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Effect of FFC Ceramic Water on the Infection Process of a Fungal Pathogen

Tomonori Shiraishi, Kazuhiro Toyoda, Tomoko Suzuki, Akane MegurolD> ,
Sachiko Hasegawa” , Tomio Nishimura ® and Hitoshi Kunoh -
(Course of Applied Plant Science)

In this report, an effect of FFC-ceramic (FFC-Japan Co. Ltd., Tsu) water on the process of infection by
a pea fungal pathogen, Mycosphaerella pinodes was investigated. Energy dispersive X-ray analysis showed
that both of the FFC-ceramic water and a common ceramic water contained mainly Ca and S elements,
of which the relative atomic percentages were 53~56 % and 44~45 %, respectively. Lesion formation by
pycnospores of M. pinodes on pea leaves was inhibited severely by the application with both ceramic
waters at the 1/2~1/6 concentration of saturated solution. Cytological observation under microscope
showed that germination, germ-tube elongation and penetration were severely inhibited by these
ceramic waters. However, such inhibitory effect of FFC-ceramic water was superior to that of the com-
mon ceramic water. On ethanol-killed pea epidermal tissues, both FFC-ceramic water and the common
ceramic water blocked the germination, germ-tube elongation and penetration by the pathogen, indicat-
ing the direct effect of both ceramic waters on the fungus. In this case, the inhibiting effect of FFC
ceramic water was more intensive than the common ceramic water. CaSO,at a 1/2~1/4 concentration of
saturated solution blocked penetration by the fungus on the killed epidermis of onion bulb but scarcely
affected germination and germ-tube elongation. Based on these results, we discussed the role of FFC-
ceramic water in disease tolerance of plants and its availability for cultivation.
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Energy dispersive X-ray analysis of the elements in FFC-ceramic water.

a, deionized water on parafilm; b, ceramic water; ¢, FFC-ceramic water; d, relative concentration of atomic numbers (%) in
respective solutions (FFC, FFC ceramic water; No FFC, common ceramic water) . Insets of 1b and 1c are SEM images of

dried samples.
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Fig. 2
pinodes.

Numbers indicate dilution times from the original solution.
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Effect of FFC-ceramic water on the lesion formation on pea leaf 48 h after inoculation with a pea pathogen, Mycosphaerella

a, Treatment of pea leaf with a 5ul of FFC-ceramic water (F), common ceramic water (N) or deionized water (C) for 1 h
prior to the inoculation with spores of M. pinodes (OMP-2; 10°/ml, 5ul) . Drops on the left leaf were wiped off 24 h after
inoculation. An attached right graph shows the result of signal number of respective lesion spots with a software Assess 2.0

made by L. Lamari (APS Press) .

b, A pea leaf was treated with a 5 ul of respective solutions and then immediately inoculated with M. pinodes (conc. of
spores was described above) . Drops on the right leaf were wiped off 24 h after inoculation. An attached right graph shows
the result of signal number of respective lesion spots with a software Assess 2.0 made by L. Lamari (APS Press) .
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Fig. 3 Effect of FFC-ceramic water on the infection by Mycosphaerella pinodes on pea stem tissues.
The infection was observed 24 h after inoculation with pycnospores of M. pinodes. FFC-ceramic water (c), ceramic water
(b) or deionized water (a) was mixed with spores, and then a 5l of respective spore suspension was placed on pea stems.
ap, appressorium; g, germ tube; ih, infection hypha; s, pycnospore. Bars indicate 10xm.
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Fig. 4
stems.

Effect of FFC-ceramic water on the penetration by Mycosphaerella pinodes on ethanol-killed epidermal tissues of pea

The penetration was observed 21 h after inoculation with pycnospores of M. pinodes. The original solution of FFC-ceramic
water (c), ceramic water (b) or deionized water (a) was mixed with the equal volume of spore suspension, and then, a 5ul
of respective spore suspension was placed on the killed epidermal tissue. ap, appressorium; g, germ tube; ih, infection (pen-

etration) hypha; s, pycnospore. The bar indicates 10xm.
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Fig. 5

Effect of CaSO, on the penetration by Mycosphaerella pinodes on ethanol-killed epidermal tissues of onion bulb.

The penetration was observed 18 h after inoculation with pycnospores of M. pinodes. Deionized water (a), a saturated CaSO,
solution (b) or al/2-saturated CaSO, solution (c) was mixed with the same volume of spore suspension. Then, a 104l of
respective mixture was placed on the killed epidermal tissues. ap, appressorium; g, germ tube; ih, infection (penetration)

hypha; s, pycnospore. The bars indicate 10ym.

W D \VIFHIHI T 2B H A HT, FFCE73I v 7
AT FRC Z— ZA™ I RZEFIREEM L E 2 51 5.
%B, FFCt T 3 v 7KL, IREREMOEERETDH
BHIKEHI O (Grey mold ; JHIE R X Botrytis cinerea)
DG - R (589%) bR HET 22 L L2
Lo TE (T—FRED). TOL) RFFENDL,
FFC EMIZAF 2 MEDOHIEZ S T FHTE L LD
EHEREL TS,

FRET % 7% 513, CaSO%& TR & 3 5 T H B A,
BEEETHRENTEBY), IR0, TIEOLE
W 5 WIIE 2 IREBOUZ AR E ShTwb, L
ML, KEFZEOREEDS1L, EWNEREOWEIC D Hik
LT AR E . 512, CaSOMdZEICiE s
T B I TS, BRESRWOICEIRERE 25
Tl GREMREEZEG), —F, MWL 20
FEFRIC & BT CHIERIBRAIZ BT B IEEET L7
WAL, B2 SIEL DA VS K912, HD
B CHREFEH 2 Fomito THERREM L b2 5
ZENTEDLTHA). 4%, SHIZFHEHZ AT =X 2
D E & LI EICE o THH, &% L THWg
WEMORBESEINDLEIHTH .

£ 9

AHFselX, FFC 53w 7 2™ (3% =773V -V %
IXY) OREYIIRIEE OFEHRIHRD ROV TRz D
THbH.FFCtT3I v 7 KIZFEHED1/2~1/6 Dk
TI v FYBEURE O B I L2, ZoER
ZMRI2E 2B, FFC £ F 3 v 7KL, HEE D3,
SEIEEME, BA (BA) 2HFICHET L2 LB
L7z. FFC+tJ 3 v 7 kHi2id Calb Iz S, O jeEHEN
LE\HAEL, SEM BIEORKER L GbES L, CaSOt
ZEICEENDL T EARB SN, £ 2T, CaSO.faf]
WD1/2~1/41ET, WEEITT AR ZH#H~7
R, BHEDLVIIEFEMREZITIEALHES LT,
BRLZPLBALBEEIN. CRLOFRERELT,
FFC £ 7 3 v 7 K% CaSO. DKW T DG i % £ 4%
L7

AEHILIE, 200647 8 I R LRS- e FUARB AT R R 2Rl &
N7z FFCHFMHEIZB W TTb NI —HMe L o/2b 0
T b, R ZTEC AR EI R .



34

1)

BA &ic fb6%

51 B X i

HAR—F - FEE - MHE®R - BRI TEOCEM
(FFC T —R) OFHE: TRALELDSA S FEF R GERTE O
FEIRI AT R P2 1AE E H AR RE B s Ky Gl
B AE (20094 3 H26H~28H. 11JE), pp. 96(2009)
Fujita, K., T. Suzuki, S. Hasegawa, A. Meguro, H.
Sugiura, K. Toyoda, T. Shiraishi, E. Sakaguchi, T.
Nishimura and H. Kunoh : Enhancement of growth and yield
of barley by the soil conditioner FFC-ace™. Scientific
Reports of the Faculty of Agriculture, Okayama University,
(2009) (submitted)
Mitchell, R., N. Konkol and C. McNamara : FFC inhibits
microbial attachment. 7z Proceeding of the 2009 International

4)

5)

6)

FILKZRZEFME®RE  Vol. 99

Forum on FFC Technology (Tokyo, August 24-25, 2009),
pp. 29 (2009)

Mitchell, R., N. Konkol and C. McNamara : FFC enhances
plant growth. /n Proceeding of the 2009 International Forum
on FFC Technology (Tokyo, August 24-25, 2009), pp. 31
(2009)

HEH»PR FFCE MW EHBEA 2 HFN 5 0? In
Proceedings of the 2005 International Forum on FFC
Technology (Nagoya, July 12-13, 2005), pp. 33 (2005)
HEH 24 FFCTHEK S L2 O MIaE 0w £ 0 2395
EIRPUEIC D% A A, In Proceedings of 1 FFC Technology
Researcher Meeting (Tsu-city, June 14-15, 2008), pp. 39
(2008)



