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fosetyl-Al, and metalaxyl on growth, sporulation, and zoospore cyst germination ofPtlyee and metalaxyl (Ridomil 2E) .
tophthora spp. Plant Dis. 84:454-458. Mycelial growth. Each species dphy-

. - . . ) ) tophthora was grown on V-8 juice agar
In vitro activity of azoxystrobin, dimethomorph, and fluazinam on growth, sporulation, a'”H/SA' commercial V-8 juice, 200 ml:

zoospore cyst germination Bhytophthora capsici, P. citrophthora, andP. parasitica was com- . . St

pared to that of fosetyl-Al and metalaxyl. The 50% effective concentratiog)(kE&lues for ggoc %I‘)Z %t:gart, %ZO% fa nde(;stlIIedI v;gt%r_,
inhibition of mycelial growth of the three pathogens usually were lowest for dimethometph plates a or> days. Indivi
metalaxyl, ranging from <0.1 to 0.38 pg/ml. However, the 90% effective condent(BG,) U2 agar disks (6 mm in diameter) were
levels for dimethomorph always were lower than the other four tested compoutidsalwes ~ fémoved from the edge of an actively
ranging from 0.32 to 1.6 ug/ml. Mycelial growth@fcapsici, P. citrophthora, andP. parasitica growing culture of each pathoggn . and
was least affected by azoxystrobin and fluazinam, with estimateggl\V&alies >3,000 ug/ml.  placed at the edge of a plastic Petri dish (9
Reduction of sporangium formation Bycapsici, P. citrophthora, andP. parasitica in the pres- ~ ¢m in diameter) containing corn meal agar
ence of dimethomorph at 1 pg/ml was significantly greater than that recorded for the same ¢@MA; 17 g of Difco corn meal agar in 1
centration of azoxystrobin, fluazinam, and fosetyl-Al. For the three speciEbkytiphthora, liter of distilled water) amended with a test
zoospore r_n_otility was most sgnsitive to fluazinams(J:'ﬁhd_EC;O values of <0.001 ug/ml) and fungicide at concentrations of 0.1, 1, 10,
least sensitive to fosetyl-Al, with Egand EG, values ranging from 299 to 334 and 518 to 680 100, 1,000, and 3,000 ug a.i./ml. Fungi-
Hg/ml, respectively. Germination of encysted zoosporeR oépsici, P. citrophthora, andP. cides were added to CMA after autoclaving
parasitica was most sensitive to dlr_nethomo_rph gEé:nd EGo values ranging from 3.310 7.2 \yhen the agar had cooled to approximately
and 5.6 to 21 pg/ml, respectively), intermediate in sensitivity to fluazinamy é8@ EG, from 55°C. Control Petri dishes contained only
18 to 108 and 67 to >1,000 pg/ml, respectively) and metalaxy, @@ EG, from 32 to 280 CMA. Five replicate plates of each fungi-
and 49 to 529 pg/ml, respectively), and lowest in isgitg to azoxystrobin and fosetyl-Al el P! P 9
(EC50 and EG, from 256 to >1,000 pg/ml). The activity of azoxystrobin, dimethomorph, anc?'de concentration as well as controls were
fluazinam on one or more stages of the life cyclE. apsici, P. citrophthora, andP. parasitica ~ Prepared for each speciesHifytophthora.
suggests that these compounds potentially could prcRiyeophthora spp. disease control After a 4-day incubation period at 24°C in

comparable to that of the established fungicides fosetyl-Al and metalaxyl. darkness, the radial growth of mycelia was
measured.

Sporangium  formation. Sporangia
were produced by growing theéPhy-

Diseases caused by species of the genudlC) or metalaxyl (Ridomil, Novartis Crop tophthora spp. on V8A plates as described
Phytophthora continue to inflict significant ~ Protection, Greensboro, NC) (25,28,30,31). earlier. Four agar disks (6 mm in diameter)
losses on numerous important crops Recently, some other chemistries have beenwere removed from the edge of an actively
worldwide (11). Among these diseases arereported to have activity on some species ofgrowing culture of each isolate and placed
gummosis and root rot of citrus caused by Phytophthora,  including  azoxystrobin in a series of plastic Petri dishes (60 mm in
P. citrophthora andP. parasitica and crown  (Abound, Zeneca Ag Products, Wilmington, diameter) containing 7 ml of 1.5% non-
and root rot of peppeCapsicum annuum) DE; 15), dimethomorph (Acrobat, American sterile soil extract amended with one of the
caused byP. capsici, diseases of impor- Cyanamid Co., Princeton, NJ; 7,21), and test fungicides to give a final concentration
tance in Arizona (22,25) as well as other fluazinam (Zeneca Ag Products; 9,33). of 1, 10, 100, or 1,000 pg a.i./ml. Nonster-
regions where these crops are grown. The The objective of the following study was ile soil extract was prepared by mixing 15
impact of Phytophthora spp. on food and to evaluate and compare the in vitro impact g of a sandy loam orchard soil in 1 liter of
fiber production is revealed by the large of azoxystrobin, dimethomorph, fosetyl- distilled water with a magnetic stirrer for 8
number of publications from throughout Al, fluazinam, and metalaxyl on growth, h at 25+ 2°C. After an additional 16-h
the world that deal with every aspect of sporulation, and zoospore cyst germinationincubation period without stirring, the
this genus of plant pathogenic organisms of P. capsici, P. citrophthora, andP. para- coarse soil particles settled to the bottom
(29). Losses attributable tBhytophthora sitica. Preliminary accounts of this re- of the container and the remaining suspen-

spp. diseases of some tree fruit and vegetasearch were reported earlier (23,24). sion was decanted and used as the soil
ble crops in the United States have been extract. Five replicate plates of each fungi-
reduced through the use of the systemicMATERIALS AND METHODS cide concentration, in addition to control
fungicides fosetyl-Al (Aliette, Rhone- Fungi and fungicides.One isolate each plates containing nonsterile soil extract

Poulenc Ag Co., Research Triangle Park, of P. capsici, P. citrophthora, andP. para- without fungicides, were prepared for each
sitica was used in these investigations. The species ofPhytophthora. Following a 4-
isolate ofP. capsici was recovered from a day incubation period at 24°C in darkness,
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described above by placing four V8A disks citrophthora, and P. parasitica usually  Table 1). In contrast, zoospore motility of
(6 mm in diameter) from the edge of an were lowest for dimethomorph and these pathogens among tested compounds
actively growing culture of each species of metalaxyl, ranging from <0.1 to 0.38 pg/ml was affected least by fosetyl-Al, with re-
Phytophthora into a series of plastic Petri (Table 1). However, the Eg levels for  spective EG, and EG, values ranging
dishes (60 mm in diameter) containing 7 dimethomorph always were lower than the from 299 to 334 and 518 to 680 pg/ml. The
ml of 1.5% nonsterile soil extract, then other four tested compounds, with values percent reduction in the duration of motil-
incubating these dishes in darkness at 24°Cranging from 0.32 to 1.6 pg/ml. Mycelial ity for zoospores of P. capsici, P.
for 4 days. Sporangia were induced to re- growth ofP. capsici, P. citrophthora, andP. citrophthora, andP. parasitica in the pres-
lease zoospores by chilling at 4°C for 20 parasitica was least affected by azox- ence of fluazinam at concentrations rang-
min. After rewarming at 25°C for 20 min, ystrobin and fluazinam, with estimated ing from 0.001 to 1 pg/ml was significantly
agar disks and attached mycelia were re-ECy, values >3,000 pg/ml (Table 1). Re- higher than that observed for azoxystrobin,
moved from each Petri dish and the vol- duction of mycelial growth of. capsici, P. dimethomorph, fosetyl-Al, and metalaxyl
ume of the remaining zoospore suspensioncitrophthora, and P. parasitica by di- at the same levels (Fig 1). On the other
was determined. Aqueous mixtures of eachmethomorph at a concentration of 1 pg/ml hand, at a concentration of 1,000 pg/ml, all
fungicide at a concentration of 0.002, 0.02, was significantly greater than that recorded tested materials reduced zoospore motility
0.2, 2, 20, 200, and 2,000 ug a.i./ml were for the same concentration of azoxystrobin, by at least 98% compared to zoospores not
added to equal volumes of the zoosporefluazinam, fosetyl-Al, and metalaxyl (Fig. exposed to a fungicide. Zoospores Pf
suspensions, giving final concentrations of 1). At a concentration of 1,000 ug/ml, in- capsici, P. citrophthora, and P. parasitica
0.001, 0.01, 0.1, 1, 10, 100, and 1,000 pghibition of mycelial growth for the three not treated with a fungicide retained their
a.i./ml. Control zoospore suspensions re- pathogens was significantly greater in the motility for at least 187, 142, and 203 min,
ceived an equal volume of water only. presence of dimethomorph, fosetyl-Al, and respectively.
Zoospore suspensions were maintained atmetalaxyl compared to azoxystrobin and Germination of encysted zoosporesPof
25°C and observed microscopically at 75x fluazinam. In the absence of a fungicide, capsici, P. citrophthora, and P. parasitica
to determine the maximum elapsed time the average mycelial growth fér capsici, was most sensitive to dimethomorph
for complete cessation of motility. Obser- P. citrophthora, andP. parasitica on CMA among tested compounds, with &gG&Gnd
vations were made at 1-min intervals for after 4 days at 24°C was 33, 44, and 24ECy, values ranging from 3.3 to 7.2 and
the first 15 min, then at 15-min intervals mm, respectively. 5.6 to 21 pg/ml, respectively (Table 1).
for the next 45 min, and finally at 1-h in- Sporangium formation. Estimated = Among the five chemicals tested, the high-
tervals until no zoospore movement was ECsy values for inhibition of sporangium est EGy and EG, values for the three
detected. formation by P. capsici, P. citrophthora, pathogens generally were recorded for
The majority of zoospore cysts were ad- and P. parasitica ranged from <1.0 to 5.0 azoxystrobin and fosetyl-Al, ranging from
hering to the bottom of each plastic Petri pg/ml for azoxystrobin, dimethomorph, 256 to >1,000 pg/ml. Intermediate sensi-
dish. To determine the viability of these fluazinam, and metalaxyl. In comparison, tivity of encysted zoospores was noted for
encysted zoospores, the aqueous treatmenEC;, values recorded for the three patho- fluazinam (EG, and EG, values ranging
mixture was decanted and replaced with 5gens in the presence of fosetyl-Al ranged from 18 to 108 and 67 to >1,000 pg/ml,
ml of 5% clarified sterile V-8 juice broth from 3.1 to 12.0 pg/ml. The BgEconcen-  respectively) and metalaxyl (E& and
(V-8 juice centrifuged for 10 min at 1,000 tration for the three tested speciesPbiy- ECy values ranging from 32 to 280 and 49
x g, after which the supernatant is diluted tophthora ranged from <1.0 pg/ml for di- to 529 pg/ml, respectively; Table 1). Inhi-
with sterile water). Petri dishes containing methomorph to a high of 208 pg/ml for bition of zoospore cyst germination fér
encysted zoospores were incubated at 24°Cfosetyl-Al (Table 1). Reduction of sporan- capsici, P. citrophthora, and P. parasitica
and examined after 24 and 48 h for the gium formation by P. capsici, P in the presence of dimethomorph at 10
appearance of mycelial growth arising citrophthora, andP. parasitica in the pres- ug/ml was significantly higher than that
from germinating cysts. The number of ence of dimethomorph at 1 pg/ml was sig- recorded for azoxystrobin, fluazinam,
colonies appearing on each plate werenificantly greater than that recorded for the fosetyl-Al, and metalaxyl at the same con-
recorded. same concentration of azoxystrobin, centration (Fig 1). Inhibition of zoospore
Analysis of data. Each experiment in fluazinam, and fosetyl-Al (Fig 1). Forma- cyst germination for the three species of
this study was conducted twice. Data from tion of sporangia byP. capsici and P. Phytophthora was achieved with at least
repeated experiments were combined forcitrophthora was totally suppressed by 100 pg/ml of dimethomorph and 1,000
analysis, because variances between exdimethomorph at 1.0 pg/ml. In compari- pg/ml of metalaxyl, but not with 1,000
periments were homogeneous. All data son, a 10- to 1,000-fold higher concentra- ug/ml of azoxystrobin, fluazinam, or fose-
were processed with the SigmaStat statisti-tion of azoxystrobin, fluazinam, fosetyl-Al, tyl-AL.
cal software package (SPSS Science, Chi-and metalaxyl was required to achieve the
cago). Error bars represent 95% confidencesame result. Sporangium formation By = DISCUSSION
intervals (Fig. 1). Means with nonoverlap- parasitica was completely arrested by  The ultimate value of any chemical
ping 95% confidence intervals were con- dimethomorph or metalaxyl at 10 pg/ml; compound as a control agent for a disease
sidered significantly different (16). For whereas, a 10- to 100-fold higher concen- depends on the mode of action of the
each species dPhytophthora, the concen- tration of the other tested chemistries was molecule at the physiological level on one
tration of each fungicide causing 50% required to achieve the same result. Theor more components of the life cycle of the
(ECsq) or 90% (EGy) reduction in mycelial  average number of sporangia developing in pathogen. Considering all the stages in the
growth, sporulation, duration of zoospore soil extract in the absence of a fungicide life cycle of soilbornePhytophthora spp.,
motility, and zoospore cyst germination after 4 days at 24°C from an agar disk sporangium formation and zoospore re-

compared to the absence of the fungicidecontaining mycelia of P. capsici, P. lease provide the greatest opportunity for a

was estimated from the fitted regression citrophthora, and P. parasitica was 470, rapid buildup in the number of infective
line of the logit-transformed percent inhi- 500, and 498, respectively. propagules and subsequent higher potential
bition plotted against the log-transformed  Zoospore motility, encystment, and for host infection and disease development
fungicide concentration (4). germination. Among the five chemicals (10,18,32). Therefore, any chemical that
tested, the duration of motility for zoo- significantly suppresses formation of spo-

RESULTS spores of. capsici, P. citrophthora, andP. rangia, duration of zoospore maotility, or
Mycelial growth. ECsy values for inhi-  parasitica was most sensitive to fluazinam germination of encysted zoospores should

bition of mycelial growth ofP. capsici, P. (ECso and EGy values of <0.001 pg/ml; reduce the ability oPhytophthora spp. to
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Fig. 1. Influence of dose of azoxystrobin, dimethomorph, fluazinam, fosetyl-Al, and metalaxyl on inhibition of mycelial growth, sporangium formation,
zoospore motility, and germination of encysted zoospor€byibphthora capsici, P. citrophthora, andP. parasitica.
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cause disease. At appropriate concentra-growth on V-8 juice agar containing the tophthora spp. are less numerous than
tions, azoxystrobin, dimethomorph, fluazi- fungicide and the larger value was ascer-those concerning fosetyl-Al and metalaxyl.
nam, fosetyl-Al, and metalaxyl completely tained after 7 days. Sporangium formation Godwin et al. (17) reported that azox-
prevented sporangium formation and nor- by P. citrophthora and P. parasitica was  ystrobin affectsPhytophthora spp. primar-
mally reduced the duration of zoospore prevented by fosetyl-Al at 5 and 10 pg/ml, ily by inhibiting germination of sporangia
motility and germination of encysted zoo- respectively, whereas germination of zoo- and zoospores. In contrast, our data suggest
spores significantly compared to non- spores of these two pathogens was reducedhat azoxystrobin is more active in sup-
treated controls, thus severely restricting 53 and 99%, respectively, by 1,000 pg/ml pression of sporangium formation (mean
the potential ofP. capsici, P. citrophthora, of the compound (12). In another published ECy, value of 29.2 pg/ml) and zoospore
andP. parasitica to infect plant tissue and report (6), fosetyl-Al at a concentration of motility (mean EG, value of 14.5 pg/ml)
cause disease. Among the components o0f2.9 pg/ml resulted in 56 and 75% inhibi- than inhibition of zoospore cyst germina-
the life cycle of thePhytophthora spp.  tion of sporangium formation bl. cinna- tion (EGy value >1,000 pg/ml). For di-
tested, all five fungicides had the greatest momi and P. citricola, respectively. Our methomorph, Chabane et al (5) calculated
impact on inhibition of sporangium findings on the relative sensitivity of my- an EGg of 0.7 pg/ml for inhibition of my-
formation. celial growth, sporangium formation, and celial growth ofP. parasitica. Schwinn and

Once infection has occurred, suppres-zoospore cyst germination to fosetyl-Al Staub (27) report that dimethomorph is
sion of mycelial growth within host tissue generally agree with these other published more inhibitory to mycelial growth and
becomes an important disease managemendata. sporulation than to spore germination in
consideration. Among the tested chemi- Previously determined EE values for  vitro. Our results for P. capsici, P.
cals, mycelial growth of the three tested inhibition of mycelial growth ofP. cinna- citrophthora, andP. parasitica are similar,
Phytophthora spp. was most sensitive to momi, P. citrophthora, andP. parasitica by with mycelial growth (EG <1.0 pg/ml)
dimethomorph at 1 pg/ml. At higher con- metalaxyl ranged from 0.04 to 0.56 pg/ml and sporulation (E§ ranging from 0.32 to
centrations, fosetyl-Al and metalaxyl ef- (2,13). Furthermore, Fariah et al. (13) re- 1.6 pug/ml) appearing to be more sensitive
fectively suppressed mycelial growth as ported that sporangium formation to dimethomorph than germination of zoo-
well, whereas azoxystrobin and fluazinam citrophthora andP. parasitica was reduced spore cysts (Eg ranging from 5.6 to 21
were significantly less effective. 67 and 85%, respectively, in the presencepg/ml). On the other hand, Cohen et al. (7)

The effect of fosetyl-Al and metalaxyl of metalaxyl at 0.1 pg/ml, whereas zoo- found that, forP. infestens, dimethomorph
on growth and sporulation &hytophthora spore germination was reduced 52 and 7%,was more inhibitory to zoospore cyst ger-
spp. has been studied extensively (11). Forrespectively, in the presence of metalaxyl mination (97% reduction at a concentration
inhibition of mycelial growth ofP. capsici at 100 pg/ml. These concentrations of of 0.015 pg/ml) than to mycelial growth
by fosetyl-Al, Fenn and Coffey (14) found metalaxyl are in the same order of magni- (90% reduction at 0.3 pg/ml) and sporula-
ECs, and EGq values of 50 and 196 pg/ml, tude as our determinations of gCor tion (52% reduction at 500 pg/ml). Fluazi-
respectively. For the same compound, mycelial growth as well as inhibition of nam has been reported to strongly inhibit
Farih and Menge (12) calculated &C sporangium formation and zoospore ger- germination of zoospores d®. infestans
values of 56 and 285 pg/ml for inhibition mination for P. citrophthora and P. para- (1). Our data suggest that zoospore motility
of mycelial growth ofP. citrophthora and  sitica. and sporangium formation B capsici, P.
929 and 1,146 pg/ml foP. parasitica, Published accounts on the impact of citrophthora, and P. parasitica are more
where the smaller value for each pathogenazoxystrobin, dimethomorph, and fluazi- sensitive than zoospore cyst germination to
was determined after a 3-day period of nam on growth and sporulation &hy- this compound.

Table 1.Range of Egy and EGg values of five different fungicides for mycelial growth, sporangium formation, zoospore motility, and encysted zoospore
germination ofPhytophthora capsici, P. citrophthora, andP. parasitica?

ECsp (ng/ml) ECqp (ug/ml)
Fungicide P. capsici P. citrophthora P. parasitica P. capsici P. citrophthora P. parasitica
Mycelial growth
Azoxystrobin >3,000 138 >3,000 >3,000 >3,000 >3,000
Dimethomorph <0.1 0.14 0.38 0.64 0.32 1.6
Fluazinam 80.5 29 <0.1 >3,000 >3,000 >3,000
Fosetyl-Al 103 23.6 30.8 402 404 381
Metalaxyl 0.16 <0.1 0.38 10.0 725 40.2
Sporangium formation
Azoxystrobin 3.3 <1.0 5.0 57.8 1.9 27.8
Dimethomorph <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Fluazinam <1.0 <1.0 <1.0 <1.0 2.2 6.0
Fosetyl-Al 6.0 3.1 12.0 334 20.0 208
Metalaxyl <1.0 1.1 <1.0 3.0 10.0 <1.0
Duration of zoospore motility
Azoxystrobin 0.10 1.7 0.002 26.8 16.0 0.65
Dimethomorph 24.0 12.0 6.8 139 105 72
Fluazinam <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Fosetyl-Al 334 299 317 680 518 519
Metalaxyl 125 12.0 13.0 24.0 38.2 37.0
Zoospore cyst germination
Azoxystrobin 700 530 256 >1,000 >1,000 >1,000
Dimethomorph 3.9 3.3 7.2 21.0 5.6 21.0
Fluazinam 108 18 100 820 67 >1,000
Fosetyl-Al 317 326 >1,000 510 545 >1,000
Metalaxyl 32 34 280 49 56 529

aEC;5o and EG, values are the concentrations of each fungicide causing 50 and 90% reduction, respectively, in mycelial growth, sporaagam for
zoospore motility, and germination of encysted zoospores compared to the absence of a fungicide. These values wereoestineafittedr regression
line of the logit-transformed percent inhibition plotted against the log-transformed fungicide concentration.
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There is considerable diversity in the tophthora spp. disease control comparable
published data concerning the relative ac-to that of the established fungicides fose-
tyl-Al and metalaxyl. Evaluation of these
growth, sporulation, and zoospore cyst compounds for control of some diseases

tivity of each chemistry on mycelial

germination. Possible reasons for thesecaused byP. capsici, P. citrophthora, and
discrepancies could include variability due P. parasitica are in progress.

to the differentPhytophthora spp. tested,
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