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ABSTRACT
Fernando, W. G. D., and Linderman, R. G. 1994. Chemical control of stem and root rot
of cowpea caused by Phytophthora vignae. Plant Dis. 78:967-971.

The fungicides metalaxyl (Subdue), fosetyl-Al (Aliette 80W), etridiazole (Banrot), and mancozeb
(Manzate 200) significantly reduced in vitro mycelial growth of Phytophthora vignae isolates
P001 and P006 at most concentrations tested. Metalaxyl was the most effective compound
at low concentrations in both in vitro and pot experiments in reducing mycelial growth (1.68
mg a.i./L and 2.45 mg a.i./L for P00l and P006, respectively), oogonia formation (1.03 and
1.07 mg a.i./L for P001 and P006, respectively), and disease severity (10 mg a.i./L), and in
increasing plant dry weight (10 mg a.i./L). High concentrations of metalaxyl (50 and 100 mg
a.i./L) were phytotoxic and reduced plant and root dry weights. In contrast, fosetyl-Al was
effective only at high concentrations. Mancozeb was effective both as a foliar spray and as
a soil drench. Etridiazole was effective at low concentrations (5.75 mg a.i./L) in reducing radial
growth of the fungus and decreased disease severity and increased plant dry weight at 50 mg
a.i./L. Growth in vitro of strain DF-3101 of the biocontrol bacterium Brevibacterium linens
was not affected by metalaxyl and etridiazole, but growth was partially inhibited by mancozeb
and completely inhibited by 1,250 mg a.i./L of fosetyl-Al. Capacity for production of diffusible
inhibitors by strain DF-3101 was not decreased significantly by prior exposure to 5 mg a.i./L
of metalaxyl or 10 mg a.i./L of etridiazole but was decreased by 10 mg a.i./L of metalaxyl
and 50 mg a.i./L of mancozeb on potato-dextrose agar; production of volatile inhibitors was
not affected significantly by any chemical. All four fungicides tested were effective against
P. vignae and could be used alternatively to reduce the development of fungicide resistance.
Furthermore, all fungicides except fosetyl-Al could be applied at low concentrations in
combination with bacterial biocontrol agents.

Additional keyword: toxicity

Stem and root rot of cowpea (Vigna
unguiculata (L.) Walp. subsp. unguicu-
lata) caused by Phytophthora vignae
Purss is one of the most serious soilborne
diseases of cowpea in Australia (24) and
Japan (21). It has also been reported in
India (22), Taiwan (19), South Korea
(16), and, most recently, Sri Lanka
(13,28). Chemical control strategies for
the pathogen on cowpea have not been
described. Systemic fungicides for the
control of soilborne diseases caused by
fungi of the order Peronosporales were
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first developed in the early 1970s (26).
Metalaxyl, an acylalanine, and fosetyl-
Al, an ethyl phosphite, are systemic
fungicides now used against a variety of
Phytophthora species causing diseases of
different crops (1,8,23,31).

The objectives of this study were to
evaluate the efficacy of four fungicides
in inhibiting P. vignae and cowpea stem
and root rot and to determine their
compatibility with the bacterial
biocontrol agent Brevibacterium linens
(Wolff) Breed.

MATERIALS AND METHODS
Pathogen and fungicides. P. vignae
isolates P0O01 and P006, obtained from
cowpea fields of Sri Lanka, were used
in these experiments. We (13) placed
isolates P001 and P006 in two distinct
groups, based on average cluster anal-

ysis. Isolate POO1 was used in all experi-
ments because it is the more commonly
encountered race, and P006 was used
only in culture experiments.

The fungicides used were metalaxyl
2EC (Subdue), fosetyl-Al (Aliette 80W),
mancozeb (Manzate 200), and etridiazole
(Banrot, etridiazole + thiophanate-
methyl). Stock solutions or suspensions
were prepared by mixing each fungicide
in sterile distilled water. These solutions
then were used for in vitro tests as
amendments to potato-dextrose agar
(PDA) or in pot experiments as soil
drenches or foliar sprays. All concentra-
tions are given as active ingredients (a.i.).

Mycelial growth in fungicide-amended
media. Mycelial growth was measured
on PDA plus an additional 19% agar
amended with different concentrations of
the four fungicides. The fungicides were
filter-sterilized after stock solutions were
prepared. The PDA was autoclaved and
cooled to 45 C before fungicide solutions
were added. A graduated sterile syringe
apparatus was used to add 20 ml of
molten agar medium to each 100 X 15
mm plastic petri plate. Isolates POO1 and
P006 were grown for 7 days at 25 C in
darkness on PDA amended with 20 mg/
L of pimaricin. Then, 7-mm-diameter
plugs were cut from actively growing
colony margins and placed in the center
of fungicide-amended medium in five
replicate plates per treatment. PDA was
amended with 0, 1, 5, and 10 mg a.i./L
of metalaxyl; 0, 500, 750, 1,000, and 1,250
mg a.i./L of fosetyl-Al; 0, 1, 5, 10, and
50 mg a.i./L of etridiazole; and 0, 1, 5,
10, and 50 mg a.i./L of mancozeb. In
initial experiments with 1, 5, and 10 mg
a.i./L of fosetyl-Al, the fungus grew as
much on the amended plates as on the
control plate, so these concentrations
were not included in the main experi-
ment. Inoculated plates were incubated
in a cabinet at room temperature (25 C)
in darkness for 8 days. Mycelial growth
(colony diameter) was measured daily.
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The experiment was a completely ran-
domized design regarding plate place-
ment, with five replicates, and was
repeated once.

Inhibition of oogonia formation. Inhi-
bition of oogonia formation was deter-
mined on cowpea extract agar (CPA;
crude extract of 200 g of cowpea stems
and roots plus 20 g of agar in 1,000 ml
of distilled water) amended with 0, 1, 5,
10, 50, and 100 mg a.i./L of metalaxyl
or 0, 10, 50, 100, and 1,000 mg a.i./L
of fosetyl-Al. Fungicides were added to
the CPA medium first cooled to 45 C.
A 7-mm plug of isolate P00l or P006
was placed in each of three replicate
plates per treatment. Plates were incu-
bated at 25 C in darkness for 2 wk in
a completely randomized design. Five
random sample areas around the initial
plug in each of the three plates (a total
of 15 areas) were selected for counting
oogonia with a light microscope at 100X.
The experiment was repeated twice.

Efficacy of fungicides in greenhouse
pot experiments. Inoculum was prepared
by amending 500 m! of coarse vermiculite
in flasks with 300 ml of V8 juice solution
(200 ml of V8 concentrate, 800 ml of
distilled water, and 2 g of CaCO;) and
autoclaving the mixture for 1 hr and
again 24 hr later for 20 min. Isolate P001
was grown on PDA amended with 20
mg/L of pimaricin for 1 wk before 10
7-mm-diameter plugs were transferred to
each vermiculite flask. Inoculated flasks
were incubated at 25 C in darkness for
1 mo.

Seeds of susceptible cowpea cv. Cal-
ifornia Blackeye were planted in a
pasteurized (air-steamed at 60 C for 60
min) sand-soil mix (50:50, v/v) in 10-
cm-diameter plastic pots. Plants were
grown on greenhouse benches for 3 wk
under a 16-hr light period with supple-
mentary light (350-480 uE-m™*s™") from
high-pressure sodium vapor lamps. The
first application of fungicides was made
22 days after sowing. There were 12 treat-
ments: metalaxyl at 10, 50, and 100 mg
a.i./L as a soil drench; fosetyl-Al at 1,000
and 2,000 mg a.i./L as a foliar spray;
mancozeb at 50 and 100 mg a.i./L as
a foliar spray and 100 mg a.i./L as a
soil drench; etridiazole at 10 and 50 mg
a.i./L as a soil drench; and two controls
(plants inoculated or not inoculated with
the pathogen). Soil drenches were applied
to the surface, 100 ml per pot. Foliar
sprays were applied to leaves until runoff.
Before spraying, 100 ml of water was
added to the soil; during spraying and
for 6 hr after, the soil surface was covered
with brown paper to prevent fungicide
contamination of the soil. On day 30 after
sowing, each plant was removed carefully
from the pot, pathogen inoculum was
mixed into the soil, and the plant was
repotted. The noninoculated control
treatment was amended with moistened
sterile vermiculite-V8 medium at the
same volume. Fungicides were applied
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again 7 days after inoculation. Plants
were watered every other day and fertil-
ized once a week with Long Ashton
Nutrient Solution (17). Plant treatments
were arranged on the greenhouse bench
in a completely randomized design, with
10 replicates of each treatment.

Disease severity was rated 2 wk after
inoculation. On the 0-5 scale for stems,
0 = no disease symptoms; 1 = leaves
turning pale green, wilting, and/or stem
lesions appearing on the stem base; 2 =
leaves severely wilting and stem lesions
advancing upward; 3 = symptoms
advancing plus pronounced drying and
stem lesions spreading over 2 cm; 4 =
70-90% of plant showing symptoms with
or without stem girdling; and S = plant
dead, On the 0-4 scale for roots, 0 =
no disease symptoms, 1 = <25% of
lateral roots with brown lesions but no
taproot necrosis, 2 = 25-50% lateral root
necrosis and <50% taproot infection, 3
= 50-75% lateral root necrosis and
50-75% taproot necrosis, and 4 = >75%
of lateral root and taproot necrosis.
Stems and roots were oven-dried for 72
hr at 65 C and their dry weights deter-
mined. The experiment was repeated
once.

Responses of biocontrol on fungicide-
amended media. This experiment was
designed to determine if exposure to
efficacious levels of fungicides would
affect the antagonistic potential of a
biocontrol bacterium. The concentra-
tions of fungicides that fully inhibited in
vitro growth of isolate PO0O1 in PDA were
used: metalaxyl at 5 and 10 mg a.i./L,
fosetyl-Al at 1,250 mg a.i./L, etridiazole
at 10 mg a.i./L, and mancozeb at 50 mg
ai./L.

B. linens strain DF-3101 isolated from
a cowpea field that harbored the patho-
gen but showed no apparent disease on
plants and effectively suppressed stem
and root rot on cowpea (13) was used.
Bacteria were cultured in tryptic soy
broth for 48 hr at 30 C on a rotary shaker
at 150 rpm and then transferred onto
fungicide-amended PDA plates with 20
ml of medium as a loop streaked zigzag
exactly the same number of times on each
plate. The control plates contained PDA
without fungicides. Bacteria were incu-
bated at 27 C for 2 wk before viability
and capacity to produce inhibitors of P.
vignae were determined. The experiment
was a completely randomized design with
five replicates per treatment and was
repeated once. Two weeks later, bacteria
from each fungicide-treated and control
plate were streaked onto one half of
divided petri plates containing tryptic soy
agar (TSA), King’s medium B (KMB)
(20), or nutrient agar (NA). The other
side of the divided plates contained PDA.
Three replicate plates for each treatment
were incubated for 4 days at 27 C. Then,
7-mm-diameter PDA plugs of P. vignae
isolate PO01 were transferred onto the

side of the plates containing PDA, the

plates were incubated for 5 days, and
mycelial growth was measured as an indi-
cator of response to volatile inhibitors
produced by the bacteria. Bacterial
streaks were also made in the middle of
PDA and TSA whole plates, incubated
for 5 days at 27 C, and challenged with
isolate POO1. The zone of inhibition from
diffusible inhibitors was measured.

The amount of plate covered (growth)
by bacteria on fungicide-amended media
was rated on a scale of 0-4 in which 0
= no growth, 1 = <50%, 2 = 50-75%,
3 = 75-90%, and 4 = 100% of zigzag
streaks covered with bacterial growth.
Ratings were made after 2 wk of incu-
bation of three replicate plates. The
experiment was a completely random-
ized design and repeated once.

Statistical analysis. Regression analy-
sis was performed on the log of fungicide
concentration, and the dependent vari-
ables tested were mycelial growth or
oogonial inhibition (27). Effects of fungi-
cide concentrations on the disease sever-
ity on roots and stems and the shoot and
root dry weights were analyzed. The anti-
biotic and volatile activity of the bio-
control bacterium in the presence of
different fungicide concentrations were
analyzed by mean separation. Means
were separated using the Waller-Duncan
k-ratio test at P < 0.05 (27).

RESULTS

Mycelial growth in fungicide-amended
media. All of the four fungicides tested
inhibited growth of P. vignae. The lowest
fungicide concentration required for 50%
inhibition (ECs) of mycelial growth on
both isolates of P. vignae was with
metalaxyl; the ECsy for fosetyl-Al was
much higher. The concentration of
etridiazole needed for 50% inhibition of
P. vignae radial growth was about 5 ug/
ml, regardless of the isolate. Isolate P001
was more sensitive than P006 to manco-
zeb (Table 1).

Inhibition of oogonia formation.
Metalaxyl was more effective than
fosetyl-Al at inhibiting oogonia forma-
tion. The ECs, values for metalaxyl were
1.03 and 1.07 for PO0O1 and P006,
respectively, whereas the values for
fosetyl-Al were 72 mg a.i./L for P006
and >100 mg a.i./L but <1,000 mg a.i./L
for PO01, which inhibited oogonial
formation completely.

Efficacy of fungicides in greenhouse
pot experiments. Metalaxyl drenches
provided the best disease control, even
at the lowest concentration, 10 mg a.i./L
(Table 2). Metalaxyl-treated plants
showed no aboveground disease symp-
toms. The shoot dry weight was similar
with 10 mg a.i./L of metalaxyl and the
noninoculated control, but root dry
weight was greater with the fungicide
treatment. The greatest reduction in root
disease severity was on plants treated
with 100 mg a.i./ L of metalaxyl (Table 2).




Among the foliar sprays, 1,000 mg
a.i./L of fosetyl-Al and 50 and 100 mg
a.i./L of mancozeb reduced disease
severity on stems similarly. Doubling the
concentration of fosetyl-Al decreased
disease severity on stems and roots
twofold (Table 2). Mancozeb was more
effective in reducing stem and root
disease severity as a soil drench at 100
mg a.i./L than as a foliar spray at the
same concentration.

Etridiazole applied as a soil drench was
not very effective at controlling disease
at concentrations of 10 mg a.i./ L but was
as effective at 50 mg/L as metalaxyl at
10 mg/L in protecting against the fungus
and in increasing shoot and root dry
weights (Table 2).

Responses of biocontrol on fungicide-
amended media. B. linens strain DF-
3101, which was very effective in bio-
logical control experiments (14), did not
grow on PDA media amended with 1,250
mg a.i./L of fosetyl-Al, and growth was
reduced by 75% when the medium was
amended with 50 mg a.i./ L of mancozeb.
In all other treatments, bacterial growth
was similar to that of the nonamended
control.

In the test for retention of antagonistic
capacity following growth on fungicide-
amended media for 2 wk, the potential
for bacterial antagonism was decreased
significantly (P = 0.05) when grown on
PDA following treatment with 10 (but
not 5) mg a.i./L of metalaxyl and 50 mg
a.i./L of mancozeb (Table 3). Antago-
nistic activity after growth on fosetyl-Al
could not be tested because the bacterium
did not grow on amended media. On
TSA, the bacterium retained its inhibi-
tory capacity, and inhibition was equal
to that of the control plate in all
treatments (Table 3).

In most cases, the pathogen grown on
PDA was completely inhibited by the
bacterium grown on TSA. Strain DF-
3101 grown on KMB or NA amended
with 50 mg a.i./L of mancozeb allowed
some growth of the pathogen on PDA,
but growth was not significantly different
from that on the control. Strain DF-3101
therefore was fully capable of producing
volatile inhibitors and was not signifi-
cantly different from the control (Table
3). Because 1,250 mg a.i./L of fosetyl-
Al completely inhibited the bacterium,
no further tests were possible.

DISCUSSION

Of the four fungicides tested in vitro,
metalaxyl was most effective at low
concentrations in inhibiting P. vignae
isolates PO01 and P006. Farih et al (9)
noted a similar effect, even at a lower
concentration of metalaxyl, on P.
citrophthora and P. parasitica. However,
noneffectiveness of metalaxyl in media
(up to 350 mg a.i./L) was reported by
Bruck et al (2), who used amended lima
bean agar (LBA). Ellis et al (7) used LBA
and found that 1 mg a.i./L of metalaxyl

inhibited mycelial growth of P. cactorum
completely, but when the plug was trans-
ferred to LBA without fungicide, the
fungus grew, suggesting that metalaxyl
was more fungistatic than fungicidal.

Our studies also confirm other reports
that fosetyl-Al does not inhibit mycelial
growth effectively unless used at high
concentrations (11,29,30). Isolate P006
of P. vignae was not inhibited completely

Table 1. ECs, values for inhibition of radial growth of Phytophthora vignae isolates P001
and P006 on PDA amended with four different fungicides

Radial growth inhibition ECs,* (1g/ml)

Isolate P001 Isolate P006
Fungicide Expt. 1 Expt. 2 Expt. 1 Expt. 2
Metalaxyl (Subdue) 1.68° 1.73 2.45 2.63
Fosetyl-Al 420.00 420.00 680.00 674.00
Etridiazole (Banrot) 5.75 5.00 5.19 5.35
Mancozeb (Manzate 200) 12.47 13.08 19.32 20.05

YECs, is the concentration required to inhibit radial growth of the fungus by 50%. Radial
growth was measured after 7 days of incubation at 26 C. The values are means from two
experiments. The level of significance of the regressions is P < 0.01.

"Regression analyses of fungicide concentration vs. mycelial growth were significant. The ranges
of concentrations of the fungicidal compounds were: metalaxyl, 1-10 ug/ml; fosetyl-Al,
500-1,250 ug/ml; etridiazole, 1-50 ug/ml; and mancozeb, 1-50 ug/ml.

Table 2. Effects of fungicide application on control of Phytophthora vignae root and stem
rot of cowpea®

Shoot Root
Stem Root dry weight dry weight
Treatment” DSI* DS (2) (g)
Metalaxyl (Subdue)

10 ug/ml SD 0.0 0.3 +0.15 3.82+0.29 1.32+£0.05

50 pg/ml SD 0.0 0.2+0.13 2.79 +0.30 1.31+£0.14
100 pg/ml SD 0.0 0.1 £0.10 2.74 £0.27 1.28 £ 0.13

Fosetyl-Al
1,000 pg/ml F 1.6 £ 0.56 2.6 £047 2.27+£0.37 0.65 £ 0.12
2,000 ug/ml F 0.8 £ 0.46 1.2+ 0.38 2.89£0.28 093 £0.11
Mancozeb (Manzate 200)

50 ug/ml F 1.6 + 0.58 1.9 +0.37 2.95+0.22 0.70 £ 0.04
100 ug/ml F 1.6 +0.42 2.5+045 224 £0.21 0.62 £+ 0.08
100 pug/ml SD 0.6 £0.33 1.21+0.32 3.224+0.26 1.10 +0.14

Etridiazole (Banrot)
10 pg/ml SD 2.5+0.50 3.1+£0.40 2.44 +0.30 0.60 £ 0.11
50 pg/ml SD 0.4+0.22 1.0 £0.39 3.82+0.21 1.32+0.13
Controls
Pathogen only 3.0+0.53 3.6+0.22 1.52+£0.18 0.32 £ 0.05
Noninoculated 0.0 0.3£0.21 3.90 £ 0.16 0.99 £ 0.09

“Each value is the mean of 10 replicates + SE. Analysis of variance indicated significant
(P < 0.01) effect of fungicides on disease severity and dry weights, except etridiazole at 10
wg/ml. Results from experiment | are shown; similar results were obtained in experiment 2.
*SD = soil drench, F = foliar sprays.

“Stem disease severity index: 0 = no disease to 5 = plant dead.

9Root disease severity index: 0 = no disease to 4 = >759% necrosis of lateral root and taproot.

Table 3. Inhibitor-producing (diffusible or volatile) capacity of Brevibacterium linens strain
DF-3101, previously exposed to fungicides, against isolate POO1 of Phytophthora vignae®

Diffusible Volatile
Pretreatment exposure PDA TSA KMB NA
Untreated control 10.3 0.0 0.0 0.0
Metalaxyl (Subdue)
Smg/L 15.7 0.0 1.7 0.0
10 mg/L 19.7* 0.0 0.0 0.0
Etridiazole (Banrot)
10 mg/L 16.8 0.0 33 0.0
Mancozeb (Manzate 200)
50 mg/L 19.7* 0.0 4.0 2.7

“The experiment was done on potato-dextrose agar (PDA) or tryptic soy agar (TSA) to test
for diffusible inhibitors and on King’s medium B (KMB), nutrient agar (NA), or TSA to
test for volatile inhibitors. Values are mycelial growth in millimeters and are the means of
three replicates. Results from experiment 1 are shown; similar results were obtained in experiment 2.
®No treatment significantly (P = 0.05) reduced the capacity of strain DF-3101 to produce
volatile inhibitors when grown on KMB, NA, or TSA. P. vignae was grown on the PDA
side of divided petri plates.

°* = Significantly different from the control at P < 0.05, Waller-Duncan k-ratio test.
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even at concentrations >1,250 mg a.i./
L, whereas P00l was, suggesting that
P006 is more tolerant. In contrast, Fenn
and Coffey (12) reported mycelial growth
inhibition of P. cinnamomi with fosetyl-
Al at concentrations <200 mg a.i./L in
low-phosphate medium.

The effectiveness of etridiazole and
mancozeb at relatively low concentra-
tions suggests that they could be used
in combination or as application alterna-
tions with fungicides such as metalaxyl
and fosetyl-Al. This would help reduce
the development of fungicide resistance
(4,18,25).

Metalaxyl, even at 1 mg a.i./L,
effectively reduced oogonia formation by
P. vignae by 50%. Inhibition by fosetyl-
Al differed with the two isolates of the
pathogen. Farih et al (10) reported that
fosetyl-Al at 125 mg a.i./ L effectively re-
duced oospore formation in P. parasitica.

Fungicide treatments to control dis-
ease in the greenhouse confirmed the in
vitro studies. Metalaxyl most effectively
reduced disease severity on stem and
roots, even at lower concentrations than
the other chemicals, and mean dry
weights of shoots and roots also in-
creased. At concentrations of 50 and 100
mg a.i./L, however, phytotoxicity was
indicated by reduced root and shoot dry
weight, even though disease severity was
the lowest. Davis (5) observed phyto-
toxicity when metalaxyl was applied at
200 mg a.i./L, but not at 100 mg a.i./L,
to control P. parasitica in citrus. Cowpea
roots are probably finer and thus more
sensitive than citrus roots. However, we
did not observe the phytotoxic symptoms
reported by Davis (5).

High concentrations of fosetyl-Al were
needed to significantly control disease
caused by P. vignae in vivo, which con-
firms the in vitro culture tests and other
reports (5,9,12). Fenn and Coffey (12)
indicated there was no difference in
effectiveness of fosetyl-Al as a foliar
spray or a soil drench when applied at
a high concentration. There is good
evidence that fosetyl-Al is xylem- and
phloem-translocated (3). Our results
confirm those of Sandler et al (26), who
noted that metalaxyl drenches increased
feeder root densities, in contrast to
fosetyl-Al, as metalaxyl was capable of
killing the fungus in soil. Davis (6)
recommended multiple applications of
fosetyl-Al to maintain activity over a
long period of time. The duration of our
study did not allow us to test this
recommendation, but the two applica-
tions we used presumably would be suf-
ficient to control a Phytophthora disease
in an annual crop such as cowpea.

When applied as a foliar protectant
fungicide, mancozeb effectively reduced
disease at both 50 and 100 mg a.i./L.
There was a reduction in shoot and root
dry weights with 100 mg a.i./ L compared
with 50 mg a.i./L. This could be due
partly to phytotoxicity at higher concen-
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trations. Mancozeb at 100 mg a.i./L was
effective as a soil drench, as was
etridiazole at 50 mg a.i./L. This effec-
tiveness may enable a grower to alternate
applications of two chemicals to prevent
the buildup of pathogen resistance.

Our results with fungicide treatments
on the bacterial biocontrol agent B.
linens strain DF-3101 suggest that bac-
terial antagonism through diffusible
antibiotic production may be affected by
fungicides applied at high concentrations
but that production of volatile inhibitors
is not. Utkhede (33) reported no inhi-
bition by Enterobacter aerogenes strain
B-8 antibiotic production or bacterial
growth in the presence of the fungicides
tested. Also, Gupta and Utkhede (15)
tested the effect of bacteria and fungicide
combinations in soil and found that
multiplication of antagonistic bacteria
was enhanced by fosetyl-Al at lower
temperatures and by metalaxyl at higher
temperatures. Utkhede (32) also reported
that metalaxyl + mancozeb allowed sig-
nificantly more Phytophthora infection
than metalaxyl alone. He attributed this
to the broad-spectrum deleterious effect
of mancozeb on natural antagonistic
inhabitants of the soil. In our studies,
mancozeb at higher concentrations
reduced the antibiotic production poten-
tial of B. linens strain DF-3101 by
reducing its growth on the fungicide-
amended medium.

The results of this study indicate that
metalaxyl is highly efficacious against P.
vignae in vitro and in vivo and that it
is quickly absorbed by roots and trans-
located acropetally when applied as a soil
drench. The possibility of using fungicide
mixtures or alternative applications of
fungicides seems promising with the
effectiveness observed with mancozeb
and etridiazole. Biocontrol agents and
fungicides at low concentrations could
be used as compatible combinations.
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