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Abstract Antimicrobial activity of 6 phosphate compounds as H;POs;, H;PO,, K;PO,, K,HPO,, KH,PO, and
NH,H,PO, against Phytophthora capsici JHAW 1-2 and Colletotrichum acutatum JC24 was investigated in
this study. Inhibitory effect on zoospore release, zoosporangia germination and zoospore germination was
superior than mycelial growth. Among 6 compounds, H;PO; and H;PO, showed the best antimicrobial
activity against P. capsici JHAW 1-2. Diseases controlling activity of the phosphate compounds tested on
seedling and fruit of pepper against Phytophthora blight was also better than those against anthracnose. When
H;PO; was applied to the pepper seedlings at a concentration of 100 pg mL™, severe phytotoxicity was
occurred. However, with applying 10 pg mL™ of H;PO; showed 100% the disease control efficacy. In case of
100 ug mL™" H;PO, application showed excellent antimicrobial activity against P. capsici JHAW 1-2, and
56.7% of the disease control efficacy with no phytotoxicity. To investigate the control efficacy against
anthracnose, conidia suspension was inoculated with non-wound and wound inoculation method on pepper
fruit. Among 6 compounds, only 100 ug mL™' of H;PO; and H;PO, had a activity of more than 70%, but the
control activity on other treatments was minimal or unacceptable.
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717 Foll Wske WallE AT + s W HAE 3
ZAAA 2] o] H Qi) 2184 A E Adst] flsiA
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7} 218 5]0] YThPark et al., 2012).

o thgk a3 AR Aol Bol X
635101 A=, 34F9] Fr18gHEo] 3552 oA A
7} 5= 4959 A=yl tis] &7} Ath(Deliopoulos
et al,, 2010). AA| QHAH} FEAIES Ho| AT W,
Septoria HF-HW, S71EH Foll thelA -3 i awt
£ Holth(Kettlewell et al., 1992; Ziv and Zitter, 1992;
Mann et al., 2004; Mitchell and Walters, 2004). 74~ SA]
2129 WAl g7 I}, Anderson et al. (2004)2 o}H 7}
T BAE WAlel] S8l FAas Vel FYsal okt
T gdujE B4 A3, Mno| 52 FFELE FAHUG
Mn g2d3 FsS skt 938 BEIRE 28
Sk opuel, AEHA o] HRivsas A8S
AAste] A EHS WA THFawe et al., 1998). Bekker et
al. (2006)%= A=Al F4E A2 e A3, A hrikk=
o] SHIE], 7|FAEo] Wl A AFAEE 7EA
doha Bsigith 771 Foll shel Qb "ﬂﬁ 4
I Bl 27 S-S FXee T3 d& F9 shvol
ThH(Deliopoulos et al., 2010). F=gF Q12 A2 ol x| o %]
Ag oA Faog 4&& T Ent ofg} ATP, 3—'1“& %
}?'.__/;:, o] ;q;d 5_0_ TA 4;],‘5 /\évb_'_oijq od*ch: ﬂ—\:‘r
AelsHA =H AzolA AAlf Eﬂ?{}“o] s
Aslo] Wzt e W] 7]zke] yepd Rt opz}
(Hammerschmidt, 1999), 2] &8 Aw2] A3 E3lol| 3k
S v|x)7]% gtK(Walters and Bingham, 2007). 214+ 3}
3HE2l K;PO,, K,HPO,, KH,PO2 Xk, il B0l &
of AHgsle] A7FEHES WA= 5}M‘3}(Reuvem and
Reuveni, 1995a; 1995b; 1998). o|AH F7]9 Agsh=
TEE 9B BE A, BluA #Yd 29E YE
e RS AYAL 7] wEel], AAlE tiAlaA

o
Atk Ak

Table 1. Phosphate compound used in this study
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8 A+t (Phytophthora capsici JHAW1-2)
3} 15 BAH A (Colletotrichum acutatum JC24)yS TEA}
welste] Aol ARgskitt. IF R 20°C] V8-
juice HIX](V8-juice, 200 mL; CaC03, 1g; agar, 17 g;
5, 1Lyl 597F widaalon, 13 @Al A
< PDA (potato starch, 4 g; dextrose, 20 g; agar, 15 g;
<, 1 L)) wiAlol] HEate] 25°CoA 797k wjdst 5,
o ARE-SIATE. P capsici JHAW1-29] F-5AhdS 47
3l B2 Oatmeal W] (oatmeal, 60 g; agar, 12.5 g; 5
5, 1Lyl HE3te] 20°ColA] 747k vigatoict. E+tgt "]
of AF O R WAHY| FEdARE AAG L 297 FE X
ARt $ FAE RS Bt SRTE T8si] A3
o] ARSIt C. acutatum JC242] FAYEAR= 25°Ce] PDA
oA 1097} vigst o] #% EHl FAE TAEZA

3sle] AT,

N = mz ofN BN ofN
du do meh S N S
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| ALg 8t olated st
O AL
AR =

=
SIRHES A3 TtH(Table 1).

Hao| ZAIME Mg A

A =9 AF s=7F 47 100
10, 1, 0.1, 0.01, 0,001 mM ©] HE=5 A3} x| H
Z¥etal, WLe] FAMATelA wold @Az EA;
3mm)S A Ho| ol 2 7Heg FoA] FESIGA of
o PDAHIA o= Ale] 2HS WAISH] fl8iA 300 pg
mL™"'9] streptomycing H7FIATE HYAS HES wix
E C. acutatum 1C249] 73-9- 25°Ce] zzlel|A 7U7k W)

>

Inorganic compounds Molecular formula Company Purity
phosphous acid H;PO; JUMSEI 97%
phosphoric acid H;PO, SIGMA 85%
potassium phosphate (tribasic) K;PO, SAMCHUN 85%
dipotassium hydrogen phosphate (dibasic) K,HPO, OCI 98%
potassium dihydrogen phosphate (monobasic) KH,PO, OCI 99%
ammonium dihydrogen phosphate NH,H,PO, JUNSEI 99%
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Fig. 1. Effect of phosphate compounds on the mycelial growth of Phytophthora capsici JHAW 1-2 causing Phytophthora blight (A)
and Colletotrichum acutatum JC24 causing anthracnose of pepper (B) on PDA medium. The colony diameter of P. capsici JHAW 1-
2 and C. acutatum JC24 were investigated 5 and 7 days after incubation at 20 and 25°C, respectively. The inhibition ratio (%) of
mycelial growth was obtained by calculating the ratio of the colony diameter on PDA amended with each phosphate compound by
that on PDA without any phosphate compound. Bars are the standard deviation.

%l P capsici JHAW 1-201 tht AR A& 37t 71
-5 thFig. 1). ¥ 858 25 100 ug mL™'9] Fxof
AE 100% A S AAIsIeH, 10 pg mL'e %
A% 7tk 93.9%9} 86.1%2] &7t Ak o] F 39t
& S-S C. acutatum JC2490 BN T B53 &
F= Yephz Ed, 10 ug mL'Y FEolA 82.5%9}
76.4%2] A3E BTk KPOLE 10 ug mL™ A2 7ol A
P capsici JHAW 1-2¢] digt a3+ s gljlen C
acutatum JC2490 AT 204%2] AZ3F 4= HYGA
7, 100 pg mL'elA = 7 Edel tisiA ZHE 89.9%%k
100%2 €37t F538tsich sAIRE UeA] 378 glekE<l
K,HPO,, KH,PO,, NH,H,PO,:= T H ol et FAMIA
A B 27 w9 W] Ekd Tt

1% G¥Fe| RFEX S, RFIANL Lot % |F
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XA Wolo] tigh AA| g7t o} 38 Th(Fig. 2).
QS 71FAES AU o 2xo uEhA FFEAd
o] A3 wolske FH Y FFEAE UEste] fFEA7t
wrolsted 719] ] Aele] AY e Bl 7
7 S el tiE HPOsel BAE Lotry] fleliA
1 mMS &gt 735, P capsici JHAW 1-29] §-522} b
23§ doks 85.5%9 72.5%7F JAHIo,
FFEA dole 27.5% AAEAT H;POE At
o A "ol tiek A g3t ARSI O, FFE
o RN fFEARY UEe] ofn] 85.5%E AH7]
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Fig. 2. Inhibition ration of phosphate compounds against
zoospore release from zoosporangium (A), zoosporangium
germination (B) and zoospore germination (C) of Phytophthora
capsici JHAW 1-2. The density of zoosporangium was
adjusted to 1x 10" zoosporangia mL™ in zoosporangia
suspension. Zoospores were released from the zoosporangium
by keeping at 4°C for 1 hour and at 25°C for 30 minutes
continuously. Bars are the standard deviation.
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A olM e dH e BE A9 7145 H,PO HiPO,
3} 7ol 90% o’ AAIBAAT, 1 mM2] XE|TFoA= F
sigHEol Hlste] B3t Fhadte], fEARd Wol= oA
A Fatlem, fFEaA s fxat dolw 747}
49.4%°F 10.5% 9Alste FFodlA 23T KH,POS
K,HPO, 12]3L NHH,PO,= A 2lehe F=7t 1agol o}
2} P capsici JHAW 1-29] f5FXA UZ, 5241 Wol,
SFZA Wolo)] thet G} FAF] st AFo)
AR 6712 9] Q1Y B1EtES YA O R fF A} ol

100.0 1 = . =
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o
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= 0100 mM
S 200 4
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Fig. 3. Inhibition ratio (%) of phosphate compounds against the
conidial germination of Colletotrichum acutatum JC24 causing
pepper anthracnose on a cellophane membrane. The density of
conidia in the suspension was adjusted to 1 x 10° conidia mL™".
Each compound was treated into the conidial suspension to the
indicated concentrations. After incubation for 12 hrs, conidial
germination was investigated under a light microscope. Bars
are the standard deviation.

2 &dk= Zol7F AT Fig. 3914 BE A3} 7Ho]
H;PO,E A|9)g YA 85t oA HiPO,2F K;PO,RHO]
100 mM9] =& FxollA 97.8%2] 37} UARS B, U
A sFEEANE ALY T3 YERA] 249kt ol
M HyPOsF th53r 235 Hold H,PO= ¥EApEo
AA3l= G} Bol A3

i

F Al gk WA a7t 7t
A 9458 tH(Table 2). HPO,S 10 mM¥} 1 mM9] 5%
2 AT A5 325 FHAA IS 2 100%9F 60%
WA & AR, 100 mMe] FEE EY] AFEHS
ol IF FHO| AAFI} s9HA Halke sl Sl
Uep b A= frEe JARIATE S P capsici THAW
1-29] AR FrEArde] Aol thallA HiPOYH
443 @32 HW HPOE FFEE AME3S 24 749
A 100 mM Aol 23F 56.7%2] S BHou
K;PO,, K,HPO,, KH,PO,= WY dol st A gz= 3

Table 2. Controlling activity of phosphate compounds against Phytophthora blight and anthracnose of pepper in a greenhouse

Phosoh Control value (%) Control value (%) of anthracnose
corr?;gu?ltc(las of Phytophthora blight Non-wound inoculation Wound inoculation

100 mM 10 mM 1 mM 100 mM 10 mM 1 mM 100 mM 10 mM 1 mM
H;PO; - 100.0 a 60.0 ¢ 74.3 a 383D 0b 743 a 22.0 cd 5.0 ef
H;PO, 56.7 cd 26.7 £ 133 ¢ 80.0 a 493 b 0b 803 a 17.7 de 13.3 def
K;5PO, 100.0 a 433 e 26.7 f 487 b 310 b Oc 423 Db 35.3 be 24.3 cd
K,HPO, 833 Db 633 ¢ 433 ¢ 383 b 3530 Oc 0f 0f 0f
KH,PO, 83.3b 733 b 433 e 0c 0c 0c 0f 0f 1.8 ef
NHH,PO, 46.7 de 53.3 cde 26.7 f Oc Oc Oc 0ef 1.7 ef 0f

“; Symbol (-) indicated the phytotoxicity on seedlings of pepper treated with H;POj; by soil-drenching.
%, Phytophthora capsici JHAW 1-2 was inoculated by soil-drenching with a suspension of zoospore. Disease severity was investigated 10

days after inoculation.

Y; Colletotrichum acutatum JC24 was inoculated with a conidial suspension harvested from 10-day colony. Inoculated fruits of pepper were
kept in a humidity box for 5 days, and after that the lid of humidity box was kept open for 5 days. Disease incidence was investigated 10 days

after inoculation.

% The means followed by the same letter in the same column are not significantly different P < 0.05 by Duncan's multiple range test.
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< A3 IAe a4= dsol EEFTHBower and
Coffey, 1985; Ouimette and Coffey, 1989; Guest and Grant,
1991; Jee et al., 2002). 3FA%F Phytophthora <70l 43h=
W] Foll mbx HPOel ek vk mf§- o=t
Coffey9} Bower (1984)= 87F4] %] Phytophthora #55
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