyang 110161; 3Departmem‘ of Science and Technology, Hebei Academy
of Agriculture and Forestry Sciences, Shijiazhuang 050051)

Abstract: [ Objective] The influence of filtrated culture fluid of HMC toxin on inducing disease-resistance and its related
enzymes in specific host maize (Zea mays L.) leaves was studied. [Method] The various pathogenicities were detected by the
detached leaf method on the specific host maize leaves of two pairs of homokaryon (B37 and C103) inbred lines to search effective
dilution factor for inducing, and changes of disease resistance-related enzymes were measured after inoculation. [Result] The
disease resistance was enhanced in different genotypes and cytoplasms induced by low concentration filtrated culture fluid of HMC
toxin, the effect on C cytoplasm was higher than that on the N cytoplasm. Activities of disease resistance-related enzymes showed
dynamic changes in different periods, and influences of disease-resistance were led by the different concentrations. [ Conclusion]
POD and PAL activity were increased and MDA content was decreased after pretreatment with filtrated culture fluid (1 : 50 or 1 :
60 ) of HMC toxin in order to start up maize defense system for itself. It played as a passivation to restrain the HMC infection. After
inoculating by high concentration filtrated culture fluid of HMC toxin, the disease resistance-related enzymes were activated further.
So, the sensitivity of C cytoplasm to HMC was reduced and disease resistance was represented.
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[ XY & SHUtE R R HBORE, 5985/l
FERN B A2 P TR R ) () 77 T35 DRI gk 21815 99 (1)
MO, fESCEE B OVE R Z Bl HYE S
PEMIBE H 283 %, SN T R ok
SR T I ERE A T N AEEE ST
5, EAIESEES SR A BT, ki S N T
PRk IR N AMRIE % . R T H
RIRFIEE AL &, AERE I 7 I 4G T 20
20 80 AFAX, Rl X AR AR B (2 25 41 BT AT P A2 40 T )
RN, WL I e AT RRE o] DAS R A it
AT vy S 2 % A R A0 90 5 A ) B 9 I T — S A
B0 ZERIFHE SR, B N A IR Y AE R
PENUITG — P9 O S B 55 . LR ABTS kR )
TR NBE S A A T S A R 2 — . 1970 4F3E
TR BUEEM R T 4180)% (CMS-T) E2k, 2
B FOK/ANBERT R T ANPIORURAT 45 A2 71 i B KA
SR Smith S YAiE T KRR R A T
O WAMEHL R, T /ANRIOG T 40 e 10, I
Jod S IAT IR PR DRI S 008 B B BT WA R B AR g T
A BB K ISR #EZ (HMT-toxin) B0 1 O /)
Tob M EAS T A0 0 o B A PRI N A Sk . 1988
SRR DO YA T b A AR TR NBER B C
P, AR NRRIEINE] 3 AN, SR T E P S EE
SFEFEMERN 2R b E P SO
H2p ] gy 201 A g 2 (g 0 A g 2 (221
[HET T R KRG MRS, SIUEH] C /NPT C 4h i
TR KGR G ) BN, HMC #5328 77 2 610
o NEAFFUERY], R #EEZ T AR 2047 v IR
JAPRE, TR SR R A T S S A RO
BEWE ANZAREEI . NN KRG R il
K DRI D3 AN 7R 5H BRBRE 95 S50 5 M bW B Rlhag T
X7k, AR T . DA A Y —Lepf
FERM, FEREAMAN T IESUR ML, i HARE
(it FH AT, TR g — RSN 1K1 S btk
BB A Ko i, 2R AR AR R R 2R R
PR AR, AR AR AR SEAR
PREE N N W A A RN A0 o 2 A A
AR P R RIS HMT B 250801 A

WO T AR, ik T T it T VR gt
P, HAESRIHMGRE HMC B 515 7R8I VE A Bk
TT C AT C /MR TPE M CIE . AU
(I SCHE I L] ASEHE ST TR IE HMC #1576
VBORT AN T 7 DR TR R AN [i) 40 it 5 K B0 1 1) 5 A
HY BLRAEGU 7 AR R P O AT S Bl P AR A R0
A, B4R HMC B A S A B A o AN 3iid

.
1 #MR57E

1.1 s

PR TOKARIE R B37 () C BUARH 4
HL i (CMS-CB37) J L [rlA% ffFF 2 NB37, KLY
C103 ) C FURFH YN (CMS-CC103) A H[rl i i
FF & NC103. R B Fl: FK/ANBET 1R C /Nl (HMC).
AR PR TR P2 Fh AT 2 RAR R 22 Bt dst A% A BRI
Frffit.
1.2 7%
1.2.1 EXRYEHESR  EWE TR, H01%
HgCl, /% 5 min, Z&M/KREhve)E, 1528 ClEld
BiFRfhai 24 h, 26°CHEZSF 2. d, FAMARK A 1 cm
KA, WRUEK SRR, BRI LR B
FEUASE 28°C, MAROGHE 12 h, F=mH— O WII4h i1
PR
1.2.2 HMC F R FEFRIEREH & 76 500 ml =
Hie N\ 250 ml Fries A 9R3E, RRIMEAN 4T L 38
FTICEAT 6 mm 1) HMC B /v 4 A, fEiR 25 °C, M
HrERIE 156~20 d. 4 0.45 um FSLIEEHESRS
HMC ZE IR 08, AEAEAE 4 "CUKAR N 4% T 24281,
1.2.3 BUFMAE MIEAKIZ1:10,1:20, 1:
30, 1:40, 1:50. 1:60. 1: 100 f11: 200 #EH:
FERRE HMC R B FRIEM, R BRI Bk o) ks
IR FIRR AL HU HMC 75 5 7R i i S0 £,
FHE B S I ORI . LU R S 1A ROR BE VR
PR O EOKEE 3 sE A Y, 2R IRKAE
X, EGR3d, WEHES L 2/ 3 dEM A
JoPEAH DGR IR 4K 0 3 d J5 SL LA B PRI P vk P v 2
TR IEI HMC B R 5208 72 h, WIEHFD 24, 48
72 h Jar R N BUR AR BRI AR A .
1.2.4 PODZEMNE KM Ye Mk, LIBEsEh
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ODy70 181 0.001 FT 75 b5 A —ANBRHE R A2 (UD PO, Sk B 1 AR TR A - 1 - 10~1 - 40 R 4k
1.2.5 PAL EMME ZMCHR[23], UL ODggo 54k B, HMC %} C 411 i % {6505 (f) CB37 fil CC103 &
0.01 4 1 AMEHEME AL (U & K 7 S B, BREESOR s R T AR A8 v 1 1 4
1.2.6 MDA&EME >R TBALLIL, 41 450, LTI NB37 F1 NC103, B I HH AL It & A0k s
532 A1 600 nm FHIOCEEME (A) , MDA &= 1:50. 1 : 60 MR AN, JEHKR 2T WA 1% C 4
6.45 (Aszz—Aso0) —0.56As50°"1. PRI SEEBON I, C 40 M55 1E 5 4 ST R PR
9 LER 54N FERELT—380 BB HZ S il 100, 1 200 R
FEEF, C 40 M TR N 45T FoK i 38 R B, 3R
2.1 EBEEFSRIENERRERIFE PS8 BT RS, ARKR 1 - 50,
F1WoR, TR R IEORPERE HMC 2 25557 1 : 60 MBS HMC 5 5= 15 52 IETE 5 TR DU

R 1 TREHRELE HNC FRIBFIRIRN A B —EEE R EIHMAERE KM F 2w a0

Table 1 Influence on disease sensitivity of two pair of maize leaves in homokaryon B37 and C103 inbred lines treated by various
diluttion filtrated culture fluid of HMC toxin

R R AL oW BEEL Number of lesion FUR B BETFL Area of lesion (mm?)
Dilution factor CB37 NB37 CC103 NC103 CB37 NB37 CC103 NC103
1:10 15%* 7.2 9.6%* 44 2.7%% 14 2.68%* 1.2
1:20 13%* 6.4 6.8%* 34 1.8%* 0.98 1.52%% 0.84
1:30 g 5 4.8%* 2.6 1.34%* 0.72 1.08% 0.6
1:40 7* 34 3.2* 2.2 0.88* 0.6 0.68* 0.42
1:50 4 3.2 2 2 0.46 0.4 0.38 03
1:60 3 3 1.6 16 0.38 0.38 0.26 0.26
1:100

1:200

*, %% 1£0.05 Fil 0.01 K EHXMZEREE . “-7: Rox C RN i TR P 2R g0
*, **: The differences comparing with CK are significant at 5% or 1% level, respectively. “-”: The maize leaves with C and N cytoplasms are not infected
comparing with the CK

A Ay i F U-ghh, ST EL, PAL FEVESN 51455 T 16.53%.
2.2 FSERARXIE AR XIS 38.90%. 31.42%. 28.94%; A EikIEIEW 24 h )5,
M 2 F i, BRI & T ROk POD 11 WA IR T 14.60%. —41.15%. —4.93%.
TEPEZ 1 60 RSB HMC B2 97 085S 3 7.96%; A mnik S IEM 72 h )5, ACBRAL e T
d f5, CB37. CC103. NB37 1 NC103 AbHEZ S X[/ 38.30%. 186.72%. 43.71%. 48.73%.
FKI A POD & 74331 4 0.765 Fi1 0.560 pg-g ™ FW- P FAE AN A T FoK iy MDA 5. &
1.136 1 0.620 pg-g™ FW. 0.551 f1 0.530 pg-g™ FW. 1: 60 MR HMC #2552 08M05E S 3 d A,
2.434 F11.020 pg-g* FW, S, POD i  CB37. CC103. NB37 F1 NC103 AbHH 4 J % I T K
P T 36.61%. 83.27%. 4.01%. 138.60%; ik J N MDA &35 4 0.926 1 1.021 mmol-L™., 0.578
FEUER 24 h J5, AP 2 ldE T 70.56%. 11.21%. F110.712 mmol-L™". 0.630 F1 0.365 mmol-L™*. 0.699 fl
—23.87%. —38.63%; M EIKIEIEM 720 )5, B 0.735 mmol-L?, XML, MDA &84 R T
Moy E T 126.56%. 85.62%. 67.38%. 133.97%. 9.34%. 18.74%. —72.60%. 4.87%; ik IEM
B REHE S T Tk PAL W&, 221 240 J5, ARERAL 5k T 38.58%. 12.28%. 5.59%.
60 MR ALY HMC #: = B R B0 5 3 d, CB37, 24.50%; RN IR EEDEW 720 JF, ARFRAL Ay IR T
CC103.NB37 fll NC103 Zb B 41 o i oKk )W PAL 21.77%. 48.35%. 38.10%. 31.12%.
TS5 4 8 530 Al 7 320 U-gh™. 8 200 15 903 i 52, LA by R 20 o ok R A% e Jo Ak T oK
U-gh™. 10 317 1 7 850 U-.g™h™. 8 540 Al 6 623  JyzIi), B[ (IR HMC & 15 JR BN %
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Table 2 The changes of disease resistance-related enzymes treated by high concentration (1 : 10) filtrate of HMC toxin cultivation
for 72 h after induced by the low concentration (1 : 50 and 1 : 60) for 3 d

PURMERIG 16 1h] CK 1:50 1:60
FEDRRE  Time CB37  NB37  CCl103 NCL03 CB37  NB37  CC103 NC103 CB37  NB37  CCl03  NC103
POD %G 1d 0551 0511 0614 1022 0604 065 0748 0641 0629 0640 0694 0784
(lgg'FW) Inducing 54 053y 0510 0608 1007 0664 0608 0668  L07L 0618 0619 0599 1298
3 0560 0530 0620 1020 0733 0584 1260 1420 0765 0551 1136  2.434
Pl 24h 0578 0854 1383 2110 0748 0593 1965 1270 0985 0650 1538  1.295
Inoculating ey 0go0 0595 1420 1130 0698 0710 2145 1358 0890 0953 2420 2103
72h 0400 0583 1113 1185 0870 0863 1575 1625 0906 0975 2065 2773
PAL %5 1d 7387 7777 6070 6580 7107 7907 6270 7510 7190 7947 6660 7470
(Ug™h™) Inducing 54 7asg 7680 5870 6680 7470 7957 7460 6320 7887 8760 7647 5937
3d 7320 7850 5903 6623 7837 8647 7700 7463 8530 10317 8200 8540
Pl 24h 5753 6487 3710 5603 6860 6437 1347 5600 6593 6167 2183 6147
Inoculating g 5300 7330 1997 6057 8150 7167 3290 5930 6710 5813 4580 6283
7oh 5640 5407 2083 4323 6777 6580 5907 5063 7800 7770 5973 6430
MDA %% 1d 0918 0403 0705 0726 1020 0570 1030 095 0965 0515 0763  0.865
(mmolL”) Inducing 54 geg 0408 0716 0711 1098 0660 0714 0799 1085 0550 0915 1140
3d 102 0365 0712 0735 0871 0753 0557 0529 0926 0630 0578 0699
He 24h 1161 0775 1238 1288 1077 0920 1000 1008 0713 0732 1086  0.973
oculating 4o 1270 g3z 1458 145 1109 0610 0872 1265 073 0598 062 0563
72h 1567 1422 1783 1564 0903 0982 0839 0996 1226 0880 0921 1077

DRRE: Disease resistance-related enzyme

FERTJE B NS B T VAR DG POD. PAL b
M3 MDA S R, sk THMESMKE HMC
PRAZ FH T, Y PR S EE HMC B 5= 557708
WG, 2824, 48, 72 h MBI, BEAE: Al
XA L, PURTEAIOCHE POD. PAL 3G PERE
PP, MDA (&5 R k.
2.3 T RELERE R EARF R ATk

M CANE 4t ot 5 1 4 M5t R RO R P
PO AT GG IR A e (1) C gl )i £ oK
RN, IRHKREE HMC 25 3255 7R M0 5 IS0 PEAT O
BRI N T mR B S I R, a1 - 60 MRE A
1 HMC 35 #5572 08075 2 (1 PAL 75 114 &, CB37
M 7.12%, CC103 Ky 26.13%, FBehf ke J5 1) PAL
TE G, CB37 4 26.42%, CC103 4 63.50%, R[If%
Rl B2 HMC 2 2 35 7R85 3 — PO o i
FHOGHE, 355 SAEISRAG, AL TIALEE H R
WRE, Wy BERT = AL ZE AR B AL AL (2) M

P4 RE, C 40 Mo RO R BT I A G ) 38
FORT N 05T oK B 0 A S 1) 1

W 1: 60 MBS HMC #5255 77 g T B 1)
CB37 L KW F P PAL 3 T 76 A ik 2 b (1 48 50
15.44%, CC103 Jj 37.49%, ifi NB37 >4 9.98%, NC103
oM 13.49%, IX & HH HMC Xt C 41 i it 75 3= LAt vl
(: (3) AR IS AR S BRI,
AT . U 1:50 FRREf5 40 HMC #5355 7708
WAL ERY) CC103 Tk fr A PAL JEMEAE TS 2

FERN G e Ak B0 1 & 4y il 2 5.16% . 35.34% FlI
24.73%, 1 1 : 60 FRAEEK) HMC #5555 77 B T
REFRI 23510 15.95%. 63.50%7F1 37.49% (% 3) .

3 itig

HMC 75 = B 7R I V5 T 0 ORI H TP, FL
e (KT RE R R 75 AL AR BE FIUAR B B 3 3l T AR A
S DR RBLH P, A2 PN B2 3 i
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Table 3 The changes of disease resistance-related enzymes at different stages treated by different dilution filtrated culture fluid of

HMC toxin
otk TR R 5L H4HE Increment (%)
AR Dilution factor %% Inducing 7 JE 48R Inoculating after inducing 53 +3F! Inducing and inoculating
PRRE CB37 NB37 CC103 NC103 CB37 NB37 CC103 NC103 CB37 NB37 CC103 NC103
POD 1:50 21.30 19.18 45.28 2.75 46.75 6.58 45.21 -3.90 33.75 12.04 45.23 -1.19
1:60 21.99 16.68 31.91 48.10 76.31 26.89 53.83 39.44 48.55 22.47 46.82 42.97
PAL 1:50 1.71 5.16 20.10 7.09 30.51 4.99 35.34 8.83 14.12 5.09 24.73 7.87
1:60 7.12 15.95 26.13 10.38 26.42 2.74 63.50 17.34 15.44 9.98 37.49 13.49
MDA 1:50 2.81 68.56 791 5.27 -22.77  -17.06 -39.47  -24.04 -12.00 6.90 -24.19 -14.21
1:60 2.34 44.05 5.80 24.48 -33.06 -27.02 -41.30 -39.30 -18.15 -7.13  -26.11 -17.91

B ICR FE IL R4 FH G J7 e R IR Pk 2 A B i 9 4
90 A I AHIESCHR, oA 06 R KK P HUw PR SR
A HIZXAN A, AR — BB BTN L2 Ak
HERE 2. RAREY: C HHRITEKN HMC
FEAEPURPE & AR T 0 E B B RIKRE ) HMC
BRI IRIEMTIIAC B S, I T POD. PAL & T4 =
A MDA &R, HEMERE HMC #5219
PEIUG B — WO HAPUR A O, LR 5 3l oK
REHI D&RS, HEAGER GR35, 6 C 41l
JFEAKAS HMC URPERRAG, TR i Pk

KEIFFEY, S 5PN 2T A AN
FEMBAE L S ALEE (SOD) « 4Ll (POD) .
WEAMERE (CAT) « ZM%ALEE (PPO) HIZRNZ
Mg (PAL) SRV N, SHEDIIP LR
Fe GO RS DA 2, 3 A 7 WA A 7 12
SV AR RR . IS5 AR, K HMC #E 5%
B FRIEWOS T R T KM e N BP0 VA DGR 1)
WM, C g R OK T BEIE I P X e, T
BT C 40 i FOKHAE HMC 12 341018 01, BEAE,
RIS S PRI ) A AR IA 2, S
W (1 LR B AE N ) S 4R B 22 R, ] RS R ARIR
HMC Jrifs S IPUPEAR 5% 7 I TR 5 0 B2 B i)
ZESITEL g ZE N o TG Ay Tk — R
it

JHE0% 15 AR SR R D192l AT B0, ARz
FUH HMT 528595 AR UE . DB IR IR
FI S HMT B 22 40 B RE (R B S0 20 73l PiA 2 T 440
SRS, PR R HMT 5572080, 45
JT: HUH HMT B #2 AR AL 35 4 fede i &
KR A PAL B3, HAEM R =L bu itk

[N AHR T HE—SIUES HMC SR IER, @k
JEH, R AL, AR R A AR AR R
KR T BRI . X R ARSI AL Z AL,
A5 LLJE ik«

4 g

TELARIKE HMC 5 2 55 R UEMFAL BE Y C 46 i
JFUEK M BRI SORE B A, L R 5
1 RTCWINE, 2 2 RIHIUBIINEE, 25 3 KBk
PN, TSR . WG R Y, F T C 4R
K B POD. PAL JEPEEL N 400 5ifk, MDA &
R, SRS A0 LA R R AR ek g
BB, (U 75 3 R REAT, 1 F P POD PAL
VTR, MDA b, P AERE, R .

AARKIE LW, ARIKE HMC # EAMYAE b
WoE CC103 Wy mEETE, & MR R H e B AL
CMS R AFH, Bl it CB37 ha fit i 2141 4 (1K) 3 R e
XYL, AR FR/ANBERT IR C #3107 FPUm M
A 1)) 1% . AT m] LA E AR 1) HMC
FEFRIEH T M OR300 C A iR
KIEPTwitE.

Bt A BAEIEAR PRI RAARA F T2 322 AT
RRAFH, FREEHEIIN, AR R SR8

References

[1]1 Bokshi Al, Morris S C, Deverall B J. Effects of benzothiadiazole and
acetylsalicylic acid on -1, 3-glucanase activity and disease resistance
in potato. Plant Pathology, 2003, 52: 22-27.

[2] Cohen Y R. p-aminobutyric acid-induced resistance against plant



4312

doOE kW R %

41 %

3]

4

(5]

6]

[71

(8l

[]

[10]

[11]

[12]

[13]

pathogens. Plant Disease, 2002, 86(5): 448-457.

Pajot E, Le Corre D, Silue D. Phytogard® and DL-p-amino butyric
acid (BABA) induce resistance to downy mildew (Bremia lactucae) in
lettuce (Lactuca sativa L). European Journal of Plant Pathology,
2001, 107: 861-869.

Ishii H, Tomita Y, Horio T, Narusaka Y, Nakazawa Y, Nishimura K,
lwamoto S. Induced resistance of acibenzolar-S-methyl (CGA 245704)
to cucumber and Japanese pear diseases. European Journal of Plant
Pathology, 1999, 105: 77-85.

Dann E, Diers B, Byrum J, Hammerschmidt R. Effect of treating
soybean with 2, 6-dichloroisonicotinic acid (INA) and benzothiadiazole
(BTH) on seed yields and the level of disease caused by Sclerotinia
sclerotiorum in field and greenhouse studies. European Journal of
Plant Pathology, 1998, 104: 271-278.

Oostendorp M, Kunz W, Dietrich B, Staub T. Induced disease
resistance in plants by chemicals. European Journal of Plant
Pathology, 2001, 107: 19-28.

B AR, KRG, PRk, L IR M A K R R IR
PUVE b By DAH DG R R AL o E KA R, 2002, 16(2):
171-175.

Ge X C, Song H M, Chen Y Y, Zheng Z. Changes in activities of
defense-related enzymes in rice resistance induced by benzothiazole to
blast fungus (Magna porthe grisea). Chinese Journal of Rice Science,
2002, 16(2): 171-175. (in Chinese)

Sticher L, Mauch-Mani B, Metraux J P. Systemic acquired resistance.
Annual Review of Physiology, 1997, 35: 235-270.

STt S VR N s S I e e T DN A Ty R 1 B e R RS
Biia, 2001, 17(1): 20-22.

Wang R P. Induction of systemic resistance in muskmelon against
Phytophthora melonnis in fields. Chinese Journal of Biological
Control, 2001, 17(1): 20-22. (in Chinese)

WHibE, FMDEI, R OR. REIAR O A 0 v R P 2 R 1 S
TERIWTFCRE . A B 244, 2000, 30(2): 107-110.

Yang H L, Sun X L, Song W. Current development on induced
resistance by plant growth promoting and endophytic bacteria. Acta
Phytopathologica Sinica, 2000, 30(2): 107-110. (in Chinese)

Hooker A L, Smith D R, Lim S M, Beckett J B. Reaction of corn
seedlings with male-sterile cytoplasm to Helminthosporium maydis.
Plant Disease Reporter, 1970, 54(8): 708-712.

Ullstrup A J. The impacts of the southern corn leaf blight epidemics of
1970-1971. Annual Review of Phytopathology, 1972, 10: 37-50.

Smith D R, Hooker A L, Lim S M. Physiologic races of

Helminthosporium maydis. Plant Disease Reporter, 1970, 54:

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

819-822.

Miller R J, Koeppe D E. Southern corn leaf blight: susceptible and
resistant mitochondria. Science, 1971, 173(3991): 67-69.

Bhullar B’ S, Daly J M, Rehfeld D W. Inhibition of dark CO, fixation
and photosynthesis in leaf discs of corn susceptible to the
host-specific toxin produced by Helminthosporium maydis race T.
Plant Physiology, 1975, 56: 1-7.

Wei J K, Liu KM, ChenJP, Luo P C, Luo P C, Lee-Stadelmann O Y.
Pathological and physiological identification of race C of Bipolaris
maydis in China. Phytopathology, 1988, 78(5): 550-554.

YL, ARG, LEL, - VE HMC TR MR A T K EH
R KAR el T AT K 5. V244, 1991, 17(1): 54-57.

Guo L K, LiuJ F, Ma C H, Cui Y. Effect of HMC toxin on the living
root cap cells of maize with Cms and N cytoplasm. Acta Agronomica
Sinica, 1991, 17(1): 54-57. (in Chinese)

BEOVE, X, B R, SO, BREHOEEES TOR/DBERE C /)
FRRE A0 8L AUk Sz FAB g IS 0. R DG B4, 1901,
21(3): 187-191.

Cui Y, Liu K M, Wei J K, Zhang W G, Ouyang G C. Isolation and
purification of a C-toxin complex from Bipolaris maydis race C and
its pathological reactions. Acta Phytopathologica Sinica, 1991, 21(3):
187-191. (in Chinese)

7, BARL, R, SR, ALK NBER B C /N
FAEPNHERITTS. A B AR, 1992, 22(2): 175-178.

Cui Y, Ma C H, Liu K M, Wei J K. Biological activity of purified
pathotoxin  produced by Bipolaris maydis race C. Acta
Phytopathologica Sinica, 1992, 22(2): 175-178. (in Chinese)

AW, Rz, XRIF, Rk, BER. FORDRNE =
BRI W T AT, R AE R AR, 1989, 4(2):
74-78.

Liu K M, Wu Q A, Liu J F, Liang K G, Wei J K. Preliminary studies
on comparative biological traits of three races of Bipolaris maydis.
Acta Agriculturae Boreali-Sinica, 1989, 4(2): 74-78. (in Chinese)

VR X, SRR RV R VKR SR OR N BE
AEFRNRPL bR 253, 1991, 6(1): 48-52.

Cui Y, Liu K M, Wei J K. Identification of races of Bipolaris maydis
by electrophoresis of soluble proteins. Acta Agriculturae
Boreali-Sinica, 1991, 6(1): 48-52. (in Chinese)

Nicholson P, Rezanoor H N, Su H. Use of random amplified
polymorphic DNA (RAPD) analysis and genetic fingerprinting to
differentiate isolates of race O, C and T of Bipolaris maydis. Journal
of Phytopathology, 1993, 139: 261-267.

Ma C H, Zhai C X, Wang L A, Chen X, Li Y C, Guo X L, Cui SP, Li



12 i1 ]

955 HMC B 335 7R U004 2 12 K 75 S Hoi P A AH SR IR 52

4313

[24]

[25]

[26]

[27]

G M. Induced resistance by the toxin filtrate of Bipolaris maydis race
T cultivation. Agricultural Sciences in China, 2006, 5(9): 678-684. (in
Chinese)

Eirz, BEE, DHL, AR ORI A0 bR o Ai
9 WML S, S A )44k, 2003, 36(2): 149-154.

Wang L A, Zhao J X, Ma C H, Wei J K. Distribution of
microfilaments in detached corn root cap cells under fluorescent
microscope. Acta Biologiae Experimentalis Sinica, 2003, 36(2):
149-154. (in Chinese)

Eoraz, BB, BRE, B, HMC #3504 C AT ERHIGE
A J 2 T % A 22 23 A TR S IR AR DN B 4, 2003, 33(3):
225-228.

Wang L A, Ma C H, Zhao J X, Wei J K. The effects of HMC toxin on
the protoplasts and their actin filaments distribution in detached root
cap cells of Charrua cytoplasmic male sterility maize. Acta
Phytopathologica Sinica, 2003, 33(3): 225-228. (in Chinese)

Ye X S, Pan S Q, Kuc J. Activity, isozyme pattern, and cellular
localization of peroxidase as related to systemic resistance of tobacco
to blue mold (Peronospora tabacina) and to tobacco mosaic virus.
Phytopathology, 1990, 80(12): 1295-1299.

VUG, DAL, SESCE, FIEs], dTay, BTN, TKAE, K&
PN A S PRV R e S ey DR N R AR B TR

[28]

[29]

[30]

[E AL AL, 2006, 39(12): 2483-2490.

Fan WW, Ma C H, Dong W Q, Li Y C, LiuZH,JiaYS, GenglY,
Zhang X Y. The influence of the Verticillium dahliae Kleb infection on
cotton’s anti-enzyme. Scientia Agricultura Sinica, 2006, 39(12):
2483-2490. (in Chinese)

KRB, E42E. KK TER T NEE R I R S5 S. MAE
P 2430 1, 2002, 38(2): 121-123.

Liu F Q, Wang J S. Systemic induction of several defense response
enzymes in rice seedling by salicylic acid. Plant Physiology
Communications, 2002, 38(2): 121-123. (in Chinese)

R, EFEF, SRR, . (CENE NN R R 2
RUALL. [ 2241, 2005, 32(3): 433-437.

Wang T, Wang S P, Guo S R, Gao H B. Changes of polyamines
metabolism in roots of cucumber seedlings under root-zone hypoxia
stress. Acta Horticulturae Sinica, 2005, 32(3): 433-437. (in Chinese)
HIG AL, TOREDT, MRS, ARGR A M AR AE i A HT e e L
HL bR 4, 1989, 12(1): 67-72.

Dong J G, Huang W F, Kang S L. The usage of root cap cell death
bioassay in identifying quickly resistance of varieties. Journal of
Agricultural University of Hebei, 1989, 12(1): 67-72. (in Chinese)

(D4

o)



