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Abstract; Plants synthesize a diverse array of secondary metabolites that are important for them to survive and flourish in
the natural environments. The root secondary metabolites play an important role in plant microbe interactions, particularly
in the plant defenses against pathogenic attacks. Verticillium dahliae the causal agent of Verticillium wilt, often attack the
root of eggplants, and causes significant reductions of yield in eggplant ( Solanum melongena 1..) production where crop
rotation is limited. Grafting is considered as an effective method to control this disease. Some wild species eggplants and
resistant tomatoes are available for eggplant rootstock. After grafting, the root secondary metabolites could change to resist
the V. dahliae stress. Therefore, the regulation of grafting to root secondary metabolism may be one of the disease resistance
metabolisms for grafting. Using tomato as rootstock, the effects of grafted eggplant on root secondary metabolites were
studied by GC-MS in this paper. The modulation of grafting to root secondary metabolism was discussed by comparing the

root secondary metabolites with and without Verticillium dahliae stress. The allelopathic effects of butanedioic acid,

E€TE WK ARPAIL G (30771469)  EIK“ - — 107 BHE S 1140) 5 5350 H (2008 BADA6B02 ) 530 T 44 U H T 11 5524 BB A A3 H
(2009T087)

W75 HH#5:2009-12-15; 11T H#:2010-09-09

# W AE#H Corresponding author. E-mail ; zblaaa@ 163. com

http://www. ecologica. cn



750 tOE % IR 31 4%

dimethyl ester to Verticillium wilt ( Verticillium dahllae ) , seed germination and seedling growth of eggplant in grafted
treatment were determined using simulative method. The results showed that grafting affected the secondary metabolism of
eggplant roots without V. dahliae stress. The categories and amounts of root secondary metabolites increased, and their
relative contents in grafted treatment changed compared with non-grafted treatment. Nine categories and 66 substances in
grafted treatment were detected, in which were 4 categories and 33 substances were determined in grafted treatment than in
non-grafted treatment. Under V. dahliae stress, the grafted treatment exhibited strong disease resistance. Amang the root
secondary metabolites, the relative contents of hydrocarbon and phenol and acohol in grafted treatment were increased by
3.25% and 0.07% compared with non-grafted treatment, while benzene, indene and fatty acid ester were decreased by
2.62% , 0.26% and 0.07% , respectively. Amine was detected only in grafted treatment, but not fluorine. For grafted
treatment, after inoculating V. dahliae, the contents of benzene, indene, phenol, acohol and amine were increased by
22.07% , 1.72% , 1. 21% and 0. 34% , respectively, but hydrocarbon and fatty acid ester decreased by 1.28% and
21.75% , respectively. There was no ketone, carbazole and fluorine in grafted treatment under V. dahliae stress.
Butanedioic acid, dimethyl ester presented only in grafted treatment after inoculating V. dahliae, and was the most distinct.
Butanedioic acid, dimethyl ester enhanced the disease resistance of eggplant and inhibited the mycelium growth of V.
dahliae. And it improved the seed germination and seedling growth of eggplants. At the concentration of 1 mmol/L, the

improvements were the best. It indicates that grafting can affect the composition of eggplants by using tomato as rootstock.

Key Words: eggplant; grafting; secondary metabolism; root exudate; Verticillium dahllae; butanedioic acid; dimethyl

ester; allelopathty
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BC I S/ SR g T R VR, PRI A ZR IR Y R OB 53k 1.5%
1.3 AR W R S i

ARG T2 NHEAT R AR . 5 H 25 H (#2105 15 d) 35480 350 i AR s B | 43l 5 fa
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HIEFRERE N K E 4 0 L ORRERUEE R S —S0 Ain T R W IR, B A
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B 5 d 4 1 YOS, LR A 5 R TR SRR R, AR 30 bR, FENLHES 3 IREX

(3) M7l &I
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Table 1 The composition of root secondary metabolites of grafted eggplant and non-grafted eggplant without Verticillium dahliae stress

KbF Treatment KbFH Treatment

e E R Bl FRM % AT AT B % B %
Name of the chemical Grafted  Non-grafted Name of the chemical Grafted Non-grafted
eggplant eggplant eggplant eggplant
1 /22§ Hydrocarbon 6.10 1.04 1,2,3,4-PUE-5,6-—H 2% Naphthalene, 1,2, 0.8 0.30
+ =42 Tridecane 0.35 3 ,4-tetrahydro-5 ,6-dimethyl-
FPU%E Tetradecane 0.15 0.58 (E)-1,2,3-= H 3 4-F3ZE Naphthalene, 0.10
+/\BE Octadecane 0.72 — 1,2 ,3-trimethyl<4-propenyl-, (E) - :
+JL%E Nonadecane 0.47 — B Biphenyl 0.17 0.23
—+%E Eicosane 0.63 2-HHILEETE 1,1 "-Biphenyl, 2-methyl- 0.26
-+ —%E Heneicosane 0.72 0.15 4-HREEOR 1,1 "-Biphenyl, 4-methyl- 0.78 0.51
-+ =% Docosane 0.71 0.14 3,3 - HILEIE3 3 "-Dimethylbiphenyl 0.43 —
b =%E Tricosane 0.76 3,4- HBPEE 1,1'-Biphenyl 3 ,4'-dimethyl- 0.19
1 PU%E Tetracosane 0.65 4 4" - HREOK 4 ,4’-Dimethylbiphenyl 0.21
1 T Pentacosane 0.62 — 3,4-TLHER 1,1 '-Biphenyl , 3 ,4-diethyl- 0.24 —
- 75%E Hexacosane 0.10 — 3,5,3",5' - DY B LR 0.29 -
1,5,6,7-WHIE3-JEMIR[3,2,0 - B2 ,6- 3,5,3",5"-Tetramethylbiphenyl '
1,5,6,7-Tetramethyl-3-phenylbicyclo 0.22 - 9-T3-1,2,3 ,4-PUE &
[3,2,0]hepta-2,6-diene Anthracene, 9-butyl-1,2,3 ,4-tetrahydro- 0-13
3-( FHEEH E3E) 1260 ] o179 3 EfiZ Indene 0.56 1.21
1-Octene, 3-( methoxymethoxy ) - 2.3-2H4,7- "W - 1H-Hi 0.51 Lo
2 2% Benzene 37.42 50.57 1H-Indene, 2,3-dihydro4,7-dimethyl-
TLH 2K Benzene, pentamethyl- 0.22 2.50 2,3-&-1,1,3- = H -1 H-B)
1,2,4,5-PUH 2K Benzene, 1,2 ,4,5-tetramethyl- 0.36 0.93 1H-Indene, 2,3-dihydro-1,1,3-trimethyl- 005 a
132 PR 0.05 4 IR ARTEZS Fatty acid ester 53. 14 39.73
Benzene , 1 -methyl-2-(2-propenyl ) - TR THS
1 HI AT B B 0.33 Butanedioic acid, dibutyl ester - 4.95
Benzene, 1-methyl4-(1-methylpropyl) - T RS THhE
1-FHBE3-[ (4-ZEHIBL) IR ]2 0.97 Butanedioic acid, bis(2-methylpropyl) ester 6.77
Benzene, 1-methyl-3-[ (4-methylphenyl) methyl ] - ’ O SRT s
2-H 3 —ARH R 0.19 B Hexanedioic acid, bis(2-methylpropyl) ester 17.70 8.21
Benzene, 1,1’-methylenebis[ 2-methyl- ’ HILT — /2 — fp T Hig Butanedioic 2 19 15
1,3- " HI 5 BN acid, methyl-,bis( 1-methylpropyl) ester
Benzene, 1,3-dimethyl-5-( 1-methylethyl ) - 0-64 KN B AT B Propanedioic 017 B
1-Z. 33 - BRI acid, ethyl-, bis(1-methylpropyl) ester ’
Benzene, 1-ethyl-3-( 1-methylethyl) 0.25 AR — H iR — T liE Dibutyl phthalate 5.49 2.56
1-(1,1-—HILZ I 4-2FTK 0.33 - SRR _RT 1 ,2-Benzenedicarboxylic 0.45 11.06
Benzene, 1-(1,1-dimethylethyl)4-ethyl- acid , bis(2-methylpropyl) ester
11U HSE T [4-HE R 0.41 B R TR | 43
Benzene, 1,1’-methylenebis[ 4-methyl- Bis(2-ethylhexyl) phthalate
(4-ZWEFHIRSL ) R 1.23 0.91 K REHE Benzyl benzoate 0.26 —
(4-Acetylphenyl) phenylmethane 2-H R4 2K H 2 3.0 KR FH S
UK IEH 0.04 2,3-Hexadienoic acid, 2-methyl-4-phenyl-, 0.11
Benzene, (1,1-dimethylpropyl) - ’ methyl ester
1,3,5-= 237K Benzene, 1,3,5-triethyl- 0.15 — 5 fiiZ& Ketone 0.28 0.00
JZA4-(4-TFTREIFCHL) -1-2 4 3-MYBERR 3-Acridinol 0.28
Cyclopentanone 3,3 ,4-trimethyl-4-(4- 0.08 6 M BE2& Phenol , Acohol 0.03 6.90
methylphenyl ) - 4-T $£-5-Bi¥ 4-Butyl-indan-5-ol 0.03 —
%% Naphthalene 0.95 5.45 2-H i3 Z B Ethanol, 2-( methylthio) - — 3.24
o2 Naphthalene, 1-methyl- 3.84 7.50 M Phenol 3.66
B-F1 %25 Naphthalene, 2-methyl- 5.66 14.21 7 RIS Carbazole 1.32 0.00
1,2-"-H1Z% Naphthalene, 1,2-dimethyl- 1.04 1.21 4,5- " H LM Carbazole 4 ,5-dimethyl- 0.76 —
1,3-—-H1Z% Naphthalene, 1,3-dimethyl- - 0.84 2,3,6-=HFEMEME Carbazole,2,3 ,6-trimethyl- 0.56 —
1,5-"HZ% Naphthalene, 1,5-dimethyl- 0.73 8 125 Amine 0.44 0.00
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gk
AbPE Treatment AbPE Treatment
A Gl % BRG % A A Bl %  ER %
Name of the chemical Grafted  Non-grafted Name of the chemical Grafted Non-grafted
eggplant eggplant eggplant eggplant
1,6-—H %% Naphthalene, 1,6-dimethyl- 4.40 5.11 9-2. 3 9H-3-HERIL % 0.27
2,3-_HZ% Naphthalene, 2,3-dimethyl- 1.52 9H-Carbazol-3-amine, 9-ethyl- ’
2,6-—"HZ% Naphthalene, 2 ,6-dimethyl- 6.76 6.18 7-H 31 8-MLE2-B% 0.17
1,4,6-=HZ% Naphthalene, 1,4 ,6-trimethyl- 2.75 2.23 1,8-Naphthyridin-2-amine , 7-methyl ’
1,6,7-=H 2% Naphthalene, 1,6,7-trimethyl- 1.75 — 9 %32% Fluorene 0.20 —
2,3,6-=HZ Naphthalene, 2,3 ,6-trimethyl- 0.64 0.38 9-H & IL7 9-Methoxy-fluorene 0.20
1-& K725 Naphthalene, 1-ethyl- 0.52 0.86 10-HAth Others 0.60 0.55
(-) SR Naphthalene, 1,2, 3, 4-tetrahydro-1, 0.45 TR Di-sec-butyl ether - 0.55
6-dimethyl4-(1-methylethyl) -, (1S -cis) - 4,6 ,8- = H I H I 0.48 -
Azulene 4,6 ,8-trimethyl- ’
a-(4-HHERIE) 2-HEIE 2Nl 0.12 B
2-Pyridineacetonitrile, . a-(4-methoxyphenyl ) - ’
R2 BENMFEERAFERBEBEEHZMN
Table 2 Effects of grafted eggplants on the disease incidence and the disease index of Verticillium wilt
L KIRF Incidence/% STETEEL Severity
Treatment 05-20 05-25 05-30 06-04 06-09 05-20 05-25 05-30 06-04 06-09
Wik 0 aA 0 aA 0 aA 4.78 aA 9.52 aA 0 aA 0 aA 0 aA 1.25 aA 2.5 aA
Grafted eggplant
A AL

9.52bB 42.86 bB 66.67 bB 76.19 bB 100 bB 2.47bB  14.61 bB 36.25 bB 51.86 bB 81.48 bB
Non-grafted eggplant

BEFIE ARG TR R LR % 5 % B E AT

P2 YT (2-HE9H-2 1,4 ,7- =W 2R 400 ) TR G b AR A I 2, 5 A AR BEAE L, RS
s A B AT S B B AR A3 50K 3. 25% F1 0. 07% 5 4525 REWiRBEE Bl 29 B AR X & & 43 Wi 20 1
2.62% 0.26% F10.07% . B ViR BEASFIR IS BT SAR XS & B AE DA AL B P 435104 90. 88 9% F1194.26% |, [l Ff:
GRSy 5 E A ERAR L BRI ERERE Y R T R R LT R TR TR S TR A
IO, BRI 1.15% 0. 73% F10.24% ,FF HiX 3 Fp e B A S g £ 408 W IR — TR A
X R T 2.23% BRI, ARy BT b I AL I A IR BRI A B-HH AR (2.06% ) o
HZE(1.12% ) 1,4,6-—HZ5(0.58% ) \1,2,4,5-UH K (0.47% ) Fl-TJURE (0. 41% ) 5 FEm 480 BR 5 1Y) 4 5
H(4-CBEFERIE) IR (1.40% ) (1-4 3628 (1. 25% ) \4-H FLHEOR (0. 54% ) FTH H 2£(0.53% ) ; — 1+ /\ %
(1.58% ) 1,5- =W Z5(1.23% ) 1,6,7-=HZ5(0.79% ) . —+—%5(0.70% ) Fl+ /\ %z (0. 60% ) 75 7 4 ¥y i
PR B A s e ARG B S R LA 2,3,6- = 28 1 ,3- T HZE 236-1,2 4-= HIOR AN 4-H R TE
IR AL B G
2.4 EEFEFEMNOFE G FAR R A AR

S5 Fe 1 FNER 3, 0T b0 B 28 DRI RIS i AEAR AR R S A T LA SRR A T AR R IR A AR
iﬁWJ MIALRL, 5T G T RAR 2R 50 WA L, 32 TR 5 IR R A B RS BfZS  Is 2S F AH

BRI, B R 50 R 22.07% 1. 72% (1.21% F10. 34% ; KIS TG R Be 254 AR X & B PR T 1. 28%

%ﬂzl 75% ;TS RRME 22 B O o R TAIE 5, G AL SR 1 B T 17 R BT, b T R W R
(14.38%) . T MR " THER(6.01% ) . -+ /\JE(1.58% ) 2,3-"A-1,2- " HIL1H-Ei (1.44% ) .6-H JL4-Ef
B (0. 78% ) Fll =1 —%E (0. 70% ) X S s (HAA 30 PP BT E LR R TH 2% s FLHI 2R (1,2,4 ,5-POHOR |
25 o-FLZE B-HILZE 1,5-HZE AL, 6- W ZEA IR A T (4- BRI RS WK 1,6,7-—H 28 =
e — 5 THRAIAR R R — T B AR IR . A Led o [m] Aot 307 2 28 B e A G2t Rn B AR Ak DA R A
JIin 3 i B et Ah B ) R A AT v T R TR B SR TR A 1) [ AR Ak 3 v I 0 A A X e T B e Y
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®3 HEEEME THER T A RMFRZRER Y RAR

Table 3 The composition of root secondary metabolites of grafted eggplant and non-grafted eggplant under Verticillium dahliae stress

KbF Treatment

KbFH Treatment

fe 47 Bl FRM % AT AT B % B %
Name of the chemical Grafted  Non-grafted Name of the chemical Grafted Non-grafted
eggplant eggplant eggplant eggplant
1152 Hydrocarbon 4.82 1.57 2,3- " HZE Naphthalene, 2 ,3-dimethyl- 1.94 1.81
Z2J5E Decane 0.02 0.01  2,6-—HZ% Naphthalene, 2,6-dimethyl- 6.93 7.32
+—%E Undecane 0.13 - 1,4,6-=HZ% Naphthalene, 1,4 ,6-trimethyl- 2.66 2.08
+ =% Tridecane - 0.12  1,6,7-=H 2% Naphthalene, 1,6 ,7-trimethyl- 0.79 —
+75%% Hexadecane 0.13 — 2,3,6-=H 2% Naphthalene, 2,3 ,6-trimethyl- — 1.93
+-E%E Heptadecane 0.42 1-2.%:%% Naphthalene, 1-ethyl- 0.71 1.96
+/\BE Octadecane 0.60 - 1,3,5-232% Benzene, 1,3 ,5-triethyl- — 0.46
+ JL%E Nonadecane 0.54 0.13 1,2,3,4-PUHZ5
—+%E Eicosane 0.59 0.19 Naphthalene, 1,2 ,3,4-tetramethyl- N 0.19
1+ —%E Heneicosane 0.23  (E)-1,2,3-=H HA4-THIZE 0.05
% Docosane — 0.24  Naphthalene, 1,2 ,3-trimethyl-4-propenyl-, (E)- ’
1+ =% Tricosane — 0.27  BZK Biphenyl 0.37 0.37
T PUsE Tetracosane 0.16  4-HJEEEH 1,17 -Biphenyl, 4-methyl- 0.20 0.74
1+ ik Pentacosane - 0.13  3,3’- W IR 3 3’-Dimethylbiphenyl 0.16 0.30
Z/\%E Octacosane 1.58 — 3,4- " HIFLBEOR 1,1 -Biphenyl,3 ,4’-dimethyl- 0.08 0.12
= —%¢ Hentriacontane 0.70 — 4 4'- W IEETK 4 4’ -Dimethylbiphenyl 0.15 —
¥ Limonene 0.11 3,5,3',5 - DU HH LK 0. 10 0.95
1,7,7-= W 32-ZIHH IR 2,2, 1 BE2-4 B 0.0g 535 Tetramethylbiphenyl : :
1,7,7-Trimethyl-2-vinylbicyclo[ 2. 2. 1 Thept-2-ene 2K 25k Diphenylethyne — 0.07
2 #2% Benzene 59.49 62.61  9-TH:-1,2,3 4-PY5JK 0.13 B
Xof R p-Xylene 0.01 Anthracene, 9-butyl-1,2,3 ,4-tetrahydro- :
] - Fi 2% Benzene, 1,3-dimethyl- - 0.0l  9-Pj%-1,2,3 4-PUE _ 0.03
TLH 2K Benzene, pentamethyl- 2.33 2.86  Anthracene, 1,2,3,4-tetrahydro-9-propyl- ’
1,2,4,5-PUH 2K Benzene, 1,2 ,4,5-tetramethyl- 2.29 1.82 3 EiZ& Indene 2.28 2.35
1,2,3,5-PUH 2K Benzene, 1,2,3,5-tetramethyl- — 0.01 2.3-754,7-—HR-1H-Hi 0.84 106
POR=SE %S 1H-Indene, 2,3-dihydro4,7-dimethyl-
Benzene, 1-methyl4-(1-methylethyl) - 0.01 B 2,3-24-1,2- W -1 H-Hi L a4 129
1-H 32 BRI 1H-Indene, 2,3-dihydro-1,2-dimethyl-
Benzene, 1-methyl-2-(1-methylethyl) 0.01 4 I HTRNEZE Fatty acid ester 31.39 31.65
1- 2T R TR W g
Beljjzie s lﬁ—qmiillgyf;— (2-propenyl ) - 0.4 0.32 ;tanﬁ:jﬁnif f:id , dimethyl ester 14.38 13.23
1- :-3- SN — s — T g
Beljjzie s ;ﬁfif}i&( 1-methylethyl ) 0.03 0.02 ;tan%ilini?f(:d , dibutyl ester 6.01 5.28
1 4 - $'3 [ 7 g
Befzie s 11‘:,:]11;%}?-4—( 1-methylpropyl ) - 0.05 N Hexafjdinf 1?;, bis(2-methylpropyl) ester 10.22 9.98
1-F 33 (4-ZR 3k ) L) 2R 0.95 0.5 47 — W — T & Dibutyl phthalate 0.22 2.25
Benzene, 1-methyl-3-[ (4-methylphenyl) methyl |- AR W R THE 1 ,2-Benzenedicarboxyli 0.24 0.38
4 REAR — 2k B 0. 40 ¢ acid, bis(2-methylpropyl) ester ’ ’
Benzene, 1,1’-methylenebis[ 4-methyl- ’ KHREHE Benzyl benzoate 0.14 0.20
1-4.32 ,3-—H2K 0.0 0.01 JrB& —1E T Eg Dibutyl squarate 0.18 0.21
Benzene, 1-ethyl-2,3-dimethyl O3 R R T
2-2.%-1 4-—HER 0.0 Propanedioic acid, ethyl-, bis 0.11
Benzene, 2-ethyl-1,4-dimethyl- ’ (1-methylpropyl) ester
4-2.F-1 2-T R B 0.0 5 M B2 Phenol , Acohol 1.24 1.17
Benzene ,4-ethyl-1 ,2-dimethyl- ’ 4-T FH-5-HifE 4-Butyl-indan-5-ol 0.46 0.47
(4- LRI ) 2K 0.39 179 6-H 54 -Efi B 6-Methyl4-indanol 0.78 0.70
(4-Acetylphenyl) phenylmethane 6 H%Z% Amine 0.78 0.00
FUR IR Benzene, (1,1-dimethylpropyl) - — 0.29  9-ZFL9H-3-FRIRHL % 0.78 _
1,3,5-= 237K Benzene, 1,3,5-triethyl- 0.48 — 9H-Carbazol-3-amine, 9-ethyl- :
LK1 2, 4-= 0.85 9 %iZ& Fluorene 0.00 0.34
Benzene, ethyl-1,2 ,4-trimethyl- Z% Naphthalene 4.88 4.81
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gk
AbPE Treatment AbPE Treatment
oA el o FRM % AT AT Bl % BRI %
Name of the chemical Grafted  Non-grafted Name of the chemical Grafted Non-grafted
eggplant eggplant eggplant eggplant
2% Naphthalene 4.88 4.81 2-H 3£ 9H-%j 9H-Fluorene , 2-methyl- 0.03
a-H 2% Naphthalene, 1-methyl- 9.35 8.23 1,4,7-=H B2 FAY) — 0.31
B-H £:Z% Naphthalene, 2-methyl- 17.31 15.25 1,4 ,7-Trimethyl-2 -azafluorene :
1,3-"HZ% Naphthalene, 1,3-dimethyl- 1.16 HAth Others 0.00 0.31
1,5-—-H1Z% Naphthalene, 1,5-dimethyl- 1.23 4,6 8-=HHH23 Azulene 4 ,6,8-trimethyl- 0.18
1,6-—H 2% Naphthalene, 1,6-dimethyl- 6.18 T - 0.13

Dibenz| ¢, dihydrooxepin

AUkt o bE -2 PRI 2, 3- T 2R 4-T S5 B IE  i0 A Se ) A BRAE B R TR WA T IR
FEARN AR AT AL B T B AT A A It ke, b iR R I AR T R R AR B 4 ) 14.38%
M 13.23%
2.5  EEZERINA T ARR WY TP AREPE ) A IERAL N B E
2.5.1 TR IR RN AR

FEVEA HIAP AR EE T R — W R AL A0t 1401 10 1 &0 2R R 55 8 500 I 25 (R T 0 i R ik e
PIPTIRTE (R 4) o ERANEREE T MR R0 A PR SR, IF LR T R — W IR vk B 13 K0 1 3
5,1 mmol/L AL BRAHURACR e, 25 H 10 H,1 mmol/L ZbFE (K & 5 A ITHFEH N 36.67% F120% , 43
WX BR AR T 34.49% F1158.24% |,

R4 T BR-_HEENMTFEEROZMN

Table 4 Effects of butanedioic acid, dimethyl ester on Verticillium wilt

YRS/ (mmol/L) K I # Incidence/ % TR L Severity
Concentration 04-20 04-25 04-30 05-05 05-10 04--20 04-25 04-30 05-05 05-10
0.00(CK) 16.67 43.33 56.67 76.67 96. 67 4.17 15.00 32.50 55.83 75.83
0.05 13.33 36.67 43.33 60. 00 83.33 3.33 12.50 23.33 38.33 55.83
0.10 6.67 23.33 36.67 56.67 73.33 1.67 7.50 16.67 30. 83 47.50
0.50 3.33 20.00 30.00 43.33 50.00 0.83 5.83 13.33 24.17 35.83
1.00 0.00 3.33 16.67 23.33 43.33 0.00 0.83 5.00 10.83 31.67

2.5.2 TR HEEXEEREE LA KM

HE 5 AT, AV T R — W IR AL B TR VE AR (AR A (RI) S T fE, RIS T B SRR I 219 4E
Ko [R5 FRAFIR] P, TR V% SZ AN i VE F Bt A PR 3 T 3%, 1 1 mmol/L 3k B RIMHI R, K59k
1 d B 1 mmol/L AZbFR A HI/E B, TR A 11.65% .,

R5 TIROHFENEZHERLERKOWULBRE (R)

Table 5 Allelopathic effects of butanedioic acid, dimethyl ester on mycelium growth of Verticillium wilt ( R/)

HePE/ (mmol/T.) W% A2 A RIE RI value of Colony diameter
Concentration 1d 2d 3d 4d 5d
0.00(CK) 0.0000 aA 0.0000 aA 0.0000 aA 0.0000 aA 0.0000 aA
0.05 -0.0268 bB -0.0466 bB -0.0289 bB -0.0214 bB -0.0531 bB
0.10 -0.0839 cC -0.0487 bB -0.0283 bB -0.0239 cC -0.0572 bB
0.50 -0.0951 dD -0.0703 cC -0.0751 ¢C -0.0465 dD -0.0716 cC
1.00 -0.1274 eE —-0.0969 eE -0.1110 eE —-0.1046 eE -0.0959 eE

B IEARRINE TR MR R ZERIE L % 5 % BFEKF
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2.5.3 T ZRRHIEEX TR T R 1SR

B EFR, T TR T Rk BRI 1O TR TR BT R (R 6) o I LR BB, Bl Y K 2 A
1, R IR R SRR RS 2 1 mmol/L I Fh 78 A2 B RO QLA R, i ARSI R, A5 0 T
FHEE ARHR LAY T ZFR — H iR (0. 05 mmol/ L) X0 & M LB A FH O kAl i /K

®6 T ER-HAEXMTFMFHERNIZM

Table 6 Effects of butanedioic acid, dimethyl ester on seed germination of eggplant

W KA REHRI KR REFHRI RZFH AR
Concentration Germination RI of Germination RI of germination Germinationrate
/ (mmol/L) rate/ % germination rate potential/ % potential index (1)
0.00(CK) 88.33 bB 0.0000 eE 83.33 B 0.0000 eD 1026.67 dC

0.05 89.93 bAB 0.0178 dD 89.83 bcAB 0.1213 dC 1168.33 ¢B

0.10 94.89 aA 0.0691 cC 91.44 abAB 0.2290 ¢B 1331.67 bA

0.50 96.67 aA 0.0862 bB 93.33 abA 0.2442 bB 1358.33 abA

1.00 98.33 aA 0.1017 aA 93.33 aA 0.2623 aA 1391.67 aA

BFIEARRINE TR MR R ZERIE T % 5 % BFKF

2.5.4 T R WERX T2 A K AR

MR 7 ATLLE N ASWRET R AR R S R UE T R T2 i AR K BEE W BE (Y R, A RV
58, T 1 mmol/L WHE#EAE AR . X 55X Fh 717 & VE AR —2, JFH., T R — Hlg 0l b T ff 8 1)
SEMR SR T HARAE AR, 25 Wk B2 i A B T A 23k B 0 KR

RT TIERZRBEEXHFAEERBIZM(R)
Table 7 Effects of butanedioic acid, dimethyl ester on eggplant growth ( R/)

W Mo ffE ML LEEE R ML FREE ML FREE RI M B RI E-viil ZEMLRI
Concentration  Fresh weight RI of fresh Fresh weight RI of fresh Stem height RI of Stem diameter RI of stem
/ (mmol/L) of ground/g  weight of ground  of root/g weight of root /cm stem height /cm diameter

0.00(CK) 3.47 dD 0.0000 eE 1.30 dD 0.0000 eE 3.98 dD 0.0000 eE 0.325 ¢C 0. 0000 cC

0.05 4.02 cC 0.1360 dD 1.42 ¢C 0.0845 dD 4.17 cC 0.0456 dD 0.399 bB 0.1855 bB

0.10 4.54 bB 0.2364 cC 1.44 cC 0.0985 ¢C 4.46 bB 0.1076 cC 0.403 abAB 0.1931 bB

0.50 5.00 aAB 0.3066 bB 1.65 bB 0.2121 bB 4.50 bB 0.1156 bB 0.416 aA 0.2187 aA

1.00 5.06 aA 0.3145 aA 1.75 aA 0.2563 aA 4.68 aA 0. 1496 aA 0.423 aA 0.2315 aA

BFIEARIONG TR R LR % 5 % BE AT

3 Ziv5itie

ABFFEET R AR 22 WG I G RENE S il 1 AR R AR A ) B2 18 78 R AR AL, 3%
P T ARER A UAE A, I Fn B X SR B R A ™ A SR BB B, I ad A B AR R 0 A 2H
DIHRAEA AN RERSFE RO I8, 42 ik 7 U Pk

ARBEZERRIE T, R AR 2R 73 WA A A Rt BA A 30 R S e ) 2 BRI X 5 e A A T AR
b, Hor AR A T S ) D RS A2 o, R RIAR RS ML, A0 AR R R AR L AR S5 S AR AR M IR 2
It P R BIEAR DG AR TR A RSB SE v R B, i A ek T LA ) AR R AR g
I AR, ARG I HgsR S0 AR 7B WA I i TR EGE TR RS EOT iR
IR AR FR - I T ) BRI - [ AR ZR U AR AR B o0 A2 A A T RE R MR O R B 2R W %
Ge Al A= A7 THT B TE 5%

FIYIAR R B UL A=) — R 2R 2 WAy e 33 b AL ) o i) B BRI, 2 R IE IO AN B3R Xt
R HEROR B 38 AR 2 SR SO AR 28 YA (U™ WA S8 2 A IS B9 o), A it R
T ARJBUER RIS S AR X 23 R e ) B, A D AR AR o W B RRRT: T AT S 2 B 2k i) P T TR
220y A YRR AR X 43 AR Y A Bt 2 L BEL 155 J5E PR 48 A T AR UG /T, Maher 4510 5 2o 400 1 2
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N TR LA (PAL) HY 35 BRI 1 J i DR 55 v Wy 26 ) B ) 5 b, 0E D 13 2 A0 45 0 7 PR A 0 5 2 78 T
( Cercospora nicotianae) T/ N R Yt R E AR o A LR A= AR T s T S AR A re s ki
eI 8 B A 75 S PR 7 A T AL A P 6 TR A 40, JFG s o 3 5 A ) ST R DX il 2%
G GE A =4, R PR 3R (phytoalexin ) X 64 5T T 2B | BG2E Sp da W2 AR Wi DS 55/ 1A
TR AR R R A= P e At D A 9 5 B R B AR AR | S s A A AR
WOEIC I, S35 3R R AR AE AR AR A rh W ) 1 O,

ABFFE EEEREPRA T, I TR R U B -5 He i A AR AL BEAR L AR A AL, A 7E
R TIPSR AR i b WA T RE R i B I IS 1 AR AR AU A
TAERR T2 3l A AL B L 5 S AR 2R 43 WA T B T 4 4 T SO £ DA A B R A W B R P D AR AR
RIS, AR, B RMNA 10 d 5, RAR I A ARNAL BAR 2R 0P o th B 1 -5 14 AR R
F7AE AL, 35 T BB PR Ry AR 7E 1 28 R G0 [RIAE T LAY B SRR AR R AR AR, 1B, B R A b =
ST I 55 TR 7 LR E B AR R, R AR I h LT AL 3 25 d J5, F AR 42 R
TR A SR AN 9.52% o PRI, B ZE TR Ia I, A AR =SBy AR e AARAS B BHLIE 32005 1 &
A RIS AE | T A 45 H A DU W] DA R0 T 3 - B 25 .

Xof b 2 T Uk IS AR R U AR A I A Rk B, S i AR PR AR A B TSI R 2 s 2 AR X 5 i L
YA R R AR, R G HEAL BRI 17 BT (B 30 M BTHEERE S I A . AN RT DI B3R
WA T, AR REAETS Sl 7R R AR AR AR R A U, S BUR R A AR B o 284k, LASIRAR R I 1=
e, Hob b AR T TR TR, AR, 7RG AR AR BE AR ORAG I T R TR i
J3E S, S A A AR AR 2R 43 I TR ARSI A S i T R R, O FLAR AR B b AR i T A
ROMACEE, PR, o 1 B 005 8 28 0 N I BT P s 2 A7 O, AR SCIE T R R AU
AACW BT, WFFE R B MU T4 B AR E T . AR e 45 SR AR B i) B 7E T () BB A% 1 25 R 1K 2 22
F1% 59 2 A R 48 2, i v T BT P, Xl 2 R g D T 22 A AT — s AR R . R, 7 — e A
AT LR A R A R IR R AR R, T IA A0y v 0 Rk s RN 2R 0 AR DT R Ak
TP AR R AR R BB AR AR ], AR BT N, T R R A At BE B Ak
By BE A ORI 5, VR EE A 1 mmol/ L AR FIRCR Fef: . 33X 15 MR R 269 B — MRAE 8 e vk B 4 oA
JEAE M Z e —30

PRI F A 52 BRAR ™ A I ) BRI Th RO AR A 1, DTN 1 B i) AR 0 (2B ) 77 A AR
RO (5t AR T A BT, 45 A BB U R R S BRE AR X e AR A Ol W DR R R
SRR T AR VR BRI UE B BRI R R 2R A TR A R T, IR AR Z R AR R S
I PRI SR PO i R KRR KRR B e T RE AR FREE AR R S
K I BRI A

FURIT, &7 LR i W R ISR 2 S A AL B He A B R 5 1o, JE HR AR RO T B s AR R 2, A
PRI AL LA 8 25 5 i3 8 R B AR S A 0 T R W R A AR A A SR o AR R AR R R
AR rh HABAR D7 BRI 28 W BT 5 0 PO P C R AT FraR 2L 0T 9Y . MR IDT R RS W BT i A v] BE R g iR , 76
FEA I N BT R A S AR AR 2 T AL 2 5 =RIMRIART . IRk 2R 5 I3 S B 2 L K
S A A DCACHR R I R IEHRABISE .
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