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Efficacy of Ethoprop on Meloidogyne hapla and
M. chitwoodi and Enhanced Biodegradation in Soil’

H. MojTaneDp], G. S. SANTO, AND J. N. PINKERTON?

Abstract: Responses of egg masses, free eggs, and second-stage juveniles (J2) of Meloidogyne hapla
and M. chitwoodi to ethoprop were evaluated. The results indicated that J2 were the most sensitive,
followed by free eggs and egg masses. In general, M. chitwoodi was more susceptible to ethoprop
than M. hapla. Ethoprop at 7.2 ug a.i./g soil protected tomato roots from upward migrating M.
chitwoodi for 5 weeks. The zone of protection was extended to 10 and 20 cm below the root zone
when 3.6 and 7.2 cm water were applied over 8 days. Ethoprop at 1.8, 3.6, and 7.2 ug a.i./g soil
degraded faster and killed fewer M. chitwoodi J2 in potato field soil previously exposed to ethoprop
than in unexposed soil or sterilized exposed soil. The enhanced biodegradation property of the
exposed soil lasted 17 months after the last application of ethoprop. The limited downward move-
ment of ethoprop in the soil, migration of M. chitwoodi J2 into the treated zone, presence of resistant
life stage(s) at the time of application, and loss of efficacy due to enhanced biodegradation may have
a significant effect on the performance of ethoprop. ,

Key words: biodegradation, Columbia root-knot nematode, ethoprop, Meloidogyne chitwoodi, Me-
loidogyne hapla, migration, nematicide, nematode, northern root-knot nematode, potato, Solanum

tuberosum.

The Columbia (Meloidogyne chitwoodi
Golden et al.) and northern (M. hapla Chit-
wood) root-knot nematodes are major pests
of potato (Solanwum tuberosum L.) in the Pa-
cific Northwest, Meloidogyne chitwoodi dam-
ages potatoes more severely than M. hapla.
Preplant thresholds are 1 egg,/250 cm? soil
for M. chitwoodi (15) and 50 eggs/250 cm?
soil for M. hapla. The lower threshold for
M. chitwoodi is due to its ability to become
active at lower temperatures (6 C) than M.
hapla (10 C) (4). Meloidogyne chitwoodi may
complete two to three more generations
per year than M. hapla on potato (17). Also,
M. chitwoodi may migrate upward in the soil
profile faster and farther than M. Zapla (12).
The nonvolatile organophosphate nema-
ticide ethoprop is registered for use on po-
tato to control M. hapla and suppress M.
chitwoodi. To control M. chitwoodi, ethoprop
is applied in combination with soil fumi-
gants especially in fields with high nema-
tode population densities distributed deep
in the soil profile (11,16). Ethoprop has
limited mobility in the soil and must be

Received for publication 19 October 1990.

! PPNS Paper No. 0080. Project No. 0240. College of Ag-
riculture and Home Economics Research Center, Washing-
ton State University, Pullman, WA 99164.

2 Research Associate, Professor, and former Research As-
sociate, Department of Plant Pathology, Washington State
University, Irrigated Agriculture Research and Extension
Center, Prosser, WA 99350.

372

incorporated into the top 10-15-cm soil
layer (17). During the past 10 years, we
have evaluated ethoprop for control of M.
chitwoodi on potato with inconsistent results
(17,18). These irregular performances with
ethoprop suggested that edaphic and (or)
biological factors may have reduced the
efficacy of this nematicide in the soil. The
half-life of ethoprop may be reduced by ca.
90% in soil with a previous ethoprop ap-
plication history (20). Also, M. chitwoodi
second-stage juveniles (J2) may migrate
vertically more than 90 cm in a potato field
(9). Thus, M. chitwoodi populations located
below the zone treated with ethoprop move
into the treated zone after the nematicidal
effects of ethoprop have diminished (8).
Another factor is the differential response
of M. chitwoodi egg masses, eggs, and J2 to
ethoprop in the soil (8). The presence of
more resistant stages of nematodes in the
soil at the time of application may render
ethoprop less effective. Studies were initi-
ated to determine 1) the effect of ethoprop
on the survival and infectivity of different
life stages of M. chitwoodi and M. hapla, 2)
the downward movement and residual ef-
fect of ethoprop on the migration of M.
chitwoodi, and 3) the efficacy of ethoprop
to control M. chitwoodi in soil with previous
ethoprop application history.



Ethoprop on Root-knot Nematodes: Mojtahedi et al. 373

MATERIALS AND METHODS

Hatching and survival experiments: Hatch-
ing and survival tests were conducted in
polyvinylchloride (PVC) rings (4.5 cm d X
3.5 cm deep) sealed on one end with a 25-
wm-pore nylon screen. These screens re-
tained egg masses and free eggs but al-
lowed J2 passage. Egg masses and freed
eggs were placed in screens, strained, and
set on thin plastic supports in 5.5-cm-d pe-
tri dishes. All concentrations of ethoprop
are reported as pg a.i./ml or ug a.i./g soil.
A geometric series of ethoprop (69.6%
emulsifiable concentrate) concentrations (0,
5, 10, 20, 40, 80, 160 ug/ml) were pre-
pared in distilled water, and 10 ml nema-
ticide solution was added to each petri dish
to cover the nematodes on the screens. Sec-
ond-stage juveniles were suspended in 5 ml
water and placed directly in petri dishes,
and equal volumes of ethoprop at 10, 20,
40, 80, 160, and 320 ug/ml were added
and mixed. The treatments were replicat-
ed and randomly assigned to four complete
blocks placed in trays. The trays were cov-
ered with plastic sheets to minimize evap-
oration and incubated at 18 C. After 4 days
ethoprop was removed by repeated im-
mersion of egg masses and freed eggs in
tap water. Second-stage juveniles were col-
lected from petri dishes, washed five times
by centrifugation at 3,000 g for 5 minutes,
and resuspended in tap water. Egg masses
and J2 were placed around the root system
of 3-week-old Columbian tomato (Lycoper-
sicon esculentum Mill) plants to determine
nematode infectivity. Tomato roots were
harvested after 3 weeks and stained with
acid fuchsin (3), and juveniles were count-
ed. Hatch inhibition was quantified by the
J2 in the petri dishes. The effective dose
that prevented 50% (EDs,) of egg hatch or
J2 infection of tomato roots was calculated
by probit analysis (5).

Four experiments were conducted using
M. chitwoodi and M. hapla inocula. In the
first experiment, pieces of tomato root
containing three egg masses were exposed
to ethoprop for 4 days, after which the egg
masses were bioassayed. In the second ex-

periment, M. chitwoodi egg masses were ex-
posed to ethoprop for 21 days, the solution
was replaced every 4 days, and numbers of
J2 that hatched were determined. In the
third experiment, 1,000 eggs extracted
from tomato roots with 0.5% NaOCl (6)
were exposed to ethoprop for 4 days and
the numbers of J2 hatched were deter-
mined. The remaining unhatched eggs
were washed free of ethoprop and incu-
bated an additional 12 days in water, and
freshly hatched J2 were counted every 4
days. To test infectivity, M. chitwoodi J2 were
stored at 12 C and bioassayed on tomato
as before. In the fourth experiment, 1,000
freshly hatched J2 (21) were exposed to the
ethoprop series for 4 days prior to bioas-
saying on tomato.

Mobility and residual effects of ethoprop:
Downward movement and residual effect
of ethoprop to control migrating M. chit-
woodi were studied in columns constructed
of PVC rings (8.25 cm d X 5.0 cm high)
(12). Columns were filled with methyl bro-
mide fumigated sandy loam soil (83% sand,
15% silt, 2% clay, pH 6.9, 0.5% OM) and
adjusted to field capacity (10% water by
weight) at the beginning of the studies.

The effect of water regimes on the
downward movement of ethoprop was
studied in the first experiment. A 1-cm-
thick layer of soil (500 g) was sprayed with
a solution of 5 ul ethoprop suspended in
10 ml water and mixed thoroughly result-
ing in an estimated 7.2 ug/g soil. The ac-
tual concentrations of ethoprop measured
(19) several times in the course of this study
were 6.0-6.9 ug/g soil. The untreated
control soil received 10 ml water. The
treated or untreated soil was packed (bulk
density = 1.4 g/cm?) into single PVC rings
each sealed on one end with 25-um-pore
nylon screen that confined root growth but
allowed nematode passage. Three-week-old
tomato seedlings were planted one to each
sealed ring, and each ring was assembled
on top of a seven-ring (35 cm tall) soil col-
umn. Four columns per treatment were
placed on the surface of dry soil in 10-cm-d
clay potsat 18 C, and 2,500 freshly hatched
J2 were introduced 35 cm below the top
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ring. The columns received 0.45 or 0.90
cm water daily for 8 days. Soil moisture in
each ring was recorded by drying 50-g sam-
ples at 105 C for 24 hours. Soil residues of
ethoprop in the 0.90-cm water regime were
determined upon completion of the ex-
periment (19). A portion of soil obtained
from each ring of the 0.45-cm water re-
gime was wet sieved to extract nematodes
prior to bioassay.

To test the residual effects of ethoprop,
a two-phase experiment was conducted. For
the first phase, rings with 25-um-pore ny-
lon screens were filled with ethoprop-treat-
ed or untreated soil as in the previous ex-
periment. A 3-week-old tomato seedling
was planted in each ring, and a plastic bag
was placed over the ring to minimize mois-
ture loss. The rings were placed on the
surface of dry soil and incubated at 18 C
with a 14-hour photoperiod for 48 days.
The plants received 0.90 cm water weekly,
and excess water drained freely into the
dry soil. For the second phase, every 6 days
four replicates of treated or untreated rings
were assembled on top of three-ring (15
cm tall) soil columns. A suspension of 2,500
J2 in 5 ml water was injected into the col-
umn through a port in the second ring from
the bottom. Tubes were irrigated with 0.45
cm water daily for 8 days before the rings
were separated, and the content in each
ring was bioassayed with tomato seedlings.

Enhanced biodegradation of ethoprop in field
soil with previous ethoprop history: Soil used
in three experiments from a commercial
field near Plymouth, Washington, was a
Quincy sand (mixed, mesic xeric torri-
psamments) which had received ethoprop
(13.2 kg/ha) in 1987 and 1988. Soil was
collected in February 1989, 9 months after
the last application of ethoprop (exposed
soil). Soil was also collected from an adja-
cent area containing native vegetation with
no previous cropping or ethoprop history
(unexposed soil). Both soils were a loamy
sand (79% sand, 19% silt, 2% clay, pH 6.1,
0.5% OM) and were held at field capacity
(10% moisture by weight). The soil samples

were used immediately or stored at 15-18
C up to 10 months.

The first experiment was conducted to
evaluate enhanced degradation of etho-
prop. A solution of 10 ml water containing
1.25 ul ethoprop (ca. 1.8 ug/g soil) was
sprayed on the surface of 500 g steam-ster-
ilized exposed soil (120 C under 103.4 KPa
for 2-3 hours and aerated for 48 hours),
unsterilized exposed soil, and unexposed
soil; then treated soils were mixed thor-
oughly in plastic bags. Exposed and unex-
posed soil sprayed with water served as
controls. The soil in each plastic bag was
infested with 2,000 M. chitwoodi J2 in 2 ml
water 1 week after ethoprop treatment, and
the bags were shaken gently to uniformly
distribute the nematodes. After 1 week in-
cubation at 15-18 C, the soil from each
bag was placed in a 7.5-cm-d clay pot and
a 3-week-old Columbian tomato seedling
was transplanted. The treatments were
replicated five times and arranged in ran-
domized complete blocks on a greenhouse
bench. The pots were maintained for 3
weeks at 22-26 C before roots were washed
free of soil and stained with acid fuchsin
(3). The survival rate was determined by
counting the nematodes in the roots. The
data were subjected to analysis of variance,
and means were separated by Duncan’s
multiple-range test.

The second experiment was conducted
to determine the effect of incubation pe-
riod following treatment on the efficacy of
ethoprop in exposed soil. The procedures
were similar to the previous experiment,
except that the nematodes were added to
unsterilized exposed soil immediately after
ethoprop treatment or 1 week later.

The third experiment was conducted to
determine the effect of time on enhanced
biodegradation of ethoprop. Ethoprop (1.8
ug/g soil) was added to the exposed soil 0,
8, 9, and 10 months after collection from
the field. This corresponded t0 9, 17, 18,
and 19 months after the soil was last treat-
ed with ethoprop. Control treatments in-
cluded exposed soil treated with water and
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TasLe 1.  Effective dose (EDy,) of ethoprop on
second-stage juveniles (J2), free eggs, and egg masses
of Meloidogyne chitwoodi and M. hapla.

Expo- EDy, (ug/ml)
Life sure
stages (days)t M. chitwoodi M. hapla

Infectivity

Egg masses} 4 160.0 a 160.0 a

J2 4 5.6d 6.8d
Hatching

Egg masses 21 02e

Free eggs 4 46.0 ¢ 83.3b

The values used for probit analysis to calculate ED;, were
means of four replicates. The values in columns and rows
followed by different letters had different (P < 0.05) vari-
ances of log EDy,.

+ Nematode life stages were exposed to ethoprop at 0, 5,
10, 20, 40, 80, and 160 ug/ml at 18 C.

T ED,, for infectivity tests of egg masses exposed for 4 days
were beyond the highest concentration of ethoprop (160.0
pg/ml) tested.

sterilized exposed soil treated with etho-
prop. All other procedures were similar to
those in the first experiment.

The fourth experiment was conducted
to determine the effect of ethoprop con-
centration on the ability of the biological
agent(s) to reduce the nematicidal efficacy.
Soil for this study was obtained from a site
which had been used for evaluating ne-
maticides, including ethoprop, for the past
10 years at the Irrigated Agriculture Re-
search and Extension Center, Prosser,
Washington. This loamy fine Hezel sand
soil (81% sand, 17% silt, 2% clay; pH 6.7,
0.9% OM, and 13.6% moisture by weight
at field capacity) was initially tested for en-
hanced biodegradation of ethoprop. Steam-
sterilized and unsterilized soils were treat-
ed with ethoprop at 1.8, 3.6, and 7.2 ug/g
soil. All other procedures were similar to
those in the first experiment. Only signif-
icant (P < 0.05) treatment comparison will
be discussed unless stated otherwise.

RESULTS AND DISCUSSION

Hatching and survival: Four days of ex-
posure to various concentrations of etho-
prop did not influence the viability of eggs
within egg masses of M. chitwoodi or M. hap-
{a, and EDj, values to inhibit infection for

TaBLE2.  Percentage of Meloidogyne chitwoodi sec-
ond-stage juveniles (J2) that hatched from 1,000 free
eggs exposed to ethoprop for 4 days and placed in
water for 12 days and percentage of hatched ]2 that
infected tomato roots.

Ethoprop
concentration Infected tomato

(ug/mlb) Hatched roots

0 63 a 26 a

5 47 ab 2ba
10 41 ab 20 ab
20 48 ab 12 ab

40 43 ab 7 abc

80 20b 4 be

160 lc Oc

Values are means of four replicates. Means followed by the
same letter do not differ (P < 0.05) according to Duncan’s
multiple-range test.

both nematode species were beyond the
ranges of concentrations tested (Table 1).
However, when M. chitwoodi egg masses
were exposed to ethoprop for 21 days,
hatching was affected adversely by all con-
centrations and ED;, was 0.23 ug/ml.
These results suggest that the gelatinous
matrix restricts movement of ethoprop into
the egg mass, but after prolonged expo-
sure, ethoprop adversely affects egg via-
bility even at low concentrations.

Eggs freed from the gelatinous matrix
by NaOCI were more sensitive to ethoprop
than were eggs within egg masses, and the
ED;, to inhibit hatching was 46.0 ug/ml
for M. chitwoodiand 83.3 ug/ml for M. hap-
la (Table 1). When the chemical solution
was replaced with water, suppression of egg
hatch was reversed in all treatments except
the 80 and 160 pg/m! concentrations.
These two concentrations of ethoprop not
only affected the hatch of M. chitwoodi, but
also the infectivity of hatched J2 (Table 2).

The J2 stage was the most sensitive life
stage to ethoprop, with EDy, of 5.6 ug/ml
for M. chitwoodi and 6.8 ug/ml for M. hapla
(Table 1). These values were lower than
ED;, values for free eggs (46.0 ug/ml) and
egg masses (>160 ug/ml).

Meloidogyne chitwoodi and M. hapla were
differentially sensitive to ethoprop (Table
1), and ED;, for free eggs hatching was
lower for M. chitwoodi than for M. hapla.
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TasLE 3. Effect of daily irrigation water on the
downward movement of ethoprop 8 days after appli-
cation measured by vertical migration of Meloidogyne
chitwoodi second-stage juveniles (J2) and ethoprop res-
idue in soil columns.

M. chitwoodi detected in roots

Column "6 45 o water  0.90 cm water  EthOprop
depth residuet
(cm) E U E U (ug/ml)
0-5 - + - + 0.19
10 - + - + 1.73
20 + + - + 0.62
30 + + + + 0.04
40f + + + + 0.003
Detection (— = no, + = yes) of nematodes at each depth

was based on examination of four tomato roots. The 0-5-cm
ring contained soil treated with ethoprop (E) at 7.2 ug/g or
untreated (U) and planted with a tomato seedling before
assembling on top of the columns.

t Ethoprop residue at different depths was determined 8§
days after assembling a treated ring on top of a soil column
and irrigating daily with 0.90 cm water.

1 A suspension of 2,500 J2 was added to this ring in all soil
columns and incubated at 18 C for 8 days.

Soil samples taken after fumigation with
metham sodium containing mixed popu-
lations of M. chitwoodi and M. hapla support
these findings that M. hapla is more diffi-
cult to kill than M. chitwoodi (unpubl.). Nev-
ertheless, ethoprop is effective in minimiz-
ing M. hapla damage on potato because it
is less prolific (17). Similar differential sen-
sitivity among other Meloidogyne species to
ethoprop has been reported (10).

Mobility and residual effects of ethoprop: Me-
loidogyne chitwoodi J2 migrated upward 35
cm within 8 days and infected tomato roots
in the untreated soil under both irrigation
regimes (Table 3). The effective zones of
nematode control below the ethoprop

TABLE 4.
(J2) in soil columns 1-8 weeks after treatment.

TarLe 5. Efficacy of ethoprop on Melvidogyne
chitwoodi in Quincy sand previously exposed to etho-
prop, unexposed soil, and sterilized exposed soil.

M. chitwoodi/

Ethoprop  tomato root

Treatment (1.8 ug/g) system (no.)
Unexposed - 422 a
Unexposed + 4b
Exposed - 248 a
Exposed + 248 a
Sterilized exposedt + 4b

Values are means of five replicates. Means followed by the
same letter do not differ (P < 0.05) according to Duncan’s
multiple-range test. Soil was infested with 2,000 second-stage
Jjuveniles 1 week after ethoprop treatments and bioassayed 1
week later with tomato seedlings.

T Sterilized at 120 C and 108.4 KPa for 2 hours.

treated ring were 10 cm with the 0.45 cm/
day irrigation regime and 20 cm with the
0.90 cm/day regime. Inactive J2 5-10 cm
below the treated ring were recovered by
wet-sieving soil, indicating that J2 migrat-
ed upward before a lethal concentration of
ethoprop was leached from the treated soil
profile.

The distribution of ethoprop residue in
columns receiving 0.90 cm water daily in-
dicated that most of the ethoprop was
leached from the 0-5-cm zone of incor-
poration and deposited at depths of 10 and
20 cm (Table 3). The concentration of 0.62
ug/g detected at 20 cm effectively con-
trolled M. chitwoodi. Ethoprop concentra-
tion below 20 cm declined and did not re-
strict J2 migration. These results agree with
others (19) that downward movement of
ethoprop is restricted. A maximum down-
ward movement of 20-30 cm following the

Residual effect of ethoprop on vertical migration of Meloidogyne chitwoodi second-stage juveniles

M. chitwoodi J2 in tomato roots

Column
1 3 4 5 6 8
depth
(cm) E 1) E U E U E 8] E U E 8)
0-5 - + - + - + - + + + + +
10 - + - + - + - + + + + +
15F - + - + - + + + + + + +
20 - + + + + + + + + + + +
Detection (— = no, + = yes) of nematodes at each depth was based on examination of four tomato roots. Soil in the 0-5-

cm ring was treated with ethoprop (E) at 7.2 pg/g or untreated (U) and irrigated weekly with 0.9 cm water for 1-8 weeks
before being assembled on top of 3-ring columns. Thereafter, 0.45 cm water was added daily for 1 week before each ring

was bioassayed.
T A suspension of 2,000 J2 was added to this ring.



Ethoprop on Root-knot Nematodes: Mojtahedi et al. 377

TasLe 6.  Efficacy of different concentrations of
ethoprop on Meloidogyne chitwoodi in Hezel sand pre-
viously exposed to ethoprop and sterilized exposed
soil,

M. chitwoodi/tomato root system

Ethoprop (rg/g) (no.)
Exposed
0.0 311a
1.8 141 ab
3.6 128 b
7.2 76 b
Sterilized exposedt

1.8 0d
3.6 4c
7.2 0d

Values are means of five replicates. Means followed by the
same letter do not differ (P < 0.05) according to Duncan’s
multiple-range test. Soil was infested with 2,000 second-stage
juveniles 1 week after ethoprop treatments and bioassayed 1
week later with tomato seedlings.

+ Soil was sterilized at 120 C and 103.4 KPa for 2 hours.

addition of 7.5 cm water has been reported
(1,7).

Soil treated with ethoprop for 1, 3, and
4 weeks created nematistatic zones of 15,
10, and 10 cm, respectively, below the
treated soil (Table 4). The nematistatic
zone was reduced to b cm in 5-week-old
ethoprop-treated soil, and thereafter M.
chitwoodi migrated into the top 5 cm and
infected tomato roots (Table 4). Meloido-
gyne chitwoodi migrated freely in untreated
soils throughout the experiment. The re-
sidual life of ethoprop determined in this
test is shorter than previously reported (2).
The difference may be related to the ex-
perimental procedure or nematode species
or both. Bunt (2) obtained significant re-
duction in number of Pratylenchus penetrans
(Cobb) Chitwood & Oteifa per root system
16 weeks after drenching ethoprop at 3
ug/ml on an established corn plot. Thus,
the entire population of P. penetrans was
exposed to the initial concentration of the
chemical. In our study, freshly hatched Me-
loidogyne J2 continuously were added into
the soil columns while residual ethoprop
concentrations continued to diminish.

Our data indicate that ethoprop applied
at 7.2 ug/g soil will provide a 10-20-cm
nematistatic zone for up to 5 weeks with
3.6 cm and 7.2 cm water applied in 8 days.
This period of control would not be ade-

TaBLe 7.  Effect of incubation period on efficacy
of ethoprop on Meloidogyne chitwoodi in Quincy sand
previously exposed to ethoprop.

Incubation period Ethoprop M. chitwoodi/tomato
(weeks) (1.8 ug/g) root system (no.)
0 - 246 a
1 - 337 a
0 + 63 b
1 =+ 248 a

Values are means of five replicates. Means followed by the
same letter do not differ (P < 0.05) according to Duncan’s
multiple-range test. Soil was infested with 2,000 second-stage
juveniles simultaneously or 1 week after ethoprop treatments
and bioassayed 1 week later with tomato seedlings.

quate to prevent severe losses on potato by
M. chitwoodi. Potato growers in the Pacific
Northwest apply a maximum of 2.5 cm wa-
ter after ethoprop application. Ethoprop
6EC applied as a pre-emergence broadcast,
followed by 2.5 cm water failed to control
M. chitwoodi on potatoes in the field, where-
as mechanical incorporation of the same
formulation frequently provided control
(15,17). In addition, the efficacy of etho-
prop may also be determined by the nema-
tode life stages present at the time of ap-
plication.

Enhanced biodegradation of ethoprop in field
soil with previous ethoprop history: The efh-

TasLe 8.  Effect of long-term incubation on ef-
ficacy of ethoprop to control Meloidogyne chitwoodi in
Quincy sand exposed to ethoprop.

Incubation M. chitwoodi/
Last exposure period  Ethoprop tomato root
(months) (months) (1.8 ug/g) system (no.)
9 0 - 248 a
+ 248 a
17 8 - 252a
+ 64b
18 9 - 128 a
+ 10¢
19 10 - 197 a
+ 7c
Sterilizedt + 4c¢

Values are means of five replicates. Means followed by the
same letter do not differ (P < 0.05) according to Duncan’s
multiple-range test. Soil was collected 9 months after the last
application of ethoprop and used immediately, or incubated
at 15--18 C. The treatment soils were infested with 2,000
second-stage juveniles 1 week after ethoprop addition and
bioassayed with tomato 1 week later.

+ Average of four trials. In each trial, soil was sterilized at
120 C and 103.4 KPa for 2 hours.
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cacy of ethoprop at 1.8 ug/g soil on M.
chitwoodi was reduced in exposed soil com-
pared to ethoprop applied to unexposed
soil (Table 5). Numbers of M. chifwoodi re-
covered from the exposed soil treated with
ethoprop were not different from those in
treatments that did not receive ethoprop.
Steam sterilizing the exposed soil restored
the efficacy of ethoprop, similar to the
unexposed soil treated with ethoprop. In-
creasing the concentration of ethoprop to
7.2 ug/g in the exposed soil reduced the
numbers of M. chitwoodi, but numbers were
higher than those in the steamed exposed
soil (Table 6). The number of nematodes
that survived was inversely proportional (r
= —0.65) to the ethoprop concentration.
Ethoprop at 13.2 kg/ha (assuming soil bulk
density = 1.3 g/cm?®) incorporated 15 cm
deep, as recommended for potato, results
in ca. 6 pg/g soil, which is less than 7.2
ug/g soil biodegraded in these experi-
ments. Thus, enhanced biodegradation of
ethoprop under commercial conditions is
a concern.

Ethoprop applied to unsterilized ex-
posed soil was not as effective in controlling
M. chitwoodi when the nematode was added
1 week after ethoprop as it was when added
simultaneously (Table 7). This rapid de-
toxification of ethoprop suggests that deg-
radation is dependent on agents, most like-
ly bacteria (13,14), that are mitigated by
steam sterilization. Efficacy of ethoprop
declined over time. Seventeen months af-
ter the last application of ethoprop, the
number of M. chitwoodi that survived in the
ethoprop-treated exposed soil was less than
in the untreated soil and greater than in
ethoprop-treated sterilized soil (Table 8).
After 18 months no difference was ob-
served between the ethoprop-treated ex-
posed soil and the ethoprop-treated ster-
ilized soil. The declined biodegradation
property of soil with ethoprop history over
a period of time might be responsible for
the variable behavior of ethoprop in deg-
radation studies reported by others (14).

Our data suggest that ethoprop should
not be applied more than once every 2
years. Since potatoes generally are cropped

once every 4 years, enhanced biodegra-
dation of ethoprop does not appear to pose
a serious problem under current potato
production systems in the Pacific North-
west.
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