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B.ZT0 P & A 28 A A R o, ¥ B E 3.27% KA 5.69% et b8 5. 73% (B AREE 6.27% KA FH A
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Extraction, Component Analysis, and Antifungal Activity on Plant
Pathogenic Fungi of Zedoary Turmeric Volatile Oil

SU Huasheng', XU Renle’, WU Jiaying’, DENG Rijian®, LI Jian’

(1.College of Food and Drug Engineering, Guangxi Vocational University of Agriculture ,Nanning 530007 , China;
2.College of Forestry,Northwest A&F University, Yangling 712100, China; 3.Guangi Botanical
Garden of Medicinal Plants, Nanning 530023, China)

Abstract : Zedoary turmeric volatile 0il (ZTO) was extracted from zedoary turmeric leaves by steam distillation method, and its
chemical composition was analyzed using GC-MS. The inhibitory activities of ZTO against six plant pathogens, including
Rhizociorzia solani, Colletoirichum orbiculare, Curvularia lunata, Fusarium graminearum, Valsa mali, Phytophthora capsici were
measured using the mycelial growth rate method. The effect of ZTO on the ultrastructure of R. solani mycelium was observed by
transmission electron microscopy and confocal laser confocal microscopy. The effects of ZTO on the physiology and enzyme
activity of R. solani were also analyzed. The results showed that ZTO contained 28 effective ingredients, where caryophyllin was

3.27% , curcumene was 5.69% , eucalyptol was 5.73% , eudesmol was 6.27% , curcumone was as high as 38. 16% , and the
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rest was less than 3% . ZTO exhibited a significant inhibitory effect on R. solani, and its median lethal concentration( EC;, value)
was 14.784 mg/L, slightly lower than that of the positive control propiconazole ( ECy, value of 10.521 mg/L). Compared with the
blank group, the fresh and dry weight of R. solani mycelia treated with ZTO decreased by 48.47% and 62.86% , respectively.
The soluble protein of the mycelia decreased by 26.32% , and the relative conductivity value increased by 16.68% after 180
minutes. The activities of superoxide dismutase (SOD), peroxidase (POD), catalase (CAT) and polyphenol oxidase (PPO) all
decreased to a certain extent, and the activities of SOD and CAT decreased by 37.82% and 54.02% , respectively. The analysis
showed that ZTO had a certain destructive effect on the cell membrane and cell wall of mycelium, leading to a considerable
amount of electrolyte leakage in the mycelium. After entering the mycelia, ZTO exhibited a certain inhibitory effect on SOD and
CAT enzymes, resulting in the reactive oxygen species (ROS) in the mycelium could not be effectively removed and a large
amount of ROS accumulation, which further caused physiological and biochemical dysfunction of the mycelium, and ultimately
hindered the growth of the mycelium.

Key word :zedoary leaves ; zedoary turmeric oil ; Rhizoctonia solani;mode of action

P8 RO RR AR 7 R T B R SE %, B A9 B | S M R s BB L 1 7 b, o AR Bk
(1 10% ~30% ' BRI IR R I BT P ZUANAR 28 [ AR e db 2 A< 25 R 9 5 B SR B8 1 7 2L
TR (Bt 2 2 HE S IR B R AR B SR ™ B A AOME D TR, SR R B2 Y By s T B an e JE
FAR R ZRHEYTEFOR T VHHARM TR ZE 2 PUiE 2 M, KEDF R IR B A iR bt
R PUREE PUEL PUR PFE SR EYIEES ) FORM R FORRIE AR 2 AL, & KRR
YA S Y, BA AR I R A, TRPHIRSE" S R T T PG AR & AR IR R T | T K SOR
B KRS A B TR AT T ARE R0 T AN/ 22 R B0 TR PO DU BR TG 1k, 25 SRR IR . TR AR &
TR 2R A 95 T AT B B3R AR (1, [l 6. 8 mL/L) |, 3X PR Ry 1 TG R 45 ki BEAE ] T 1 Y
20 R RE RN 20 B , R IR BB B A B 8y R HBAAR R E T XOF A E M, T8 22 28 B2 48 bn n e i
WIS AR TE AR (ROS) 1 BT | TR 22 [T et (1) A8 Ak | 200 Al 35 1 L % 95 ) it e el 2 5, X1
PRI VU ARIE RN (ZT0) MAER T N A EZEMIER . BT LRI &, AV A K 28 B
2GR A I AR R ZT0 , 2R FH T8 22 48 K s LR ZT0 AB0s B P, 8 1o IR ST B 22 40 BR AT I 20 B2
BRI LR ST ZT0 WIVERI T 3, AR AR i v i P 18 o0 1 v 1 A R B HE B AR

1 525

1.1 B8 S5 ER

I PIFRAR ( Curcuma kwangsiensis S. G. Lee et C. F. Liang) M) VAL B 16 X 245 FHAE 9 el 243t
AT 2023 4210 A . KFESHEHE ( Rhizoctonia solani) [ #e JRIRIA IR B ( Colletotrichum orbiculare) . T4
LI ( Curvularia lunata) /NAZ TRFER T ( Fusarium graminearum) SESJE RS (Valsa mali) FRARE
% ( Phytophthora capsici)6 FAEY)0 5 B Hh PH JLARARBHE R 2 A W R4 2 e S 41 5 A 32500 15 Sy i 45 3
Brati,

TRACE1310-ISQLT < AH 3% - BT i 5 FH ( GC-MS) X, 22 EIFEBR /R BHE A7 BR A 5] ; DDB-12H 25K
B SR, HUN R AR AT BRZA 7] ; TECNAT G2 SPIRIT BIO &5 L85 ( TEM) , 32 [# FEI /A A ; LEICA TCS
SP8 P B I A 8 [ S R AN B8 A PR F] s MULTISKAN GO £ i K A5 4Y , 25 24 THERMO FISH
A,
1.2 FEARERM(ZTO) HREUR &K 5 54

HRAE SCHR [ 7 T 4B 9 J7 1% 2R F /K28 A8 IR SR IR & il . B e B T B 3R R i (b
R 2 mm HT)  BUBIR 200 g, RIKZESZEBIEIRIC4 h R IMAKIR G (29 20 mL) 3R 1:10
IR E O b, V80 25 R B 2 A itk , — 58 e 2 B 080 2818 , BNAS3RARFE &H (ZT0)

ZTO GRS 14387 B 20 mg ZTO T 1 mL (9 FH VA, FEAE GC-MS AU ZTO 1476 1 i
5o i A TRACE1310-ISQLT A AH 3% 4%, wm-Sms 3% 4 (30 m x 0. 25 mm x 0. 25 pm) , H i
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150 C,LA 3.0 C/min FHEZ 230 CJ5, A 10 C/min FHEZ 280 °C, {£4F 10 min, #EFE R E K
250 C,# A NAS, WiE 0.8 mL/min, HFFEE R 1 L, Bk 2600 B s 2O B HU B (ED) 8 (85
TREE 240 °C B FURIR A 280 °C , BB 44 55 ~ 500 u,
1.3 HEREEMER
FRAE SCHR[ 8 ~ 10 ] #3E A9 5 1%, SR A B 224 Kl Rk MR ZT0 XF 6 Fhke 99 J5 B B 0l 6 1% . 74
P8 B 270 ¥ T H EL AN ( DMSO ) W WAV E A bn i i, BOE S v i 48 BT bWk 2 50 me/L 1 5 245 5
BB IR RS SR EE (PDA ) . ARG K 3k 6 PR R HE R ] PDA Hols JRTE 25 C N TAMEAE
HER, B, IR A EI R T 50% RURE YRS R, 7E 50, 25, 12,5, 6.25 3,13, 1.56 mg/L Hy i
W T LB ROR . ARG (1) AN () IFiE L SPSS 22. 0 3158 ZT0 XK A
SRR B BRI B (ECS, (HD) o
N= (D¢ —=Dy)/(Dex =5) x100% (1)
XA Dy —a A AITE VS AR, mm ;. D, —AbBRA B RV AT, mm; S—BEDFE AR, mm,
1.4 ZTO XH/KFELUH % B B 22 540 454 B9 2211
1.4.1 TEM %47 RH TEM WS ZTO b3 IS K RE SO PR P 22 B R T /A b ARl SR [ 11 ] 4
7L, 2058 F DMSO il ZTO (EC,, {5 ) Ab B () 7K R ORI B AE R 25 (2 AAL BRAE - UEATBORE , 28
FZH A BRAL 28 49 13 — AR Y ) 2 W 2 6 h LA L PBS 20 (S5, 10, 15, 20, 25 F1 30 min #5530k
1, T | 19%8FRIEE 1.5 h,PBS 306 285 R SRR LU IR QR S RIB BT 22 2 I (5 —
K8 h, 2K 6 h) Al ELIE 48 h M1 (60 °C) DIFEFET YL (b B 72 TEM WA 2B 35
1.4.2 OB ERE Ao i HOE IR A R XS KRS ORI B 224K 9 ROS 1 BRI
B AR SCHR [ 12 4068 107 86 B oK FESUR R B AE PDA 8533k EiifbRis% 2 d 5, FHEAS S mm 9FT4L
SR 10 NEDEE T 100 mL D48 A AN N7 R 52 5L (PDB) WP 25 CHEIRESFR 1| d e A FRALIA ZTO
(ECyfH) , 25 AU ASEARFL DMSO, 4k2E45 5% 2 d, B2 RumBkt, H 10 wmol/L 1 27, 7- 5 &
PN Z = 2 MRS ( DCFH-DA ) Z48, 10 min,0. 1 mol/L PBS ZE RIS 2 ¥R, 4K 10 min, & TH3% - T
foff FHIROY LR A 0 A4 R SO A BT i TR 22 PR P ROS Y S T L (B K R DK R 495 nm, B K 5T
WM 529 nm)
1.5 ZTO XKFBLEUHE R E £ B F R R
1.5.1 HZ2FRERERET KESUEREMNIESE LR 1.4.2 95, W22 200E /g5, 1o X7
PRt P 22 (W 6 ST i ;60 CHET 5 h Jill & @ 22 19 T i
1.5.2 HZ2THEWEEGESE KESOEREMIESE I 1. 4.2 95 AR SCHR [ 13 ] s my 7 ik s
FE0.2 ~0.5 g, HZEIE/KBIFEE 403 )5 ,3 000 ~4 000 r/min #5.L> 10 min, |3/ 7% BI R4 1 40 FAb BE2H Y
LB . B 6 2 HZERAT A 0, 20, 40, 60, 80 F1 100 mg/L f94- L% FIPRER 1 mL, 4%
BoinA S mL % D IRA B E S min 2247, UREINAS L35 8 (I AR METR 093848 b 28 U IR 7
595 nm & LG I OB | DAAR 0T 3 i R AR bR, DAROGEE AR bR s il b i 2, IR SBORE o 4 B
W 1.0 mL(HR G I BT & il UM R ) A T MR A 3 U A S mL 2% Sl i 1RG0, 45
5YHCE 2 min R RN SE K, 7 595 nm R LG I WO B O G A bR o i 4 SR R, AR R
K (2) T AL FRZE FN2S 4 P 22 B Tk B A B 0 B (w, mg/g)
w=mxV/(mgxV,) (2)
L m—MARHEM I AR R0 1 mL $2EGR HEE A BT, me; V,— 4R BORSARF, mL; m—FF
fef e, g5V — DU E B IR, mIL,
1.5.3 WB2mppid g AR VT DU ZT0 X 7K A8 SO 7 TR 0 200 i 545 47 , AR % SC ik
[14 ~ 16 | BB T . 1 S TR LR FE PDB 55558 I R IG R 3 d, s i TR /K VRIS FREX
0.3 g, A 30 mL BIZEIEK , AL BRAL AN A ZTO( ECy, M) , 25 AR R A ISR R A DMSO , AFH 3 3 4>
B o, A E SRR AL BREL AN 2S FH4LAE 0, 30, 60, 90, 120, 150 A1 180 min it B 5 3R (K
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(o) FIZE MG R 2R 2 ME (o)) ARIE(3) THE AL HRA s AL TR 22 AR L 38 (R)
R=0,/0, x100% (3)

1.6 ZTO Xt/KFBEUH % B B 22 B (0 B i 1 Y R 1
1.6.1 ALY BACE (SOD) F X KRS 355275 R 1,402 795 MR SCik[ 17 1 HiaE
Tk BUEERE 0.5 o, FHZEME /KBS A5 05,3 000 ~4 000 r/min 25.0> 10 min, F 57 BI Ry 2 (20 it Bi2H
AR, B 7 SRS 1 ~7, I A S mL A ZHE PUME (NBT) RV ;1 ~3 Sl A S F AT B
0.15 mL,4 ~6 S AL H A KB 0. 15 mL JF#84),7 S AN IHLES R, H T2 HA%E;25 C,
5000 Lx HYTFYERE20 min J&, 78 560 nm K I G BE(E, SOD & M LAHI il NBT Hid i 50% ris
(BN 1 ANEEEE PR R ARG (4) T b FRZE RN 2 2 B 22 19 SOD BTG ( Yoy, U/ (gemin) ) o

Yiop = (A —A) xV/(0.5 xmg xt x V) (4)
X A — RO RS OB R ; A, — R WOEE(E ; V—RR BORUEART, mL ;. m—FE i 5
i, gy V— I BT A BTN, mL; -— RV [E], min,,
1.6.2 T AACH B (POD) F MM X 25 [ 4RI AL B4R B9 45 6] 1. 6. 1 7 AR Sk [ 18 ] 4
B BT SR MRS 1 ~7, A pH {H 6.0 4 0. 05 mol/mL BfRZE ik 2 mL,2% it A L& 2 mL,
0.05 mol/mL FAIBIARE 1 mL;1 ~3 S IMA S FHA4UHLEER 0. 15 mL,4 ~ 6 5308 I A A 2140 R B
0.15 mL JF4E4] 7 SRR, FH 125 1M ;470 nm P S MER BAWOEREE , RV 5 min, I E
JIE e B REE . AR RO BE(E AR L 0. 01 % A 1 ABEE PRS0, #2 IR X (5) T A B4 Fnzs
FIZH 221 POD B

Y=(A,-A;) xV/(0.01 xmg xtxV,) (5)
K, Y—RHE U/ (gomin) 5 Ag—HFIERTRIEEEME ; A,—S min JGWOGEE
1.6.3 TAAEH(CAT) EHM X 25 2 AU PR 2R B A R 45 7] 1. 6.1 7 MR 4 SCik [ 19 ] 4%
BT BT SOREH S 1 ~7, A 0. 2% 53 BALE | mL, Z8187K 1.9 mL;1 ~3 SR A 2 (1 241 0L
0.1 mL,4 ~6 S In AL BRAUHIBERR 0. 1 mL JRFE2),7 SEAIRLERR , H T2 A REE L E T
240 nm PR T I EPILE WG, 3 min J5 FF OO 2 B PIBR WOGE BE(E, DLAE S B % (AR 1k
0.01 & SCN 1 ASEEE PR, #2 BEX (5) THE AL BZH TS LA R 22 1 CAT BTG
1.6.4 % B A ACEE(PPO) & Hm X 45 [ 4 A AL BE A RE ARV A0 1 45 ) 1. 6. 179 AR Sk [ 20 T 4R GE Y
D5k BT SRS 1 ~7, A pH {H 6.0 £ 0. 05 mol/mL BERRZE K 3. 8 mL, 48%E ) 1 mL;1 ~3
SIRE AL AR 4 ~6 SR04 i AL FRAURLRG W, 7 53 A LB, 25 F 25398 nm
WA T I R T WO B 1A s RS AE 35 CAEIR KR PR IR 20 min , VK I WOGEE . DA A 8P ot
JEMARAE 0. 01 &2 SCh 1 AN ML, 422 8K (5) THR AR BRA N As (4 1R 2219 PPO il T

2 ShREIHE

2.1 BEARELBMBRSDH
ZTO MR T s W E 1, o R B e LS EWFE 1,

F

0 10 20 30 BT 50
At 8] /min
E1 ZTOMEBFRaiE
Fig.1 The total ion flow chromatogram of ZTO
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®1 ZTO FEEMEFERUEGNRESE

Table 1 Main sesquiterpenes and their contents in ZTO

G 1 B8 B[]/ min [ RER P 43 F CAS AEXT e TE AR 9%

No. retention time compound name molecular formula relative peak area

1 13.00 a-JEW a-pinene CioHg 80-56-8 0.02

2 13.87 B—?}E‘Jﬁ% [B-pinen CioHig 12791-3 0.09

3 14.87 Fe M EE cineole C,oH;30 470-82-6 5.73

4 17.08 i camphor CipH;60 464-48-2 0.92

5 17.32 J2 i DL-2-bornanol C,oH;50 464-459 2.23

6 17.41 a-FATHEE terpineol CoH,;50 98-55-5 1.19

7 17.64 4T MBS terpinine-4-ol CoH,;50 562-74-3 0.41

8 18.03 e URAEE( - ) -myrtenol CipH,0 515-00-4 0.04

9 18.68 L-ZFRFFITHE carvyl acetate CH;50, 97-42-7 0.04
10 19.86 LFRIENRG ( + ) -bornyl acetate C1,Hy 0, 76-49-3 0.06
11 21.11 5 A I terpinolene CioHyg 586-62-9 0.14
12 22.50 BT B-elemene CisHy, 515-13-9 0.55
13 23.46 5t T & i isocaryophyllene CysHy, 118-65-0 0.37
14 23.57 F M5 bicyclogermacrene CisHy, 24703-35-3 1.69
15 24.41 Lif7¥ caryophyllene CysHy, 6753-98-6 2.72
16 25.41 FAM curzerene C,sH,0 17910-09-7 5.69
17 25.53 AR M eremophilene CysHyy 10219-75-7 0.69
18 26.76 ¥ A spathulenol C;5H,, 0 6750-60-3 0.71
19 28.21 WEAZEE globulol CisHy)x O 489-41-8 0.96
20 28.87 F A curzerenone CisHi50, 20493-56-5 38.16
21 29.68 W Z5H isospathulenol Cy5H,,0 88395-46-4 1.08
22 29.77 i1 caryophyllene oxide CsH,, 0 1139-30-6 3.27
23 30.33 B-HE M B B-eudesmol Cy5Hys0 473-15-4 2.66
24 30.47 Wi M globulol CisHys O 489-41-8 6.27
25 32.28 FEAR Wi curdione Cy5sHy, 0, 13657-68-6 0.45
26 33.34 FEAR NG I furanodienone CisH 30, 24268-41-5 2.76
27 35.77 FEAR BRI curcumenone CisH» 0, 100347-96-4 0.14
28 40.94 FEF AR zederone CsH 505 7727799 1.96

HPEL 1 I3 1 AT, ZT0 rhbbeg th 28 Bl A0 sr, A0 & s (B A5 1 il ) (2 B2 R (R)
KEMGY . Hrb  Jei oS MBE T AT 2 G-k SRR R R R | 3% 3R PR A
R BUE 1% ~3% Z 00, AT E N 3.27% , AR R 5. 69% , K-S B R 5. 73% , Wi A B
6.27% , AW =1k 38.16% , HRUEWH T BT 1% , KESCIRIGE , ARG W B A B
o AP AR AT RO TR B LR B R ST B A R
2.2 MEEFEEST

FE 270 FEHUE e iy A b ) 1 22 28 K s AR ZT0 B o8 50 mg/L XS 1.1 745 6 R
Yo I DA AR5 . IR SRR B . ZTO X 6 AiAE H s Jit o EL AT S [ R B A 0 skl 808, Ferb 270 o
50 mg/L B 7K R SOMG B I ) A 92. 87 % |, Xk Hofls 5 oA 40y I BT A1) 90 Sl 5 SR A XoF 4 2 (1R A1 R
T 5% ~20% ZI[A) o ZTO XK FESURGE TR G PR a5 R L& 2,

%2 FRERAMARMI KB HFEEOREEEER

Table 2 In vitro antifungal activity of ZTO and propiconazole on R. solani

T } i % BAF X[
R @-}:17):7*1 ‘ e G/ (mg-L~") 95/05%1:1[:-”
sample regression equation 95% confidence interval
N ERIE propiconazole y=-3.00 +2.98x 0.926 10.521 6.156 ~16.376

ZTO y=-3.23+2.63«x 0.915 14.784 7.610 ~27.136
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¢ 2 A1, ZTO X /KRG SO B EA B M il B0, H EC, (50 14. 784 mg/L, BEAKF FHYEXT
HEPY PRI (EC fE2R 10.521 mg/L) .
2.3 ZTO X/KTBLHRE M &S HI 520
ZTO AbFRA I /KRG SR T B 2269 TEM B WL 2(a) ~ B 2(b) o B BRI, R 20 i P 6 3 22 40
I TR, 200 L 40 e e R 3 A5 AR A 5 R T BT T DL (IRT 2 () ), T Ak 2L T 22 1) 40 i 22 0 1 S )
T, A0 B RN B RE B T B BLR (& 2(b) ) , 2R ZT0 X /K R SOkt T 1 8 s 4y AT — i 152
M, ROS & —FEZENES AT, TS5 2R AT 7 H i &1 ROS BBV & (kIR it fil i
FIBT, SR A M 2540, 5 | e 40 M RS ) i 4 PN A T, ROS LB Z5 R ILIE 2 (¢) ~ B 2(d) . B EIA]AT,
25 I R I S 0 2O0ME 5 AR BE (5 5 T orsm Fl  ixX B ZT0 fgxs & ROS K R,
DL AT DAHEN . 28 ZTO Ab3ES | TR 224K P9 ROS Kot B8, P 22 (R AR ZEAL , sE i il 222 K
’ e *‘5 Rty | (4]

4

n oM
N 194
N 7 %
‘/‘ S
i iy .
o o o el
2
it ; 2pm| . 2 pm|

CM ; 415 cell membrane ; CW ; ZHJfUBE cell wall; V. 30 vacuole ; N ; 41 ifi#% nucleus

TEM :a. 25 40 control,b. ZbFHZH treatment; CLSM :c. 25 A4 control, d. AbBHZ treatment

B2 ZTO AERIEKBLMBEE LA TEM MFEHRERME (CLSM)
Fig.2 TEM and confocal laser scanning microscope( CLSM) of R. solani mycelium before and after ZTO treatment
2.4 ZTO X7k FEEUHER E AR F R
2.4.1 WZAKE WL TBE AR BT LR WL B ZTO X 7K RS SOk i 1 A= 1 12 i, 3
ZER RPN .25 T AURAL B 4 feE S5 500K 1.63 0. 84 ¢, T4 518 0.35 F10. 13 g, HEE T LA
A il i 210 AR BR S T 22 i fi 5T R R XA B AR, AR L S AL SRR AR T 48, 479% A
62.86% |
2.4.2 TEKEEae® AlEMEEPUEE AT ERB S Y TONE FR Y B, R R B IR R
REHE =5 20 L A DR oK RE T, DTN 200 B 14 A i 0 o S A= W e B O VR A . X SR B 25 e Ak 3
R AT YE SR A BR800 0.19 10, 14 me/g, PIIL, Z80d ZT0 KRB, T 22 Y i 1 2 1 i i

IR T 26.32% 80,

2.4.3 mRapad e A R AT DU AL B

J B 22 AR DY R S TS I 0, 4k T S Bt ZTO St /K RF 2L <o

WO AN PR ZT0 ASTRTE KRS %
TR P VGRS (R

60 min P4 AL PRIG LG LI, RASRAIIRIL S & |

R TFHHEPL;60 ~ 180 min B, X HL SR (01 T, —- %5 {141 control;

FLgh 5 4 5 A X o A (68. 569% ) M A 1141 yoooo T
(58.76% ) LT+ T 16.68% %M 210 XK LU Y R
AR A —E B E X 5 TEM AT 25 R38R m3  Z10 S EA Rk Ba R s £ Hxh e %
—ﬁlo Fig.3 Relative conductivity of R. solani mycelium
2.5 ZTO X/KFE8f% = B EEiE R 2200 before and after ZTO treatment

SOD S — M T AE A PR AT PRV, BEHS A M0 R Qi i i v 7 A ) R S AL W e 1k D o S A
Y1, POD HAT BRI AL E B2 W B2 DRI ERY R AE T, CAT REMEAL I %A o0 it 1S A
7K, T PPO BT BR 4 I B BEXTAE MR A5 . ZTO0 XK RE SO 1 T8 22 B A A& PE A 2 DL 2% 3
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7 3 A1, ZT0 %} SOD ,POD [CAT F1 PPO A7 AN [AI R BE il /= FH , Horh 270 XJ SOD I CAT FHE 14
SR f R WL 3 | AR 37. 829 1 54..02%
BLT UL 2SR AT DA . A T 00 TR 22 1% A AN A0 i BE LA — S BT, S BOR 2216
P A T R AR AN | AR % Tl 1 T 22445 X SOD AT CAT il 7= Az — 5 A4 i 1 A, 350468 B8 22 R 9 B9
ROS NGB BRI TE R, 7 10 3 BB 22 AR i A= BRAE AL D RE 2L, JF IR SRS T 221 2E 1K
R3 ZTO ABEIF/KFELUH % B B A R
Table 3 Effect of ZTO treatment on the mycelial defense enzyme activity of R. solani U/(g-min)

25 group SOD POD CAT PPO
25 141 control 2.38 202.94 213.24 40.97
AbFEZH treatment 1.48 189.08 98.04 35.71
:,: N
3 én B

3.1 EKETAEBIE AR PR BEGEARTE LI (ZT0) , FIH GC-MS X HAL 2= 1 4 347 4387, IF:
KR 22 A K BRI T ZT0 X 6 FhAE $9 [ v i 30 o 16 1 . S5 SRR WL ZTO rh & A7 28 FhAT 2k
Oy Hoh & 3.27% FEARI 5. 69% FEHIMEE 5. 73% EREEE 6.27% FEAREAE 1L 38. 16% ;210 %t
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