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ABSTRACT

Shew, H. D. 1985. Response of Phytophthora parasitica var. nicotianae to metalaxyl exposure.

Plant Disease 69:559-562.

Isolates of Phytophthora parasitica var. nicotianae were collected from seven flue-cured tobacco
fields before initial metalaxyl use and after one, two, or three consecutive years of use for control of
tobacco black shank. Eight hundred seventy-seven isolates were screened for inhibition of mycelial
growth on 5% V-8 juice agar amended with 0.1, 1, 10, or 100 ug of metalaxyl per milliliter of
medium. Inhibition increased as fungicide concentration increased; however, at low fungicide
concentrations, the range in inhibition was less for isolates collected after exposure and the
percentage of isolates inhibited at the 0.1- and l-pg a.i./ml concentrations of the fungicide
decreased after 1-3 yr of exposure. The change in sensitivity resulted in mean EDso values of 0.4,
0.3,0.7,and 1.2 ug/mlfor isolates exposed to metalaxyl for 0, 1, 2, or 3 yr, respectively. Anin vivo
assay that measured mean inhibition of root infection on a susceptible tobacco cultivar gave results
similar to those obtained in the in vitro test for inhibition of mycelial growth. Continuous use of
metalaxyl in soil enhanced selection of P. parasitica var. nicotianae populations less sensitive to
metalaxyl, and thus periodic removal of this selection pressure through crop or fungicide rotation

should be considered.

Metalaxyl (Ridomil) is currently used
for control of many Phytophthora root
rots. The rapid development of resistance
to metalaxyl by some members of the
Peronosporales (2,4,9,10), however, has
caused concern for the continued effec-
tiveness of this fungicide. Bruin and
Edgington (2) reported development of
resistance by Phytophthora capsici
isolates after repeated transfers on agar
medium amended with sublethal concen-
trations of metalaxyl. They reasoned that
low concentrations of the fungicide also
would exist in soil and concluded that
development of resistance would be likely
in soil continuously treated with the
fungicide. Sanders (9) recently reported
loss of efficacy and resistance of Pythium
aphanadermatum to metalaxyl on
turfgrass.

The in vitro sensitivity of several
soilborne Phytophthora spp. to metalaxyl
has been investigated (1,3,5,6,12,13).
Isolates of the various species were
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collected before initial metalaxyl exposure
and screened for their responses to
different fungicide concentrations. A
wide range in fungicide sensitivity was
shown by isolates within and among
species, but none of the isolates showed a
high level of resistance to metalaxyl.
These studies provided information on
the natural variation in sensitivity to
metalaxyl within a given Phytophthora
sp. and should serve as a base for deter-
mining shifts in sensitivity after exposure
to the fungicide. At present, however,
research is lacking on the effects of
repeated metalaxyl exposure under field
conditions on soilborne Phytophthoraspp.

Black shank, caused by Phytophthora
parasitica Dast. var. nicotianae (Breda de
Haan) Tucker, is an economically
important disease of flue-cured and
burley tobacco (8). Disease losses are
minimized best by a combination of
practices including crop rotation, host
resistance, and chemical application.
Black shank is most severe in fields where
crop rotation is not practiced. The
objective of this study was to determine
the effects of repeated use of metalaxyl
at recommended field rates on the sensi-
tivity of populations of P. parasitica
var. nicotianae in fields continuously
planted to flue-cured tobacco.

MATERIALS AND METHODS
Collection of fungal isolates. Eight
hundred seventy-seven isolates of P.
parasitica var. nicotianae were collected
over a 4-yr period beginningin 1980 from
flue-cured and burley tobacco. Three
hundred seventeen of the isolates were

obtained from stock cultures (collected
before metalaxyl use) orisolated from six
flue-cured tobacco fields in eastern North
Carolina before the initial use of
metalaxyl for black shank control (12).
These 317 isolates were designated year 0.
The remaining 560 isolates, isolated from
the six previously mentioned fields and
one additional tobacco field in eastern
North Carolina, also included a group of
isolates collected from miscellaneous
sources. The 560 isolates were collected
after 1, 2, 3, or 4 yr (20 isolates from field
7 were collected after year 4) of
continuous exposure to metalaxyl in the
field. All fields received one preplant
application of metalaxyl per year at
recommended field rates for black shank
control (1.1, 2.2, or 3.3 kg/ha). All
isolates that were not originally obtained
from stock cultures (year 0) were isolated
from fungal colonies on soil assay plates
(11) (usually single chlamydospore
origin) or from mycelial growth from
infected tobacco roots on a selective agar
medium (7,11). All isolates were
maintained on 5% clarified V-8 juice agar
slants under oil at 22-25 C.

In vitro screening procedure. The effect
of metalaxyl on mycelial growth in vitro
was determined on 5% V-8 juice agar. The
2EC formulation of metalaxyl (25.11%
a.i.) was used to establish fungicide
concentrations of 0.1, 1, 10, and 100 ug
a.i./ml of medium. Metalaxyl was added
to cooled (45-50 C) agar medium, and 17
ml of medium was poured per 9-cm-
diameter petri plate. A 6-mm-diameter
agar disk was cut from the margin of each
fungal isolate growing on 5% V-8 agar
and transferred to the center of each agar
plate. Mycelial growth along the longest
radius was measured to the nearest
millimeter after 7 days of incubation in
the dark at 22-25 C. There were at least
three replicates per isolate at each
fungicide concentration. Data were
analyzed by analysis of variance.

In vivo screening procedure. Inoculum
of P. parasitica var. nicotianae used to
infest soil was produced in soil on Hicks
tobacco seedlings as described previously
(11). Inoculum of each fungus isolate was
produced separately. Inoculum density
for each isolate in the infested soil was
determined on the selective agar medium
(7,11) before diluting the infested soil
with a 1:1 mixture of steamed (80 C for 60
min) sandy loam soil and course sand to
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Fig. 1. Mean inhibition of growth of
Phytophthora parasitica var. nicotianae
isolates from seven flue-cured tobacco fields
on metalaxyl-amended 5% V-8 juice agar.
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Fig. 2. Influence of numbers of metalaxyl
applications on the inhibition of growth of
Phytophthora parasitica var. nicotianae
isolates from three flue-cured tobacco fields.

establish a final inoculum density of two
propagules per gram of soil. Metalaxyl
was mixed immediately into the infested
soil at concentrations of 0, 0.1, 0.5, 1, and
Suga.i./gdry weight of soil. The soil was
placed in 10-cm-diameter pots and a 1-
mo-old Hicks tobacco seedling was
transplanted into each pot after about 24

hr. There were five seedlings per fungicide’

concentration and the test was repeated
twice. Percent plant infection was
determined 3 wk after transplanting by
carefully removing the seedlings from the
soil, surface-sterilizing the root system in
0.5% NaClO for 20 sec, and plating the
entire root system of each plant on the
selective medium. Plates were checked
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Fig. 3. Frequency distribution of growth
response among Phytophthora parasitica var.
nicotianae isolates from field 7 to metalaxyl at
1 ug/mlin 5% V-8 juice agar.

Table 1. Influence of metalaxyl exposure on mean inhibition of Phytophthora parasitica var.

nicotianae isolates in vitro

Growth inhibition (%)* at indicated

Years of No. of metalaxyl conc. (ug/ml) EDso
exposure isolates 0.1 1 10 100 (ug/ml)
0 317 31(4+34-97)° 63 (0—100) 91(35-100) 91(35-100) 0.4
1 271 34(+15-94) 71(19-98) 90 (64-100) 90 (61-100) 0.3
2 124 20(+69-54) 60 (3-90) 90 (72-98) 93 (79-100) 0.7
3 145  22(+36-58) 42 (+34-80)  88(60-98) 92(59-100) 1.2

“Mean inhibition compared with growth on fungicide-free 5% V-8 juice agar after 7 days in the dark

at 22-25 C.

"Values in parentheses indicate the range in percent growth inhibition for all isolates collected
during a given year. Plus values indicate growth was greater on metalaxyl-incorporated agar than

on fungicide-free agar for some isolates.
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daily for growth of P. parasitica var.
nicotianae from the roots. Root rot
severity was rated on a scale of 1-5, where
1 = healthy, 2=<5%root rot, 3= 6-50%
rootrot,4=>50%root rot and/or crown
rot, and 5 = dead plant.

RESULTS

In vitro screening. Mean growth
inhibition increased with increasing
metalaxyl concentration for isolates col-
lected after 0, 1, 2, and 3 yr of fungicide
exposure (Table 1). In relation to year 0
isolates, mean inhibition increased for
year | isolates but decreased for year 2
and 3 isolates, resulting in EDso values of
about 0.4,0.3,0.7,and 1.2 ug/mlfor year
0, 1,2, and 3isolates, respectively (Table 1).

Isolates from all fields and all years
were extremely variable in their responses
to the fungicide in vitro (Table 1). At 10
and 100 ug/ml, the range in response of
year 1, 2, and 3isolates was similar to that
of year 0 isolates. However, at 0.1 and 1
ug/ml, isolates were less sensitive after
metalaxyl exposure (Table 1). For
example, at 1 ug/ml the minimum
inhibition for a year 0 isolate was 0%
(growth same as control) and the
maximum inhibition 100% of the control.
After the third year of fungicide
exposure, the range in response was
+349, (growth greater than control) to a
maximum of 80% inhibition. A similar
shift in response was observed at the 0. 1-
ug/ml concentration (Table 1).

Mean inhibition of P. parasitica var.
nicotianae isolates collected over the 4-yr
period varied with field of origin (Fig. 1).
Mean EDso values ranged from <0.1
wug/ml for isolates from fields 3 and 4 to
>2 ug/mlforisolates from fields 5and 7.
Isolates from field 7 responded to
metalaxyl differently than isolates from
other fields, with mean inhibition of
growth greater at 0.1 than at 1 ug/ml
(Fig. 1).

Response of P. parasitica var.
nicotianae populations to repeated
metalaxyl exposure also varied with field.
In general, pathogen populations were
more sensitive to metalaxyl after the first
year of exposure but became less sensitive
after 2 or 3 yr of exposure (Table 1, Fig.
2). For example, in field 1, percent
inhibition at 1 ug/ml was 57, 70, 65, and
44% after 0, 1, 2, and 3 yr of exposure,
respectively (Fig. 2). In contrast, isolates
from field 2 remained more sensitive than
year 0 isolates even after 2 and 3 yr of
exposure (Fig. 2).

Frequency distribution plots also
demonstrated changes in response to
metalaxyl after repeated exposure (Figs.
3 and 4). For example, in field 7, the
percentage of total isolates inhibited less
than 10% at 1 ug/ml increased from 0 to
75% between years | and 4 (year 0 and 2
isoiates not obtained) (Fig. 3). In field I,
the percentage of total isolates inhibited
less than 10% at 0.1 ug/ml was 11, 3, 0,
and 35% after 0, 1, 2, and 3 yr of
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Fig. 4. Frequency distribution of growth response among Phytophthora parasitica var. nicotianae
isolates from field | to metalaxyl at 0.1 ug/ml in 5% V-8 juice agar.

exposure, respectively (Fig. 4).

In vivo screening. Root infection in the
bioassay with the susceptible tobacco
Hicks decreased as metalaxyl concen-
tration increased (Fig. 5). Percentage of
plants infected was 85, 65, 43,and 9%and
root rot rating was 2.2, 1.6, 1.3, and 1 at
fungicide concentrations of 0.1, 0.5, I,
and 5 ug/g of soil, respectively.

DISCUSSION

Isolates of P. parasitica var. nicotianae
collected after 1, 2, 3, or 4 yr of metalaxyl
exposure (one fungicide application per
year) under field conditions were variable
in their growth response to the fungicide
in vitro. A similar response was
previously observed for year 0 isolates of
P. parasitica var. nicotianae (12) and for
several other soilborne Phytophthora
spp.(3,6). [solates collected after exposure
showed a similar range of sensitivity to 10
and 100 pg/ml of metalaxyl as year 0
isolates. In fact, after 1-4 yr of exposure,
no isolates were recovered that showed a
high level of resistance to the fungicide in
vitro. In contrast, at the 0.1-and 1-ug/ml
concentrations, shifts in sensitivity to the
fungicide were observed after 2, 3, and 4
yr of exposure. Two types of responses to
exposure were evident. First, the range in
isolate sensitivity was extended, often
resulting in a stimulation of mycelial
growth compared with year 0 isolates
(Table 1). Second, a higher percentage of
the isolates from a given field were
inhibited to a lesser degree at a specific
fungicide concentration (Fig. 3). These
responses to exposure resulted in twofold
and threefold increases in EDso values for
year 2 and 3 isolates, respectively.

Bruin and Edgington (2) reported
development of resistance in P. capsici

during 12 transfers over an 8-mo period
on V-8 juice agar amended with sublethal
concentrations of metalaxyl. They
concluded that development of resistance
to acylalanine-type fungicides was very
likely after continuous use because
sublethal concentrations of the fungicide
would exist for extended periods of time
in the soil. After 4 yr of continuous use in
tobacco for black shank control,
resistance to metalaxyl has not been
observed in North Carolina. Because
soilborne fungi are infrequently in an
active growth stage (mycelium), as
occurred in the in vitro tests, selection
pressure probably would not be as great
and development of resistance would not
be as common as reported for P. capsici
(2). However, the potential of soilborne
members of Peronosporales to rapidly
develop resistance in vitro has been
demonstrated (2,4,9,10). In this study,
there was an apparent response to the
selection pressure applied by repeated use
of metalaxyl, resulting in reduced mean
sensitivity of pathogen populations to the
fungicide. Based on these observations
and previous reports (2,4), the selec-
tion of strains of P. parasitica var.
nicotianae highly resistant to metalaxyl
may be minimized by the periodic
removal of the selection pressure by
either crop or fungicide rotation.
Removal of metalaxyl from the growth
medium reversed the adaption to
metalaxyl by several P. capsici
isolates (2).

Mean inhibition of P. parasitica var.
nicotianae varied with field of origin
before initial metalaxyl use (12). There
was no apparent relationship between
this variation and subsequent development
of reduced fungicide sensitivity. In
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Fig. 5. Comparison of in vitro and in vivo
screening procedures for determining sensitivity
of Phytophthora parasitica var. nicotianae
isolates to metalaxyl. Mycelial growth is the
overall mean for all isolates screened and root
infection is the mean infection for 19 isolates
chosen at random.

addition, in most fields, sensitivity to the
fungicide increased after the first year of
exposure. A similar increase in sensitivity
was observed after 1 yrin field microplots
originally infested with a mixture of four
P. parasitica var. nicotianae isolates not
previously exposed to metalaxyl (H. D.
Shew, unpublished).

Information on the sensitivity of
soilborne Phytophthoraspp. to metalaxyl
has been obtained primarily from tests
conducted in vitro (1,2,3,5,6,12,13). In
this study, isolates also were screened in
vitro for growth inhibition. However,
since mycelial growth is only one growth
stage important in root infection and
colonization, in vivo tests also were
conducted for comparison. The response
observed in vitro was similar to the mean
response in vivo. By manipulation of the
initial inoculum density and the level of
host resistance in the assay plant, the in
vivo assay may more closely reflect the
response of isolates in vitro.
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