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In vitro selection for resistance to foset.yl-À1 (Aluminium
Èri;O-ethy1 phosphonat.e, TEP^) and i-Es main meEabolite,
phosphorous acid (PA), have becn reporEed for different species of
Èhvtôphthora. After mutagenic treaEment wlth N-methyl-Nr-nitro-N-
nitrosoguaniaine (MNNG), PÀ-resistant sLrains of P. DalmiYgfa
(Do1an ànd Coffey, 1985) and P. capsici (Bower and Coffey' 1985)
were recovered on a culture nedium anended with PA.

The purpose of chis paper is to describe the selection of P'
ci!rophthora isolates resisCant Uo PA or TEPA, and Eo charact.erize
ttt"i. properties in vitro or on detactred Citrus leaves.

MATERIAL AND METHODS

In vitro aenaitlvlty of Phytophthora citrophLhora lsolates towards
FA' ana fn'Pl

Two single-zoospore isolates (P-35.1 and P-35.2) vere deri'ved
from strain no 289-35 of Phytophrhora citrophthora R.E.&8.H. Smith'
obrained from rhe "C.rtrâif;-ilZâi-uoor SChimmelculturest', Baarn,
The NeEherlands.

For in vitro tests, PA or TEPA were added to corn meal agar
(CMA) mediurl--ân'a rhe final pll was adjusEed to 6.2 with K6H before
autoclaving. Agar disks (0.4 cm in diarneter) Eaken frorn 5-day o1d
colonies àt p. citrophthora, \{ere used as a source of inoculum.
They were ptaced in the middle of agar plates, which were then
incLbared at 24"C. Linear radial growt.h was determined for each
concentration of PA or TEPA (4 replicaues) by measuring colony
diameE.ers a! two perpendicular posiLions after 7 days of
incubation. EC50 or EC90 values were calculated fron linear
regression analysis of the inhibition percent.age of mycelial growth
Eo the log concentraÈion of the chemical.

CharacterlsË1cs of P. cltrophthora l-solaEes on detached citrus
1 eave e

Leaves taken froln rough lemon plants maintained in the
greenhouse' were surface-sterilizecl for I5 min with 2 Z NaC10'
followed by two washes wit.h sterilized distilled water. À disk (0.4
cm diarnerei) was excised from each surface-sterilized leaf ' which
was then floaLed, adaxial surface up, on a solution of PÂ or TEPA

<trrr...a at pli 6.2 with 0.03 M MES (N-rnorpholonio ethane sulfonic
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acid). Àfter 2 h, Ehe leaves were inoculaEed by placing a 0.4 cin
diameter agar disk taken fron 5-day o1d colonies of P. citrophthora
at rhe site of the ho1e, After 5 days of incubatioi--at ZS'C-Gaer
whiEe fluorescent light wit.h 16 h phouoperiod, the diarneter of each
lesion was measured and the EC50 or EC90 values were calculaLed as
described above.

Mutageneals and in vltro selection of
resistant to PA or TEPA

P. citrophthora isolates

Zoospores of P. citrophthora were produced by Ehe method of
Ilarris (1986), and were EreaLed wiLh MNNG according t.o the meÈhod
of Davi.dse ( i9B1). The selecEion procedure was derived from the
method used by Bower and Coffey (1985). Encysted zoospores ( 107 in
10 ml) were exposed for 15 min to MNNG (30 ug/ml), and were then
plated on 15 ml CMA selection medium containing TEPÀ or PA at EC90
i in terms of mycelial gro\./th inhibition of rhe parental strain) . I
The developing colonies were overlaid with a thin layer of v
selection medium and the fast growing colonies were then
transferred once again on selection medium; isolates growing at a

raLe similar to thaL of uhe parental sErain on unanended CllA were
sÈudied furl.her.

SÈability of Ehe selected resistance was tested afÈer 10

subcultures on CMA (devoid of TEPA or Pi\), either in terms of
colony size on selecEion medium (amended with TEPA or PA at EC 90)'
or in terms of lesion size on leaves floated on TEPA or PA at EC50'

RESULTS

IlJhile no PA-resistanE or TEPA-resistant mutants were recovered
in vitro by mass selecÈ.ion procedures in the absence of mutagenic
treaLment, a Lotal of 24 PA-resistant isolates and Il TEPÀ-
resistant isolaEes of P. citrophthora were recovered, in separaEe
experiments, when popularions oi zoospores were first mutagenised
with MNNG (tab1e 1). These 41 PA or TEPA-resistant isolates grew on
EC90 culEure mediun (35 pe/nL of PÀ or 45o 1tg/nl TEPÀ) au Ehe same
speed as Lhe parental strain dn control medium devoirl of PA or
TEPA.

Three PA-resistant isolates and 2 TEPr\-resistant isolates' when
inoculated on CiErus leaves floared on EC 50 TIPA (13,ug/ml) or PA
(5 rue/m1), developped lesions with t.he same size as Lhose produced
by th. pu."otal strain on leaves float.ed on control solution (MES

at pll 6.2), while the 35 other i-solates did not form lesions on
TEPÀ or PA-treâted leaves.

The EC50 values obtained with Lhose 5 PA or TEPA-resistanE
DathoÊenic isolaEes of P. citrophthora, demonsErated cross
."sisËun.e, .= isolates =ET".U"d 

-6n PA nr.dium (PA-isolates) vere
TEPÂ-resistant, while the isolates selecLed on TEPA medium (F-
isolates) were PÀ-resistant ( table 2). FurEhermore, lhe selected
isolates arranged in a similar fashion in terms of resistance Èo

either PA or TEPA. The resistance facEors in vitro ranged from 10

!o Ig for PÀ and from B to 14 for TEPA. \^/hatever Ehe screening
agenÈ (PA or TEPA), selected pathogeni.c isolates were resistant Eo

UJtn pÀ and TEpA in rhe Cirrus leaf test ( table 3). Resistance
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TABLE i

PHYTOPHTHORA CITROPHTHORA ISOLÀTES

ÂCID AND FOSITYL_ÂL ON CULTURE

CITRUS DETÀCHED LEAVES

Screening Number of
agen! t.reated

zoospores
/nr

a)
Number of resistant
isolates selected
on medium with

screening agenË
at EC90

Nurnber of resistant
isolates on deta-
ched Cirrus leaves

floaled on screening
agenL ar EC50

b)
Mutager1

t.reaEment

Ni1
H"PO ' 3.7x7O7

JJ

6foselyl-A1 7 .2x1O

ni1

ni1

ni1

ni1

")
MNNG

H3P03

H3P0 3

fosetyl-41

fosetyl-41

3 .2xlO7

9.6x106

4.1x1O7

3.5x107

t4

10

9

o

2

1

2

niI

a)
Resistant
the same
medium

b)
Lesion
increased
rale as
on leaves

isolates grew on medium with PA or TEPA at
raLe as the parental strain on control

diameLer induced by resisEant isolates
on PÀ or TEPA treated leaves at the same

!he lesions induced by the parental strain
floaEed on control solut.ion

c)
MNNG: N-methyl-N'-nitro-N-nitrosoguanidi-ne
FE/ nI

30at
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TABLE 2

EC5O VALUES OF MYCELIAL GROWTTI

CITROPHTHORA ISOLATES RESTSTANT TO

FOS ETYL_AL

OF PHYTOPHTHORA

EITHER H3 PO3 OR

H3P 03 fosetyl-41

a)
IsolaEes

b)
EC50

(,uglmf )

c)
R factor

b)
EC50

(fig/nl)
c)

R factor

P-35;l
D a< t

P L-25

P A-27

PA-13

F- 19

F- 15

6.5

70.6

o1 1

r25.3

74.5

85.4

1.0

10. 8

L2 .6

19 .2

11.4

13.1

56.s

442.9

515.0

785.5

46L.9

529 .4

1.0

fo

9.1

i4.1
a1

9.4

a)
P-35. 1 and P-35.2: parental sErain. PA and

resisEanE isolates selecEed on medium containing
II3PO3 or fosetyl-41, respectj-ve1y.

b)
EC50 values calculated fron regression lines of Lhe

percentage of inhibirion of radial nycelial growth, on

cultur. medium against the 1og of H3P03 or fosetyl-À1
concentration.

c)

F:

Resistance factor (R) calculated
the EC5O of rhe resistant isolate
of the Lwo si-n91e sPore Parental
P.35.2).

as !he ratio bet\r'een
and the mean EC50
isolates (P-35.1 and
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TABLE 3

EC5O VALUES OF LESION SIZE ON CITRUS LEAVES OF

CITROPHTHORA ISOLATES RESISTANT TO EITHER H3PO 3

PH YTOP HTHORA

OR FOSETYL-ÀL

% Po: foseLyl-À1

a
Isolates

P-35.1

P-35.2

P4.25

P A-27

PÀ-13

F- 19

F- 15

b)
EC5O R

(ruglm1)

b) c)
R factor

)

c)
factor EC50

(ue/ nI

5.6

a1 0

57. B

J4. J

39 .4

1.0

qÂ

6.7

10.3

6.1
-7o

11 0

46 .6

54 .4

81.8

/,o 'l

56 .6

1.0

4.0

l+ .6

l.o

4.ô

a)

P-35.1 and P.35.2: parental sEraj'ns; PA and
resisiant isolates selecEed on CllV containing IJ3P03
fosetyl-A1' resPectivelY.

EC50 values calculaLed frorn regression lines of the
percentage of i.nhibition of lesion size agalnst the 1og
of H3PO3 or fosetyl-41 concentraEion.

ResisLance factor (R) calculated as Ehe ratio between
the EC50 of the resistant isolate and the mean EC50

the two single-spore parental isolaEes (P-35 ' 1 anrl
P.3s.2).

F:
or

b)

c)

of
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TABLE 4

T0 H3P03 0R FOSETYL-ÀL AFTER

DEVOTD 0F H3P03 0R FOSETYL-ÂL

Mean diameter (mm)
o n Cl'lA

l'lean size of leslons trr) Oon CiLrus leaves

H3P0 3 foseuyl-41
(EC50 : 6pe/ nI) (EC50 : 15,cg/m1)

Sub 10 Sub 0 Sub 0 Sub 10

a)
fsolates

p_?< I

D Aq t

P A-27

PA-13

F- 19

F-i5

H3P0 3 fosetyl-Al
( EC90: 30Ag/ml ) ( EC90 ;420ue/ nL)

b) b)
Sub 0 Sub 10 Sub 0 Sub 10

6

5

4B

45

46

4B

6

6

29

45

59

47.

46

5

o

46

48

5B

46

47

5

5

25

46

<Q

46

47

10

13

25

29

29

27

10

72

15

27

34

27

28

11

13

1a

29

27

10

t2

10

28

31

?Ô

29

a)

b)

P-35. I and P-35.2: parental strains ' PA and F

resistant isolates selected on CMA containing
tl3P03 or fosetyl-À1, respectively.

Sub 0: lsolate tested immediately after
isolation from selection medium wiLh
I{ 3P03 or f oset.yl-41.

Sub 10: isolat.e tested after l0 subcultures on
control medi-um.
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facLors in the leaf rest ranged frorn 5.8 to 10.3 for PA, and frorn 4

Lo 7 lor TEPA. The pathogenic selected isolates arranged in a
simj.lar fashion for resistance to PA or TEPA, and this arrangcment
was para1le1 Lo thaE obtained in E.he mycelial Srowth test on Cl"1À

( table 2 and table 3) . Four of Lhe 5 pathogenic PA and TEP^-
resistant isolates of P. cirrophthora maintainerl their resisLancc
after 10 single-zoospore subcultures (Eable 4).

DÏSCUSSlON

The mode of action of the systemic anLifungal agent foseryl-41
is a yeL uncert.ain. Early stuciies deLecLed only a 1ow in vitro
anLifungal activity against fungi which were readily conErolled in
the fie1d, and so headed at a possible actlon of TEPA by
stimulating the defense neciranisms of the treated inoculaEed hosr
(Bompeix et. a1., 19S1). Ilowever, it is now established that PA (the
nain metabolite of TEPA) at 1ow concentraLion inhibits nycelial
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strains in vitrô could be of signifi"cance interpreting the mode of
action of PA and fosetyl-41 in treated plants'

PÀ-resistant mutants of P. capsici (Bower and Coffey, 1985) and
P. palmivora (Do1an and Coffey, 1985)' sclected in vitro after
cne*i.u1 mutagenesis with MNNG, were infectious to PÀ or TEPA-
trealed plants.

0ur present study shows that PA or TEPA-resistant isolates of P.
citrophthora were obtained only after mutagen treatment of
;æto."". Moreover, whatever Ehe screening agent (PA or TEPA) used
in viLro during the selection procedure, a close parallel effecl of
pA ana flPA was observed on mycelial growth jn vitro or on lesion
size on Citrus leaves.

This sood correlation between in vitro and in vivo resistance Èo

PA or TEPA treatments, suggests that PÀ and TEPi\ have a similar
mode of action, by acting directly on P. citrophthora, as
previously reported for other Phytophthora species (Fenn and
Coffey, 1984) .

Iiowever, the resistânce factors calculated for PÂ or TEPÂ on the
basis of inhibition of the radial growth on culture rnedium in
vitro, were higher than lhose calculated i.n terms of inhibition of
fEê16n" size on Cirrus leaves, and this difference might reflect a

stimulation of the hos! defense mechanisms.

Indeed, with Rj-domi1, a fungicide known for its direcr toxicity
towarils P. citrophLhora, the resistance factors relating to l-C
vit.ro inhibition of mycelial growth were similar to ttrose obtained
on rtt" basis of lesion size, using Lhe CiErus leaf tcst (Van
Cauwelaert, 1986), thus indicating a direct effect on Lhe fungus.

The sbrongcst e'ridence presented to date thaL an antifungal
compound can act by sLimulating host defense mechanisms, is the
revLrsion of the inhibition of clisease developnent by inl-ribitcrs of
plant resi-stance metabolism. Early studies reported thaL
àminooxyacetic acid (A0Â) and glyphosate, presumptive lnhibitors of
phenylpiopanoïd synthesis, reversed the antifungal activity of TEPA

i.n tomato leaflets infected with P. capsici (Bonpeix et al., 1981).
However, further studies rvitl.r the Eonato-3-:--!Slr:Lg:L host-parasite
systern cstablishe<1 that the toxiciEy of suboptinal concenLration oF
PA was noE reversed by glyphosate, whereas A0À could inhibir PA

uptake into the fungus.
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The effets of A0À and glypirosate remain to be assessed with t.he
Citrus-P. citrophthora sysLem, but our overall results so far
support the hypotl-resis of Bompeix and Saindreman (1984), suggest.ing
that the rnode of action of TEPA combincs both a direct toxicicy
effect towarrls thc pathogen, and Lhe triggering of host defensc
mechanisms in thc host.

The in vitro selection of P. citrophthora isolaEes resist.ant to
both tl qP0-1 and fosetyl*A1 does not irnply a risk of such selection
in the lieIa. Indeed, we failed t.o obtain TEPA-resistant isolates
by mJSS selection of non-mutagenised zoospores. Moreover, most
TEPA-resiscant isolates of P. citre-phlh!ra were non pathogenic on
derached TEPA-rreared CirruE-1eàî?sl--The-?omperirj-ve firness and
the palhogenici ty of infectious TEPA-resist.ant isolates of P.
citrophtora remain to be âssessed on TEPÀ-treaEed Cj"trus p1ant.
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