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Abstract; To study the control effect and allelopathic mechanism of pepper and Chinese chives
intercropping on pepper Phytophthora blight, the control effect of intercropping pepper and Chinese
chives were determined, the inhibitory activities of Chinese chives stem and leaf volatiles and extracts to
Phytophthora capsici were tested, and the effect of Chinese chives root on infection and spread of P.
capsici zoospores were analyzed. The results showed that intercropping two or three lines of Chinese chives
with one line of pepper could significantly control the spread of pepper Phytophthora blight. When the
concentration of Chinese chives stem volatiles was 2. 0 g/petri and the stem extracts was 0. 15 mlL/mlL,
the inhibition rate of mycelium growth reached 33. 33% and 88. 75% , respectively. The zoospores of P.
capsici showed obviously chemotropic activity to Chinese chives root. After reached rhizosphere, zoospores
quickly stopped, and then encysted into cystospores to germinate. Thus, zoospores lost their ability to
spread in the soil and infect host. Chinese chives intercropped with pepper could effectively control
pepper Phytophthora blight.
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o R e R , ™ T I R 0 R ET Ik 80% LA |
(KRREFE,1999) , fie 2 5 BURBUR A X R T AR 44
W (B K 35,2002 ) o PRI, SBOBURE S 2 8 R R
Az BRI PR R 22—, 2B 1 4 e
PO i B, 25 R B 36 L AR B R A AR AR (A H
85,1993) o AH R T BB A7 VG R U0 IR T AR
AR I TR 251200 19 B IR ok T RO TR
e, B ET, VEY AR RS VR 245 BRI e 2 55 A
SRS ( Yang et al. ,2014)

VP TR RIS A 2 il 3 1) 3 2 S Bl 2 M
VEY) 5 95 i T 22 [] () AR BRSO, TR Z2 R 4% 118 AR
G300 S 20 2 ik R TR AL B W 3 B I T T
(Kennedy & Smith, 1995 ; Janvier et al. ,2007) , /=
EICVARE Allium V59 Gir TR AR 5
EAEYESAEAE X S A8 T T Fusarium oxyspori-
um SEAG 22 %% 8 Rhizoctonia solani 2595 5 B 5| 2
i A% s 3 B B IR ROCR N 4 (44 75 4, 2003
Bekele & Sommartya, 2006 ; Zewde et al. ,2007) , 5K
P35 (2013 ) TR 24 Ja A 0 10 45 W) AR B2 00T R
22RO ) Jirt L T R B R 4 ELAT SR B R
ATRES H P S A R R LSS YA G,

A5 AE B L 2 B 4% & ME W) Bt (Block et al. |
1992 ; Pino et al. ,2001) , a0 — F 3E — 45, B 5L =
Bt P e A R R £ | — F I MR A TR | A BR Ak
B UL B 8 0 R BT B Y A6 0 T PR I (R
FIFIKEF- 2005 ; 1545 2011 ; 154 2014), A
WFFE R, S 5 1 FE A 1 v] W] 0 R AR A AR A 220
() & (B K ET 4,201 1a,b) , H AR B VF 248
Yoy It L TR X B A — 5 A 0 a3 A (B TR
1999 ;falfi1 )% 55,2005 ) . {H 2, £ 7 b AT E SR Y
PVBRRR A BT 15 B T T b AR DA, AR BB
AT

PR, AR 06 7 28 A5 PF R TS5 1 AE SR AR
[V X6 BRABCEE I 1) 17 38 3R, SR T T 22 A K 3R 1
W5E T AR5 R W) S HAR AR O FROBUE B 1A T 22/
KA HEEE  E R R 5 sh 8 7 B E
WFFE T AE SRR R0 1 3 6 74 Y AL 8 17 O 7Y 2
], 5 7 ) B =l 355 U] A 4 T BRAUZE R O AL
R AL IR T A A S PR R HE B R

1 #REFE

1.1 #
HERAVEY) S ik - AESE SRR R gt 4R 32 BT
oM ZEAR 8819, ¥ F ity , F 2013 4 3 H KA T

80 cm x 60 cm x20 cm WK IJT IR  fEIRE
H 18 ~25C HH XTI FE S 40% ~ 60% 6 JE I K
L:DHMI2 h 012 h PR E %, % MK L4 3,
AR 4 ~5 FAJEREAR . BRAE RS A ARSI = 70 5
F H [R] &9 BB R , T 25 °C TE A R %

Ri g e 338 8 D REFRIE (carrot agar medi-
um,CA) 5% | 200 g FAE# 20 g, B FKER
1L, FrAESEREH 5P 6 : 409 LR
G2 160°C =K 4 h J5 8 H .

{X%& : Serial No. 09-16434 T $ K 14 44, 14 [
Binder /A H); DM2000 %Y & 3 8%, 75 [H Leica 23 A ;
SLI-700 fE 57246 , o i 2 B A PR A W]
1.2 A&

1.2.1 2B 5 s a) VR s sk om 45 ) 20R a9 ) s

REETE R R 2E TRPOOEZENIETT, R
FHBEHLIX 41511, 315 6 SAbHR, BB 3 4~ 4b
FHOBREES R S em, AT 4 20 .25 130 cm, 43
SIVESR 3 FhOAR A 47 Al 3 (Rl VR AL A X B], B CK
1:1,CK1:2H1CK 1 :3; Bt S5 RS2 4E 3 A~ abH,
ROATEEAT A 121 1 200 12 3, BRIE IS em , B
SAEERATIEY N 10 em, IEE S EFZNITEY R
5 em BEAMEIE 3 RES S 18 ANFAE/NX, AN/
X K/NA 80 em x60 em, KT 4 H 2 H v filtHE
() BRBRURN A SEAE AR A TR AR

P MR AN ZE CA 1535 3E I F 25°C fH L1
FEPREIR 7 d J5 , RIS B TR K PE M A T4 T
4°C7F 20 min 75 SN0 T RO, 55 Ml sh A B
TR, TR HIR FEE AT A 1 < 10° 4/mlL £ H

4 H 22 HEFHARK 2 3 B Bk, ok i sh i
T REIFMVEARFEANL B R B 1 x 10° 4>/ mL i3
6 -2 T VAL VHE R 2 o A BRI AR S, o R A Oy
1 ml/fR, MG A 5 d W C SR AT fdE /R 17
(BLFE 220 AT R IAT ) BB A 18 DL
1.2.2 3E E B L M AP SR B ) & e il T

PEHABE R R AE CA Ri 3 LR 3R 5 d 5, H
HAENO0.5 em FTFLA T RE A ST EDE, ¥k
KL A BIVEE  FH 1. 5% NaClO 7 3 min
o RS TAES T 1 em x 1 em /N SR 5
BT REEFRIGE 76 CA SR Je 3 R 3HURE
BT B DR, B SR B % 0 R ) B
F2scCrEEM AR, W08 3 A, 4
RAERFEMLEE LA 0.5.1.0.2.0 g dE3E4 4L, LU
AR SR SUME S as (O R A b B 4 K
HE,
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1.2.3 2 ¥z ik sh R B ) & e )
PSR o R T, £ BRI 30 g JFm
NG RETCIE7K 76 JC TR B 48 B i B K ) R 4
3 h, 4 22 g, JEWZE 12 000 r/min 4°C B0
30 min, B3 0.22 wm JERE I8 S &
A3 U & G i AE SR L SUR PR 1.8 . 4.5,
9.0 mLF 100 mL JCHE =M+, AR H = 40C
MK CA BB 4 2 60 mL, Fii il B¢ 0. 03,
0.075.0. 15 mL/mL AS[a] v B 5 A SR 20 AU 4 W 1Y
BRI IR G ERCOR, B R 4 RE R
PR R AR R R 5 d 5, HER
H70.5 em BT FLER U R & A SR T IR D . F Ak
DR T & A LR SR Al e, LG iR 4
WOEMAEZS X IR, BT 25°CIE IR R A P B 95
Kigt 5 d Ja , fR2s FOW IR 7 K B35 SR LAY 2/3 B,
FHA 738 SO0 5 TR % A A AR, TR I R,
il = (X BB EVE 2 B AR - AR 75 3 HAR ) /
XD Y B AR x100%
1.2.4 EXRZREHRMBEFERAFHILT ZAESH
MRBRIGE SR T 17 MR E % B 2 Bk S R 45
(2015) JrikbifE, FHEAR 1 mm BB HIE U JE
EIFETHI R b SR & DR A —umdF
FE 50 mm x B8 25 mm x /=5 1 mm PRSI0 5 B
FERE A T x 10° A/ mL (373 #7207 0, K
PAGAESEAR 28 B4 ATT 1 S, B ARG AR [ 1 #1743
AR, 230 7E 5,10 (15 .20 min KP4 MRIE SR 1 WK,

FE AR BHE A ¥k +8 %X ( chemotactic rate, CR) ,
0 5 R 25 T AESAR &R Y a1 Pk, CR = Ab P A
TR/ XA B, Y CR > 1 RN 5| £
Ha% Y CR <1 WNFoRHEFR I Z % R
ST EMR FE AT sh AR FT R SO0, BEAR B 3 IR
A A MEE 100 AT IR IR AN A
F, WL = IRIEA T WS T B x
100% ; PR 1AL A3 = B & 7080 WA 7 S x
100% . DM@ AE D ERE 1 mm BAEIEXT
1.3 #HIESH

IR B R SPSS 18. 0 #kfF kAT 48340 #r,
M Duncan [COBT &M% 25 2 R ST AR A ¢ 00 g6 vk F
125 BETERE

2 ERE4WH

2.1 HRAANEE ST 8] 1E X SR MUE IR RO 1R B SR
211 AR HAMUE A AT IR F R o
FBUGAESEAT LG 1 < 1 RIVEXT B LEA T N Y
FRETCH] 0 A AR 5 SR AR BAR AT I 2 2 1A
3 1MAESS  BAEEREAT N L3 #E 6 H 11 BT
PIIC W22 5 B B ] A FE R X HE Ah PR A A 7
PEURERG s R il BT 3k 91, 1% |, 1 4E 325 3
[ VEAb PR BAREE R TEAT N B AL D18, o %
£ 60.89% ~73.04% 2 [8], 1 K T Xf R Ab 3 (3R
1) o FBHA BRI IR 32 (8] /E X BB R 7EAT N
BA—E e

F1 ERSERMIEEX SRR EREMITRAE RN
Table 1 Effect of pepper intercropping with Chinese chives on the spread of pepper Phytophthora blight in the inoculation line

%

HH HESE A AT LU IAIE Pepper and Chinese chives

H 9 PRILHLAE Pepper monoculture intercropping in different patterns

Pate CK1:1 CK1:2 CK1:3 1:1 1:2 1:3

427 2.78£1.61 a 3.34+£1.93 a 0.00 £0.00 a 5.10+5.10 a 2.22+2.22 a 7.25+3.66 a
5-02 12.34 £2.50 be 6.67 +£3.85 ¢ 4.35+0.70 ¢ 21.83£2.63 a 17.67 £1.45 ab 16.65 £2.50 ab
5-07 15.11 £4.10 ab  10.00 £5.77 ab 7.47+1.10 b 21.83£2.63 a 19.34 +£3.50 a 16.65 £2.42 ab
5-12 15.11 +4.10 ab  13.33 £7.70 ab 7.47+1.10 b 23.79+3.75 a 24.56 +1.37 a 19.37 £4.23 ab
5-17 15.11 +4.10 ab  13.33 £7.70 ab 9.03£2.00 b 24.38+3.91 a 24.56 +1.37 a 19.37 £4.23 ab
5-22 15.11 £4.10 be  13.34 +7.70 be 9.03+2.00 ¢ 36.93£5.89 a 25.11 £1.56 ab 19.37 +£4.23 be
5-27 17.89£5.71 b 20.00 £5.77 ab  16.85+0.74 b 45.59 £5.43 a 26.22+2.32 a 42.70 £6.22 ab
6-01 27.89 +£0.06 b 25.56 +8.34 b 38.03+£0.78 ab  49.51 £2.35 a 36.22£3.47 ab  46.61 £5.81 a
6-06 45.45 +£3.78 a 55.56 £6.42 a 53.47+5.21 a 55.39+5.29 a 44.22 £2.99 a 49.95 +£2.67 a
6-11 85.22+5.32 a 70.56 £5.45 ab  61.81 £0.40 be  61.28 +8.17 be  48.22 +6.02 ¢ 58.86 £3.14 be
6-16 94.00 +£3.46 a 76.11 £2.25 bec  85.42+1.20ab  65.20+10.12 ¢d 54.22 +4.93 d 61.89 +£5.79 cd
6-21 96.00 +£2.31 a 83.34£1.93ab  89.76£0.50 ab  71.08 £13.26 be¢ 57.56 £1.67 ¢ 63.85+4.45 ¢
6-26 100.00 £0.00 a 91.11 £1.28 ab  100.00 +0.00 a 73.04 £14.60 be  60.89 +1.87 ¢ 63.85 +4.45 ¢

B A« AR, FATARIR NG FEER R 2 Duncan [CHT R 25K IS AE P <0. 05 /KF-2 5+ 3% . Data are
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mean = SE. Different letters in the same row indicate significant
2.1.2 JAAEA IR IRIFAT A% 35 09 % R

b3R5 BROBUE] A X6 BB o ) B 17 14 LA 2
M R ELI A Rl 84 AT B
MR (K 2) o 7EX BRAL TR B TE 5 H 27
AT LARS AT 1% 46 B 48 75 AT, 100 A8 2l 358 BB 1]
YEAb B BTk R 2 6 H 6 B, H M

difference at P <0. 05 level by Duncan’ s new multiple range test.
R EMT XA, AESERBRUA [F] (17 L [ R
L1 LIRERE AT LAY R4 OO I 7Y 85 47 1
P A0 VEIERIG g 2 ~ 3 170, B B R
FIHE/RATI AR AR AR, DR e AR SR A
PR A Z AT R 2 ~ 3 A7 dESR M 1
1 AT BB AR 2 L 8 30 42 1) BOBURE IR FO SR

&2 RS HMEEX BRE R E1T R BRI

Table 2 Effect of pepper intercropping with different lines

of Chinese chives on the spread of pepper Phytophthora blight
%

H ZEHAT Left line

FHihty Right line

Date CK1:1 CK1:2 CK1:3 1:1 1:2

1:3 CK1:1 CK1:2 CK1:3 1:1 1:2 1:3

527 0.00+ 0.00+ 0.00+ 0.00+ 0.00z=+
0.00a 0.00a 0.00a 0.00a 0.00a
6-01 0.00+ 0.00+ 0.00+ 0.00x 0.00z=
0.00a 0.00a 0.00a 0.00a 0.00a

6-06 28.13+ 1.68+ 6.22+ 4.51+ 2.22«+
1.08a 1.68b 4.52b 2.93b 2.22b

6-11 46.88 + 2.50+ 12.88 =+ 10.09x 2.22+
7.58a 1.44b 4.84b 2.12b 2.22b

6-16 52.09+ 11.07+ 22.89+ 26.01+ 2.22 =+
10.34 a 2.27 be 13.95 bec 5.00b 2.22 be

6-21 54.17+ 35.72+ 52.78 + 44.54+ 7.22 %
9.14a 0.82b 1.61ab 7.64ab 4.94 ¢

6-26 62.50+ 88.93+ 72.78+ 52.01+ 10.25«+
9.96 bc 2.27a 7.54ab 5.65c¢ 3.42d

0.00+ 0.00+ 500+ 9.09+ 0.00+ 0.00+ 0.00=+
0.00a 0.00b 2.89ab 5.25a 0.00b 0.00b 0.00b
0.00+ 2.94+ 10.00+ 38.64+ 2.73+ 278+ 0.00=+
0.00a 1.70 b¢ 5.77b 0.53a 2.73 bc 2.78 be 0.00 ¢
0.00+ 8.94+ 13.13+ 53.13+ 7.17+x 278+ 3.03%
0.00b 1.77bec 3.97b 1.80a 3.88bc 2.78¢ 3.03 ¢

0.00+ 34.94+ 23.34+ 53.13+ 10.50+ 2.78+ 3.03 %
0.00b 0.54b 9.62bc 1.80a 5.44cd 2.78d 3.03d

0.00+ 48.71+ 40.63+ 56.25+ 13.53+ 2.78+ 3.03 =+
0.00c 0.41ab 5.41b 3.6la 7.87c¢ 2.78c¢ 3.03¢

2.78+ 70.59+ 60.00+ 65.63+ 17.45+ 6.11+ 3.03 =+
278 ¢ 0.34a 577a 9.02a 4.93b 3.03b 3.03b

6.11+ 70.59+ 75.63+ 75.00+ 27.44+ 6.11x 3.03%
1.18d 0.34a 3.24a 14.43a 4.01b 3.09¢ 3.03c¢

CK 1:1.CK 1: 20 CK 1: 3 4B ZE/RBHUAITH 20 .25 .

30 em HUAE;1: 1 12200 123, 20 R R BRI AL SR RIFEATLE . 3%

R S« AndETR . [RIATASTE /NG FHREFR R4 Duncan T E MW 22K 7E P <0.05 K FEEREFH, CK1:1, CK
1:2, CK 1:3; Pepper monoculture with 20, 25, 30 cm row spacing; 1:1, 1:2, 1:3; pepper and Chinese chives intercropping with

different row spacing. Data are mean + SE. Different letters in the same row indicate significant difference at P < 0.05 level by

Duncan’ s new multiple range test.

2.2 EFEZ Y RIZIR BT HERE SE I EIEE
AR R R A ATV R T SR B TR A
22 K TC I S A0 M BT e B — R
VAR 25 L Wk 5 2. 0 o/ LA, X AR 25
B 22 K P B ek A ) 0 o, dE SRR R Y
FR 0 1) 2 AT 8 33.33% , AE S 44 & W A 41 i 2R R
29.57% ([ 1-A) , B 2515 $E 00T BRARCE 25 7 1Y
I P g I e D ) 3 A B R A i
AR TE R W 0,15 mL/mL R 35 20T 3k F)
88.75% . AEZEMIR BV 40 ] 6 AR B R AT
A TSR 5 T PR 22 K H SR B 3K 0. 15 mL/mL
i XoF BB B A A A0 1 2R AT 3K 68. 43% (181 1-B)
2.3 EFREINFEMBZER RN FIT AN
B OB 45 S 2 B, R0 B 1 U Bh 4 T X E
SRR LA BH S A Ak | Bl VRS TR AY ZE K CR

BN, A0 10 min 2 J5 IR B 2 W 5h 1
THEMER R RE(F 2-A) . BERIFHETITIRLE
R AR LR JESREAR 2R 8 B s 7 AR 1k % i
FE T AR 20 min JEAR 2R BB IR
1R AT 3k 89. 83% , i X HE &b B iz 3 48 1K 1E K
{4 H 35.33% (Kl 2-B) , dEZEAR R A REAE SEK 1k 91
MW A&, BAF 20 min J5flF A8 & 303k 69. 83% ,
T PR & R 12.33% (181 2-C) .
3 itig

FI A W) Z2 AR PR VR Y 35 A9 ok 2
A VPR K R P Sl R AR R ek
o B (Kennedy & Smith, 1995 ; Rabinkov et
al. ,1998 ;Singh & Nagaich,2000) %55 2B — L)
JoT , AT ] BBl AR ) sl i A 90 7 A 5% 0 ( Janvier et
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al. ,2007 ;Zewde et al. ,2007) , ASBFFTEEREZW, A [, F50 W0 H RN W I 00 B 00 Jo 0 T A <5400 o £k
FHAESERBR B A 1] LA S8 il AR A 5 A5 4 IR iy A ol LSR8, DA TTT EL e 13 50 60 1 7 B
i, L VE PR ) AR JE SR AT B B i s . A7 ie) Ak A R i BOBURE o Yy S HE AR SR AR
Yang et al. (2014 ) BFFEIAN , FORFIBAAAIME W RE AR nT B 2 e EROBORLAE g 1) 42 1 T BE 5 SRAR
A A T BRBURE I AT 8] ) A% 4, LR 28R AR sl A 3 B 00 S B X U B R TR
FORMRZ T LU BB B i i shf e AR PR AT A

40 1 A odEFZE A tuberosum stem 100
wiESEM A. tuberosum leaf a o, B b a
Sa0f 80 a
g CU
8207 40
E
= b
S5t = 20
% b b 0 :
# . .
S . -20 b
c
ot € -40
0.5 1 2 0.03 0.075 0.15
ERWWE Density of volatiles (g/petri) RIEWIKE Concentration of extracts (ml/mL)

1 AEREMIEFIZER YIS R B B SR ELEKNINEER
Fig. 1 Inhibition activity of volatiles and extracts of Chinese chives at different concentrations
against the colony growth of Phytophthora capsici
P B R S = FRifEiR . A [EVNE FBEFRIR 4 Duncan [ B MK 2575055 43 HI7E P <0. 05 /K255 W3 . Data in

the figure are mean + SE. Different letters indicate significant difference at P <0. 05 level by Duncan’ s new multiple range test.

20 ¢ 100 80
A o B wdk3g 4. tuberosum root ** %
= oXtig CK wk ~c
g e [ <2 0|
ok P %2
23 €8 60 RE
-Dr\-; -] H” § ok :}55 s 40
3t g 40r e
5 ®E 25 2
B 20F €3
0 5 0
0.0 =75 10 15 20 5 10 15 20

18 Time (min)

B2 EXRREMNRBEEEAREE MR
Fig.2 Effect of Chinese chives root on the different life stages of Phytophthora capsici
PR B Ry T X80 BRifEist o A B AN ) B 3R 7R 28 Duncan [GGBT & W 221546 50 40 BI7E P < 0. 05 K V25 5 0 3%
B~C KR+ sk FoREs ¢ MEEALTE P <0. 05 F1 P <0.01 /K272 Data are mean + SE. Different letters indicate
significant difference at P <0. 05 level by Duncan’s new multiple range test in figure A; * , #** indicate significant difference at

P <0.05 or P<0.01 level by ¢ test in figure B — C.

ABFFEIETZAE S ZE MR R Y AR SRR AR HEE X AT LA 5 3 A W A K B AR DG Y
VR T R AT A R I 2 A K XTI RE S BRARRRRTS , 5O B R AR S I ILER AR
K2 HERYMBERE P S AR LTS R ATEPIEI ], SO0 5 e g 5 35 M7 A A E
WA K, EAVIR SR, PR S HALEYAIA SEAEI] DX Ak 225 L 1 S 30 40 ) 5 KA
AEST R B S RSSO T Botryosphaeria dothidea | H (Kumari et al. ,1995 ; Rabinkov et al. , 1998 ; Miron
INE B R Fusarium graminearum JKAB SRR T et al. ,2000) ,
Rhizoctonia solani 2535 AT — & WA I 3558 ( = Fi HAESRAR FR 3 W W BN 5 | RS 5 BRI Bl 1 I
WRICH],2005) . ZJRAEW - ER S AL YaEss  EIEHIRIERE & . AR MY A S T
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Yy 2e e O EE B AR T, A AR 3R AT DL A i 2
P 5 | S AR B R A 9 K W7 4 3 4R L
e AR DD LA R N, A A I EL A
BN 18.0% ~35.5% , H LA 5% 1 Bl JT 1 A A
22 KT 5 2 BRI VK& 2008 ) 5 oK AR KO ) &
AR ZR A Wy XF A T | L TR R T8 4 T A 0 1
T SE VR A HEIT 45,1995 ) . AHFoE K ESE
R 2R B X AR o Ji] [ 118 by 8 P U ) A6 7= A g 5 |
BAONE , -RE A SR A S AR B i Bl A U ) 76 - T AR 1
gk, WFshil 7R Y% BB Flish T8, F
F IKIE B & AR YL 4E ok 2 (Deacon, 1988) . dEZE
R 2R X FBARUIE 25 P W 5 | B A it AR 1k AT e 800 i
fifie DR B A 39 rp ok ek TR A ERRE Ty, R
XoF BRAURR 72 95 i 1A 6 210 R A Y, DT D 5% BB 3
W R ARG E G e T st — AR
HRZ ST IY) , BA L 5 | R BIOARUE B 1A U sh 78 1K
1k SRR A & P, S i — 2 A b Al SR A 1
SR VRS BRI o B LR 22K

ZE bk, dESEAR 2 0T LT M bR 25 1 1 1
P L RR R YL AT N, I RE 53 D641 B 40 I 0 o)
BOBE R R AR AR R SR RN SRS £ T
FEAERT LA R4S AT U o £ FH (R 9 R fe 8, A
AT S T A AR, (ER kAR A (2013)
B, AN R SR TR X 24 VR W ) SRR A AR B K 2=
S, DR T[] 0] P Al S 48 A sl TR 7 3 e 5 1o
SRR X B P (R 2 R AT B R VR R A, DA B
1R B AT A% 24 00 31358 5 G Rt 24 P8 m) 15T, S B
ER SR,

S £ X W (References)

Bekele K, Sommartya T. 2006. Effect of intercropping on potato late
blight, Phytophthora infestans ( Mont. ) de Bary development
and potato tuber yield in Ethiopia. Kasetsart Journal, Natural
Sciences, 40(4): 914 —-924

Block E, Putman D, Zhao SH. 1992. Allium chemistry; GC-MS
analysis of thiosulfinates and related compounds from onion,
leek, scallion, shallot, chive and Chinese chive. Journal of Ag-
ricultural and Food Chemistry, 40(12): 2431 —2438

Cui Q, Wang MR, Yao Q, Shang WJ, Yang JR, Hu XP. 2014.
Fungistasis of Chinese chives dry powder and its extracts on Ver-
ticillium dahliae. Acta Agriculturae Boreali-Occidentalis Sinica,
23(11): 1 -7 (in Chinese) [#f&, FEA, W3F, BCH:,
W, WI/NF. 2014, RS S AR IR0 K Fe A 4]
PMBEYEA. Padbflk#Ht, 23(11): 136 - 142]

Deacon JW. 1988. Behavioural responses of fungal zoospores. Mi-

crobiological Sciences, 5(8) : 249 —252

Feng Y, Yang JM, Chen R, Wang XR. 2011. GC-MS analysis of
solvent extracts from Chinese chive and their inhibitory action
on banana vascular wilt. Journal of Instrumental Analysis, 30
(1): 103 -107 (in Chinese) [14#, H#isE, BRAF, FBE
78,2011, AESRAT AL R ORI S 3 - Bl i K
X A A6 A 20 T A R RS, e A 4, 30
(1):103-107]

Guan TS, Li FY, Zhao KH, Liu CY, Miao ZY, Qiao Y. 1999. The
current situation of Phytophthora capsici. Liaoning Agricultural
Sciences, (5): 24 —27 (in Chinese) [ ZR4E, ZER =, #&
A XL, B, T 55, 1999. FKIE BB Y BF 52
PR, LT ARAAR:, (5): 24 -27]

He YB, Zhan RL, Zhao YL, Ma WH. 2005. Effects of twenty plant
extracts on inhibition of Colletotrichum gloeosporioides Penz. in
mango. Chinese Journal of Tropical Crops, 26(3) : 86 =90 (in
Chinese) [T, AR, WL, THEFLL. 2005. 20 Ff
T BRI TSR B T A R . AR A 4R, 26
(3):86-90]

Huang YH, Li CY, Wei YR, Zuo CW, Yi GJ. 2011a. Antagonism
of Chinese leek against Fusarium oxysporum f. sp. cubense and
its inhibitory effect on Fusarium wilt incidence of potted banan-
a. Acta Agriculturae Zhejiangensis, 23 (6): 1162 - 1166 (in
Chinese) [ Bk 41, ZHW, MER, LR, & T%.
2011a. AESX A AR ZE B BTSN B A 20
RARIENE. WA 4, 23(6) - 1162 - 1166 ]

Huang YH, Wei YR, Zuo CW, Li CY, Yi GJ. 2011b. Effect of
Chinese leek on Fusarium oxysporum f. sp. cubense growth and
Fusarium wilt incidence in banana. Acta Botanica Boreali-Occi-
dentalia Sinica, 31(9): 1840 — 1845 (in Chinese) [ ¥ 7KL,
BER, 77, FEW, 5 TE. 2011b. AR FHEME
9o T A B BE A 2 A AR I M RIPE . PR L A AR
31(9): 1840 - 1845 ]

Janvier C, Villeneuve F, Alabouvette C, Edel-Hermann V, Mateille
T, Steinberg C. 2007. Soil health through soil disease suppres-
sion; which strategy from descriptors to indicators? Soil Biology
and Biochemistry, 39(1): 1-23

Jia JB, Liu J, Tan YF. 1999. Advances in chemical constituents of
garlic. Guangdong Pharmaceutical Journal, 9(1): 1 =5 (in
Chinese) [ BVLAK, X, AR 1999, Jorsfbaf sl o if
JERERE. JTARZ, 9(1): 1-5]

Jin YX, Xie GL, Sun YL, Cai XT. 2003. Relationship of garlic ro-
tation and severity of fusarium wilt of melon. Journal of Shang-
hai Jiaotong University (Agricultural Science), 21(1): 9 -12
(in Chinese) [ &7, WM, FMER , 5%, 2003. K
FRECAE S IR SR R I C TR, LIRS I8 KA (e
AW RRERT) L 21(1) 2 9 -12]

Kennedy AC, Smith KL. 1995. Soil microbial diversity and the sus-
tainability of agricultural soils.  Plant and Soil, 170
(1):75-86

Kumari K, Mathew BCJ, Augusti KT. 1995. Antidliabetic and hy-



144 TLVKUKAG ;SR FIBORE] £ X BRI 1) Bl 15 28R B AL L 151

polipidemic effect of S-methyl cysteine sulfoxide isolated from
Allium cepa Linn. India Journal of Biochemistry & Biophysics,
32(1):49-54

Li HY, Lu XH, Han WG, Mu YL, Liu TR. 2002. Effects of envi-
ronmental conditions on the occurring regularity of the capsicum
blight. Journal of Heilongjiang August First Land Reclamation
University, 14(2): 9 =11 (in Chinese) [ ZE¥g#E, K54,
O, BBAR, XA, 2002, BRBE A X B
RAFZWMITE. BRI — R B R, 14(2): 9 -
11]

Lin YB, Xue QY, Yan X. 2008. Effects of the maize root on soil
microbial flora under different cultivation patterns. Journal of
Northwest A&F University ( Natural Science Edition) , 36 (12) :
101 - 107, 114 (in Chinese) [ MEVK, BERZ, BiFEE. 2008.
ANFRFEAR T FORAR R LA X R m. EAL
HHREHEE K224 (AR, 36 (12) ¢ 101 = 107,
114]

Miron T, Rabinkov A, Mirelman D, Wilchek M, Weiner L. 2000.
The mode of action of allicin; its ready permeabiligy through
phospholipid membranes may contribute to its biological activi-
ty. Biochimica et Biophysica Acta, 1463(1); 20 -30

Pino JA, Fuentes V, Correa MT. 2001. Volatile constituents of Chi-
nese chive (Allium tuberosum Rottl. ex Spren gel) and Rakkyo
(Allium chinese G. Don). Journal of Agricultural and Food
Chemistry, 49(3) . 1328 - 1330

Rabinkov A, Miron T, Konstantinovski L., Wilchek M, Mirelman D,
Weiner L. 1998. The mode of action of allicin; trapping of rad-
icals and interaction with thiol containing proteins. Canadian
Metallurgical Quarterly, 1379(2) . 233 - 244

Singh K, Nagaich S. 2000. Studies on the anthelmintic activity of
Allium sativum ( garlic) oil on common poultry worms Ascaridia
galli and Heterakis gallinae. Journal of Parasitology and Applied
Animal Biology, 9(1): 47 -52

Wang ZT, Cui YY, Yang H, He J. 1993. Research on identifica-
tion and biological characteristics of Phytophthora capsici in
Xinjiang. Xinjiang Agricultural Sciences, (4): 164 — 167 (in
Chinese) [ ERRH, ¥EICHr, M4, I 1993. 7B
PEWT R 5 E SR SRR TR O, IR AR, (4)
164 -167]

Wu L, Chen WL. 2005. Study on biological activity of the leaves of
Allium tuberosum Rottler. Chemistry & Bioengineering, 22(2) :
49 -51 (in Chinese) [ %A1, BR3CH]. 2005. HEM b2zl
SrEVEYIIRTERTTE. SR TR, 22(2) : 49 -51]

Wu L, Zhang P. 2005. Study on flavor compositions of Allium tu-
berosum Rottler by GC/MS. Guangdong Chemical Industry, 32
(7): 67 =68 (in Chinese) [ AT, 7K. 2005. < - JEEH

AT INAESE i A bR AT OB, AR T, 32(7): 67 -
68 ]

Xu YL, Wang GH, Han XZ. 1995. The research of microbial ecolo-
gy distribution on alternate and continuous planting soybean.
System Sciences and Comprehensive Studies in Agriculture, 11
(4): 311 =314 (in Chinese) [ VFHimI, Fufe, #hbesy.
1995, 3% FEAER T L e A W) A A5 S Al R IR 15 R AR
HEXLRIBIE. RIVRFESRFEEMENIT, 11(4):
311 -314]

Yang M, Zhang Y, Qi L, Mei XY, Liao JJ, Ding XP, Deng WP,
Fan LM, He XX, Vivanco JM, et al. 2014. Plant-plant-mi-
crobe mechanisms involved in soil-borne disease suppression on
a maize and pepper intercropping system. PLoS ONE, 9
(12): el15052

Yi TY, Xie BY, Zhang BX, Gao BD. 2002. Progress of studies on
controlling of Phytophthora capsici of pepper crop. China Vege-
tables, (5): 52 =55 (in Chinese) [ KK, WH A, k%
&, FIA. 2002, BB B 6 0F Tk . IR
(5):52-55]

Zewde T, Fininsa C, Sakhuja PK, Ahmed S. 2007. Association of
white rot ( Sclerotium cepivorum) of garlic with environmental
factors and cultural practices in the North Shewa Highlands of
Ethiopia. Crop Protection, 26(10) ; 1566 — 1573

Zhang LM, Fang YT, Ji SG, Jiao YG, Liao JJ, Li JZ, Deng WP,
Zhu SS, Yin JW, Yang M. 2015. Inhibitory activity of maize
root exudates against Phytophthora nicotianae and antifungal
compounds analysis. Chinese Journal of Biological Control, 31
(1): 115 =122 (in Chinese) [3K374%, 7 B, iHER, &
KRG, BEEER, ULAE, ABAERE, R4, THInsC, B
2015. KA 43 WAy X A I T A 400 A 9 A e G
WP, T E AR AR, 31(1) : 115 -122]

Zhang W, Liao JJ, Zhu GL, Zhang H, Duan XL, Zhu SS, Yang M.
2013. The study of inhibitory activity of eight plant volatiles and
extracts to Panax notoginseng root rot pathogens. Chinese Agri-
cultural Science Bulletin, 29 (30): 197 — 201 (in Chinese )
[okAh, B, RSt4s, sko%, Bmede, KB4, B
2013. 8 F L4 A ) FIEE B B0 = -1 AR TS R TR A 410 6 %
PEBTE. AR SE R, 29(30) ¢ 197 -201 ]

Zhou QM, Li LY. 1980. The list of vegetable pests of Xining region
(draft). Science and Technology of Qinghai Agriculture and
Forestry, (4): 41 — 46 (in Chinese) [ J&J3 i, Z=Hk3e.
1980. 747" IX B S ML T 4 5% (W) . K AR ARRLE,
(4).41-46]

(FTHEHRA. & M)



