
77iFruits - vol . 39, n°12, 1984

In vitro Antifungal Activity of Fosetyl A l
and Phosphorous Acid on Phytophthora Species .

Contrary to the other systemic fungicides used in the
control of Oomycetes, fosetyl AI is clearly more active
in vivo . Indeed mycelial growth is inhibited in vitro in high
concentrations of fosetyl Al compared with anilides suc h
as metalaxyl for which approximatly 1 ppm is sufficien t
to stop the in vitro and in vivo growth .

The efficiency of fosetyl Al in open field, could be ex-
plained partially by an indirect mode of action stimula-
ting the plant's defence mechanisms (VO-THI-HAI et al . ,
1979 ; BOMPEIX et al ., 1980, 1981, 1983 ; GUEST and

* - Université P. et M . CURIE, Pathologie végétale T 53 .
4, place Jussieu - 75230 PARIS CEDEX 05 .

G. BOMPEIX and P SAINDRENAN*

ACTIVITE ANTIFONGIQUE IN VITRO DU PHOSETHYL Al ET
DE L'ACIDE PHOSPHOREUX SUR LES ESPECES D E
PHYTOPHTHORA .
G. BOMPEIX et P. SAINDRENAN .
Fruits, Dec . 1984, vol . 39, n° 12, p . 777-786 .

RESUME - Un mode d'action direct du phoséthyl Al et de l'acid e
phosphoreux a été trouvé in vitro sur le milieu «Corn meal agar» .
Celui-ci a une basse teneur en phosphate qui favorise l ' activité anti-
fongique de ces deux composés.
Dix espèces de Phytophthora peuvent être classées en trois groupes :
1) haute sensibilité : P. cinnamomi, P. citrophthora, P. parasitica,
P. palmivora ; 2) moyenne sensibilité : P. cactorum, P. cryptogea,
P. vigne ; 3) faible sensibilité : P. capsici, P. infestons, P. megasper-
ma . Avec le bhoséthyl Al et l 'acide phosphorique, le taux d ' inhibition
n 'est pas constant au cours de la croissance des champignons, mai s
parait s' accroître progressivement .
Il en résulte que les valeurs de CE50 ou CE90 sont sans signification .
Selon les espèces étudiées, le phoséthyl Al est plus ou moins inhibi-
teur que l'acide phosphoreux . Les espèces de Phytophthora ne dif-
fèrent pas seulement pour leur sensibilité à ces composés, mais aussi
pour l'effet antagoniste de l'ion phosphate . Dans certains cas l e
phosphate annule l'effet direct de l'acide phosphoreux (P. citroph-
thora) et dans d 'autres une légère réversion est seulement constaté e
(P. parasitica) .
L 'importance du mode d'action direct in vivo est discutée.

BOMPEIX, 1984 ; GUEST, 1982, 1984 ; DURAN D
and SALLE, 1981 ; YUSUF, 1981) .

These results have been discussed by FENN and COFFE Y
(1984) who found a high inhibitory effect of fosetyl Al
and its active metabolite H3PO3, on Ribeiro's synthetic
medium with a deficiency in phosphate (0 .08 mM) ; this
can be - explained by phosphite-phosphate antagonism ,
already found in vivo (BOMPEIX et al ., 1980) .

Strangely, they found a good inhibitory effect on Cor n
Meal Agar (CMA) which is a natural medium . This resul t
is in contradiction with a number of papers written b y
other research groups (BOMPEIX, loc . cit . ; MORGAT
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SUMMARY - A direct mode of action of fosetyl Al and phosphorou s
acid is found in vitro on the natural Corn Meal Agar media, whic h
has a low phosphate content which favors the antifungal activit y
of these two compounds. Ten species of Phytophthora can be classi-
fied in three groups : 1) high sensitivity, e .g . P. cinnamomi, P. citro-
phthom, P. parasitica, P. palmivora ; 2) medium sensitivity, e .g .
P. cactorum, P. cryptogea, P. uignae : 3)low sensitivity, e .g. P. capsi-
ci, P. infestons, P. megaspenna.
With fosetyl Al and phosphorous acid, the inhibition rate is no t
constant during the fungi growth, but appears to be progressivel y
increasing. As a result EC5n and EC90 values are meaningless . Ac -
cording to the species studied, fosetyl Al is more or less inhibitory
than H5PO3 . Phytophthora species are not only different in regard
to sensitivity to these compounds, but also in the antagonistic effec t
of phosphate ion . In some cases,phosphate (1 mM) nullified rapidly
the effect of phosphorous acid (P. citrophthora) and for others only
a slight reversion can be obtained (P. parasitica) .
The importance of the direct mode of action in vivo is discussed .
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et al ., 1977 ; VEGH and LEBERRE, 1979 ; FARIH et al . ,
1981) .

According to FENN and COFFEY the direct mode o f
action should be taken into consideration, but unfortuna-
tely they do not indicate the phosphate content of CM A
and host-plants .

In the latter case, the phosphate concentration is appro-
ximately in the range of 5 to 50 mM (BIELESKI, 1973 ;
BLIGNY et al ., 1983 ; MIGINIAC-MASLOW et al ., 1983) ,
concentrations which are probably not able to give suffi-
cient efficacy of fosetyl Al and H3PO3 •

In the case of CMA, it could be possible that a lo w
phosphate content exists . Consequently, we have measured
the phosphate content in this medium, and then we hav e
tried a wide range of Phytophthora species in order to
compare the efficacy of fosetyl AI and H3PO3 in vitro
and in vivo .

Finally the CMA has been supplemented with phosphate
in order to verify the possibility of nullifying the phospho-
rous acid effect under those conditions .

MATERIALS AND METHOD S

1 . Phytophthora species.

Phytophthora species which have been used in this ex-
periment are :

obtained from :
P. cactorum

	

INRA, Versailles (Dr. LEROUX) .
P. capsici af.

	

GERDAT (Drs LAVILLE and D E
VALLAVIELLE,Montpellier) African
isolate .

P. capsicif.

	

Rhône-Poulenc Agrochimie, Lyon .
P. cinnamomi f. INRA,Versailles (Dr. VEGH) .
P. cinnamomi ca GERDAT (Californian isolate) .
P. citrophthora

	

GERDAT (Corsica )
P. cryptogea

	

University P . and M . CURIE Paris
(Dr . SAINDRENAN) .

P. hevea

	

IRHO, Ivory Coast (Dr . RENARD)

P. infestans

	

INRA,Avignon (Dr . MOLLOT)
P. megasperma INRA,Rennes (Dr. ROUXEL)
P. palmivora

	

GERDAT
P. parasiticp

	

GERDAT (P. nicotianae var . parasitica).
P. vigne

	

CVS,Baarn (Netherlands) .

Stock cultures were maintained on V8-Ca CO3 juice agar .

2. Chemicals.

Fosetyl AI (Aluminium tris-0-ethylphosphonate) is used
in wettable powder (Aliette R) and 80 % a.i . phosphorous
acid solutions are partially neutralized at pH 6 .5 with
NaOH 1 N .

3.Measurement of fungitoxicity .

Toxicity toward linear mycelial growth is measured b y
adding fosetyl Al and phosphorous acid to the CMA buffe-
red at pH 6.5 by MES.

Petri dishes were 9 cm diameter, filled with 20 m l
medium . Plates were inoculated with mycelium plugs ( 6
mm diameter) taken from the margin of 5-day-old cultures
on V8-CaCO3 agar, and dishes (six replicates) were incuba -
ted at 22°C in the dark .

Radial mycelial growth was determined periodically by
measuring diameters of each colony and subtracting th e
diameter plug .

Fosetyl Al concentrations are expressed in meq H3PO 3
in order to facilitate the comparisons between fosetyl A l
and H3PO3 .

The concentration range used, varies from 0 .42 m M
(34 .5 pug/ml) to 6 .72 mM (552 fig/mI) in H3PO3 and from
0 .84eq . mM (99 ,ug/ml) to 13 .44eq . mM (1580 fttg/mI) i n
fosetyl Al .

The inhibition rates are calculated during the following
time periods :

First experiment Time duration of each perio d
ccgnsidered

Day of control

1 day

	

2days

	

4days

	

4days

	

9days

~ • ,r~ ~ r~—I~
0

	

dayl

	

day3

	

day7

	

dayll

	

day2 0

Second

	

Time duration of each period
experiment
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lday

	

2days

	

2days

	

2days

	

3days

	

Sdays

Day of control

	

0

	

dayl

	

day3

	

days

	

day?

	

day10

	

day15
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Figure 1 .
EFFECT OF PHOSPHATE ON TH E
INCREASE IN COLONY DIAMETER
OF PHYTOPHTHORA SPECIES
INHIBITED BY H3 P03 (1 .68mM )
ON CORN MEAL AGAR MEDIUM .

niw digitation s
O CMA
+ PO4100 m M
o P03
• P03 + PO4 1 m M
q P03 + PO4 10 m Ivi
� P03 + PO4 100 m M

Time (days)
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4. Phosphate content of the CMA .

The ion phosphate content of the CMA has been deter -
mined by the HESS and DERR'S method (1975) .

5. Effect of phosphate content .

To study the role of phosphate on the activity of phos-
phorous acid, CMA has been amended with 1, 10, an d
100 mM in phosphate by adding a buffered solution o f
sodium phosphate (pH 6 .5) .

Results .

1. Content in phosphate of the CMA medium.

Without mineralisation (Pi available) we find 0 .38 mM ,
a very low concentration that could improve the phosphit e
and fosetyl Al effect.

This content is much lower than in flowering plants
(Cf. supra) .

2. Inhibitory effect of fosetyl Al and H3PO3.

Contrary to the observations made on most fungicides
we find that inhibition of the radial mycelial growth rat e
increases progressively during the fungi growth . It can b e
total (mycelium stopped in the middle of the Petri dishes)

with concentrations as low as 0 .42 mM (34 .5 [yg/ml) i n
phosphorous acid .

However, the time necessary to obtain the cessatio n
of growth is frequently preceded by the formation o f
mycelial digitations and precise measurements become
impossible . This phenomenon is represented on the growth
curves by a sinusoïdal line (Figure 1) .

3. Comparison of the effect of fosetyl Al and H3PO3.

Towards P. capsici and P. megasperma growth, fosety l
Al is more active than H3PO3 (Tables 1 and 5) .

The contrary has been observed with P. citrophthora.
Some other Phytophthora spp . such as P. cinnamomi are
more inhibited by lower H3PO 3 concentrations, but thi s
result is reversed with higher concentrations (Tables 1 to 8) .
These contradictions can be explained by the effect of the
aluminium ion which can be an inhibitor for Phytophthora
growth.

4. Comparison of the effect of fosetyl Al and H3PO3, on
ten Phytophthora species .

In preliminary experiments we have obtained some re-
markable inhibitions on CMA but not on the followin g
media : malt extract («cristomalt»), V8 juice agar, PDA .

Phytophthora species show wide differences as regard s
their sensitivity to fosetyl Al and H3PO3 .

TABLE 1 - Percentage growth inhibition of P. capsici on CMA agar medium at five concentration s
of fosetyl Al and phosphorous acid .

Isolates mM
Percentage inhibition of radial growt h

ld 2d 4d

P. capsici af. 0 .84 0 22 .4 a -
Fosetyl Al 1 .68 12 .5 a 21 .8 a -
expressed in equivalents 3 .36 34 .3 b 50 .8 b 70 .3 a
mM H3PO3 6 .72 88 .0 c 96 .8 c 100

	

b
13 .44 100

	

d 100

	

c 100

	

b

P. capsici af. 0 .42 8 .5 a 0

	

a 0

	

a
H3PO3 0.84 8 .7 a 0

	

a 0

	

a
1 .68 8 .6a 0

	

a 47 .7 b
3 .36 25 .2 a 0

	

a 44 .1 b
6 .72 43 .5 b 14 .6 b 34 .4 b

P. capsici f. 0 .42 30 .0 a 3 .2 a 0
H3PO3 0 .84 40 .1 a 6 .9 a 0

1 .68 28 .0 a 0

	

a 48 .2 a
3 .36 39 .0a 3 .4a 42 .4 a
6 .72 60 .1 b 31 .2 b 30 . 1 a

Values with the same letter (within a column) are not significantly different according to Duncan ' s
Multiple Range Test (P = 0 .05) .
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TABLE 2 - Percentage growth inhibition ofP. cinnamomi on CMA agar medium at five ëóricéiitrations
of fosetyl Al and phosphorous acid .

Isolates mM
Percentage inhibition of radial growth

Id 2d 4d 4 d

P. cinnamomi f . 0 .84 16 .0 a 41 .0 a 57 .8 a -
Fosetyl Al 1 .68 38 .6 b 35 .9 a 55 .7 a -
expressed in equivalents 3 .36 38 .5 b 69 .6 b 74 .4 b 100
mM H3PO3 6 .72 100

	

c 100

	

c 100

	

c 100
13 .44 100

	

c 100

	

c 100

	

c 100

P. cinnamomi f. 0.42 38 .9 a 49 .5 a 32 .9 a 43 .7 a
0 .84 33 .4 a 56 .6 a 45 .1 b 45 .4 a

H3P03 1 .68 31 .1 a 39 .4 a 45 .8 b 43 .2 a
3 .36 22 .2 a 43 .9 a 44 .5 b 47 .5 a
6 .72 16 .7 b 55 .2 a 53 .2 c 62 .5 b

P. cinnamomi ca 0 .42 0 2 .0 a 10 .4 a 21 .0 a
0 .84 0 32 .0 a 22 .4 b 32 .0 b

H3P03 1 .68 0 0 .4 a 35 .4 b 40 .0 c
3 .36 0 6 .8 a 32 .2 b 47 .0 d
6 .72 50 .0 46 .0 b 42 .4 c 60 .0 e

f . isolate from France ca . isolate from USA (California) .
Values with the same letter (within a column) are not significantly different according to Duncan ' s Multiple Range Tes t
(P = 0 .05 )

TABLE 3 - Percentage growth inhibition of P. citrophthora on CMA agar medium at five concentrations of fosetyl Al
and phosphorous acid .

Isolates

	

Percentage inhibition of radial growt h
mM

ld 2d 4d 4d 9 d
0 .84 3 .7 a 39 .8 a 17 .2 a
1 .68 27 .4 b 25 .2 a 22 .1 a
3 .36 52 .6 c 81 .2 b 86 .9 b 100
6 .72 100

	

d 100

	

c 100

	

c 100
13 .44 100

	

d 100

	

c 100

	

c 100

0 .42 51 .2 a 22 .7 a 5 .3 a 100 10 0
0 .84 55 .3 a 23 .8 a 8 .6 a 100 10 0
1 .68 63 .4 a 47 .9 b 23 .1 b 100 100
3 .36 62 .6 a 73 .1 c 85 .8 c 100
6 .72 100

	

b 100

	

d 86 .6 c 100

Values with the same letter (within a column) are not significantly different according to Duncan's Multiple Range Tes t
(P= 0 .05) .

Fosetyl Al
expressed in equivalent s
mM H3PO 3

H3PO3

They can be classified in three groups :

1) High sensitivity, e .g . P. cinnamomi, P. citrophthora,
P. parasitica, P. palmivora for which 0 .42 mM of H3PO 3
or 0 .84 mM of fosetyl Al lead to the total inhibition, bu t
it needs at least 10-12 days to be observed .

2) Medium sensitivity : among them we find P. cactorum ,
P. cryptogea, P. vignae.

3) Low sensitivity such as P. capsici, P. infestans an d
P. megasperma .

5. Differences among isolates .

Different responses of the two isolates of P. capsici



782 - Fruits - vol . 39, n°12, 1984

TABLE 4 - Percentage growth inhibition of P. infestans on CMA agar medium at five concentrations o f
fosetyl Al and phosphorous acid .

mM
Percentage inhibition of radial grow th

3d 4d 4d 9 d
0 .84 0 0 0 0

1 .68 0 0 0 0
3 .36 0 0 25 .8 a 100
6 .72 0 0 62 .4 b 100

13 .44 0 100 100

	

c 100

0.42 0 0 0 0
0.84 45 .3 a 0 20 .0 a 100
1 .68 9 .5 a 16 .2 a 18 .4 a 100
3 .36 100

	

b 100

	

b 100

	

b 100
6 .72 100

	

b 100

	

b 100

	

b 100

Values with the same letter (within a column) are not significantly-different according to Duncan's Multiple
Range Test.
(P = 0 .05) .

TABLE 5 - Percentage growth inhibition ofP. megasperma on CMA agar medium at five concentrations of
fosetyl Al and phosphorous acid .

Percentage inhibition of radial gro

	

t h
mM

ld 2d 4d 4 d

0 .84 0 0 0
1 .68 0 5 .2 a 13 .6 a
3 .36 0 25 .8 b 21 .2 a 70 .7 a
6 .72 0 60 .6 c 75 .4 b 100

	

b
13 .44 100 100

	

d 94 .4 c 100

	

b

0 .42 0 0 0 0
0 .84 0 0 0 0
1 .68 0 0 40

	

a 100
3 .36 0 0 44 .4 a 100
6 .72 0 0 69 .6 b 100

Values with the same letter (within a column) are not significantly different according to Duncan's Multipl e
Range Tes t
(P = 0 .05) .

Isolate s

Fosetyl Al
expressed in equivalent s
mM H3PO 3

H3PO3

Isolate s

Fosetyl A l
expressed in equivalents
mM H3PO 3

H3PO 3

are clear cut although slight . Up to 0.84 mM the inhibitio n
is almost nil. The higher concentration of H3PO3 (6 .72 mM )
gives, in the two last periods of measurement, an inhibitio n
of 34 .4 % and 30 .1 % respectively .

On the other hand, isolates of P. cinnamomi have a very
different response for the low concentrations. The French
isolate is more sensitive than the American one in the two
experiments .

6. Antagonistic effect of the phosphate on the phospho-
rous acid activity .

The effect of phosphate varies considerably accordin g
to the species studied (Table 9) .

A very weak effect has been obtained for two specie s
(P. parasitica, P. palmivora) . On the other hand, with
P. vignae, P. citrophthora, P. megasperma, the antagonistic
effect is particularly clear . Even with 1 mM, digitation s
are often suppressed and colonies become circular agai n
(Figure 1) .

These three species and P. cinnamomi and P. capsic i
can be considered very sensitive to the reverse effect of
H3PO3 by phosphate.

It seems that each species is characterized by a speci-
fic interaction phosphite/phosphate .

For all species examined, check concentrations (1 m M
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TABLE 6 - Percentage growth inhibition of P. palmivora on CMA agar medium at five concentrations o f
fosetyl Al and phosphorous acid .

Percentage inhibition of radial growt h
mM Id 2d 4d 4d 9 d

0 .84 6 .2 a 26 .5 a 35 .7 a
1 .68 57 .5 b 41 .2 b 42 .1 a 69 .0 a 10 0
3 .36 56 .2 b 67 .8 c 70 .6 b 100

	

b 10 0
6 .72 75 .0 c 84 .9 d 100

	

c 100

	

b 100
13 .44 75 .1 c 86 .7 d 100

	

c 100

	

b 100

0 .42 50 .0 a 52 .9 a 47 .0 a 52 .1 a 100
0 .84 48 .2 a 29 .5 a 85 .1 b 58 .0 a 100
1 .68 73 .6 b 75 .3 b 100
3 .36 80 .9 b 81 .6 b 100
6 .72 87 .8 b 86 .6 b 100

Values with the same letter (within a column) are not significantly different according to Duncan 's Multiple Range Tes t
(P = 0 .05) .

TABLE 7 - Percentage growth inhibition of P. vignae on CMA agar medium at five concentrations of fosetyl Al an d
phosphorous acid .

Values with the same letter (within a column) are not significantly different according to Duncan 's Multiple Range Tes t
(P = 0 .05) .

Percentage inhibition of radial growth
mM

ld 2d 4d 4d 9 d
0 .84 17 .4 a 3 .0 a 17 .0 a 20 .0 a
1 .68 4 .4 a 3 .1 a 14 .4 a 19 .7 a 100
3 .36 4 .5 a 0 .5 a 18 .5 a 14 .0 a 100
6 .72 35 .7 b 46 .5 b 100 100 100

13 .44 21 .7 b 94 .1 b 100 100 100

3 d
0 .42 0 0 11 .7 a 6 .3 a
0 .84 0 0 7 .9 a 22 .4 b
1 .68 0 45 .0 a 46 .6 b 66 .9 c
3 .36 0 46 .0 a 51 .0 b 53 .1 c
6 .72 0 54 .0 a 51 .0 b 82 .0 d

Isolate s

Fosetyl Al
expressed in equivalent s
mM H3PO 3

H3PO3

Isolate s

Fosetyl A l
expressed in equivalents
mM H3PO 3

H3PO 3

and 10 mM) of phosphate show no difference with no n
amended CMA. 100 mM phosphate leads to a sligh t
reduction of the mycelial growth rate .

t .
DISCUSSION

Contrary to anilides which lead to a constant rate o f
inhibition during the fungi growth, fosetyl Al and H3PO 3
involve an increasingly progressive inhibition .

According to the points of measurements on the cultur e
media, the inhibition rate can be low or high .

Consequently it becomes very difficult to accurately

calculate EC50 or EC90 values by only measuring two
points of the fungi growth.

For example, P. palmivora EC50 with fosetyl Al is si-
tuated at approximately 1 .68 mM (Table 6) .

However, the same concentration leads to EC 100 after
the eleventh day of culture . The total inhibition can be
obtained with only 0 .42 mM in 113PO3, but this concentra-
tion gives an inhibition rate of 50 % for a long time .

The same reasoning can be applied to the EC90 . Onl y
the precise comparison of the inhibition rates is significant .

As a result of these fundamental observations a more
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TABLE 8 - Percentage growth inhibition of several species of Phytophthora at 1 .68 mM H3PO3 ,
with short sequences .

Isolates
Percentage inhibition of radial growt h

1d 2d 2d 2d 3d 5 d

P. cactorum 24,2 a 42,9 a 36,0 a 29,2 a 62,2 b (1) 100 (1 )
P. capsici (f) 7,9 a 19,5 a 5,1 a
P. capsici (af) 6,3 a 6,2 4,8 a
P. cinnamomi(f) 32,8 a 74,6 73,7 b 80,8 c 82,2 c 100 (2 )
P. cinnamomi (ca) 20,9 a 58 ;0b ' 61,2 b 61,0 b 60,1 b 100 (2 )
P. cryptogea 24,2 a 23,3 a 18,2 a 29,0 a 51,5 b 100 (1 )
P. megasperma 3,1 a 27,0 b 33,8 b 54,3 c 60,5 d 100 (2 )
P. palmivora 47,6 a 48,7 a 44,3 a 62,1 b 68,0 b 100 (2 )
P. parasitica 50,0 a 66,0 a 55,9 a 75,6 b 72,0 b 100 (2 )

Values with the same letter (line) are not significantly different (P= 0 .05) .
(1) side effect ; (2) digitations f : French isolate of : African isolate ca : Californian isolat e

TABLE 9 - Antagonistic effect of phosphates on the direct mode of action of phosphorou s
acid used at 1 .68 mM (138,ug/ml) in the CMA supplemented with Na2H PO4-NaH2PO4
(buffered solution pH 6 .5) .

Isolates Sodium Phosphat e
1 mM 10 mM 100 m M

P. cactorum + + 0
P. capsici ++ +
P. cinnamomi + + + +
P. citrophthora ++ +
P. cryptogea + +

P. heveae + +

P. infestans + + 0
+ + +P. megasperm a

P. palmivora 0 0 0
P. parasitica 0 0 0
P. vigne + ++

+++ Efficacy of phosphorous-acid almost nullified
++ Efficacy partially nullified
+ Efficacy slowly nullifie d
0 No or weak effect

Nqt tested

useful classification can be suggested in : 1) high sensitive
species (e .g . P. palmivora) ; 2) medium sensitive species
(e .g . P. cactorum) ; 3) low sensitive species (e .g . P. capsi-
ci) .

Some of our results could allow us to explain the effi-
cacy of fosetyl Al by a direct mode of action in vivo.

1 . With post-harvest treatments against fruit rot due t o
Phytophthora spp ., only the surface of the fruit is involved .

The direct effect is probably the only one responsible fo r
the efficacy of the fosetyl Al on apples (BOMPEIX et al . ,
.1979) on oranges (GAULLIARD and PELOSSIER, 1983 )
and when the trunk paint technique is used (LAVILLE
and CHALANDON, 1982) .

2 . Convergences exist between results of in vitro tests an d
the efficacy in the open field . High sensitive species ar e
generally well controlled by fosetyl Al treatments (e .g.
Citrus gummosis) . On the other hand P. megasperma an d
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P. capsici are poorly or not controlled by the same treat -
ment .

In addition, the effect of the phosphates is not alway s
obvious on high sensitive species, which leads us to think
that the Pi content of plant tissues could not really be a n
obstacle to the direct mode of action of fosetyl Al, a t
least for some species .

From this point of view, P. capsici could add a low sen-
sitivity to phosphite and an easy reversion of its effec t
by phosphate . We checked this phenomenon in vivo (BOM-
PEIX et al ., 1980) .

The same is probably true for P. megasperma .

3 . LAVILLE et al .'s results (1979, 1982) always show a
delayed effect of fosetyl Al compared to metalaxyl for
instance . Fosetyl Al effect seems to be a very progres-
sive poisoning of the Phytophthora species . Consequently
the delayed efficacy in Citrus orchards can be explained .

Other observations seem in contradiction with an impor -
tant direct mode of action, and promote an indirect mod e
of action or at least a more complex one .

1. The .H3PO3 content of protected organs against Phyto-
phthora are not very well known. It is generally believe d
to be in the range 5 to 20 fltg/g f.w. Which is particularly
insufficient for almost all the species tested if we consi-
der the effects observed in open field .

2. Contradictions exist between the variable efficacy of th e
fosetyl Al on one species of Phytophthora (e.g. P. palmi-
vora) with different host-plants .

This can be interpreted as either a lack of knowledge of
the H3PO3 content in vivo for an unprotected plant, or a n
absence of stimulation of the plant defence mechanisms .

Some species such as P. cactorum and P. cryptogea are
very well controlled on various host-plants, although in
vitro, their sensitivity is in the medium range . (BOMPEI X
et al ., 1984 ; BOLAY et al ., 1984 ; MONTGOMERIE an d
KENNEDY, 1979) .

3. The antagonistic effect of phosphate seems important
on species which are well controlled in open field .

This is the case of P. citrophthora . It is difficult to ex -
plain how a content of H3PO3 as low as 5 to 20 tt g/g f .w .
can be active in the presence of phosphate in Citrus, which

is sufficient enough to nullify its effect . However, this
parasite, as P. parasitica,not very sensitive to the reversal
effect of phosphate,is well controlled by fosetyl Al treat-
ments .

4. Inhibitors of the biosynthesis of plant defence metabo-
lites (AOA, AOPP, glyphosate) nullify the efficacy of
fosetyl Al but not that of metalaxyl . This fact reinforce s
the idea that plant defence mechanism plays a major rol e
(BOMPEIX et al., 1981).

5. The CMA medium is very poor in nutriments and it s
biochemical content is completely different from the
host-plant, not only in phosphate content, but for
other nutriments as well .

In these conditions what value can we attribute to the
in vitro assay ? GUEST (1984) has shown effectively tha t
the nature of the medium culture greatly influences the
results of inhibition . Now we can suggest that the mod e
of action proposed by GUEST and BOMPEIX (1984 )
could be valid . The primary site of action of fosetyl Al
(H3PO3) would be situated at the level of phosphite -
phosphate interaction-or competition-probably inside th e
cytoplasm of the fungus, so that a self poisoning process
takes place . This phenomenon would be inadequate t o
destroy the parasite in vivo but would involve the plan t
defence mechanisms in a secondary phase .

According to the species and host-plant, the direc t
mode of action, and or, the indirect mode of action woul d
play the major role .

As far as the occurence of resistant strains is concerned ,
the interpretation of this complex mode of action does
not modify our conception, and it appears highly unpro-
bable to find any resistant strain . COHEN and SAMOUCHA
1984) think they have obtained cross-resistance betwee n
fosetyl Al and metalaxyl but CLERGEAU et al . (1984) ,
BOMPEIX et al . (1984), do not confirm this possibility.

Several new results have to be taken in consideration :
1) the progressive inhibition obtained with these com -
pounds
2) the extreme diversity of sensitivity of the Phytophthora
species to fosetyl Al and H3PO3 .
3) the extreme diversity to the reversal effect of phosphate .

#* $

The authors acknowledge the technical assistance o f
P. MALFATTI .



786 -

	

Fruits - vol 39, If 12, 1984

REFERENCES

BIELESKI (R.L .) . 1983 .
Phosphate pools, phosphate transport and phosphate availability .
Ann . Rev . Plant Physiology, 24, 225-252 .

BLIGNY (R .), REBEILLE (F.), GUERN (J.) and DOUCE (R .) . 1983 .
Is the intracellular Pi concentration a limiting factor for plant
respiration ?
Int . Symposium . Phytochemical Society of Europe, CNRS, Toulous e
Sept . (France) .

BOLAY (A .), VARADY (C .), DUCROT (V.) . 1984 .
Faire face à la maladie des racines rouges du fraisier
Rev. Suisse Viticult., Arboricult. et Horticult. (in press ) .

BOMPEIX (G .), SAINDRENAN (P .), MOURICHON (X .) an d
CHALANDON (A .) . 1979 .
Control of various storage fungi of apples and peaches by post -
harvest dipping in iprodione and fosetyl Al .
British Crop Prot. Conf., 1, 87-94 .

BOMPEIX (G .), RAVISE (A .), RAYNAL (G .), FETTOUCHE (F . )
and DURAND 01 -C .) . 1980 .
Modalités de l ' obtention des nécroses bloquantes sur feuilles
détachées de tomate par l ' action du tris-0-ethyl phosphonate
d ' aluminium (phosethyl d'aluminium), hypothèses sur so n
mode d'action in uivo.
Annales de Phytopathologie, 12, 337-351 .

BOMPEIX (G .), FETTOUCHE (F.) and SAINDRENAN (P.) . 1981 .
Mode d'action du Phosethyl-Al.
Phytiatrie-Phytopharmacie, 30, 257-272 .

BOMPEIX (G .), SAINDRENAN (P .) and FETTOUCHE (F.) . 1983 .
Aluminium t ris -0-ethyl phosphonate (fosetyl Al) as a stimulating
agent of plant resistance .
4th Int . Cong. Plant. Pathol., Melbourne.

BOMPEIX (G .), LAVILLE (E .) and SAINDRENAN (P .) . 1984.
Status of the chemical control of soil-borne Phytophthora patho-
gens .
Phytophthora Newsletter, 12, 47-61 .

BOMPEIX (G .), CLERGEAU (M .), LAFON (P .) and MALFATTI
(P .) . 1984 .
Mildious : Mise au point sur l ' efficacité du phoséthyl AI sur les
souches résistantes aux anilides.
Phytoma, 361, 15-18 .

CLERGEAU (M .), MOREAU (C.), PIGANEAU (B.), BOMPEIX (G . )
and MALFATTI (P .) . 1984 .
Effectiveness of fosetyl AI against strains of Plasmopara viticola
and Phytophthora infestans that have developed resistance to
anilide fungicides.
British Crop Protect. Conj. (in press) .

COHEN (Y .) and SAMOUCHA (Y .) . 1984.
Cross-resistance to four systemic fungicides in metalaxyl-resistan t
strains of Phytophthora infestais and Pseudoperonospora cubensis .
Plant Dis., 68, 137-139 .

DURAND (M .-C .) and SALLE (G .) . 1981 .
Effet du t ris-0-ethyl phosphonate d ' aluminium sur le couple
Lycopersicum esculentum MILL . Phytophthora capsici LEON .
Etude cytologique et cytochimique .
Agronomie, 1, 723-731 .

FARIH (A .), TSAO (P .H .) agdMENGE (J.A .) . 1981 .
Fungitoxic activity of efosite aluminium on growth. Sporulatio n
and germination of Phytophthora parasítica and P. citrophthora.
Phytopathology, 71,932-934 .

FENN (M .E .) and COFFEY (M .D .) . 1984.
Studies on the in vitro and in vivo antifungal activity of fosetyl A l
and phosphorous acid.
Phytopathology, 74, 606-611 .

GAULLIARD (J.-M .) and PELOSSIER (R .) . 1983 .
Efficacité de Phoséthyl Al en trempage des agrumes (fruits) contre
Phytophthora parasítica agent de la pourriture brune et contre
Penicillium digitatum .
Fruits, 38 (10), 693-697 .

GUEST (D .I.) . 1982 .
Chemically-induced host resistance. The mode of action of som e
systemic, anti-Oomycete disease control chemicals .
Ph. D. Thesis, University of Sydney .

GUEST (D .I .) . 1984 .
The influence of cultural factors on the direct antifungal activities
of fosetyl-Al, Propamocarb, Metalaxyl, SN75196 and Dowco 444.
Phytopathologische Zeitschrif t (in press) .

GUEST (D .I .) . 1984 .
Modification of defence responses in tobacco and capsicum follo-
wing treatment with fosetyl-Al (Aluminium t ris -0-ethyl phospho-
nate) .
Physiological Plant Pathology (in press) .

GUEST (D .I .) and BOMPEIX (G .) . 1984 .
Fosetyl-Al as a tool in understanding the resistant response in
plants.
Phytophthora Newsletter, 12, 62-69 .

HESS (H .) and DERR (J .E .) . 1975 .
Assay of inorganic and organic phosphorous in the 0 .1-5 nanomole
range.
Anal. Biochem., 63, 607-613 .

LAVILLE (E .) . 1979 .
Utilisation d'un nouveau fongicide systémique : 1 ' aliette, dans l a
lutte contre la gommose à Phytophthora des agrumes.
Fruits, 34 (1), 35-41 .

LAVILLE (E .) and CHALANDON (A .) . 1982.
Synthèse des résultats obtenus avec le Phoséthyl Al dans la lutt e
contre les maladies à Phytophthora des agrumes .
Fruits, 37 (1), 11-17 .

MIGINIAC-MASLOW (M .), VIDAL (J .), BISMUTH (E .), HOARA U
(A .) and CHAMPIGNY (M: L .) . 1983 .
Effets de la carence et de la réalimentation en phosphate sur
l 'équilibre énergétique et l'activité phosphoénolpyruvate
carboxylase de jeunes plantes de blé.
Physiol. Vég., 21 (3), 325-336 .

MONTGOMERIE (I .G .) and KENNEDY (D.M .) . 1979 .
The effect of systemic and other fungicides on the control of re d
core disease and on the yield of treated strawberries .
British Crop Prot . Conf., vol . 1, 185-192 .

MORGAT (M .), MOURICHON (X .), SAINDRENAN (P .) and
BOMPEIX (G .) . 1977 .
Le point sur la lutte contre les pourritures des pommes et de s
poires en conservation .
Arboriculture fruitière, 283, 27-34 .

VEGH (I.) and LE BERRE (A .) . 1979 .
Données récentes sur le tri s-0-éthyl-phosphonate d'aluminiu m
contre le Phytophthora cinnamomi RANDS, agent du dépérisse -
ment des arbustes d ' ornement .
Phytiatrie- Phytopharmacie, 28, 243-248 .

VO-THI-HAI , BOMPEIX (G .) and RAVISE (A .) . 1979 .
Rôle du t ri s -0-éthyl phosphonate d ' aluminium dans la stimulation
des réactions de défense des tissus de tomate contre le Phytoph-
thora capsici.
C.R. Acad. Sei., Paris, Séries D 288, 1171-1174 .

YUSUF (A .J.) . 1981 .
Etude de l'effet du phoséthyl-aluminium (Aliette) vis-à-vis de
l ' anthracnose du haricot .
Parasitica, 37, 3-13 .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10

