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Why Soil Fumigation Fails to Control Potc

Potato (Solanum tuberosum 1) corky
ringspot discase (CRS)  or spraing. as it
is known in Furope is caused by
tobacco rattle virus (TRV) transmitted to
potato tubers by stubby root or
trichodorid nematodes ( Trichodorus and
Paratrichodorus spp.). The disease is
widespread in Furope. where it is
considered one of the more important
virus discases of potato. especially in seed
production arcas. In the United States,
CRS has been reported in California.
Colorado. Florida. Idaho. Indiana.
Michigan. Oregon. and Washington.
Aside from Florida. the discase is quite
localized and confined to sandy locations.

Symptoms may differ according to
cultivar, geographic location. and virus
strain, but CRS is usually characterized
by circular lesions on the surface of
affected tubers (Fig. 1) and necrosis in the
tuber flesh ranging from distinct ares to
diffused flecks (Fig. 2). Foliage symptoms
(stem mottle)are rarely seenin the field in
the United States but develop frequently
in plants grown in the greenhouse from
affected tubers (Fig. 3). Experimentally.
the discase has been controlled effectively
with both soil fumigants and certain
nonvolatile nematicides in all arcas of the
world except Florida. In Florida. soil
fumigation has consistently failed to
control CRS.

I'he first report of CRS in the United
States came from northeast Florida (Fig.
4) in 1946 (6). The similarity of CRS to
spraing in Europe was recognized at that
time, but the etiology of both remained
an enigma until the discovery (19) and
prool (2) of the cctoparasitism of
nematodes and demonstration in 1958
that some of these could transmit viruses
(11). Walkinshaw et al (20) demonstrated
that TRV associated with CRS in
northeast Florida potato fields was
transmitted by stubby root nematodes
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(Trichodorus christiei Allen = Paratri-
chodorus minor [?]).

Although trichodorids have been
found on 82% of the farms in northeast
Florida (Table 1). CRS is estimated to
occur tovarying degrees on less than 30¢;
of the 8.100 ha of potatoes grown in the
arca. Tubers severely affected by the
discase are nonmarketable because of
intense internal necrosis (Fig. 2). Because
of CRS.many fields have been abandoned
to potato production and used for other
crops.

Other Nematode-Related Diseases

I'richodorids and CRS constitute but
one portion of a nematode and soilborne
discase complex found in northeast
Florida potato soils: I'1 other genera of
plant-parasitic nematodes are also
frequently found (Table 1). The sting
(Belonolaimus longicaudarus Rau) and
southern root-knot (Meloidogyne
incognita (Kofoid & White) Chitwood)
nematodes are the most important ones
directly alfecting tuber yields. Population
densities of the other genera usually are
below economic threshold levels. Tri-
chodorids in northeast Florida are
important in potato production only as
vectors of CRS and do not themselves
reduce vields.

The scenario is further complicated by
carlydying discase caused by Verricillium
albo-atrum Reinke & Berth. and by
bacterial wilt caused by Pseudomonas

solanacearum E. F. Smith; both can be
severe problems during some scasons in
northeast Florida. Bacterial wilt is
soilborne and endemic. whereas Verri-
cillium is believed to enter the area
annually in contaminated seed tubers.
Both Verticillium spp. and P.
solanacearum have been reported to
interact with nematodes, such as
Meloidogyne spp. and Pratylenchus spp.
(7.21). Because of potential interactions
with other control measures. any control
program developed for CRS in northeast
Florida must take the other problems
into consideration.

Nematicides, Yield Increases,
and Potential for CRS

Because of the widespread occurrence
of pathogenic nematodes in northeast
Florida. soil fumigation for nematode
control resulted in dramatic increases in
potato tuber viclds. often double those of
untreated plots (22). Thus it was apparent
to us in 1970 that use of nematicides
would become an integral part of potato
production practices in northeast
Florida. We were concerned. however,
that CRS might become a more serious
problem as more growers adopted soil
fumigation, since trichodorid levels in
other crops grown in Florida often
increase after soil fumigation to many
times the levels in untreated controls (17).
Indeed. the incidence of CRS in tubers
sampled from large fumigation demon-

Fig. 1. Circular lesions on surface of potatoes with corky ringspot disease.
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rky Ringspot Disease in Florida

stration plots established by a chemical
company during 1969-1970 suggested
that the disease was not controlled by soil
fumigation and may have been increased
(Table 2). Data from some 40 replicated
experiments performed on the Hastings
Agricultural Research Center experi-
mental farm and in farmers’ fields dur-
ing 19691981 have repeatedly confirmed
these preliminary observations. Typical
data are summarized in Table 3.

Soil fumigation, although providing
effective control of CRS elsewhere
(3.4.14,15), has failed consistently to
control the disease in northeast Florida
(23-25) and in many instances has
resulted in significant increases in the
disease. Certain nonvolatile nematicides,
such as aldicarb (Temik), however, used
either alone or in combination with soil
fumigants, have provided effective
economical control of CRS as well as
effective nematode control (D. P.
Weingartner, unpublished).

As anticipated, significant increases in
average yields of potato tubers because of
control of sting and other nematodes
(and effective control of CRS after
registration of aldicarb in 1975) stimulated
rapid grower use of nematicides in
northeast Florida (Fig. 5).

Solving the Riddle

Our early attempts using routine soil
sampling procedures to correlate CRS
incidence with population densities of
trichodorids were mostly unsuccessful.
This was due to several factors. First,
population densities of trichodorids, even
in untreated controls, were usually low.
Second. many nonvolatile nematicides.
including carbofuran and aldicarb, do
not kill nematodes immediately after
application: instead, population densities
decline slowly (5), making statistical
correlations with disease incidence or
yield response of the host difficult, at
best. Third, although the incidence of
CRSin tubers from fumigated plots often
exceeded that from untreated controls,
there was no consistent corresponding
increase in nematode population densities.
We began to research this phenomenonin
1973.

Fig. 2. Internal symptoms of corky ringspot disease on potatoes stored at 42 F for 2-3

months.

Several reports in the European
literature (12.13,18) indicated that some
species of trichodorids were frequently
found at soil depths exceeding a meter. A
preliminary survey by R. E. Harrison
during 1973 in the Hastings area
confirmed that trichodorids in some
fields were present throughout the soil
profile. In a more detailed study,
Harrison (8). using a 10-cm-diameter soil
auger. took soil samples at 10-cm
increments in a potato field on our
research farm and showed that tri-
chodorids occupied the entire soil profile
down to the water table. The depth and
densities of the population appeared
more related to the level of the water table
than to the month of the year or the
cropping sequence. Subsequent studies
have shown trichodorid populations to
peak in some years during September
following a sorghum summer cover crop
(D. P. Weingartner, unpublished).

During 1973-1975, Harrison and
Smart (8-10) demonstrated in experi-
ments performed in the laboratory and
growth room that: 1) trichodorids from
northeast Florida potato fields multiplied

Fig. 3. Stem mottle symptoms on plants
grown in the greenhouse from tubers with
corky ringspot disease.

on tomato but failed to reproduce on
Sebago and Pungo cultivar potato plants:
2) when introduced at either the bottoms
or tops of 175 X 10 ¢m plastic tubes, the
trichodorids (7. christiei and T.
proximus) were eventually found
throughout the entire profile of the tubes:
and 3) within 36 hours in a closed system,
nematodes of both species migrated 25
c¢m horizontally from a point source to
tomato roots.
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Livingston et al (14) reported that
although soil fumigation controlled CRS

in Colorado. soil below the zone of

fumigation (ic. deeper than | m)
remained infective, suggesting that
viruliferous trichodorids could persist at
that depth. Evidence available in 1977,
therefore. strongly implied that soil
fumigation failed to control CRS in
northeast Florida because viruliferous
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Fig. 4. Potato production area in northeast
Florida.

nematodes persisted in deeper soil after
fumigation and that they migrated into
the tubersphere during the potato season
after the fumigant had dissipated. Direct
proof of nematode migration in the field,
however. was lacking.

Duplicating Harrison’s procedures (8).
we took soil samples at 10-cm increments
to a depth of 70 cm at 4-6 week intervals
during 1977-1979 after treatment of a
potato field with 1,3D (Telone I1). 56
L. ha in the row: aldicarb 15G (Temik).
22.4 kg 'ha in the row: or 1.3D plus
aldicarb. We also took samples of an
untreated control. Incidence and severity
of CRS were assessed at the end of each
potato season. Population densities of
trichodorids (Fig. 6) indicated clearly
that incidence of CRS was related to
changes in the densities during the potato
scason. Soil fumigation effectively
reduced the initial population in the plant
zone but not in deeper soil. As the season
progressed. nematodes moved from the
deeper soil into the tubersphere.
Population densities in the aldicarb
treatments continued to drop throughout
the season. Similar observations were
made in 1978 and 1979. Thus. itappeared
that soil fumigants failed to control CRS

simply because the nematodes moved
from deeper soil after the fumigant had
dissipated. Aldicarb. which was applied
at planting, remained active during this
period.

We further tested this hypothesis
during 1979 by placing 122 X 10 c¢m
plastic tubes containing sterilized field
soil (Fig. 7) into soil treated previously
with 1.3D. The tubes were open at the soil
end and had six 25-cm’ openings at the
30-60 c¢m soil depth, so that nematicide-
treated soil was in direct contact with the
sterile soil in the tubes. A single potato
plant was planted in cach tube. The tubes
were removed from the field at various
time intervals during the season and
nematode population densities determined
in 10-cm increments. The experiment was
repeated in 1980 and 1981. During all
three seasons, trichodorids were found in
the sterilized soil inside the tubes within
35-45 days after placement, with
considerable numbers (63-86/100 cm'
soil) found by 45-50 days.

Timing Foliar Sprays
Oxamyl 2L. (Vydate) is a short-lived
(half-life. about 14 days) systemic
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insecticide-nematicide. Some of the
material is translocated to the roots after
foliarapplications. and such applications
have reduced incidence of CRS in
Scotland (1). In experiments performed
in northeast Florida during 1970-1978.
foliar applications of oxamyl were only
moderately effective in reducing CRS.
whether applied alone or in various
combinations with soil-applied nemati-
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Fig. 5. Increase in use of nematicides and
corresponding improvement in average
potato yields in northeast Florida (NEF)
during 1965-1979. Potato yields for each
year are expressed as the average yields
for the 8-year period ending in that year.
Use of nematicides was the single major
production practice to change in northeast
Florida during this period, and most of the
increase in average production is attributed
to nematode control.
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Fig. 6. Changes in trichodorid population
densities in ridged rows during the 1977
season at different soil depths in an
untreated control and after treatment with
1,3D, aldicarb 15G, or 1,3D plus aldicarb
15G. Each dot represents one nematode/
100 cm?® at each depth. Chemicals were
applied in rows spaced on 102-cm centers.
The fumigant was injected at about 25 cm
on 25 January, the crop was planted and
aldicarb applied on 17 February, vine
desiccant was applied on 20 May, and the
crop was harvested on 2 and 3 June.

cides. We attributed the poor control to
improper timing of applications (24).
Tuber symptoms of CRS in northeast
Florida usually can be found as soon as
tubers are formed (23). with over 707 of
the total incidence often occurring by
68-75 days after planting. As noted.
trichodorid migration from deeper soil
can occur by 35daysafter planting. To be
effective, an adequate dosage of oxamyl
must be present before the virus is
transmitted. Using as guides our
trichodorid population dyvnamics data
from 1979 and 1980 and rates and spray
schedules for oxamyl delincated from

previous CRS control experiments, we
applied oxamyl in three different
schedules totaling 5.6 kg a.i. ha to
potatoes grown in untreated soil and in
soil previously treated with 1.3D,
aldicarb. or 1.3D plus aldicarb. Asshown
in Table 4. oxamyl was effective when 5.6
kg a.i. was applied by 70 days (tuberiza-
tion was late in 1980 owing to cool
weather conditions). Incidence of CRS
was 43¢ in 1.3D plots not treated with
oxamyl but only S—11% in 1.3D plots
where the three schedules of oxamyl were
applied to plants. When applied alone,
the 5.6 kg a.i. rate of oxamyl was as

Table 1. Plant-parasitic nematodes frequently found in northeast Florida potato fields

Farms affected

Scientific name Common name (%)
Belonolaimus longicaudatus Sting 96
Meloidogyne incognita Root-knot 85
Paratrichodorus minor Stubby root

Trichodorus spp. Stubby root } 82
Pratylenchus scribneri Lesion 61

Tylenchorhynchus clayioni Stunt 70
Criconemoides ornatus Ring 99
Hemicycliophora sp. Sheath 79
Hoplolaimus sp. Lance 55
Hemicriconemoides sp. Sheathoid 93

Helicotylenchus sp. Spiral 26
Dolichodorus heterocephalis Awl 23
Scutellonema bradys 27

“Based on 2.123 soil samples collected by the Florida Agricultural Extension Service from
82 northeast Florida potato farms during 1965-1979. Nematodes are listed in estimated
order of importance in the area’s potato production.

Table 2. Incidence of corky ringspot disease (CRS) in a grower demonstration trial in 1970

Application rate  Tubers with CRS” Average no.
Soil fumigant (L./ha)* (%) lesions/tuber®
Ethylene dibromide 28 1.6 6.7
(Dowfume W-85)
Ethylene dibromide 19 15.0 3.6
1.3D + ethylene dibromide ? 5.1 29
(Dorlone)
1.3D (Telone) 56 1.0 33
Control 1.5 1.5

/\ppln.d in the row (102-cm row \pd(.lnL.)

"Based on single 7.6-m plots sampled in cach arca. All plots were in the same large field;
control plots. however. were > 0.40 km from the Dowfume W-85 area.

Table 3. Incidence of corky ringspot disca

se (CRS) in Sebago cultivar tubers after use of

1.3D (soil fumigant) or aldicarb (nonvolatile nematicide). or both. on the Hastings. Florida,

Agricultural Research Center experimenta

| farm during 1977-1981

Tubers with CRS (%)’

S-yr
Treatment Rate/ha’ 1977 1978 1979 1980 1981  avg.
1,3D (Telone 1) 56 L. 176 ¢ 57.6¢ 40.3b 162b 43.0c 349
Aldicarb 15G (Temik) 22.4 kg 04a 24a 34a 18a 75a 3.1
1.3D + aldicarb 56 1.+224kg l.la 08a l4a 18a 38a 1.8
Control 108b 28.5b 27.2b 19.0b 200b 21.3

*Applied in the row (102-cm row spacing).

“Based on 40 tuber samples from each replication of each treatment during all seasons.
Values within a column followed by the same letter do not vary significantly according to

Duncan’s multiple range test.
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Table 4. Incidence of corky ringspot disease (CRS) in Sebago cultivar tubers after foliar
applications of oxamyl 2L (Vydate) superimposed on four soil treatments

Oxamyl schedule

Tubers with CRS (%)*

and application rates"

Soil treatments’

41 50 60 70 13D + Oxamyl
days days days  days 1,3D  Aldicarb aldicarb  None mean
3.36 2.24 0 0 Sab’ 0a la 7 ab A
3.36 1.12 1.12 0 Il'b la la 12b 6 A

0 2.24 2.24 1.12 6 ab la la 4 ab 3A

0 0 0 0 43¢ 5 ab 5ab 53¢ 27B

Soil treatment mean 16 B 2A 2A 19 B

“Rates are kg a.i./ ha overall; days are number from planting.
*Based on 40 tuber samples from each replication of each treatment. Values are rounded to

the nearest whole percent.

"1,3D(Telone 11) at 56 L/ ha and aldicarb 15G (Temik) at 3.36 kga.i./ ha applied in the row
(102-cm spacing). Aldicarb was applied at planting and 1,3D, several weeks before.

" Means followed by the same lowercase letter or by the same capital letter do not differ
significantly (P = 0.05) according to Duncan’s multiple range test.

Fig. 7. Plastic tube used to demonstrate
migration of trichodorids after soil
fumigation. The tube was filled with
sterilized field soil, a potato plant was
planted in the tube, and the tube was
placed into soil previously treated with
1,3D.

effective as the 3.36 kg a.i. rate of aldicarb
alone.

Explanation Leads to Questions

Nematode migration, therefore.
explains  why soil fumigants fail to
control CRS in northeast Florida. Soil
fumigation reduces population densities
of trichodorids carly in the season. but
nematodes from deeper soil migrate into
the tubersphere after the fumigant has
dissipated. Aldicarb applied at planting
apparently remains effective during most
of the season and prevents transmission
of the virus to developing tubers. and
oxamyl in adequate dosages applied
before nematode migration effectively
controls the disease.
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Although migration of trichodorids
and other nematodes in soil has been
reported previously (16). to our knowledge
this is the first work to show that
nematode migration can play a significant
role in disease expression in the field. Our
observations raise many interesting
questions related to nematode migration
and attraction to roots and to control of
these important pathogens. Some of
these are currently being studied in
Florida.
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