FFC Ceramic Water and Plant Health
FFCES Iy oKkEHEMODER

Graduate School of Natural Science and Technology,

Okayama University

Tomonori Shiraishi and Kazuhiro Toyoda

Tomonori Shiraishi

QIEADIELR)|

FFC® 5 3w 7KiE, @Yoz s ZHD
HBHRREICKVWKE LTSN TED ., il
Tl WM OHE . TEYIO4 B (et & ILH
BGHTHWONTVES, M. fiizbot
MMEEE L ZTVD T EREMOERT, (2
TS LTI b DEEIEF—HEE AR D
BER A, T T, FATeBid. ¥ EAED I
HHU., FFC® €5 3 v 7/KkD I 7 aiz{FHICD
WTHTLE Uiz, LR, FFCK &, —ERD
FFCt o Iv /A z—ERmDKIIREL THEL
7oK mEMUE T,

(e DR 2]

1. WYIOAEFICHT % FFC/KDIEM

KK, FFC® &5 3w 7 XA THULBE L 7z K38 7K
(FFC/K). &2 WEHIOTHlRDOET v 7 AT
BUKEK (5 2y 7K OREYIOEEIC K
FEIEHZANE Uiz, ZORRE. FFCkZ 5 %
TETCkax Y, ¥ 3y 7kRKkiEkzE

FFC water Ceramic water Tap water
1. FFC/KDaA<YFOEBICKIEIIER .

FErEfR 3RO FEOF R (F) LERE () .

Dry weight(g)

LA AR B AR SRR
Bf &, S M5k

Kazuhiro Toyoda

[Object]

FFC is recognized recently as available for
environmental conditioning and cultivation of
crops. For example, FFC is used for cleaning-up
of a river or the sea and for promotion of growth
or disease tolerance of crops. Based on previous
data, in this study, we studied the direct effect of
FFC water on plant growth and a plant enzyme to
clarify its mechanisms. Furthermore we examined
its action on a disease of pea plants. In this
paper, “FFC water” implies the water prepared
by dipping a certain amount of FFC ceramics in a

certain volume of water for designated hours.

[Summary of results]

1. Action of FFC water on plant growth

Action of tap water, FFC water or ceramic
(commercially available)-treated water (“ceramic
water”, below) on plant growth was examined.

Application of FFC-water stimulated significantly
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Fig. 1. Effect of FFC water on the growth of Komatsuna plant. (Observed 3 weeks after sowing.)
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the growth of Komatsuna (a member of crucifer
plants) compared to treatments with ceramic
water or tap water (Fig. 1). On the other hand, the
application of FFC-water decreased the growth
(leaf expansion) of Arabidopsis thaliana, indicating
negative effects on a model weed plant. In this
connection, it was suggested that the barley
growth and yield were enhanced significantly
by the application of an agricultural material,
FFC-Ace. It was shown that photosynthesis and
transpiration of barley under a low light quantity
were promoted by this application. However, since
the detailed action has been still obscure, further
physiological and biochemical studies on the FFC

effect are needed.

2. Direct action of FFC water on a cell wall-bound
enzyme “ apyrase”

In our previous reports, it was presented that
plant extracellular apyrase (NTP/NDPase) is
able to recognize and respond to internal and
external stimuli such as MAMPs, heavy metal
elements, plant hormones (Takahashi et al. 2006,
Kawahara et al. 2004, Kiba et al. 2006). We also
demonstrated that inorganic phosphate, generated
by the activated apyrase, is able to induce defense
response accompanied with the activation of
defense-related genes. Based on these reports, the
effect of FFC-water on apyrase was examined. FFC
water activated apyrase directly and significantly
as compared to treatment with deionized water.
A further study indicated that a part of such an
effect is dependent on Ca* ion in the FFC-water.
However, an FFC water from which Ca®* ion or
divalent cations were excluded by GFC was also
able to enhance the apyrase activity. This result
suggested that another yet-unidentified factor
in FFC water also activates apyrase as well as a
Ca” ion. Further studies, therefore, are crucial to
understand detailed mechanisms of the FFC water

on plant metabolisms.
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3. Effects of FFC water on infection by a fungal
pathogen

Vast majority of infectious agents of plants are
fungal pathogens, Then, we investigated the
effects of FFC water on the infection establishment
and disease development by a fungal pathogen,
Mycosphaerella pinodes, of pea plant. FFC water
prevented markedly infection and lesion
formation by the pathogen at the 1/2~1/6
saturated solution as shown in Fig. 2. Microscopic
observation showed that 1/2-saturated solution of
FFC water blocked perfectly the spore germination
of M. pinodes. As relatively high amounts of Ca and
S elements were contained in FFC water, then, the
effect of CaSO, solution was examined. However,
the solution did not block the germination, while it
blocked infection and lesion formation. This result
also indicated that all of the FFC effects were not
dependent upon CaSO,. In other words, another
yet-unidentified factor in FFC water is crucial for
the total effects of FFC, as described above.
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Fig. 2. Effect of FFC water (F) and a ceramic water (N)

on lesion formation by a pea pathogen.

Lesion formation was observed 48 h after inoculation.
Respective numbers present dilution fold of respective

solutions. C, deionized water.
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