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Abstract.--Methyl broni de/chloropicrin, Basan d® and sol ar

heating were conpared for control

of Fusarium spp., plant-

parasitic nemat odes and weeds at Bessey Nursery, Hal sey Nebraska. All

treatments controll ed nemat odes.

Sol ar heating and pol yet hyl ene-

seal ed Basam d were | ess effective than nethyl brom de for control
of Fusarium spp. Water-seal ed Basanid did not control Fusarium spp.

Only nethyl bronide and sol ar

heating controlled weeds. A

wi ndstorm after treat ment may have confounded results.

I NTRODUCTI ON

I'n order to control danping-off fungi and other
soi | - borne fungal pathogens, plant-parasitic
nemat odes, and weeds, pre-plant fumigation with
net hyl brom de/chloropicrin is used on a regul ar
basis at nost Federal tree nurseries (Ruehle, 1986).
Due to health hazards, alternative chemcals and
cultural practices are continually being tested. In
sunmer, 1985, the Manager at Bessey Nursery (Hal sey,
Nebraska) requested an eval uati on of Basani d® as an
alternative chenical fumi gant, especially for control
of plant-parasitic nematodes.

Basam d® (dazonet) reacts with noist soil to
formnethyl isothiocyanate, a degradabl e biocide. The
fum gant vapors are kept in the soil by surface
conpaction and sealing with water. Polyethylene
sheeting may be required for the sandy soil at
Bessey. Basam d has been reported as effective in
control ling weeds, nenatodes, and soil -borne fungal
pat hogens (Neumann et al., 1984; Hopkins Co.).

An alternative to chemcal fum gation is
soil solar heating. Solar heating of soil is
acconpl i shed by covering nmoist soil with clear
pol yet hyl ene sheeting for several weeks during m dsummer.
Sol ar heating has reduced popul ati ons of weeds and
soi | -borne fungal pathogens in forest tree nurseries
(Cool ey 1985; H | debrand 1987). A previous study of solar
heating effects on nenatode popul ati ons at Bessey
resulted in no
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observabl e treatnent effect because of very |ow and

hi ghly variabl e popul ation |evels of plant

parasitic nematodes (Hi|debrand 1985). Positive
effects on tree seedling survival have not yet

been denonstrated in forest nurseries, but a fallsown crop
woul d be the nost likely to show benefit.

The objective of this evaluation was to compare
soi | treatments with nethyl brom de/ chl oropicrin
(Dowfune® MC-33), Basamd® Ganular, and solar heating
for effectiveness in reducing popul ati ons of species
of Pythium Fusarium plant
parasitic nematodes, and weeds. Conparisons were
pl anned al so for effects on growh and survival of
fall-sown eastern redcedar (Juniperus virginiana
L.).

VATERI ALS AND METHODS

Soil treatnents for fall-sown eastern redcedar
were begun in sunmer 1986 at Bessey Nursery. The portion
of the nursery unit chosen for this
eval uati on showed nenat ode damage in the eastern
redcedar crop lifted in spring 1986. The linited
area with high nemat ode concentrations and the need
to prevent cross-contanm nation between treatnents
necessitated limted replication.

Five treatnents were replicated in two plots
of 10 x 40 ft arranged as in figure 1. At the
tine of sowing, the tractor forned and sowed beds
first in the nethyl brom de/chloropicrin plots,
then the pol yet hyl ene-covered Basam d plots, then
the wat er-seal ed Basam d plots, then the sol ar-
heated plots, and finally the check plots. This
sequence hel ped mnimze contam nation of the
treated beds during sow ng because the intensity
of the biocidal effects of the treatments were
expected to follow the same order. This plot
| ayout hel ped ensure the presence of suffi
cient nematodes in all treatnents. The nursery bed
area adjacent to the treatnment area was
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Figure |.--Treatment plot layout: S = Solar-heated, C = Check

WB = Water-seal ed Basam d, PB = Pol yet hyl ene- seal ed Basamd, M =

Met hyl bromi de/ chl or opi crin,

fum gated with methyl brom de/chloropicrin and the
entire unit was sown to easter redcedar follow ng
normal nursery practices.

Treatnments

1. (M Fumigation with Dowfune® MG 33 (67%
met hyl broni de and 33% chloropicrin) at 350 | b per
acre in late July, 1986. The chem cal was
injected into the soil and the soil surface
sealed with polyethylene sheeting for 5 days
and then the pol yethyl ene was renpved.

2. and 3. Basam d® Granul ar (Hopkins Co.) was
spread evenly over the soil surface at 350 Ib per
acre and tilled into the top 8" in late July, 1986.
The water-sealed (WB) plots were packed flat with a
bed packer, and sealed by light irrigation. The water
seal was repeated once to prevent surface cracking.
The pol yet hyl ene-seal ed (PB) plots were irrigated
lightly and covered with 1.5 ml clear polyethyl ene
sheeting for 10 days. After 10 days the four Basam d
plots were cultivated to facilitate dispersal of
fum gant vapors. Several oat seeds were sown in one
check, one PB, and one WB plot 2 weeks after
cultivation to test for residual toxicity.

4. (S) Solar-heated plots were watered to
field capacity and covered with 1.5 m| clear
pol yethyl ene for 6 weeks beginning in early
July, 1986. The pol yethyl ene was renoved i nmedi ately
bef ore sowi ng.

5. (C) No chemicals were applied to check
pl ots. Check plots remmi ned under the sudan grass
cover crop until md-July, 1986.

In order to maxinize benefit fromsoil treat-
nments, the sudan grass cover crop was pl owed under about
2.5 weeks prior to each treatnent. Beds
were formed and eastern redcedar sown and mnul ched
(covered with clear polyethylene and | athe board)
three weeks after cultivation of the Basam d plots.

Sanpl i ng
Soi | sanples were taken a few days before

treatment and a few days before sowing. One 6" core
was taken with a soil bucket auger (3" diam

M = Mplots for this study.

eter) for each sanple, with 5 sanples per treat nent
plot. The bucket was w ped clean of soil between
sanpl es.

A smal | portion of each sanple was assayed
for population |evels of species of Pythiumand
Fusarium at the Rocky Mountain Regi on Forest Pest
Managenent Lab. Standard assay procedures
devel oped by Forest Service Plant Pathol ogists
for the Reforestation I nprovenent Program (Landis 1986)
were used except for the selective nmedia. The
selective mediumfor Pty hiumspp. was from
Hendri x and Kuhl mann (1965) and for Fusarium spp.
from Nash and Snyder (1962). The rest of the soil
fromeach sanpl e was shi pped to Peni nsu- Lab (Ki ngston,
Washi ngton) for assay for plant-parasitic nematodes.

Fungal popul ations were again assayed in md-
June, 1987. Plant-parasitic nematodes were again
assayed by Peninsu-Lab in soil sanples taken in late
July, 1987. The nunber of weeds per 3 sq ft and the
percent age of weed cover were determned in md-Muy,
1987, in 6 sanple areas per treatnment plot. Weds
were then renoved by hand in the treatment plots.
The number of living, dying, and dead eastern
redcedar seedlings were counted every 3 to 4 weeks
in 6 sanple areas per treatnment plot beginning in
m dMay, 1987. Dying seedlings were exanined for
causal agents and nunber of seedlings per square foot were
determ ned. Final seedling counts were nmade in |late
July, 1987.

Tenper at ur es

Soil tenperature data for solar heated and check
pl ots were taken during previous studi es at Bessey
Nursery (Hildebrand 1987), and were not gathered for
this eval uation.

RESULTS

Two weeks after cultivation of the Basamd
treatment plots, germination of oats indicated no
residual toxicity, and sowi ng was conpl eted on
schedul e. Because sanple variances were quite
het er ogeneous, the test for equality of means with
unequal variances was used for all conpari
sons (Sokal and Rohlf, 1981).



Fungi

Popul ation | evels of Pythiumspp. were too |ow
to show any treatnment effects. Popul ation |evels of
Fusarium spp. were significantly decreased only by
the nethyl bronmide (M and solar (S) treatnments
(figure 2). Methyl brom de treatnment was nore
effective than solar heating in reducing popul ation
| evel s of Fusarium In both Basanid (PB and WB)
treatments, Fusarium popul ations were concentrated in
pockets, while those in solar plots were nore evenly
distributed at | ow | evels. Between pretreatnent and
post treat nent sanples, Fusariumlevels in check
plots increased significantly while those in each Basanid
treatnent remained statistically simlar. By the
foll owing June, 1987, Fusarium levels increased (not
significantly except in Mplots) in all treatnents,
but levelsin M S, and PB treatnents were significantly
lower than in check and WB treatments. Popul ation
| evel s of Fusarium spp. greater than 1000 propagul es
per gram o ovendried soil are expected to cause
noti ceabl e danpi ng-of f in susceptibl e species.

Nemat odes

Popul ation | evels of plant-parasitic nematodes in
the check and PB plots were significantly higher than in
ot her plots before treatnment. Popul ation |evels
remai ned high in the check plots, while being
significantly reduced by all other treatnents (figure
3). The chemical

treatnents, M PB, and WB, were equally effective,
and sonmewhat nore so than sol ar heating. The nenatode
levels remaining in the solar plots were bel ow t he
threshhol d for seedling damage (200 nemas per pint

of field noist soil), based on previous sanpling in
heal thy and di seased eastern redcedar at Bessey
Nursery. By the follow ng July, 1987, nematode
levels were still at potentially danmaging levels in
check plots, while remaining lowin all other

treat ments.

Weeds

I'n md-Muy, 1987, the predom nate dicotyl -
edonous weed was mare's tail or hotseweed, Conyza
canadensis (L.) Crong., while the predoninate grassy
weed was downy brone, Bronus tectorumlL. The average
nunber of weeds and percentage weed cover in the
treatnent plots are summarized in figure 4. Nunbers
of weeds were significantly reduced conpared to
checks only in methyl brom de and sol ar plots. Wed
cover was significantly reduced only in solar plots.
Weeds and weed cover in the Basanid plots were not
significantly reduced conpared to that in check
pl ots.

Tenper at ur es

Tenperature data froma previous study at Bessey
(H ldebrand 1987) is presented in figure 5. Hi ghest
tenperatures averaged 8°C higher in solar than in
check plots. Average high tenperatures recorded at
30 cmdepth were nuch | ower than near
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Figure 2.--Means and their significance for popul ation |evels of
Fusarium spp. in propagul es per gramof oven-dried soil (PPG)
in methyl bromde/chloropicrin (M, polyethylene-seal ed Basan d
(PB), water-sealed Basamd (WB), solar-heated (S), and check
(C) plots before (B) and after (A treatnent in summer 1986, and
the following June (J) 1987 at Bessey Nursery. Asterisks
indicate significant difference (P<0.05) fromthe before
treatment nean.
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Figure 3.--Means and their significance for popul ation | evels of plant-
parasitic nematodes (nunbers per pint of soil) in nethyl
brom de/ chloropicrin (M, polyethyl ene-seal ed Basam d (PB),
wat er -seal ed Basamd (WB), sol ar-heated (S), and check (Q plots
before (B) and after (A treatrment (summer 1986), and the fol | ow ng
July (J) 1987 at Bessey Nursery. Asterisks indicate significantly
different (P<0.05) fromthe before treatment |evels.
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Figure 4.--Means and their significance for weed nunbers (per sq
ft) and weed cover in nethyl bromde/chloropicrin (M,
pol yet hyl ene- seal ed Basamd (PB), water-seal ed Basanid (WB),
sol ar-heated (S), and check (C) plots in Muy 1987.

Asterisks indicate significantly different from check.
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Figure 5.--Wekly averages of daily high tenperatures recorded by

t her mographs buried at 8,

and 30 cmin one solar and

one check plot at Bessey Nursery, 1983. Highest tenperature
achi eved and the duration in hours (h) that the tenperature
remained within 1°C of the the high is given for each

t her nogr aph.

the surface (8 cm), but tenperatures renained within
1°C of the daily highs nuch longer at greater depth.
At 8 cmin the solar plot, 46°C (the limt of the
recording capability of the thernograph used) was
exceeded several times. At these times, the
tenperature renmi ned above 45°C for 2 to 6 hours,
averaging 4.1 hours. Wiile the tenperature was off-
scale (46+°C) on August 2 at 8 cmin the solar plot,
the recording chart tore and the subsequent record
was | ost.

Seedl i ng Survival

Eastern redcedar seedlings succunb to danping-
of f caused by Fusarium spp., but only rarely (0.6%
in this study). Seedling survival in May and July
1987 is presented in Table 1. Stocking

in all treatnents was far |less than the standard

Tabl e 1.--Average nunber of seedlings per square foot in
treatment plots: nethyl brom de/chloropicrin (M,
pol yet hyl ene- seal ed Basam d (PB), water-seal ed Basani d
(WB), solar-heated (S), and

check (C), in May and July 1987 at Bessey Nursery.

May 11.4 0.1 6.8 0.1 0.1

July 9.9 0.1 5.2 0.1 0.1

25 seedlings per square foot. So few seedlings
survived frost danmage early in the spring that
those remaining were nore susceptible to sun
scorch and burial by bl ow ng sand.

DI SCUSSI ON

According to soil assays, Basam d was as ef-
fective as fumgation with nethyl bromde/chloropicrin
for controlling plant-parasitic nematodes. Sol ar
heating was effective in reducing popul ati ons of
pl ant-parasitic nenatodes, but not quite as
effective as chenical fumgation.

For reduci ng popul ati ons of Fusariumspp.,
net hyl brom de funigation was best, followed by sol ar
heating and pol yet hyl ene-seal ed Basam d. The heavy
wi ndstorm prior to sowi ng may have contributed many
of the fungal propagul es that increased the
variability in population |evels of Fusariumin post
treat ment sanples. Vaartaja (1967) showed that fungal
reinfestation of fum gated soil occurs by bl ow ng
dust. If the concentrated pockets of Fusariumin the
Basami d plots were a result of Basanmid treatnent,
use of Basamid woul d probably result in pockets of
| osses for nost conifers. Myvenent of soil by wi nd
or equi pment would spread the inoculum Since many
conifers are susceptible to Fusariumroot rot later
in the season, cunul ative |osses could be high. Use
of solar heating mght have simlar results, but to
a |l esser extent.



I'n this evaluation, solar-heating was the nost
effective treatnment for weed control. The wi ndstorm
al so bl ew many weed seeds into the study area after
treatnents. Even in the area treated with nethyl
bromi de, nore weeds than usual were observed under
the clear polyethyl ene sheeting used as wi nter mul ch
over the eastern redcedar beds. Consequently, the
weed control
results may not adequately conpare the efficacy of
the treatnents.

An early warmng period in late winter, 1987,
resulted in seedling energence early in March. The
pol yet hyl ene sheeting was renoved March 12-13, 1987.
Snow and col d weat her followed, resulting in heavy
losses to frost injury. Because of the sheltering
effect of the w ndbreak, seedlings
near the windbreak (S and C plots) were slower to
enmerge and were very susceptible when the frost
occurred. So few seedlings survived that the
treatnent area was plowed under follow ng soil
sanpling in July, 1987. The Nursery will try
bl ack pol yet hyl ene sheeting as mulch for
subsequent eastern redcedar crops, to prevent nuch
of the "greenhouse" warnming that occurs
under the clear sheeting.

Overall, fumigation with nethyl brom de/
chloropicrin was the nost effective treatnent. Based
on the results of this evaluation, solarheating and
possi bl y pol yet hyl ene- seal ed Basanid could be fairly
effective substitutes for nethyl brom de funigation.
Wat er - seal ed Basami d coul d be used only for
nemat ode control. Further evaluations for weed and
di sease control should be done with |arger treatnent
areas and other conifer crops. The cost of
treatnent with polyethyl ene-seal ed Basanid is
hi gher than nethyl
brom de fum gation, but handling may be | ess
hazardous. Sol ar heating is nmuch | ess expensive
than chemical funigation.

Di scl ai mer

The use of trade and conpany nanes is for the
benefit of the reader; such use does not constitute
an official endorsenent or approval of any service
or product by the U S. Departnent of

Agriculture to the exclusion of others that may be
sui tabl e.
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