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Abstract.--Use of clear polyethylene sheeting to heat soil, through the
technique called soil solarization, is being evaluated as a nmethod to control
soi | borne pat hogens at the Ckl ahona Division of Forestry Nursery and at
Stillwater, OK Studies are directed at the effects of solarization on
popul ati on densities of Pythiumspp., Macrophom na phaseolina and Sclerotium

rolfsii. Soil tenperatures under polyethyl ene sheeting during August - Sept enber
at the Stillwater |ocation reached nmaxima of 10 to 12 C greater than bare

ground controls.

I NTRODUCTI ON

Soi | borne di seases incited by several genera
of fungi can be economically destructive in a
forest nursery. Pathogens of particul ar inpor-
tance in Cklahona are: Fusariumspp., Pythium
spp., Rhizoctonia solani, Sclerotiumrolfsii, and
Macr ophomi na_phaseol i na. Techni ques used to control
these pathogens have included crop rotation,
fungicides (seed treatnents, broadcast
applications, and drenches), and soil fumigation.
Each has its limtations due to the wi de host range
of soil borne pat hogens, environnental
contam nation, or econonics. The use of thin, clear
pol yet hyl ene sheeting to transfer solar energy to
soil to increase soil tenperature is an alternative
techni que that needs to be investigated for use in
the nursery.

This technique is called soil solarization
and is based on our know edge of thermal inactiva-
tion of soilborne organisnms (Table 1). A 30 minute
exposure to tenperatures of 66 C will destroy nost
pat hogeni c bacteria and fungi. Pullman, et al.
(1981) explored the rel ationshi ps between increased
tenperatures and |l ength of exposure to those tem
peratures on the survival of several soil borne
fungi. Tenperatures of 37 C for 18-28 days were
needed to reach LDgg | evels (90% reduction in
popul ations) for Pythiumultimmand Verticillium
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dahli ae. However, when tenperatures were
increased to 50 C, LDgg |evels were achieved in
27-33 mnutes. Therefore, |ower tenperatures can
reduce popul ati ons of soil borne pat hogens, but

| onger exposure tinmes will be necessary.

Maximum soi | tenperatures of 60 C have been
reported at depths of 5 cmin soil using solariza-
tion (Pullman,, et al. 1981). However, these naxima
are attained for only short periods of tine.
Reducti on of popul ation densities of soilborne
pathogens is nore realistically achi eved by
i ncreasing soil tenperatures 5 to 10 C above nor mal
for an extended period of time. The effect of
sol ari zation on soil borne pathogens is a chronic
effect that weakens and debilitates the survival
structures (conidia, sclerotia, etc.) of these
fungi. QGther soil organisns are nore therno-
tolerant and are not affected by sol arization.
These residual organisns nultiply and prevent the
recol oni zati on of soil by the pathogen after solar -
i zation.

Tabl e 1. --Tenperatures requiar ed to inactivate
pests in conpost soils

b
Tenper at ures

Pest s (F) ()
Nemat odes 120 49
Danpi ng- O f O gani sns 130 54
Mbst Pat hogeni ¢ Bacteria and Fungi 150 66
Soil Insects and Mbst Viruses 160 71
Most Weed Seeds 175 79
Resi st ant Weeds and Viruses 212 100

& Modified from Baker and Cook, 1974

Tenperatures naintain for a mnimum of 30 m nutes

Soi |l sol arization has been used successfully



to control a nunber of pathogens in various

croppi ng systens (Conway, et al. 1983; Ginstein,
et al. 1979; Jacobsohn, 1980; Katan, et al.

1983). Gther research has indicated control of
nemat odes, weeds, and growth enhancenent of crops
planted in solarized soil (Heald and Robi nson,
1987; Jacobsohn, et al. 1980; Ginstein, et al.
1979; Stapleton and DeVay, 1984). There have al so
been studies in which control of soilborne diseases
was not achi eved, particularly for Mcrophonina
phaseolina (MCain, et al. 1982; Mhail and Al corn,
1984). Charcoal root rot, incited by _M phaseolina
has been a severe problemin sout hern tree nursery
production. Unfortunately, reports on the use of
solarization in forest nurseries are very limted.
H | debrand (1985a, 1985b) used soil solarization
to reduce |l evels of Pythium and Fusarium spp. and
weed seeds in Col orado and Nebraska forest
nurseries. She estinmated that, conpared to chem -
cal fum gation, solarization saved approxi mately
$350. 00/ A i n production costs.

In order to evaluate soil solarization as a
technique to control soil borne di seases, experi-
ments were initiated in 1986 at the Ckl ahona
Forestry Division Nursery at Washi ngton, OK, by
M. Mark Mles, a graduate student in the Depart -
nment of Plant Pathol ogy at Ckl ahona State Univer -
sity. Additional experinments were perforned at
Stillwater, OK Al though rmuch of this work is
prelimnary and will be used for M. Mles' MS.
thesis, a generalized overview of the research is
present ed bel ow.

METHODS

Previ ous work (Conway, unpublished) has
indicated that Pythiumirregulare and Fusarium
spp. were the prinary soil borne pat hogens at the
Forest Nursery. Recently, stunted sycanore and
Virginia pine seedlings were renoved fromthe
Nursery and isol ations fromthe roots indicated
that M phaseolina was al so an active pathogen.
At Stillwater, populations of Sclerotiumrolfsii
and _M phaseolina have been docunented in our
appl e seedling nursery (Conway and Tonasi no,
1987; Tomasi no and Conway, 1987). To ascertain
the effectiveness of solarization, populations of

Pythi umspp. and _M phaseolina at the Forest
Nursery, and of _S. rolfsii and _M phaseolina at

Stillwater will be enunerated before and after
sol ari zati on.

Sol ari zation experinents were perfornmed at
the Forest Nursery during April-May 1986 and
August - Sept enber 1987. Experinments at Stillwater
wer e conduct ed during August - Sept enber 1986 and
1987. In 1986, tenperature data were collected
t hrough use of a system devel oped by Dr. V.
Pederson, North Dakota State University. The
conputer programwas nodified to allow for 22
separate tenperature probes.

Prior to placenent of the polyethyl ene
sheets, soil sanples were randomy renoved from
all plots and stored at 4 C. Soil was bul ked and
thoroughly m xed before subsanpl es were renoved.

Popul ati on densities were determ ned for t hi um
app. and _M phaseol i na using sel ective nedia
(Conway, 1985; Canpbell and Nel son, 1986). At
Stillwater, spun-bound pol yester packets contain-
ing 50 sclerotic of _S. rolfsii were placed at 0, 5,
10, and 15 cmdepths in soil to be solarized or
used as controls. Al soils were noistened prior
to solarization. At Stillwater, drip irrigation was
instal |l ed beneath the pol yet hyl ene sheets.
Tenperature probes were buried at 2, 4, 12, and 20
cmdepths in soils of both solarized and control
plots. The conputer was programmed to record i nput
from each probe every 30 mi nutes. Polyethyl ene
sheets (4 m| thick) were applied to the plots
using a mul ch-layi ng apparatus. Appropriate
sections of the polyethyl ene sheet within the row
were renoved to provide for control plots. Solar-
ization lasted for approxinately 6 weeks and soi |
sanpl es were, again, randomy collected to deter-
m ne densities of selected pathogens. Packets
containing sclerotia of _S._ rolfsii were also
renoved, at that time, and percent viability was
det er m ned.

RESULTS AND DI SCUSSI ON

Weat her during April-My 1986 at the Nursery
was unusual ly cloudy and greater than average
precipitation occurred. On clear days, soil
tenperature at a depth, of 4 cmin solarized
plots reached 49-50 Cwith a daily average of
only 4 hr during which tenperatures were greater
than 37 C. Nonsol arized soils at the same depth
attained tenperatures of only 24-32 C. Popul a-
tion densities of selected fungi have been deter-
m ned but differences anong treatnents have not
been anal yzed.

At the Stillwater |ocation during August
1986, solarized plots reached tenperatures of
57 C with 6 to 7 hr greater than 45 C at 4 cm
depths. Non-sol ari zed soils reached a maxi mum of
45-46 C. Packets containing sclerotia of S._
rolfsii were retrieved fromthe soil after_4 weeks.
Viability of sclerotia was determ ned by placing
sclerotia on noistened filter paper in petri dishes
and observing germnation. No significant differ-
ences in viability between sol arized and non-
sol arized soils were found at that tine.

Soi |l solarization will not be a panacea for
all nursery problenms related to soil borne fungal
pat hogens, nematodes and weed seeds. Probl ens of
pol yet hyl ene residue are simlar to those
invol ved with the use of chem cal fum gants.

Anot her concern is that soil solarization may not
be effective in reducing popul ation densities of
particular fungi, such as Mcrophom na phaseolina
In order to study this further, we have initiated

| aboratory experinents to determ ne the thernal
death points in soil of Pythiumirregulare isol ated
fromthe Nursery and isolates of _M phaseolina from
several different hosts. Analysis of these data
wi Il enable us to nmake predictions regarding the
effectiveness of solarization in the control of

t hese pat hogens.




To inprove the effectiveness of soil solariza-
tion, future research should involve the integra-
tion of solarization with biological control agents
(Elad, et al. 1980), the use of crop residue
amendnents (Ramrez-Villapudua and Minnecke,

1987), and the use of ammoni a- based fertilizers.
Data shoul d be collected on the total effect of
sol ari zation and shoul d include reductions in
pat hogen (i ncl udi ng nenmat odes), weed and i nsect
popul ation densities.

Al t hough our work is prelimnary, we feel
that we are in an exciting area of research, one
that nay have very real benefits for nursery
producti on and managenent.
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