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Summary

A "double-tent" solarization technique, which develops higher soil temperatures than
solarization of open fields, was recently approved by the California Department of Food and
Agriculture (CDFA) as a nematicidal treatment for containerized nursery production.  The
technique was tested for effect as an herbicidal treatment.  Laboratory-derived thermal death
dosages (temperature x time) for six weed species important in California [Portulaca oleracea
(common purslane), Amaranthus albus (tumble pigweed), Sonchus oleraceus (annual
sowthistle), Sisymbrium irio (London rocket), Solanum nigrum (black nightshade), and
Echinochloa crus-galli (barnyardgrass)] were determined, as previously reported.  In a field
validation of the laboratory data, moist soil which was placed in black polyethylene (poly)
planting bags containing seeds of the six test species was subjected to 24 hours of solarization
after reaching a threshold temperature of 60 C (2 hours after initiation of the experiment).  Other
samples of weed seeds were incubated under ambient temperature (ca. 23 C).  Samples were
removed at 2, 4, 20, and 24 hours after reaching the 60 C threshold.  They were then incubated at
ca. 7 C for 12 weeks to ameliorate possible secondary dormancy effects.  After the cold
treatment, seeds were moistened and incubated at a temperature regimen of 16 hours at 30 C and
8 hours at 20 C, with exposure to a fluorescent grow-light during the 30 C cycle.  Apart from the
non-solarized control treatment, no weed seeds germinated at any of the sampling periods, in
accordance with the laboratory thermal death data.  The "double-tent" solarization technique may
be useful to many growers of containerized plants in warmer areas of California.

Introduction

Maintaining soil and potting mixes free of weed infestation is essential for profitable
nursery, greenhouse, and field production of high-value horticultural crops.  In the case of
nursery stock for farm planting, California law makes it mandatory that it be free of
economically important nematodes (CCR Sections 3055-3055.6 and 3640).  Producers of
containerized nursery stock for transplanting in the San Joaquin Valley of California currently
use different methods for obtaining pest-free planting substrate.  Some purchase "virgin" soil or
organic media from off-site locations, while others use various methods of chemical soil
disinfestation, primarily methyl bromide.  An alternative to methyl bromide is steam treatment,
which necessitates expensive investments in steam generation equipment.  We have developed a
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simple "double-tent" solarization method which provides soil temperatures in excess of 70 C
(158 F) for pasteurizing soil or potting mixtures in warmer climatic areas (1).  This technique
was recently approved by the California Department of Food and Agriculture (CDFA) as a
nematicidal treatment for containerized nursery plants (CDFA NIPM Item#12) as follows:

Solarization of soil until the temperature of all of the soil reaches a minimum of 158 F
(70 C) that is maintained for at least 30 contiguous minutes.  Soil must be either in polyethylene
planting bags or in piles not more than 12 inches high.  Soil in piles must be placed on a layer of
polyethylene film, disinfested concrete pad, or other materials which will not allow reinfestation
of soil, and covered by a sheet of clear polyethylene film.  An additional layer of clear
polyethylene film must be suspended over the first layer to create a still air chamber over the soil
to be treated.  Soil moisture content must be near field capacity.  Soil temperature at the bottom
center of the pile or bag must be monitored and recorded to ensure that the minimum temperature
of 158 F (70 C) for 30 minutes is achieved.  Following treatment, the soil and containers shall be
protected from reinfestation by nematodes."

We previously reported on development of a thermal death database to predict efficacy of
solarization for weed management in California (2).  The database included the relatively high
temperatures (50-70 C = 122-170 F) that would reached during the "double-tent" solarization
technique.  This paper describes a field validation experiment of "double-tent" solarization as an
herbicidal treatment for container soil and potting mixes in the San Joaquin Valley.

Materials And Methods

Seed species and preparation.  The six weed species used for experimentation were
Portulaca oleracea (common purslane), Amaranthus albus (tumble pigweed), Sonchus oleraceus
(annual sowthistle), Sisymbrium irio (London rocket), Solanum nigrum (black nightshade), and
Echinochloa crus-galli (barnyardgrass).  Seeds of each species were placed in nylon organdy
bags and tied tightly with string. Each organdy sample bag contained 50 weed seeds mixed with
approximately 11 g of field soil. One bag of each of the six weed species was then placed in the
center of each black polyethylene (poly) nursery bag filled with field soil (soil mass ca. 18 x
15cm).  Poly bags were watered thoroughly and allowed to drain overnight prior to initiation of
the solarization treatment.

Solarization treatment.  Five steel pallets (ca. 1.3 m x 1.3 m x 12 cm high) spaced 0.7 m
apart were arranged in a north-south orientation in a field at the UC Kearney Agricultural Center
(KAC).  The soil beneath the pallets was covered by a sheet of black poly film.  Four black poly
bags, each  containing bags of weed seeds of each experimental species were randomly
distributed on each pallet.  Soil temperature at the center of the soil mass in the poly bags was
monitored with a Hobo® micrologger placed in a fifth bag on each pallet (replication).  Air
temperature and solar radiation data were monitored via CIMIS station #39 ('Parlier.A'; Fresno
County) located at KAC ca. 300 m from the experimental site. Each pallet was covered with a
sheet of transparent poly film which was stretched over the sleeves and anchored on all sides
with soil in a shallow trench. Two metal hoops were placed over each plastic-covered pallet. A
sheet of the transparent film was stretched over the hoops, creating a tent with ca. 23 cm space
between the two plastic layers, and anchored on all sides as before.  Five bags containing 100
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seeds of each species were prepared as above and left in the laboratory at ambient temperature
(ca. 23 C) to serve as controls.

Sample incubation.  One poly bag of soil and weed seeds was removed from each pallet
at four intervals (2, 4, 20, and 24 hours) after soil temperature in the center of the bags reached
60 C. Following removal from the pallets, poly bags were taken to the lab and left intact at room
temperature for 48 hours.  Organdy bags of weed seeds were then exhumed from the poly bags
and placed in covered plastic crispers in an unlighted Revco® incubator at a temperature of ca. 7
C for 12 weeks to minimize the possibility of secondary dormancy.  Bags of weed seeds were
then removed, opened, the contents placed in a petri dish containing a disk of Whatman® #1
filter paper; then moistened with deionized water and placed in covered plastic crispers.  The
crispers were placed back in the incubator adjusted to a diurnal cycle of 16 hours at 30 C and 8
hours at 20 C, with exposure to a fluorescent grow-light during the 30 C cycle. Deionized water
was added to petri dishes as needed to maintain moisture.

Germination data.  Petri dishes were examined periodically and germinated seeds were
counted and removed.  Seeds were considered as germinated when the radicle had emerged and
the plumule elongated to 3mm.  Germination counts were done at intervals of 10, 12, 15, 20, 27,
and 30 days after soil was placed in petri dishes and moistened.

Results And Discussion

Soil and air temperature and solar radiation accumulation.  Experimental exposure
of weed seeds to solarization began at 1300 hours on August 27, 1999 and ended at 1500 hours
on August 28.  Soil temperature at the beginning of the experiment was 32 C.  The 60 C
threshold temperature imposed for timing of weed seed heat dosage was reached at 1500 hours
(two hours after treatment initiation); treatment continued for 24 hours after the temperature
threshold was reached.  Soil temperatures in black poly bags under the double-tented pallets
reached maxima of 68 and 75 C on August 27 and 28, respectively; and a minimum of 16 C
during the 24 hour period of treatment.  During the treatment period, air temperature reached
maxima of 38 C and 36 C; and a minimum of 17 C.  Global radiation totaled 598 and 589
Langleys on August 27 and 28, respectively.

Weed seed samples incubated for 24 hours after the 60 C soil temperature threshold was
achieved accumulated 10.1 hours above 50 C, 7.0 hours above 60 C, and 1.3 hours above 70 C,
while samples incubated for 20 hours accumulated 10.1 hours above 50 C and 4.2 hours above
60 C.  Samples incubated for two or four hours above the 60 C threshold also accumulated an
additional one hour above 50 C.

Weed seed germination.  After post-treatment incubation for 3 months in the cold and 4
weeks at plant growth temperatures, there was no germination in any of the seeds subjected to
solarization. Weed seeds from the control treatment of all tested species germinated at levels of
11-42% of the original numbers.

Previous laboratory experiments with the same weed species used in this study showed
that none could survive more than 20 minutes at 70 C, while the time of exposure at 60 C
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necessary to kill all seeds was 15 minutes (E. crus-galli, S. erio, and S. oleraceus), one hour (A.
albus), two hours (S. nigrum), or three hours (P. oleracea).  At 50 C, exposure times needed for
100% seed mortality ranged widely, from 4 hours (S. oleracea) to 113 hours (A. albus) (2).
Results from the field validation experiment showed that even after the minimum dosage (one
hour above 50 C, then two hours above 60 C), no seeds germinated from any of the species
tested.  These data agreed with the laboratory thermal death results.  Although further field
testing will be necessary to completely reconcile laboratory vs. field thermal inactivation data, it
is clear that the solarization treatment tested can be useful as a low-cost alternative to methyl
bromide or steam disinfestation for growers of containerized plants in the warmer areas of
California.
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