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No Easy Control!

Leafy greens revenue losses with 
Chickweed infestation--more than 
50%



Upright habit Fibrous roots

Photos: https://aggie-

horticulture.tamu.edu/galveston/Weeds/1200_x_800-

JPGs/111-Fig_5--Common_Chickweed-GCMGA9999a.jpg 

Seeds—three types 

of  dormancy

Chickweed biology makes it hard to control



Chickweed in high tunnels

Chickweed 
germinating 
in spinach, 
10/21/20



Chickweed in high tunnels

Chickweed 
thriving, 
11/11/20



Chickweed in high tunnels

Chickweed 
thriving, 
1/15/21



Impact of  soil borne pathogens on 

summer crops?

Other challenges in high tunnels

Damping off



Chickweed in high tunnels

Control! Soil steaming

So let’s steam!



Steaming used to kill many types of organisms

140° F

Source: 
https://royalbrinkman.com/knowledge-
center/crop-rotation/steam-soil

161° F



What is the impact of different steam temperatures on chickweed, soil microbe populations, and soil 

nutrient availability? 

How quickly do microbe populations rebound?

What is the minimum temperature the soil needs to reach during steaming to control chickweed?

Positive, negative, or no impacts on soil borne disease?

What are best steaming practices for in-ground high tunnel growing?

methods

costs 

temperature

time

Research questions



October 2020: STEAM!

Blocks w/ different soil temps at 2 inches (120°, 140°, 160° F—target was180° F)

November 2020- Nov 2021: 

Soil sample collection (nitrate and microbes): 1 sample PRE steaming, POST steaming 

samples at 2, 3, 4 weeks, 6 months, and 1 year.

November 2020- September 2022:  Track costs, yields, weed populations for 2 years.

September/ October 2021: STEAM AGAIN?

Our project



Methods 

• Steamed replicated 16x16 ft blocks

• 3 temps: 120° F, 140° F, 160° F

• Steam 2” deep, stay at target temp for 30 min

• Couldn’t reach 180º F as planned

• Pre-moistened soil

• Data log temperatures in multiple places at 2”

• Soil samples taken at 0-4” depth



Trying to reach 180° F soil temp, 2” deep

(Under tarp)

air temperature and soil temperature in two corners of steam area before and after 1.5 hour steam 
duration



• Learning curve/ achieving temps with new steamer (replaced burner, new valve).

• Timing of steaming vs. planting greens

• Scientific study vs. on farm study.

• Couldn’t leave a true “control” –chickweed is too much of a problem. Unsteamed

areas were determined by unsteamed gaps in tarp. 

Challenges 



Chris Callahan’s 
steam calculator

Calculating duration of steaming needed to hit target 
temperature

https://docs.google.com/spreadsheets/d/1HGHXV0OrdqRUIGK8Dyo-E_ShsX3jM2hfMZYLTaJbB1s/edit?usp=sharing


Early results: 2 weeks after steaming

STEAMED 130° F UNSTEAMED



At harvest time…

STEAMED 140° F—10 weeks after steaming UNSTEAMED—6 weeks after planting



What happens in 1 square foot unsteamed?

25% Spinach damping off 341 Chickweed Seedlings pulled week 1 



Same spot
5 weeks later 11 weeks later



Chickweed in high tunnels

Hand weeded

Not weeded

11/11/20

What happens in 1 square foot,  unsteamed & hand 
weeded?



Chickweed in high tunnels

Weeding time for 1 sq ft = 
5.4 minutes
@ $15/ hr = $1.35 
weeding labor

1 lb/ sq ft expected yield 
Crop loss due to lower 
density @ 50% = 0.5 lb @ 
$9/ lb = $4.50 crop value

Net = $3.15

Cost of hand weeding



Chickweed in high tunnels

Cost of steaming

Steaming costs for 1 sq ft
= $0.18

1 lb/ sq ft expected yield 
@ $9/ lb = $9 crop value

Net = $8.82



Detailed cost of steaming

Materials

Steamer purchase& delivery $5,800

Steam hose $330

Weights & delivery hose $100

$6,230
Over 10 years, 3 tunnels = $207 per 

tunnel annual cost

Running costs per 30x96 ft tunnel

Fuel (diesel or kerosene) 4 gal/ hour @$2/ gallon per 250 ft2

Running costs 12 sets per tunnel* 1.5 hours each

144$      per tunnel fuel 

Person time 

(8 hours per tunnel @ $18/ person hr)144$      per tunnel person 

495$     Annual cost per tunnel

0.18$    per square ft 



Comparing temperatures -- 6 weeks after steaming
STEAMED 120 ° F STEAMED 140 ° F



Impact of soil disturbance during transplanting on 
chickweed emergence

STEAMED 160° F



Impacts on microbial communities

Biolog EcoPlates

Community Level Physiological Profiling (CLPP)



Microbe population data

Average metabolic response (AMR) average respiration of the C sources by the 

microbial community. Communities can be compared.

Community metabolic diversity (CMD) is number of substrates utilized by the 

community. Functional richness or diversity. 



Impact of steaming on amount of microbe activity
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Impact of steaming on microbe community diversity
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With only 1 month of data, we wonder…. 

• Steam temperature differences – immediate impact on chickweed control at 130 and 

above; microbe populations crash at all temps, but community diversity doesn’t—why?

• What will we see in 1 year? 2 years?

• What impact would inoculating treatments with compost or microbial products have? 

• Ultimate impact on diseases & nutrients?

• What post steaming management is necessary to maintain healthy crops?

Preliminary conclusions & future questions



Sioux Steamer

https://soilsteam.com/

https://royalbrinkman.com/knowledge

-center/crop-rotation/steam-soil

Marubun Steamer, Japan

FAO Steaming brief

http://soil-steaming-steam-boiler-

blog.com/

Resources

Thank You!
Becky Maden

Rebecca.maden@uvm.edu

Funding for this project is made possible by the Vermont Specialty 

Crop Block Grant Program. 

https://sioux.com/home.html
https://soilsteam.com/
https://royalbrinkman.com/knowledge-center/crop-rotation/steam-soil
https://www.marubun-s.co.jp/eng/product/soilsteamer/
http://www.fao.org/agriculture/crops/thematic-sitemap/theme/climatechange0/methyl-bromide/alt/steam/en/
http://soil-steaming-steam-boiler-blog.com/

