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Effects of non-host and host seed exudates on the activity of
oomycete pathogen Phytophthora sojae
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Abstract: In order to explore disease resistance molecules in the seed exudates of non-hosts and hosts,
the number of zoospores, total sporangia, the number of empty sporangia remaining after the release of
zoospores, the number of zoospores of encystment and non-encystment, the number of germinated and
ungerminated cysts, colony diameter, the number of oozpores of Phytophthora sojae treated with differ-
ent seed exudates were observed by using microscopic observation, hyphal growth rate and in vitro inoc-
ulation methods and the index of inhibition rate was also calculated to determine the effects of seed exu-
dates of the resistant and susceptible cultivars of the non-host common bean and host soybean on the
chemotaxis of zoospores, the growth and development and invasiveness of P. sojae. The results showed
that the seed exudates of non-host common bean did not attract zoospores of P. sojae, but inhibited the
formation of sporangia, cyst germination and oospores production of P. sojae with an inhibition rate of
97.3%, 73.0% and 17.5%, respectively, and lysed cysts, which led to the decrease in the invasiveness of
P. sojae to hypocotyls by 67.1%. The seed exudates of host soybean could attract zoospores of P. sojae,
and the attraction of the seed exudates of susceptible cultivars was significantly stronger than that of the
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resistant ones. The seed exudates of susceptible cultivars had no significant effect on the growth and de-

velopment of P. sojae, but it promoted the invasiveness of zoospores; the seed exudates of resistant culti-

vars significantly inhibited the formation of sporangia, cyst germination and oospore production of P.

sojae, with an inhibition rate of 86.6%, 34.3% and 12.8%, respectively, and lysed cysts, but the intensi-

ties were less than those of non-host common bean, which ultimately led to a decrease in the invasive-

ness of P. sojae to hypocotyls by 24.2%. It indicated that the seed exudates of the resistant cultivars of

non-host common bean and host soybean had an antibacterial activity against P. sojae, and the host and

non-host resistance to P. sojae were closely related to seed exudates.

Key words: seed exudates; non-host resistance; host resistance; Phytophthora sojae; zoospores chemo-

taxis; growth and development; invasiveness

KREJEE WS 2 545 E) i M
MG . RGBSR KRG A LR —
b 88 O M 5, H 32 2L i K 8 B Phytophthora
sojae G (Tyler,2007) . N T L4 ER FFA
IRFRR AR A RGER  FNIMF 2
HRLEDLPE M FNE T ERIPIG AR B IR =B iR
S5 W HEAT T ORI (R 45, 2016) o IR SE
(2016) FIXIH 44 55 (2016 ) AHF5¢ 3 B L T b AP
iR KSR AR I e A D A A3 it . 27 K G
HR OGN CRLTAFE DD A, %K
GRS R AR S R P S A Rps, TE R 8T
BIAAAE 5 0 N /) T EE L B Avr, B AT TAR BRI 3L
[l R G B AR B L (Tyler, 2002 )

FE ) 10 B FAR AT 3 22 ) ot (1) Sk 45
2008; F4kITA,2014) , HA AW s AR AE A
YR 25 AP PR AR BR G A W A R W] As
WE Y S 2 A RS (AR 2014) ,
) AR BT AT A S A ) S AT TA) R TR
AR R S s R SRR S A R e
SRR 5 R ) A ST G FR B OB, W RORR AR A
WA R B Tk I 4 1 2 Z N TR S-deoxy-strigol BE B
P AR U, e[ TR B AR (Akiyama et al.,
2005) ; LAMEYIAR 73 WA e AR 2R R TR 2K T
Sl g b a A P02 A A8 T A2 E A 4 AR K (Ro-
driguez-Navarro et al.,2007) . X T95 5L IR 1T 7 , 2F
FHUE B SRR B FE AR S U X I T AR
FHASTR], G STV R RS 73 10 40 F V3 A i 7 TR
Fusarium oxysporum 7 224 , JUIk i P AR 43 15 )
) 5 R (E 22 5REF, 2010) 5 2P B SPUe d BhRh
U BA N B Aspergillus niger 18 224 4 (Scar-
afoni et al., 2013 ) ; BBV bt AR 73 M0 0T SBRLRE
%% [# Phytophthora capsici 1 22/F 1 it 8l F#E P
BB A BT AR o W s HAA

FIHIVE R (E4k0%,2014) , RAAEF B M2 Edt
3 i R 0 WA R A A E AT TR T B, L BE A
TR A R IR S5 TR 1= G AT B
RZPEREA FRHAEH AR, e B R R R g
K, ARG B MY (Fawke et al.,2015) . K5
P g e SURY A A SO TR , 24 K 73 70 I
BRI R A7 T R sl A 1 (BREK
W14, 2015) , e 2046 38 ok YU 27 3270 FRR 530
Py 0 A8 ok s A 2 3 7R A £ SR E UK R
(R MRE W] & 7 AE 24 1R AEF 32 (Walker & van
West,2007) . #SCIBEF (2018) W5 A& B K 7 2 i
B ) A R AR X AR ER A
], 32 PR A AR S I b ) S B A A S R
SRS R T ARG, S EOR SRR AR I &
A (Morris & Ward, 1992 ; Hassan & Mathesius,2012;
SCHECEAE,2018a) o HYIGHED , R G s R YL i Y —
FINIT R AT R S HEY R FUR R - A G, AN
YEY) TR R AE AN ]t Aol R o R 2R 0 A ) 2 )
A A HH ] (AR L 20083 E 4K 055, 2014) .
HETEZF 32 5, 75 B R H0R 8% SRR 2
YRR G ri = S AVER], MATERE
AR I b 5 A E AR ] TR A AR
S IA5 14 (Badri & Vivanco,2010) , K SR
XA AF U ] RE 5 R AR A G
NG e s NZROWNER e /IR (S R (VR T
YEH 40 W 3 ] e 5 1 FAR 20 A G
R, AR PE B B AT AR BT 2% 2 AR i i ]
(18 K LI i Sloan 58 HT K BB R A s A
Rps Lk (4T & B Williams 82 . [7] 4 KL BH 4 H. Ky
KRG PR AR A F 05 b A 58 A6 SO 4
UL Ik S AOUREE | SR T TR 22 A K R 30 R 8 A e
AN ] =43 A A0 Ak 3 s K T8 4 1 Wi B0 4L 1
B AT BRI S TR AR R Y as B



732 iR/ B A= S 1 4645

AR JSCE (A SR 1S5 A A R i A (Y I
7R ELAR IR T B T A A T R
BT RECR AR A 3R R AR AR R R
A e AR AN A A A R TR TR R AR
JIMH AR AR, W B E A EREIUR
LN I SWNITRE OSBRI LU B 0/ 7/ PO NS R 3
R AR AIR R T B, LU At —
A AR A AR R0 BT 5
O BE LA

1 M5 X

1.1 #8

PR PR S AR - 385 T 2R 0 D B AR i Y
K G PER F VR Eps597-3, AR B4 41, 75 =K
SRR A Sloan , A AL B FIPT K SRR R
FE, AT ROR SRR AT AR B VR e AR E R
PO AP Williams 82, %A Rps 1k JER, XA P ik
Eps597-3 FIMBTIA 5 2 /1> K i FhAP 32 th BT 45 (1
K24 Dr. Sung M. Lim 2 5, 4E % 352 5 4
AN G N PRIRVTAR FAR SR T

Re g3k 518 b B8 (carrot agar, CA) Ki 725k .
HHE N 200 g BiiiE 20 g, B FKAEZ 2 1000 mL.

TR AL R E 243 Hr 4. SX-500 2K
i, EIESE R AR A R A 5 B e =
5 2 25 5 B R 3 mm A SEDRL R 7 T 1 0 3 B
A b AR 3 em, R B RS SR 0E A SR A bR
HEH IR AER I T B Se i e b A PR
5 ) XH-D BRI A 7% , o8 IR A5 A il i A PR
73 F) s NKON-55T 5 5 I 5% . NKON-TS100 U5
EOGT W, JE RV ES A B (P ED AR A .
1.2 Ak
121  FF 5 bt imik 694 &

S IFRBORPRLAE (0 0E 5 /NS AT ik
Fl 45 20 g, 75% W9 kG R TAH RE 1 min, IO 25 85
TFIKIRDE 3 U, BIAEAL 9 em BT REFE ML A, A
25 mL IG5 T K, 25 CROE A& TR, 1 dJ5
MFETE B T/KZE 20 mL, 2 dJF ¥R 73 1,
FLAE 0.22 pum 4 B U8 25 15 U8 % A 43 W W 1) K
W, UER T IO EP A, —80 CARAF, & H . ik
B s 3 Fh AN 720 WA VRO B2 357 Ry ARG TN Ve JE 11
20%.
1.2.2  #Fe-F AR

Z: 18 Suo et al. (2016) J7 1= il £ Ui 20 1 F & 77
W HEARS mm ATFLARAE 538 CA Pk - ATHUE

ERE R 4 d Y R PR IR, A TSR B SR L,
T 25 B F /K2 U0, 55 30 mindfe 1 oK, LB A K
WU o R IR R0 S TE ) ok B Ry 2
10" A~/ mL W sh 81 W

HEHE Suo et al. (2016) 77 32 5 ¥iiF 2 1+ #a fk
P, ek sl RS AR T i i sl f - BT
TR B A PRI 2 2, 26 B — i 9 47 A SR A [
Fh—F 53 WA W B A0S, o) — il A R At
BEFKABNE (25 FIXTIR) 2 LB IR 1 em,
AR 3 mm, 15 min 5 BAEEUE , K AL
BN A, T 100 581 B s T W
FC s B Th gl sh Ao, s T 104
PR . AS[RI AL B A% 20 2800 | S oR i
B U Sh A R Fe=Oof BRI Sh A 11
PR Ab B Sh A1 Y550 /) B 3l 46 7 248K <
100%. RIS EE 3K,
1.2.3  FaF £ R AFFHIOT BRI

A S mm fTFL A8 38 CA A - ATHUE
FERE R 4 d R G PERE PR RS 10 B, e S8 A R Rl
TP WA R SR LN, DA JC R 25 8 1K N
ZZFINTIR, 25 CIEIREEARME F 1R, 2 dJ5 T 10045
B B A T RENLIIEE , B R 2 K 104
P IO R A PR RS L= A T3 80 1T
SRR - A 232 6 R 3= O B
V-85 b SR ST 1880 /0 BRI F EF- 1 Bl
100%. X3 EE 3K,

FR4 Suo et al.(2016) J7 kA5 7= K15
(A TR BSE 4 L8 T A AN R Fh 20 WA W A 1 5=
merp, A IO R B 1K 2 I IR =R AT
R & F#E 3 h, T 100531805 B s R it
Bt -2 S BRI Bl A0 BRI 5% BA A 25 R, AN
] Lb B REAL LS 10 ST, 3 HA000 sh T Rl e i
BRI 3, We sh 961+ il R =25 M T4 5t 7 22
SEx 100% , B ] 2= O] BESF- 2730 3 96+ Bl
Qb BEF- S4 % S A6 R ) 0 BESE- 343 B 4
PR X100% . AHHEE 3K,
1.2.4 #HFHIF R E A0 A AKX

TEBTEE A0 SN0 A2 I W A3 A 3 A
SIS, LUINAE R KB TR ZS IR 25C
PR¥F2 h J5, T 100 f5 B EDGE AR T 8k ab #i
JCAE 1 i B A A5 R R L i T BN A6 R R
[F) Ak P4 R 10 A~ H BT, 3 580 A 23R 1 ol 2 17 £l
R AR = A 1 B 96 B0 B AR S B
100% , B3 (12 13 256 = (Ab P Y- 357 B 48 538 — Xof S 247



440 ROCHFRE AR FANFF R T IHBYI N K TG M5 ] 733

PER) X} RO A %% 100% . R 31K,

Z: 18 Zhao et al. (2011) Jy i 2 M e v & . ¥
B Bl AT B TR IR IR & 2% TP 4R35 90 s LA
ST IR IR BT . 3 HIAE e 7
WA 3 R 20 WA R, LN A o 25 B8 T K
J 7S AN IR, 25°C ARG & T ORFF 12 h, T 100 %
{8 B WA T TR A B 2 it R A 1 g
PR, AR A LS 10 4 ILET , 31050 i 0 1
R AFNLFE W LA H1 %, 5% 0 & =i &k g5
S FEE < 100% , 2 W7 & 3001 238 = O BRI 5% 724
Y & 8- b B 5% -S4 & 50 ) 0t BRI - 3 &
Fx100%, RETEE 3K,
1.2.5 B 24 KRIPIF T xR

o F 3 E RN B ID R T s A /b aa i) | AN
Al B CA SR IR AIME A TEAE S em Y JC I B 97
LA, BRI S mL, PAINAS G TO T 25 25 77K 1 CA AR
xR E AR S mm BT LA BO 38 CA AR
TEIEEE IR 4 d 0K e AL ARG , PR T WA 3 5 AR TR
T3 WAV W CA -l b ok, AP Bilc 1 8
25 CREOCHM TSR, 4300 F 3 dJe AR R TR,
FER 738 ORI B AT LA . MR 4 T kst
Kig%,6 dJ5 FHEAS S mm FIFLARAE & 245 1 em 4b
BEALTTHL 3 TR , 75 2007556 6 s Fid s on4e
THE, B TR A E SR 3 AT, T2 EOR
R A4 232, B A6 9 1 = O BR B 48 - 34
B — A B PAEF-F-%0) /5 BE B A 24 80< 100% .
RIEE 3K,
1.2.6 #FhF4z& A0 E

TCHE A T K S B A Sloan R 7 55 45 2]
A, 25 C MG SR E R RE R S d e B R Gk
I i A Sloan B AL &, FHC K e e+, FH T
BERP . 28 Chen et al.(2014) J7 3617 K BEUR &
Fift Sloan B4k ¥ RGH75 LRI . 43 5D 3 Fh
T4 WAV T 5 Ui sl 0 T TRV 1 4 R L
£ 1 mL EP & R A 357, L& & J0 1w 25 5 7K
(RIE Sl 72 17 R 25 O R 1S min J5 RS TG
I HC 4 pL IR A W 5 3] Sloan B AL 1 F R4 3 cm
Ab AN [FIAL B HERD 10 A , 4 A0 (1 Sloan B AE
BV B A LD A R S, IR 25°C
HR16 L:8 D &M R3S, $5h 2.5 d il i B4
BEIF e 1t 0 2, 0 =R e 1 B AR 10
100%. AHFISAMF T 4RE45 5% , 4 d J57E Sloan BEAL
T RS AR A E 3 B2l Y, T 200558 s
THECT IRl 20 20 B A6 250, R R A 805 3 4>

PREF A IR T Sh TR ZE T IR, AR
il 2R = (X 8 9 28 — Ak B 3 3 ) /%) B O 3 2R
100% , 5 BEK: B 10 11 2R = (o) B E A< B8 — Ak L xE
) /% BE BE S B < 100% , BR A FFE B 4 1l K =
(X HE BT 7 - 5000 — Ak LB 6 750 ) /) B B0 7 4 <
100% , 1=:2% 7740 il 8= (g 24 il 22+ IR I8 Al
T R B I R ) /3% 100% . IRI6H R 31K .
1.3 BUESHT

K FH SPSS 19.0 A4 84 Ge v o3 A, i
Duncan FCHT & 22753301722 57 0 S PERG 56

2 BERE5HM

2.1 AEMFo TR TR R RN
L4 5 Williams 82 F1 Sloan 43 4 4 4b
PR 15 min J5 , 5 | KGR RRE s A7 19 F- Y9 5045 )
152,193 F120.1 4> ; 5 X5 BEAH HE , Williams 82 Fl
Sloan F—-4r WA ¥4fie ik 2 WK 5 i 8l /5 (P<0.05),
PR3 2R3 5K 22.2% F 27.2% , T 48 460 &K fE
E G s (£ 1),
2.2 AEFFH Y37 F IR R IR A0
2461 2 Williams 82 FlI Sloan #1143 14 9 Ab
M6 dJm, KR 2E80r 518 1.6.8.0.11.01,
& BE LT RME B EER A RE; SR
FH L, 3 Ff b 4304 350 18 25 40 i K 5 s 4%
TE W (P<0.05) , flFE 41 225351 R 97.3% . 86.6%
F181.6%(F£1).
L4 5 Williams 82 F11 Sloan 143 Wb 4 4b
3 0, I sh A B o R 72.2% . 74.5% F
76.6% , =35 Z [ 25 5 b 2 (P<0.05) ; 5% HUM L,
EAEIM G Williams 82 Ff 173 W) RE . 3 10 1% o)
1B (P<0.05) , 1117 Sloan #1143 W H %oF i sh 1 1
BEROC B 5 m (R 1)
2.3 FhFS AT T F B 5E AR R BE A B S0
206 i v Williams 82 F1 Sloan #7143 W ) &b
2 b5, Wesh il BUEE 5 51 86.9% . 80.4% Fil
63.6% , —H Z 1] 22 5 i 2 (P<0.05) ; S X REAR L,
3 R Ao s 38 S e R s 9 T B (P<0.05),
ARSI HE AR K H 408.2% . 370.2% F1 271.0% (3
1) Z4E0h T Williams 82 F 7/ B2 h )5
JIBE S HH B A, RS T KT IS &, Sloan F
TR REALHE 2 h 5 AR AR e (& 1),
L6 i &2 Williams 82 F11 Sloan #7143 W 47 &b
P12 h J5 , M3 3R 00 R 25.7% . 62.6% Fi
94.7%, =35 Z [ 22 5 i 3 (P<0.05) ; 5 X REAH LE



734

oY R

il

464

L0 I SR Williams 82 Fh 143 1447 b 35 110 1l ity 4
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Table 1 Effects of different seed exudates on the chemotaxis of zoospore, growth and development of Phytophthora sojae

- . liFshftl 7
- " Weshil ¥ BT st ¥ . .
- Vs o ] 1| 2% =
e UPETEC g BTER Cgbiico)  mer  TEOWRE O RICE
No. of zoo- o No. of zoospo- . Inhibition rate  Encystment
Seed exudate Inhibition rate Inhibition rate Release rate of
SPOTES  f zoospore (%) rangia of zoosporangia zoospore (%) of zoospore rate (%)
release (%)
20% S AL 5L 15.240.7 b 3.8+0.1¢ 1.6+1.7¢  973+0.1a 722409 ¢ 6.140.1a  86.9+3.1a
20% Zihuayoudou
20% Williams 82 19.3£0.9a  -22.2+0.1b 8.0+2.6 b 86.6+£0.1 b 74.5£0.5b 3.1£0.1b  80.4+0.7b
20% Sloan 20.1+0.9 a -27.2+0.1 a 11.0£4.2 b 81.6+0.1 ¢ 76.6+0.8 a 0.4+0.1c  63.6x0.5¢
X R CK 15.8£0.8 b - 59.8t11.8 a - 76.9+£1.0 a - 17.1£2.1d
N s T [RERN
Ji' 2 (i SN BRIHAE R EHR \ ULEUST
. . R o il = I
1534 Promotion rate E)ﬁi? (% ) Inhibition rate ~ Colony Tﬂﬁﬂi (%) I T E MHIE (%)
Germination L . Inhibition rate No. of e
Seed exudate of encystment of germination  diameter . Inhibition rate
rate of colony di- oospores
(%) (%) (mm) of oospore
ameter
20% AL 408.240.1 a 257+1.7¢  73.0+0.1a 35240.1¢ 8.1+0.1 a 102.2£1.2b  17.5£0.1a
20% Zihuayoudou
20% Williams 82 370.2+0.1 b 62.6+4.5b  343+0.1b 36.4+£0.1b 5.0+0.1 b 108.1£1.3b  12.8+0.1b
20% Sloan 272.0+0.1 ¢ 94712 a 0.6+0.1 ¢ 37.4+0.2 ab 2.3+0.1¢ 121.0+44 a 2.3+0.1¢
X CK - 95.3+0.8 a - 38.3+0.1a - 123.9+1.52 -

L BE N  BEbR i 22 . RIS [R) 2B 3678 28 Duncan FG 2 W% 222 K 56 18 P<0.05 /K- 22 57 . % . Data are mean+

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2095 FEM = Xt
20% Zihuayoudou 20% Williams 82 20% Sloan CK
B
B R v
WA T PR X | 3 :
Zoospores encystment l l o O
¢ 20um 20 um 20 um 20 pm
[ o (LI I (L—1)
TR ZERA K X
Germinated cysts « « s
7 20 pm 20 pm 20 urn
BifT
Oospores

E1 ARMFI RN AEREERKZ BN
Fig. 1 Effects of different seed exudates on the growth and development of Phytophthora sojae

ik : WEARANIZE, Arrows: lysed cysts.
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A 52 B A A (P<0.05) , 4114l 3R 4 i A
17.5% F1112.8%, Tfij Sloan i 733 H1 X B 61 I B
TCW AR, 3T A B S I BRI TR S
FO FE—RE B A R BRIR (B 1) o

2.5 Tt sh i EE AR
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71258 F1 M 3 53 3 R 67.1% . 24.2% F1-0.8%,
=HZAES B E(P<0.05,3%2), RHERME
Williams 82 Ft 743 WA ¥ it . 3 B IR Ui sh 6 7 19 42
%271(P<0.05) , 1M Sloan F—73Wsy%: e sh 4 712 2%
NERBBAE TR (K 2) . EEM T Williams 82
B W Ab P15 Sloan B AL 1T Ml 5/ By
WAZ B (B 2-A) AL 2L rh B+ 12 /0 (& 2-B) ;
Sloan FfF- 43 WA F175 X% BEAL B Sloan B4
JRSr B, 2 B2 A (1 2-A) 2 2N = A R B
il F-(E12-B).

R2 AEMFARYNKERBIFNAFEENHZIT

Table 2 Effects of different seed exudates on the zoospore invasiveness of Phytophthora sojae

Fh1-3- W54 V2 AN BT (&AL RS
Seed exudate Incidence (%) Lesion length (c¢cm) No. of oospores Inhibition rate of invasiveness (% )
20% ZE AL 5L 16.7+58 ¢ 2.4+0.1 ¢ 20.0+1.0 ¢ 67.1203 a
20% Zihuayoudou
20% Williams 82 76.7£5.8b 4.8+0.1b 32.742.1b 242+1.2b
20% Sloan 100.0+0.0 a 5.2+0.1 a 57.340.6 a -0.8+0.4 ¢
X CK 100.0+0.0 a 5.2+0.6 a 56.0+1.0 a /

R N BRI 2E o TR BIR [R) 7B 278 48 Duncan [RGB 2 22K 50 7E P<0.05 K-F- 2257 B3 . s Fonfieit.

Data are mean=+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’ s new multiple

range test. Negative sign indicates promotion.

20% 1L E
20% Zihuayoudou

|

BeR 5 BRER

Symptoms after
inoculated

ﬁiéﬂéﬂﬂiﬂﬁﬂ

Oospores in

20% Williams 82

20% Sloan CK

Al

o --..

B2 EFARFF4 i 2.5 d 5k S 2% ST Sloan TS BE 5 A EAR F097% 42 21 Fh O BR 7 F

Fig. 2 Symptoms and oospores in diseased tissues of Sloan hypocotyls inoculated with different seed exudates

3 i
ABPFELREM , AF ER AR G M T
SHIBPIN KB K AR K sl Ttk 1=

RIS . FRTGR T WY REN S|
KRG REREWT ST, B bt Bh -0 I 3o} i 3 4t
TR I T PO AR, 5 SR A5 (2018b)
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