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A preliminary study on the allelopathy and control of cucumber
blight by garlic-cucumber rotation

WU Jiaqing, MA Linna, ZHANG He, LI Jiayun, SUN Junwei, MEI Xinyue,
ZHU Shusheng, HE Xiahong, ZHU Youyong, LIU Yixiang
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Abstract  Allelopathic crop rotation is often used to control soil-borne diseases in traditional agricultural planting,
but the mechanism of disease control is rarely studied. The effect of garlic-cucumber rotation on controlling cu-
cumber blight was verified by greenhouse rotation experiments. The effects of garlic volatiles and extracts on Phy-
tophthora melonis and germination of cucumber seeds were further studied in order to provide a theoretical guid-
ance for controlling cucumber blight by garlic-cucumber rotation. The results showed that the rotation of garlic
and cucumber could effectively reduce the occurrence of cucumber blight. Moreover, the volatiles and extracts of
garlic tissues showed significant bacteriostatic activity to P. melonis at all growth stages, in which garlic cloves had
the strongest bacteriostatic activity, and the inhibition rates of volatiles (purple-skinned garlic/white-skinned gar-
lic) against mycelial growth were 100% and 100% , respectively at 0.5 g/dish; the inhibition rates of the clove ex-
tracts (purple garlic-skinned/white-skinned garlic) against mycelial growth were 32% and 45% , respectively at the
concentration of 1.67 mg/mL, and the inhibition rates of extract (purple-skinned garlic/white-skinned garlic) a-
gainst spore germination were 98% and 53% at 0.25 mg/mL, respectively. In addition, garlic volatiles and ex-
tracts at low concentrations did not significantly inhibit the germination of cucumber seeds, but at medium and

high concentrations, the growth of cucumber seeds was delayed. In conclusion, compounds produced and released

WRSHMEA: 2018-11-24 EITHEA: 2019-01-23
BEEWE: [ERAKPFAES (31601682,31600246) ; 2 M 4 N AR5 (2017FDO79) 5 25 B4 i MRk BT AT BA S 3914

* W EEH  E-mail:liuyixiang@ ynau. edu. cn



45 55 6 1

FRIRIRAE Ko 55 B NFE A P ) B TR S AR I A R TR « 115

from different tissues of garlic showed inhibitory activity against P. melonis, and garlic or garlic straws rotated

with cucumber can be used to control the occurrence of cucumber blight in production.
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Fig. 1 Experimental modes in the greenhouse
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Forb ns e rs v 25 RAE B <3 g/ LA X
EVINLINR Y R N VS P e
Wi, ARk E] 5 g/ ML A R H M ROER . 7
B s SRR AN [ it Foft AN R 7857 36F 35 T Aol 35 7 41 B
5 T X Rh T A B R . AR SR B A B
FRAE T 3 g/ LIS X 7 4% B CBE B/ IR 28 10O 4l
A5 TR 1520/51 00 Hl 6500/ 7106 5 58 B v v M
ANZEXT B IR 535 1 48 B S B 55 T F s » £ 78
RSO 1 g/ ML X 1% 15800
M 100 B s 1 I RIS AR DG 35 1 R B 2 51
MRESCR
2.2.2 KFFRBRBATEMNATH K EKE Y H

LERIAR 2, BRBGRATI LA IR BE IR AR IS
EVINUEREV AV SR N & IV &Kk 0w AR
1113 3 B2 s e P AR (SO d R 250 mg/mll i
390 B TR A 2 A0 R 2 3™ A I 4 1 A
Ho R Komp A R R 35 $ RO s IR 1A e 2
BB AR JEE AR L | voy ok E A A P8R, < 5 B A1
B R FERAE AR D 4. 17 mg/mlL i 35 )R -
1% 148 B B TR/ 28 10 B BT R 40 5 2106/
202671 5304/53 V0 s Hpian v M ZE R R S AE Wk

a a a a a
100 Al
7 b b
sof & g i
Q 'l
o & b /
_%_ c 60 —x— 7% Clove
EE -0~ FFEF Leaf
=2 4o --A-- FAHZE Stem
i —O— FRHIH Root
200
c/
o_° 2
0.5 1 2 3 5
HR/g- M
Content

HkiI=R/%

JE 41, 7 mg/mL IR B S R AR AR AR X 3R
Pl 36 1 38 B0 Cff 5 /16 2F KO 138 K &40 00 A
2290/75%.22% /21 % A 25%/31 % i 1 %% o B
W ZEFIARIR PR MR AE AR MR B JF R SR B 8 3 (R fie A=
KRR HURTEMREE 250 mg/mlL SR H X 5 A+
T S E e o /IR ZE O (AR B4
2.3 KRRABEAREZWINRIREIT P. melonis
A K H RN
K A4 RIE LA P, melonis W # %
KH %

s KR 3D, Kar A R4 5 &)
TERBARHR T X P. melonis T 224 K 50 AT B A4
HVE TS ELR A 2 ) B e B2 S 4 B s8R ik — 20
B, Ho RN AR 2R A R YR T 22 AR B 4
TSR f i, 7E S 0.5 g/ LA B 38 (58 B2 g/
F Rz 43 A S T 100%6,/100 %6 A1 80%6/100% . i
T PRI B i P AR A 22 2 R D) G S 2 1 1 ) 355
o THN K ran B AR X P.omelonis W 224K 1)
TIOR3 9 T 1 B s 78 1 g/ LIS A4 ) 28 1
IRz w3 7824,

2.3.1

2000 a a a a /a
/’»’/
s
80 b.-” /
] & s
S 60 b,
%%
E A
5 40 ¢ 7
= od %// —%— #5¥k Clove
= 50l q //_/%"’ H --O-- #aHiM Leaf
= .ﬁ"” -A- FAHZE Stem
or e _.---774d —O- Al Root
& b
-20 N . ) ) )
0.5 1 2 3 5
HH/g- W
Content

a: SEELARE RYIN P. melonis WG, b: H B SRHERMIXTP. melonis TG . IRELQIRIYEMIRMEIRE(=3). ERBFHEIETANOVA
RIRSYIKFo ARG PR F— I AL FIRBERGRHER Y B W 22 A R MR R B2 5

a: Antibacterial activity of the volatiles from purple-skinned garlic; b: Antibacterial activity of the volatiles from white-skinned garlic. The error bars
indicate standard error of means (#=3). Significant differences are analyzed by using ANOVA test. Different lowercase letters indicate significant difference
in the inhibition activity of garlic volatiles against mycelial growth of Phytophthora melonis at different concentrations in the same tissue

B3 KFRARELIELYIS Phytophthora melonis B E &

Fig. 3 The antibacterial activity of the volatiles from different tissues of garlic against Phytophthora melonis

2.3.2 R A BEALRZRIBX P.melonis H 2 %
KW Zm

RIS 25 R R (K] ), 58 B mn A R wr an 2

PR P. melonis B 22 4= K HF H A AR 58 (%) 40 1] %

P, HLFif 5 152 H2 VA 2 1 M40 ) 35 P 8 W 1 0 R

J 6. 7 mg/mL B 5K R 71000 7000, 4

B v AR L R s 1 A BB W 3 0 A A P
melonis 22K AEWREE 33 mg/mL W] 31 22 53
R 64260 56 %6, T3Ahs R RR I 25 R XS P.omel-
onis LA AN H 59, 76 67 mg/mL Ay i 2
AR 27 Yo Fil 38 % 4 48 He it FIZE X P. melonis 6 22
AR WA BER I,
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100f —>— #3/ Clove g g 100F —%— 754 Clove b a 2
-0 P Leaf 2 -~ FEE M Leaf 2
80F A - FA 2 Stem /'/ 80 --A - FRHZ Stem 4
—O- #3HiAR Root b~ —O- FRE R Root | P
2 600 A 2 600 ¥
L E S/ S E A 2
po] p P =] Ve e
%8 40f a / 3 -2 40t . /t})/’/
gz 1 gz ¥
) ey = - Sa .-
200 LT S £ 200 4- AT
a s S
- | €.~ G ,
of o B of £d 4~
---------------------- & g e _§ ——F
oLt . . a ol BT AT S S b
0.67 1.67 33 6.7 16.7 33 67 0.67 1.67 33 6.7 16.7 33 67
W /mg - mL™! WJE/mg - mL™!
Concentration Concentration

a: EELARR GG P. melonis WINBEIEE; b: H RN P. melonis GG L. IRELITRIYEMIRMEIRE(=3). ZFHBFEETFTANOVA
RIRSY%IRFo T FING PR R —HPALA IR RGO B W 22 A K R R B k2

a: Antibacterial activity of the extracts from purple-skinned garlic; b: Antibacterial activity of the extracts from white-skinned garlic. The error bars indicate
standard error of means (#»=3). Significant differences are analyzed by suing ANOVA test. Different lowercase letters indicate significant difference in the
inhibition activity of garlic extracts against mycelial growth of Phytophthora melonis at different concentrations in the same tissue

=
Z,':{ =

E4 KHEARE

=B XT Phytophthora melonis W E & 1%

Fig. 4 The antibacterial activity of garlic extracts from different tissues against Phytophthora melonis

2.3.3 KuARFAREIRBEI P. melonis i 51
FWZ

RIEE R R (3R 3), Rar& AL R 3 AR g
AN P. melonis s 105 8 Horp rliiR 12
YOOI S A T 3 08 400 1) 5 e 5 5% R IR 4R VR VAR
B K 0. 125 mg/mL B 78 5 min P EPA] LAfEE 70 % LA
b P.melonis {8l 46§15 1137 80, 30 3508 8 2
THEERR. E B s i o i 22 R SR ik i

A 2.5 mg/mL BFEE 5 min {# 70% L E P. melo-
nis S5 1 RIS .

[l KRBRAS TR AT P. melonis PR 1E 11
W & AT R AOIMRIRCR . o m iR R i a2
TR SRR B R IR A 1. 25 mg/mlL B
REAESE AN P. melonis R IEIET K. T35k, %
B HABTR AR BRI P. melonis YR 11 A & i #0
AR B T M, FE IR SRR N 2. 5 mg/mL

I 5% B s vt I ZE AR B 2350 784,944

e

F1 9456, 1M I B e AR IR BE R AT i P 2R IR H T
AN P. melonis PR IEAHE & (IR 51%0) 5t ik
FIARIR LML S R R AR R A % .

#*3 KFEAREEBALIRIRBXS Phytophthora melonis FZh#F R kRS20

Table 3 Effects of extracts of different garlic tissues on the zoospores of Phytophthora melonis

WeJE /mgemL ! £5 17 %% Purple-skinned garlic

H iz 7% White-skinned garlic

Concentration 75k Clove - Leaf 2% Stem #R Root 2 Clove M- Leaf Z£ Stem # Root
12. 500 = = = = 4F + ++
2. 500 F AFerF F I 4 + + ++
1. 250 4F S 4F = Sinin ++ + ++
0. 250 4F S “=4F S Siain I “=aF =aF
0.125 4 F=F - AF=F AF=F S AF=F s
0. 025 +-+ = “=4F S Siain S “=aF F=FaF
0. 000 e e FF e FaEaE S s AF=F s

D — Rl sh P ik s + 20 7090 L A Tk s -+ Ok 3096 ~70 Yo M s A T ok s+ R 3020 LUF M sl A Tk s+

T BA WL

—: All zoospores are stationary; +: More than 70% of the zoospores are stationary; ++: 30% —70% of the zoospores are stationary;
+++ . Less than 30% of the zoospores are stationary; +-+-+- . No zoospores are stationary.

3 RSt

3.1 FARLL
s/ Foms R AT A BE TR AT AT LA 55 Dok A B

JRBERR Y A . Hh RGRgk B 2H 2 00 il o HE i 4
VIR BRI P. melonis "R AP HIAEH AT GE 248
VRS s 1 T2 J IR (] s R 2 ) I 4 YA g
BRG] P. melonis e 3l 61 2 K 1k FL 85 %
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X — i RS TP BT M AR A . ARBIESE
DA b A B TR RS S8 A R AR B IO o 7 H 6]
HOFERE » AL A A 25 A B o S B T 1) 2 25 B
BEAET IR

100k aaaa

80r

60

: or

g 0

-20F
_gp| 00025 m0.125 m025

[ m125 m25 wml25

[SS TN
O

k=%
Inhibition rate

Pl e EEHHE mma

Clove Leaf Stem Root

100p
80
60r
40r
20r
0
~20F

=%
Inhibition rate

00.025 00.125 m0.25

~40r @125 w25 wi2s

60 b
B3 PRI T E iR
Clove Leaf Stem Root

a: SR FRZ I b: F R AR R I IR B R IR I AR (n=3). 2
5B EMIET ANOVARKEL S %7K ¥, A [Al/ING PR R K IR —HALAS
1) G JRE R AR X 5 VA 3 8 W Ry 4 ) 3 A S 2 e

a: Purple-skinned garlic extracts; b: White-skinned garlic extracts. The error
bars indicate standard error of means (»=3). Significant differences are
analyzed by using ANOVA test. Different lowercase letters indicate significant
difference in the inhibition rate against germination of Phytophthora melonis
zoospores by garlic extracts among different concentrations in the same tissue

B 5 KFEARBEMLIZIRAERT Phytophthora melonis
HEBh A A B R0
Fig. 5 The effects of extracts of different garlic tissues on the

germination of Phytophthora melonis zoospores

3.2 it ERE

Az PSRRI AR W 2 R M AR R R AL
FRAROT 2 R DR [a) A A )
ZAEPER RIS, SR XS 500 e o L 2R
Hopg 3 A BF B iR RO . ABFR 45 R 1T,
B B JIRE0G K R A B 42. 2804, 5 K55
AR B K an B AT 38 S & 90 2R 43 0 B AR &
35. 8901 29. 80 %, B I, FI F K Je K s fli #F 5
PR AVERB S A RUH BN RE 1 K A= . Fofh A1)
SR AUV E IR BRI A s AR
Ja HEVE I3 5 L G 2% 8 0 92 9 R BRABUIEE s 119 i A=
MfeF B &R . & FHERNKGRE KR
VERRNS B 2 W N ER M faE Y . K5k
R X R B A R I B VA RCRS . dik
AT UL SR P EL A i AL BN, AR ) 5 R VR Ae R e

A g o A T PR A

PCIEAE AR Iy o 1) PRI B A 24 i ot o
FCAbAE ) CRLAE A ) 7 A A g AR L 5 5 A T
Lo B REAE T BT R A2 W B P A R A i I
PIER I B o VAR R R 5 IR AR O
SRR AR I AR S . AR AT P AT A ) i
BRAACTE D Ay AR5 A1 8 A i) = 58 v o D T ) A D
RN AR . R R KRR
PR SEIAL RE & W] P. melonis W 22421,
HHRR IR R ASCR Bt . R — i HAT i AL A
L/ RPN NN =Y & /3 I DS N i /N
PRI ] T A A T A AT | A BE B A R
W &I NE A i 2 b DL 3 1140 i T 2%
L5 77 R A W AR T R R U X
FELD A 10 0 T i R 280 TR L A R SR 1R Tl
A B BRI A AR 8 T A B 22 2B K R AN ) 7
JRE AU 12 » o X 8 D B 5 S 114 s T A e
MBITAROR™ Y o RIS AEABFI P KRR AR i
PEWGEREA AN P. melonis i 5y ft1 115 5h A L

T . Bewe )R U0 o i S TR R L SRR
PR RSB K i 1R e A X — i R X T K

AR REAR B JEE AR R BIESE R B GRR R X
RO B Sl A0 (V1 A Sk T 5 B 4 11
WFFER R, RR I SR O BB 25 1 20 4 1 11 10
ShEA BFEMRZ Y B, KFRaR AR & Y A
FEWXT P. melonis WA 8508 7T RE 2 K 35— 1N 4E
VERE ARS8 95 & 26 1 B 2 A

HOMMREE R OT T 45 R KB, 20 me/mL ¥ T
Bl A1 R 8 25 08 B VB0 BV AR R 2 E 2 vk
40 mg/mL I, FEABON BT 208 i m AR
ORI E SN E - € 2T P E LN N T S
O 0 BRI B TTURAT A 1 B8 A A T AEL TR
X [ MR A A AR Y . AR B dE
B, R A TR AR VR AE AR I o) B TR 1~ )
RICREMHIROR ABLE PSR (R Y =3 ¢/ L8,
FARK =250 mg/mL) 2 LI FEZ A KGR,
PRI E A 7 v By 2 o 5 BRI VR R R PT g il
ES AR 5 2RI 580 HAT s (.

25 E ik R RES O At B RTEEAE Y, &
TP TS 5 TS — S R AR 2 B0 o 5L T
P. melonis W5 Br B HCm 9 0 AR, — 2 Kas
AP AR 32T X B NS S A e AR
W JGR AT MBI fi P B ] B
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