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Our research program has been evaluating physical weed control tools such as heat for soil 
disinfestation. These methods use heat to kill weed seed in the soil seedbank, i.e., soil 
disinfestation. Heat kills soil pests like weed seeds by heating the soil to lethal temperatures for a 
critical length of time, i.e., dwell time, sufficient to kill soil pests. Decades of steam use in 
greenhouse soils have found that a dwell time of 20 minutes at 158˚F is sufficient to kill weed seed 
in the soil. Reported here are two methods we have tested recently, dry heat in the case of the 
Culticlean from The Netherlands and steam for soil disinfestation.  
 

Culticlean. The Culticlean, a commercial soil pasteurizing device from the Netherlands, 
helps manage weeds by heating the planting bed with a propane flame as it rototills the top 2 inches 
of a finished seedbed prior to planting. Our goal was to test this claim, and also to see if the system 
would also control the soil borne lettuce drop pathogen, Sclerotinia minor. Eighty inch beds were 
prepared and planted with 5 seed lines per bed of romaine lettuce, ‘Sunbelt’ at the Spence USDA 
Farm at Salinas, CA. Plots were 80 inch wide beds by 20 foot long replicated plots with 4 
treatments; each replicated 4 times, in a randomized, complete block design. Mustard seed meal 
at 3,000 lb/A was included because we have found in other studies that mustard seed meal and 
steam are complimentary (Fennimore et al. 2013).   

 
 Perennial ryegrass and pigweed seed were seeded into the finished beds, The Culticlean 
device was next run over all treated beds on 5/28/13, rototilling the top 2 inches of soil, and the 
heating element (which heated the tilled soil briefly to 400ºF) was engaged in half the treatments. 
Lettuce was seeded 5/29/13 and first irrigation was 5/30/13, followed by 3 per week irrigations 
until established, then 2 per week until harvest. 
 

Weed control was modest with some reduction in ryegrass, but little improvement in 
pigweed or groundsel control (Table 1).Apparently the dwell time was not sufficient to kill weed 
seed. The Culticlean either needs to go slower, or be better insulated so that soil temperatures 
remain above the critical temperature for sufficient dwell time to kill weed seed. Results are 
somewhat promising, but the treatment as performed here needs improvement.   
 

Table 1 Impact of Culticlean treatment on weed densities 

 
Ryegrass density 

#/ft2 
6/18/13 

Pigweed density 
#/20ft2 
6/18/13 

Groundsel 
#/10ft2 
6/24/13 

non-treated 87.25 a 20.25 a 17.25 a 
MSM @ 1.5 t/a 53.75   b 18.75 a   9.75 a 
Culticlean 60.50   b 42.50 a   7.75 a 
Culticlean+MSM @ 1.5 t/a 38.75   b   4.00 a   1.00   b 
treatment probability (P) .0066  .0711  .0028  
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Steam.Field tests were conducted to evaluate a prototype steam applicator designed to 
deliver steam to raised strawberry beds. In previous work we concluded that existing designs from 
European manufacturers were impractical, requiring development of a new design for California 
strawberry. With funding from the Propane Education and Research Council (PERC) in October 
2011we built an automatic steam applicator. The objective of this research was to compare preplant 
soil disinfestation of raised strawberry beds with our custom designed steam applicator to standard 
soil fumigation in strawberry. 
 
Materials and methods  

Equipment description.The initial prototype consisted of a tractor-towed wagon with a 
propane fueled Clayton 100 HP steam generator (Clayton Industries, City of Industry, CA) capable 
of steaming one 52 inch wide raised bed per field pass.  Steam was injected and mixed into the 
soil through a bed shaper equipped with a rototiller, multiple steam injection shanks in front and 
behind the tiller, and steam injection nozzles above the tiller. Water was supplied to the steam 
generator through a 1,200 long hose reel.  
 

Field tests. Four tests total were done during 2011 to 2013. Two tests were done in October 
2011, one at Salinas, CA and the second at Watsonville, CA. Soil at both Salinas and Watsonville 
sites were a sandy loam soil. Two tests were done in September 2012,both near Watsonville, CA. 
Soil at both sites were a Salinas clay loam. Soil temperatures were measured with Hobo 
temperature loggers (Onset Computer Corp. Pocasset, MA).  Weed seed bags were installed in the 
strawberry beds as soon as the steam applicator passed. Weed seed were removed 1 week after 
treatment and tested for viability with tetrazolium.  The trials were arranged in a randomized 
complete block design with 4 reps. In 2011 Pic-Clor 60 EC was included as a fumigant standard 
at 350 and 250 lbs/A in Watsonville and Salinas, respectively. In 2012 mustard seed meal at 3,000 
lbs per acre (Farm Fuels, Watsonville, CA) as applied to one set of the steam treated beds prior to 
steam application. Weed densities were measured periodically and weeding times were recorded 
as described in Samtani et al. 2012. Fruit harvest was measured by a commercial harvest crew 
once or twice weekly as needed during the April to September 2012 and 2013 harvest intervals.  
 
Results and discussion 

At all locations the soil temperature at 2, 6 and 10 inches from the bed surface reached 
>158˚F for >20min. The 10 inch probe marks the lower end of heat penetration into the bed and 
temperatures were cooler at the bottom of the bed. Fuel consumption was measured at 1,561 
gallons/A propane, which means that 163 MJ m-3of energy were applied which is comparable to 
that listed in Baker and Roistacher (1957). Estimated machine, fuel and labor costs are 
$5,727/Abased on the single bed prototype and the field application rate was 19 hours/A. We 
estimate the cost of a two bed unit would be about $3,700 /A based on our current design and an 
application rate of 8 hours/A.  The comparable 2013 price of methyl bromide plus chloropicrin 
broadcast fumigation in California was $4,000 /A. 
 
Viability of chickweed, knotweed and yellow nutsedge were reduced by steam and Pic-Clor 60 
fumigant compared to the control (Table 2). Only steam killed the bluegrass seed. Measurements 
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of weed fresh weights and weed densities, indicate that steam and Pic-Clor 60 performed similarly 
(Table 3).  
 

Table 2. Weed seed viability at Watsonville steam test in 2011-12. 
Treatment Bluegrass Chickweed Knotweed Mallow Nutsedge 
 Control (%) a 
Steam   1   b   2   b   6   b 72   b   0   b 
Pic Clor 60 86 a   4   b   0   b 63   b   0   b 
Control 66 a 69 a 96 a 95 a 45 a 

a Means with the same letter within columns are not significantly different according to Fisher’s LSD at P = 0.05 
 
 
Table 3 Cumulative weed biomass and weed densities at four sites over two seasons. The MBA, TCR and SJR sites 

are all near Watsonville, CA and the Spence site is near Salinas, CA. 

Units: 

Weed biomassa,b Weed density 
2011-2012 2012-2013 2011-2012 2012-2013 

Lbs./A 1,000 /A 
trial : MBA Spence TCR SJR MBA Spence TCR SJR 

treatments         
non-treated 102 386 a 80 a 1 18 a 80 a 223 a 2 

steam     6   15   b   1   b 1   3   b 16   b     5   b 1 
steam + MSM -- -- 11   b 2 -- --   13   b 1 

Pic-Clor 60     5 138   b -- --   2   b 37   b -- -- 
P = .0999 .0127 .0141 .6329 .0016 .0027 .0015 .2586 

aBiomass data for 2011-2012sites was taken fresh; for 2012-2013 sites after oven drying. 
bMean separations by Duncan’s multiple range test, P ≤.05. Values based upon 4 (MBA, TCR, SJR) or 5 (Spence) 
replications 
 

Summary. What these data indicate is that dry heat as delivered by the Culticlean is marginal. 
Steam is more dependable than dry heat, but slower and more expensive. Additional engineering 
work is needed to improve the efficiencies of both of these technologies.  
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