e 2023, 25(1): 104-116 hitp://www.nyxxb.cn
Chinese Journal of Pesticide Science E-mail: nyxuebao@?263.net

AR doi: 10.16501ison1008.7303.2022.0122
6- /¢ 5 -2 H-ALY Mg - 2- B o B2 4 7 B s T Y
B & M K H xS m E BB A BUR
x| g, FEL FHRE, ETH

At pol K Bl SR 5B, ket 100083)

§ ZE. & Clarireedia spp.7| A2 893 3 T giym AT 3P R AA B MR EZ—, 6-/RA-2H-7IL
*#) (6-pentyl-2H-pyran-2-one, 6PP) 2 K E & & (Trichoderma spp.) & H R AXKM =M. A
I 6PP A 3P T sm a9 37 BB M. g BORARFIF T stm @ &t 6PP e) A f L, AATR
RAEH LA KRR ZEENTT 6PP AT F I T 3m @ a3 F 1, 55 RA TN BRT b fo 2 K
R T 6PP xFFIF T pEsm 69 Ty Al FFAE R, F AT T A2 6PP Bofr T I T A B @ L 454
BALEAN K BEE MG T, ERET, PP AMEIF T HAEE C. jacksonii #2 C. monteithiana
HEA ZIslE, L2t C monteithiana 49-F ¥4 237 4| F R E (ECso) # 0.37 pg/mL, 2
C. jacksonii %] ECsy 184 0.04 ug/mL; 2 6PP &3, C. jacksonii #= C. monteithiana B % K
Fw, mIeREE Mg e, ARt R B, @i Ak, @R, C jacksonii iL A
A B (POD) 89 7% M2 F EF, {2 pHIARE, M C. monteithiana 3 2L LB (SOD) 7
M. pHAEF=f0I % 45 (EPS) 2% EF. 1 pg/mL 49 6PP /& B Ak &t T 2T M BE R 69 TR LR A
91.14%; ZHFMHT, BiEaRA 72.21%. 6PPAFE P Hotm b s1ER 2%, BAEBKFR
BREM TR EH BTN E8R, BEFARESAIFRZAFN G .

KR FPsRE,; 6-RA-2H0-wrm; HEE; B DBR; SRR, RRAEARN
HESES: S482.7; TQ458 MERER: A

Inhibitory activity of 6-pentyl-2 H-pyran-2-one against the

pathogenesis fungi of dollar spot and its control efficacy

LIU Man, NIU Qichen, YIN Shuxia®, WANG Ziyue
(School of Grassland Science, Beijing Forestry University, Beijing 100083, China)

Abstract: Turf dollar spot, caused by Clarireedia spp., is one of the most destructive fungal diseases on
turf. 6-Pentyl-2H-pyran-2-one (6PP) is a critical antifungal secondary metabolite produced by
Trichoderma spp. In order to explore the antifungal activity of 6PP against Clarireedia spp. and its

control efficacy to Turf dollar spot, the inhibition activity of 6PP on Clarireedia spp. was measured by
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mycelial growth rate method, and the protective and curative activities of 6PP against the disease was
measured on detached leaves and potted plants. The changes in mycelial structure and activities of stress
resistance related enzyme of the pathogens under 6PP treatment were analyzed. The results showed that
6PP had efficient inhibition activity on C. jacksonii and C. monteithiana. The average effective
inhibitory medium concentration (ECsg) of 6PP to C. monteithiana was 0.37 pg/mL, and the average
ECs value to C. jacksonii was 0.04 pg/mL. After being treated with 6PP, mycelial of both C. jacksonii and
C. monteithiana grew abnormally, cell membrane permeability and relative conductivity as well as
peroxidated cell membrane increased. The peroxidase (POD) activity of C. jacksonii increased
significantly although its pH remained unchanged, while the superoxide dismutase (SOD) activity, pH
and exopolysaccharides (EPS) of C. monteithiana increased significantly. The preventive effects of
1 pg/mL 6PP on dollar spot were 91.14% in vitro and 72.21% in pots. 6PP has a significant inhibitory
effect on Turf dollar spot and has a good control efficacy on the disease in vitro and in pots. The study
revealed the potential of 6PP to be an eco-friendly fungicide preventing Turf dollar spot.

Keywords: Clarireedia spp.; 6-pentyl-2H-pyran-2-one; antifungal activity; Turf dollar spot; control

efficacy; pathogen physiological response

TP T B 2 iR b DORS 240 TR P PR b A
THAEREMEREZ —. HRER, B HREH
IR N Clarireedia J& E. 1%, A 6 MMFh, H
| C. jacksonii M1 C. monteithiana 7%t 5 i [
W) iz, Har BT, TR A 1
FLPRRLIT,

IR, NTEMAHZEA . ZHB&Z. i
FA A 77 (DMIT) A% B 2 i UG 40 i 771 (SDHI)
S Ak 5 R B R AR B R PR B A 52 R BR T B T AR
F, HOASCERER, B0 BT IR R B
B TR RIRE B BB R Ak, A R A
A] feal R AR RGBT K, X
i L S N SR e = AR S s T, PRk ik 7R
A& S N T SN =V S TR P R R A
B o

H 20 th22 30 SRR LR, KR&EW Trichoderma
spp. PAHAR R 40T RO 51k 7B # A8
ZORPER . REREG NIRRT WEA S
AEPUA AL A, ABLESEBR A= B Hh 5 52 S Hh
SAFRC M, T BOH [ B VA N AR AE BT R ROR AR e
R ) R 12T R B T R AR AR 5 R B TR R AE
PETh R B VIA R0 R, A& WA
AT DAY 6 % T O AR B W R R R Plasmopara
viticola B EIHLHI . BT RS T. koningii FING
KAREE T. harzianum 7= £ HIRG K E A g R A PL R
BV P AR T R A A AR R . R R

AT AR XS B Colletotrichum falcatum 5|
ERH BRI RIS, HAEX
H 2 A N BT R R = e e . A AN TE
S BBCF) A 5 T 41 A A AR B R B BT A
YR S, AT DAY v A S A P e T o A o
HE 30 AR AN R B I R, [ BT SR R R B2 B
TERAEYIBTE 9 FH L

6- 1% HE-2 H-ML W -2-1 (6-pentyl-2H-pyran-2-
one, LA FEFK 6PP, 25X LN 1) T 1972 48
SORE T. viride 1 H WK ILIF 40 1840, &2
—P R RATEWRKAMAMANEE, M
ZRARBRENE TR 853, OFESRE
T. citrinoviride~ VERATE . T ARE ., IREEARE
T. atroviride M4kt K% T. viride. 6PP EL A i
P E ST, X3 KBE E Macrophomina
phaseolina~ KG221% T Rhizoctonia solani~ % IK
W% Sclerotium rolfsii~ Bk JI W Fusarium
oxysporum~ FRIIEEE Phytophthora capsica FE K
JEFG P. melonis B AT RIFWIANHAER, MR W
s, HRT AR WA ISHFH 6PP By va S 3R
PIAEOGHRIE, FHAMBETENE. DiE IR APLEE A
BAEMIRZ . ASCHETT T 6PP X 2 Fft 5B 1 B
WA BEEYE AP E OR, Rl — R A A
FEFRIII 2, FRFT 6PP X HLHE M BT B 1 F B
TR LN R ROR B A 9 B T B
FURER R = PTa RS % .
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PUH\
(o) )
B 1 6-IKE-2 H-tIE-2-FRZE =
Scheme 1 Structural formula of 6-pentyl-2 H-pyran-2-one

1 #MR5EE

GIREYES
BER B R R B AL ROl R 22 B R s 56 ==,
E kS5 N N8, N13. N14. N18. 73 fl 112, H
" N8. 73. 112 N Clarireedia jacksonii, N13.
N14. N18 A C. monteithiana; HEHREPEE N &
TUR% #1 A4 Agrostis stolonifera L. A4’ , JEARRE
£ MM): 10 g ##&ikE. 1.5 gK,HPO,. 2 g KH,PO,.
1 g (NH,) ,SO,. 0.5 g MgSO, « 7TH,0. 2 g E£E}$2
. 15 g BB N A B FRKEREN L, K
T 4% R ) BRI AR RS 97 58 (PDB): 20 g 1 45 #
6g DHRERMIMNERTRKERFNL, Kif. 6PP
W E AL B EA R A R AR, 4AiEHN 97%.
1.2 {43
DZF-6020MBE .75 1§48 (B RA R A
F]); DL-CJ-2ND I 2% TAE & (bRt ARIBERG JRAX
BHEA PR AT SX700 & K HE# (KFERFEAL
MAMRAF); SPX BEREAEMNILIRFE (T UL
1X#%)7); DDSJ-318 A ML T 2AX (AL il L
FAF); FE28 pH it (K% NUR BT AR A R 2
Al)s BEE UV-2600i BUEAMNE /G BEETE (i
WA PR A F); Multifuge X1R HY w8 A 1% B 0 HL
(FEBR KRB A R A 7]); ECLIPSE E100 2Y
T EEE (VLR AL A RAF).
1.3 REHE
1.3.1 HHhWEE SR HuER W ¥
6 RALIR B MRTE MM “FAR T 25 'C T Bk 3%
3d )5, SIEUFE Y, 18 OMEGA EH DNA #E
A& (AIEREMRE AR AR $2& 505 5
DNA. FififaF)H = w s A IEm 514 1TS-1(5'-
TCCGTAGGTGAACCTGCGG-3') Ml A1 5] 4 ITS-
4(5'-AACTTGCAATGTGG-3") Xf i BEJR & 1
ITS FER AT G A FF, 400 7 25 Sk AT Df 4
J&, T NCBI (National Center for Biotechnology
Information) [#t4T BLAST FFHAH I 2. F)
F MEGAT7.0 41T 1000 X EEZ 5] FAE
HAGRKEM . bk R 5 &S5 SR L B
el S1.

1.1

1.3.2 6PP XM E MRV HI B F RAWLAEKR
FYEPE 6PP X 6 KI5 B A R ] o oAk B2
(ECso)o FHFRTE MM $5570E EHiRE R 3d JG, fEW
KINGHLEAE 6 mm IR TE, 5l $EMh B i 445
EWENO0. 0.025. 0.05. 0.075. 0.1. 0.125.
0.15. 0.175. 0.2. 0.225. 0.25 1 0.275 pg/mL
6PP (1) MM “FH b, #EEER-FIRET 25°C &
2 F T E 9%, PURE 6PP ISP IE . X i
ARHIEEABE R FRIER 23 1, RA+FZX
IS EE EA, HE 6PP X M B R
B2 AR AHI 2, SRIBF DRI K
EELE 3R, RKHET 2 K.

133 6PP X{ M HE W £ M AW P  TEREFE 2d
(I B V& (B AR N8 Al N18) (110 2 HU i D 4 7% 31 &5
H 0.075 pg/mL 6PP 1) MM £ 725 |, DIAR
6PP MG FRHE AN, £25°C FHiFE3d G, W
EEFAZELFEME PURFLEES. B0 E
Wi 3ANES, IRET 2 K.

1.3.4 HEpHAZAFREeE MEHE NS M
N18 I FXHfPE4 (ROS). AN EA (H0,) HH4T
Jett,, Z M Mojicak %Y Jik. Tris-HCI ZZ
(0.1 mol/L, pH = 7.6). i EIKE N 0.3% [ME I E,
(CoCly) F#IBAAFIEL 9 1R A, B AFRAF ) # 22
RAE 3 mL 1 mg/mL 1 3,3'- &R FEBCRIE (3,3'-
diaminobenzidine) 44, Z O IMA 5~10 mL
30% H,0, , $+t4 8 h J&, W L IZULAETLIK LBEH
Wit 12 h, B REE TGt 5 R 2
1.3.5 6PP X M¥AHE M ERFMENTE S
8 Duan 581 (17772, H4 MBEHT B N8, N18 #ff
FMM L, 25°C 3 3d)E, FTHS ANHEAZ 6 mm
MIE B, BERT474 100 mL PDB (1) 250 mL #% 6
i, F25°C. 175 r/min fHIRFEK L3R 36 h
Ja, ACFRLLENIN 0.075 pg/mL [ 6PP, X HRZH N
SFEMITHEK, 46835578 36 hoe T 5000 r/min
B0 10 min JEUEETE 22, LiEWA . FREUEH 22
0.3 g, &F T 20mL KW AKF, 454 0. 5.
10, 20, 40. 60. 80. 100. 120, 140. 160 Al
180 min B3 F L2 AN EHF RN SR, 25
WM 5 min, FFNDERAMBSE. BAH
PR 3AER, RIES 2 K. AKX ) iHE
PR B 3R

Ry
Rc/% = — x100
c/% sz

(1
Ry Jy 5L [E]
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B3, uS/em: Ry A HNE R 7K i Hh 0 #
Smin, HUH A H 2 =R S FIE R B SE, pS/om.
1.3.6 6PP x{ T BLRH pH (B FH 418 1.3.5 %
JIER SRR P MBLH B NS FIN18, $THL S ME
£ 6 mm W VE, #FT&H 100 mL PDB K
250 mL #E Y, T 25 C. 175 t/min fHIR K
LS 36 h )5, MFEHARMN0.075 pg/mL
6PP, XTHRAHVNINSEE MK, 4k8:855% 36 he
F 10000 r/min &> 10 min, Y& EFEW®R, IE
BV pH . B HEKE 3 NES, WIGES 2 K.
1.3.7 WIFHE M Z 4 (EPS) &I E S
SCHRJTVEDERY . B 1 mL _E3EWR (F 1.3.5 %) &
SmL L& OES, A 3 FEBTTLKLE,
F 10000 r/min F &> 60 min, FELKLEE, ¥
VUEMIE 60 'C HAZ T+ 60 min, /5T
8mL JLH/KH, KIREE 2 mL &, I 1 mL 5%
KPR S mL IREREE, WWE 10 s J57E 25 C
JCE 30 min, 7E 490 nm AL EISER I BOGE, I
F I w AR 2k e . DL AN R . AR 4b
HE3IANESL, RLEL 2 K.
1.3.8 7 —E (MDA) & &NE KHAMMRELZ
FRYVECT M E o 4218 1.3.5 W VAR EE SR 2 .
P 225 Tris-HCI 221 (0.05 mol/L, pH =7.5)
FEARAILE 12 5 WHEE AL, T 15000 r/min T4
YRES 0 20 mine LA 2 mL _EiERRT 2 mL 0.5% At
B LG 2 R o S N, VR AD R KR O K R
10 min, & #J5LL 5000 r/min &0 10 min. PA
0.5% B AR b Z RV MO R IR AL, 4300 T3 K
532, 600 A1 450 nm AP =L EAE, T MDA
TR, BREE3 AN EE, REEE 2 K.
1.3.9 WK AT 6PP Wy A p %M 1.3.5 7
TEWCER 42, TREL 0.5 g B4 T FA Ktk
IO 1 mL ¥ 0.05 mol/L Bl 2 (pH = 7.8),
F 12000 r/min FE L 10 min, _EiEHH T
g Y (POD) Ak A AL M) 5L (SOD) il
TEo K BAIAREER W POD W&, LAREsEP
N Agzo 2246 0.01 1 AN A BETEPE B AL (U)o
KWLM (NBT) Jaib JR 3020 Il 52 SOD %
P, DA NBT Yetb B 7 50% A SOD i —
AN I EAL (U)o
1.3.10  6PP X EHF By 4Rnt i M B 0 7 16 1E Al
K FH BRI By 92200 58 6PP o BB 1T B 11 391 57
GINEERE (SR

ETAE R W e LT [ — AL 8, KN
Pi, @R BRI B B8 4R 9l gl dt, # A
HHKSE (7 om) 5 U)R FEBUE G B 1E 77 1L
(EAZ 9 em) H B /K 58 2R R IR 8 TR IE AR 1.
¥ 6PP FH 0.1% [HINEIE 20 #6kE, 20N R4 R &
WREN 0. 0.1, 0.5 11 pg/mL, WEHG 3| £
M, ERWALNFRTEHRS. 24 h )5,
W 5 mm PR B EUF (F R N8 I N18) i E AE
b 2R (B e — AN O, A 3 O i
BT 25 °C. el 16 h, BJE 80%). 2
djG, TFXGEMEMN B BRI E AR,

BITVERDIGE : 56 MBI N8 Al N18 424
M, RV REFR ARSI AE A, R
24 h J5 Wit 2 R4 08 04 0.5 AT 2 pg/mL
6PP Zji. 2 d EMERZKE, HEBAL (2)
HEPIABR (E). MAEMAH 10 .

Li-L,

E/%="""2%100 )
Ly

X Ly AXMNBRREKE, cms L, N
6PP Kb PRI AS KT, cm. 455N 10 MEE KT
BIME + hrdEZ .

1.3.11 6PP X EIPMMRE P ia R KR
LR B [F] B ot PR R, W5 6PP Xt BLHE
BEI 0 B FE TR o

TRBAE R E: 25 H 0.25. 0.5 A1 1 pg/mL
6PP AT HERRI 55 A BE, BERWEE 2 mL, W1
S E WA AT, SR 24 h 5, K
PERBEHEE NS A N18 19 1 AN B (10 mm) 4351
M RZS 6PP A H I ) EIE E, JEBCE TR
R IRAH (25 °C. B 16 hy HFF 80%), 1598 7d
Jes GiitmtE iR R, LRI R AR AR i A R
1) 100 A Fro LATCTR K R AT I, &AM
H 4 tk, EE 3K

BITVERDIGE : 56 MBI iR N8 Al N18 24
TPRAE AR, R TIE. RERAMFRITIMIER, fE
FEMp 24 h W B AR EE 8 04 0.5, 1 F12
ng/mL 6PP Zjik. 7 d el &K, FEi5HBE
AR X Q) HERIERES D).

_(N;xi)
1= sy <100 3)
KA N NS PRAREG @ AR 2 EUE s

N N SAREL
1.4 Sitoth
H L SPSS16.0 B A xR 36 B s ik 47 Ge it 4y
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#r, iH] Duncan G 828047 2 7 B & VEA
5%, KH prism9.0 H14 (GraphPad 7)) #4175 d:
AbFEAN BT HIE

2 GBRE57R

2.1 EHRERE

WRIERAKERR, 6 WK N 2 NF,
HHp N8, 112, 73 B#EAN C. jacksonii, N18. N13.
N14 E#AN C. monteithiana. AR5 R #H
W PR (Type strain) B[R YR TEE] T 98% LA
EE1D.
2.2 6PP X BEmE HIHI IR

6PP Xof % Tk R 22 AR K E A H I E A (1] 2-
A), B REIRE R 6PP (> 0.2 ng/mL) A R3]

XTH2_SH_SP

70

N8

971112
73

7 = (GQ924925 Beijing Zoysiagrass.
KF048091_D-C-1_Bermuda grass

100

Clarireedia jacksonii_CBS138618 Type strain
GQ924924 Beijing_Zoysiagrass
GQ924923_Tianjin_Festuca arundinacea (Schreber)
Hackel_GQ386985_shenzhen_seashore paspalum

— (GQ924926_Beijing Bentgrass

Clarireedia monteithiana_RB19_Type strain
CAUI_SH_UnKnown

86JGU002301_Foshan_seashore papalum
KF048088 HD8-1 Zoysia grass

T C. monteithiana 3 PR W 22 NAEK, BHEK
I E AN 60.72%- 85.20% 1 97.71%, FH5844
#il 1 C. jacksonii 3 MREEME 2 ALK, RmAK
M 100%. 6PP Xt C. jacksonii BB S FEK
U, TERREIKE (0.05 pg/mL) B, X N8.
73 1112 F I Z 53 ik 2] 80.40% 99.50% FH
97.77%, Xt C. monteithiana ] N13, N14 fl
N18 I 2 B 20.10%- 19.80% F1 32.72%
(K 2-B). 6PP X} C. jacksonii ] ECs, {H & F KT
C. monteithiana (P <0.05), F:H' 6PP X} C. monteithiana
3 BREEFE P44 ECs fEN 0.37 pg/mL, X C. jacksonii
3 BREEARIFSF34) ECso {24 0.04 pg/mL (35 1),
2.3 6PP X FARIEFZH T MIRE R LFSH
A

Bk N8 I N18 Xy HE 41 B 22 52 L i 5 2

C. jacksonii

C. Monteithiana

KF048089 ML7-3 Paspalum spp.
XC14_HN_SP_Intron
KF048090 HE-1_Carpet grass

SZ11_HN_SP_Intron
981XC1_HN_SP_Intron
XC5_HN_SP_Intron(Clarireedia paspali_Type strain)
XC6_HN_SP_Intron

99 rRutstruemia maritima_CBS311137
Cl

arireedia homoeocarpa_CBS31037_Type strain

96 Clarireedia bennettii_(as Rutstroemia paludosa) CBS46473
96| |Clarireedia bennettii_(as Rutstroemia calopus) CBS85497
98! Clarireedia bennettii CBS30937_Type strain

[ Rutstroemia bolaris_K1.222

100;Rutstmemiaﬁrma_CBS1 1586

0.010

1 ETF ITS-rDNA FHIRALMEE (N)) MEN ARG A ER

Fig. 1 Phylogenetic tree constructed using neighbor-joining method based on ITS rDNA sequences
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o
&
Q%
A
C. Monteithiana N13
C. Monteithiana N14 &
C. Monteithiana N18J[.
B 8
C. jacksonii N8 B
E -+ NI13
2 = N14
C. jacksonii 73 5 -+ N18
= -+ N8
" 73
* =112
C. jacksonii 112| %
0 0.1 0.2 0.3
6PP 115 VR S
Concentration of 6PP/(ug/mL)
2 AEIRE 6PP Xt HBEHE N13. N14. N18, N8, 112 F1 73 AIHFI1ER
Fig. 2 The inhibition effect of 6PP against Clarireedia spp. strains N13, N14, N18, N8, 112 and 73
1 6PP X MBHFEHAI ECs &
Table 1 ECs, value of 6PP to Clarireedia strains
[k BT FHR R EL ECsy/ 95% HEA5FR
Strain Toxicity regression equation Correlation coefficient (ug/mL) 95% CL/(ng/mL)
C. monteithiana N13 y=0.85+0.48x 0.976 0.83 0.50+1.16
C. monteithiana N14 y=0.71+0.40x 0.924 0.15 0.11+0.18
C. monteithiana N18 y=0.71+0.45x 0.979 0.12 0.11+0.13
C. jacksonii N8 y=3.12+343x 0.901 0.03 0.02 +£0.04
C. jacksonii 73 y=0.28+031x 0.890 0.03 0.01 +0.04
C. jacksonii 112 y=027+0.28x 0.989 0.05 0.03 +£0.06

BISIHIEAS, WL RIGHE Hit HRLERE (K 3-a,
3-c), MfE 0.075 ug/mL /] 6PP ZLEE R, N8 Al
N18 BRI AFRIMESL . HA N8 Fbk, W
TR 4 360, 1A 22 4ii i K (K 3-b), 23
WSS NG, WK AEI5); T N18 B 2272848
RE, WRERRE (B 3-d).

2.4 6PP XITHhBHREE LR RNF T

DAB B85 7R, HHk N8 5 N18 (1) 6PP
W 22 5 DAB WAL E kR B2 (K 4-a,
4-c), XTI A RIMEZII .
2.5 6PP XM EZAIEITE SRS

P e B 1T XL R PR (N8 R N18) T 22 [ A 6
FH, 5 25 [ A T P 4 % DR 350 2 B2 1 o s & AR
E NI . 4 6PP AbELJE, N8 A NI18 B4 [1)4H
X SR A (B 5), N8 ORI N18 X R 2H Al
AbFRZHAE 180 min NAHXNT L SZIEE A (P <
0.05), Hr N8 XfIEZH LA f& 6PP AbFEAE 180 min N

A B35 KT N18 Bk (% 2).
2.6 6PP XIHBHREER pH ERIF M

6PP AbFE M BER B 36 h J5, N8 S FE 4L
P pH H 8 5.08, AbFRE B TR pH VXA 5%
TR T B % 25 (P> 0.05). N18 % R ZH B i
[1°F35 pH {E N 4.84, AbPEJS BRI pH ~F3{E A
5.20, N18 AbFE BRI B pH 22 4k 2 25 = T X |
HHIE I (P <0.05) (K 6).
2.7 6PP XIHBEHRE MDA KIS0

XA AL, 25L 6PP AbFE [ HEE T BER
W MDA & EXRETE (P <0.05). N8 XA
MDA & &7 0.74 umol/g, AFELEA 1.91 umol/g.
N18 X HE4H MDA &4 0.82 umol/g, HJEHN
1.64 umol/g (K 7).
2.8 6PP X EPS 2 MM

N8 X HEZH 1K) EPS & &N 8.09 mg/L, AbHJ5
9 19.27 mg/L, KHN 58.02%; NI18 KRR (1)
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+0.075 pg/mL

VE: av b: AN C. jacksonii N8 Xif [l 4L A A FE 40 T BEI
B % o d: 73AA C. monteithiana N18 i HE 4L A1 4b ¥ 20
DEIP T A 22 o
Note: Mycelia of the C. jacksonii N8 control group(a) and the
treatment group(b); Mycelia of C. monteithiana N18 control
group(c) and treatment group(d).
& 3 6PP Xt C. jacksonii N8 Fl1 C. monteithiana N18
k22 oAl
Fig. 3 Effect of 6PP on the mycelial morphology of
C. jacksonii N8 and C. monteithiana N18

100 - - N8
—m- N8 +0.075 pg/mL 6PP

A% LS Relative conductivity/%

0 20 40 60 80 100 120 140 160 180 200
I} %) Time/min

+0.075 pg/mL

H: as b: AN C. jacksonii N8 i LRI AL IR T 5H o B 14 24 5
o d 73N C. monteithiana N18 %if B2 1A ERZH T B R A 22 .
Note: Mycelia of the C. jacksonii N8 control group(a) and the
treatment group(b); Mycelia of C. monteithiana N18 control
group(c) and treatment group(d).

&l 4 C. jacksonii N8 0 C. monteithiana
N18 9 DAB 45 RE

Fig. 4 DAB staining of C. jacksonii N8 and
C. monteithiana N18

100 -e- NI8
—m- NI8+0.075 pg/mL 6PP

9
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FiXT H 5 % Relative conductivity/%
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i [ Time/min

B 5 6PP X} C. jacksonii N8 F1 C. monteithiana N18 & 22 (A3 E S A0
Fig. 5 Effect of 6PP on the relative conductivity of mycelia of C. jacksonii N8 and C. monteithiana N18

%<2 180 min ] C. jacksonii N8 F1 C. monteithiana N18
AN R SRNTR
Table 2 The changes of the relative conductivity of C.
Jjacksonii N8 and C. monteithiana N18 within 180 min

fb3 180 min AT HL A AR AL
Teatment Change of relative conductivity within 180 min
C. jacksonii N§ 32.87+1.10b
N8 +0.075 pg/mL6PP 4521+0.90a
C. monteithiana N18 21.77+1.23B

N18 + 0.075 ug/mL 6PP 26.78 + 1.56 A
i AFAFEERIR 0.05 K ERZEREEN. RPEHE )y 3 o
SLEERE I EIE £ bRz,
Note: Different letters represent significant differences between
different treatments (P < 0.05). The data in the table are the mean + SE
from the three independent replicates.

EPS &4 5.20 mg/L, #b#J5421.30 mg/L, 3%
KRN T75.59%. 6PP ALFEJ5 N8 Al N18 FH KA
EPS & 833 = T X 4 (P <0.05), HriN18
PG E =T N8 (] 8).

2.9 6PP XIS HESE MR

6PP AbFE J5 N8 Al N18 B ¥k SOD i 14 i

& T AR (P < 0.05), N8 XL SOD iE Ny
7.69 Ulg, MBS H 12.76 Ulg, K ZE N 39.73%:;
N18 RN 6.90 Ulg, 4bFEJ5H 12.75 Ulg,
WK E N 45.88%, B N18 [ K ZE T NS,
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6 r 6.0
S kS
55 F
4+ a
Z 250 b
2 L
45
0 4.0
N8 N8+0.075 pg/mL 6PP N18 N18+0.075 pg/mL 6PP

EARNG FEMURA R AL BLZ [0 1E 0.05 /K EZF R,
Note: Different lowercase letters represent significant differences between different treatments (P < 0.05).
6 6PP Xf C. jacksonii N8 1 C. monteithiana N18 &% pH {EAIFZM
Fig. 6 Effect of 6PP on bacterial fluid pH of C. jacksonii N8 and C. monteithiana N18
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N8 N8 +0.075 pg/mL 6PP NI8 N18 +0.075 ug/mL 6PP

VE: ARRNG F R R R ALFEZ (W7 0.05 7K F 1 %5 2%,
Note: Different lowercase letters represent significant differences between different treatments (P < 0.05).
&7 6PP X} C. jacksonii N8 #1 C. monteithiana N18 FE 221K MDA &£ /IS
Fig. 7 Effect of 6PP on MDA of C. jacksonii N8 and C. monteithiana N18 mycelium

30 ¢ 30
2 2
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E E
o o
&) &)
i) ]
41 10 a qr 10 ¢
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N8 N8 +0.075 mg/mL 6PP N18 N18 +0.075 mg/mL GPP

e AE/NG FRMEA R AL [01E 0.05 K L2757 B3,
Note: Different lowercase letters represent significant differences between different treatments (P < 0.05).
8 6PP X} C. jacksonii N8 I C. monteithiana N18 & 22{F EPS &£
Fig. 8 Effect of 6PP on the EPS content of C. jacksonii N8 and C. monteithiana N18 mycelium

N8 XF 41/ POD 35144 1.31 U/(g-min), AbHLJ5 ZRHAEZE (P>0.05) (K 9).

4 2.40 U/(g'min), MK AN 45.42%, BELE(E 2.10 6PP MEIEEAM BRI TG FIETT
BEMZER (P <0.05). N18 X4 POD &N B RAE T, DAREEE B B Ak N8 Al N18
6.46 U/(g-min), A5 POD %N 6.90 U/g-min, YENR G . P alieH, 6PP X N8 #ll N18 5]
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POD jif 4t POD activity/(U/g)
38}
POD {1 POD activity/(U/g)

N8 N8 +0.075 pg/mL 6PP N18 N18 +0.075 ug/mL 6PP

15 ¢ 15 ¢

—_

(=]
T

—_

(=]
T

w

SOD i1 SOD activity/(U/g)
W

SOD i SOD activity/(U/g)
o

1 0 1
N8 N8 +0.075 pg/mL 6PP Ni8 N18 +0.075 pg/mL 6PP

ARG F R AR A B 2 MI7E 0.05 /KF L2 7 B .
Note: Different lowercase letters represent significant differences between different treatments (P < 0.05).
B9 6PP X} C. jacksonii N8 1 C. monteithiana N18 & 221 SOD F1 POD HYZZ0
Fig. 9 Effect of 6PP on SOD, and POD of C. jacksonii N8 and C. monteithiana N18 mycelium

A TBE A R AT T O8] (B 10-A, 3 3). (1 10-B, % 3).

TEREFIATE 1 ug/mL ) 6PP, 5% it JC B 7K 2.11 6PP X EIE M BEFRAITREG FIiATT
XTHRAARLG,  TRET R 2 I 2] 92.40% FT 89.88% . RS, DLECEE M R Mk N8 A N18
BIT IR T, MBE B N8 FIN18 #:/h 24 h )5, VERZGLIR . 6PP TEAN[H] F BV B R X B 5 i 3
2 ug/mL [ 6PP JRIT R 73704 61.86% Al 53.53% i AR I — R R AR T E AR . 1

CK 0.1 pg/mL 0.5ug/mL 1.0 ug/mL  CK 0.5 pg/mL 2.0 pg/mL

C. jacksonii N8

C. monteithiana N18

A BT BRI .
Note: A. Preventive effect; B. Curative effect.
10 6PP X BB A B A A BRI 5877

Fig. 10 Preventive and curative effect of 6PP on creeping bentgrass detached leaves against Clarireedia spp.
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%3 oPP XEEEEMEAM F TR C. jacksonii N8 F1 C. monteithiana N18 BIFiRF 53677

Table 3 Preventive and curative effects of 6PP against C. jacksonii N8 and C. monteithiana N18 on leaves

T B B 2R 2R 6PP Ji E IR [ (SR 6PP IR E IR
Type of Clarireedia spp. Concentration/(pg/mL) Preventive effect/% Concentration/(pug/mL) Curative effect/%
C. jacksonii N8 0 — 0 —
0.1 3791+£6.90 ¢ 0.5 40.64+8.30b
0.5 57.15+10.30b 2 61.86+4.20a
1 9240+330a — —
C. monteithiana N18 0 — 0 —
0.1 27.55+1.30C 0.5 31.14+135B
0.5 5428 +3.40B 2 5353+ 140 A
1 89.88 £4.50 A — —

e RPHAE 10 PO E R KT £ bERZE . FISIEE G AR TR LSD LI 7E 0.05 /KT EZER B,

Note: The data in the table are the mean + SE from the ten independent replicates. Different letters in the same column indicate significant differences at

0.05 level by LSD test.
AT 1 pg/mL ) 6PP, L5 Wit JC 1 7K [ %t

HEZHAHLL, TR R 7 ik 2] 74.65% F169.77%.
EIRITRIEH, MBEEHE NS A N18 #:Fh 24 h

J&, 2 ng/mL ) 6PP JRIT RUR 735l N 63.44% Al
63.06% (% 4).

F 4 OPP JTEIEIFIERFHERKTBERF C. jacksonii N8 F1 C. monteithiana N18 BFif; 5877

Table 4 Preventive and curative effects of 6PP against C. jacksonii N8 and C. monteithiana N18 on plant

TR HITIER
B B R 6PP T FLU i Preventive effect/% 6PP RS Curative effect/%
Type of Clarireedia spp. Concentration/(ug/mL) Tt 7 Concentration/(png/mL) R 7
Disease index  Control efficacy/% Disease index  Control efficacy/%

C. jacksonii N8 0 80.64 +9.81a — 0 83.36+11.01a —
0.25 55.24+5.17b 31.50 0.5 63.95+6.90b 23.28
0.5 40.63+4.86 ¢ 49.62 1 48.65+£2.65¢ 41.63
1 20.44+5.05d 74.65 2 30.47£6.00 d 63.44

C. monteithiana N18 0 91.31+£2.10 A — 0 95.14+ 151 A —
0.25 65.11+490B 28.69 0.5 79.07+4.05B 16.79
0.5 50.12+4.88 C 45.11 1 6248 +5.36C 34.32
1 27.60 +£4.64 D 69.77 2 35.17+7.61 D 63.06

VER P HAR N 3 YOS B S S P + FRdE R ZE . FISIEE E A T BEOR £ LSD VAR IRAE 0.05 /K-F EZER .,

Note: The data in the table are the mean + SE from the three independent replicates. Different letters in the same column indicate significant differences at

0.05 level by LSD test.

e Sitie

3.1 6PP XM EIHBRE AR AR IAMR

AHIE ST A T B B AE 6PP AL FE T ECsg 1H
YL FE N 0.03~0.83 ng/mL, ¥J{EA 0.20 ug/mL.
Hu 5P 50F 24 AN m /R RER N 1 AN 58 B b i B2

FE T B 6 0 2 FOR EGIUAREL, 6PP HAT
NI AR . AR, 6PP X HBE
T T (10 5 i 2R B8 A i ) B ) 9 i i 1
e HREMT, 6PP 2 AL H M 4R B R T Xt
M.

3.2 6PP IRARIERIRIEIER, SIARERIM

Sy BV 358 Bk BE I MBS R B, FETNER
e, SRR, BERERE AR, MBS ECs
B4 514 0.0307. 0.2598 F12.067 ug/mL. [FFE,
BAEAECY AR 114 Bk M B0 BRI 7 R R B, R
TE 57 W IR AL FE R ECso 164 0.0121~1.2644 pg/mL,
BB N (0.5663 £0.2144) ug/mL. 5 HEGZHF

18R R

Tk S B A R A RS2 3 T g i Y
RRAE, ASHIF 78 B3 bk I BES 1 MDA & &2 3% b
T IR & DAB B 447 £, MDA 2R fI5 i 4
r= e ) BRI bR R, FOHR T A e
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AR TR, 4 6PP bB S, HIE
B B A K& AL B R R DAB e, X
K] 6PP AL FRAEAS I B IS FACAR R, I ARG
FIRZA0, BRI AR S 2 T, pH E B
FH UL TX — . YR AE AR RS R,
EPS 7] PUJE F — FlRe SR AL DR SR AL OR P, DLAERF
2 10 JEE 1) 56 B MR I S K LA IR (]2, N8 A
N18 1] EPS b Fh i Bl & 22 %2 3| i i, JF 46 45 ilh
EPS SR OR3 2 i B A0 40 Jfl BEDCST, - DAHRARI 6PP 11T+
oo R 52 B A S E R, 22 SOD ¥ iE
&5 A i S A S DR 95 20 N PR AR s R
6PP ALFE 5 N8 1 N18 () SOD w& PER & LTk, ¥t
W B PRI T B S i A, 9 B 52 B e
3.3 6PP XA BRI TR R B 38 E

6PP X P ot A~ [ B BF 1 B B A AN [R] () JHp i
SRIE . AT C. jacksonii ¥ 6PP $ii14 3 55T
C. monteithiana. C.jacksonii 1] N8 7E 6PP 4bf
T 2 AR Ho T AR K 2 B, S R 2
By 350N, HoRvm R KK . C. monteithiana
PR N18 B2 4 da k9, REE—i&, Bl
JEARGEM, B2 TR . 6PP {3 N8 B 448
H, SEEEAET K, AN RE AR, AR
W2 B0 . T N18 B 234, 5 6PP A4l
FAREAR, 6PP MR 1F FHAHX 855 A5,

ALK

Cell expansion

AL

Antioxidant

R 0001

AN

Oxidative stress

6PP 4b3 J5 N8 Al N18 [#) SOD &2 ETF, HiNig
21 SOD L TFh# T N8, X B2 FE () 2 S th
IRUFAARRE T N18 Lk N8 H[if 6PP. N8 [f] POD i1t
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FHINS 111 ROS M T N18 BEEFHE, WG T
KEENIER L, N8 F 25 5% 5| 6PP [ Prid
BT, Jin 25BN IE NS5 JE W Cylindrocarpon
destructans W50 K ILAMNE 6PP 2 T 3 H W fE
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REAER,

L AR SO B AN SCHR A I, WD AR T
6PP Xif P et AN [R] HEBF 3 B3 B 10 A P ik e DA B
T B B 1 B B8 6T 6PP [N N, o X 6PP (1)
LB R 6PP 5 i Y bR 5 A T S A T
SEUE RN R, EEMNE R 74 MDA, T
Pt 200 M A 5 2 £ A Ik SR Ak, B R 4 RS 1) B
B LB T B B 52 B 6PP 5L, B AR AL
YRR, WARB RN S B, RIEDUALEE T
B P AN, MaAh 2 REE N (B 11). AR
M5E T 6PP X HEBE I BE B (30 3 v, I 7R
— B 5T IR 6PP i) BT 1 B 1A R & R
AURHEES, JFIT R H A2 3085, A PR FE T
i SRS A .

PrsishHE
Material
discharge

21 I 48 4
Cell crumpling

enzymes
S P X
S YN |
Autophagosome e} o

6-pentyl-2H-pyran-2-one

T BOHE TR PP R T HIF MBUW AL, 3OH LR BUER R C. monteithiana 52 F 6PP Myt ff MR, - 35 €0 5 Sk A

KM C. jacksonii SZF| 6PP A H I o

Note: The black arrow indicates the action pathway of 6PP on dollar spot, the yellow arrow indicates the response of insensitive strain C.

monteithiana to 6PP stress and the blue arrow indicates the response of sensitive C. jacksonii to 6PP stress.
El 11 6PP {ER T RMMBEREE YL FE ALK AT E LT BEREIXT 6PP HYNE Rz HEN &
Fig. 11 The proposed model of the 6PP action on dollar spot and the responses of two pathogens to 6PP
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