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Tomato Spotted Wilt Virus in Dahlia
By: Karen Rane, UMD Plant Diagnostic Lab and Dave Clement, UME

Virus diseases in dahlia have been an occasional 
problem for growers for many years. This year, we 
have received reports of tomato spotted wilt virus 
(TSWV) confirmed in cutting-propagated dahlias. 
Symptoms include mottling and yellow ring spot 
or line patterns on leaves. Foliar symptoms can be 
subtle, or quite obvious, and may be present on only 
a few leaves.  As infected plants mature, they may 
be more stunted compared to healthy plants, produce 
fewer flowers, and flowers may show streaks or 
“breaks” in petal color. TSWV is a member of the 
Tospovirus group of viruses- another common 
ornamental virus included in this group is Impatiens 
Necrotic Spot Virus (INSV). The host range for 
TSWV is one of the largest of any plant virus – 
hundreds of plant species, including vegetables, 
ornamentals and weed species, are susceptible. 
Tospoviruses are spread by the feeding activity of 
certain thrips species, particularly Western Flower 
Thrips (Frankliniella occidentalis). Plants derived 
from infected stock plants (cuttings or bulbs) will 
also be infected.  

Management of TSWV in dahlia involves several 
steps:

1.	 Discard symptomatic plants.  Viruses infect 
plants systemically, which means the virus 
particles can be distributed throughout the 
entire plant. Removing symptomatic leaves 
does not “cure” the plant.

2.	 Examine stock plants carefully for symptoms 
and do not propagate from symptomatic Fig. 2 Closeup of ring spots. 

Photo: D. Clement, UME

Fig. 1 Virus symptoms (leaf mottle, ring spots) on dahlia 
due to TSWV. 
Photo: D. Clement, UME
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plants. Agdia, Inc. (https://www.agdia.com/ ) sells a quick test for TSWV that is in an easy to use 
dipstick format.

3.	 Maintain good weed control.  Weeds can serve as sources of both the virus and its vector, thrips.
4.	 Do not produce ornamental plants and vegetable plants in the same greenhouse/high tunnel. Separating 

hosts can reduce the spread of TSWV from flower crops into crops like tomato and pepper, where severe 
yield reductions can occur due to the virus.

5.	 Keep thrips populations under control.  This is especially important in transplant production, so plants 
are not infected at a young stage.

Thrips Control Materials 
By: Stanton Gill

Mainspring™ GNL is a suspension concentrate (SC) formulation containing 1.67 pounds of cyantraniliprole per 
gallon. Cyantraniliprole belongs to the anthranilic diamide chemical class, introducing a new class of chemistry 
in IRAC Group 28 to ornamental insect control. Mainspring quickly stops insect feeding after ingestion. It is 
compatible with many beneficial insects and mites.

This Mainspring application provides protection from aphids and thrips feeding on foliage and corn borer that 
feed on dahlia stems. The two common species of aphids found on dahlias are green peach aphid and melon 
aphid. 

For more details on controlling thrips and other insects on dahlias, see my article in GrowerTalks at https://
www.growertalks.com/Article/?articleid=25035.

Sunflower Moth Activity
By: Stanton Gill

Check the flowers of echinacea, sunflowers, 
and dahlias for damage and larvae of the 
sunflower moth. This caterpillar bores 
into flower heads and feeds on receptacle 
tissue and seeds. The injury caused by 
larval feeding provides infection sites for 
Rhizopus head rot that can lead to complete 
yield loss. There are many overlapping 
generations throughout the summer.
Control: Bacillus thuringiensis on early 
instar larvae or Conserve. Acelepryn works, 
but it is expensive.

Sunflower moth caterpillars are active in Maryland now

July 7, 2022 Greenhouse Field Day – Tidal Creek Growers 
By: Stanton Gill

MNLGA is working closely with Tidal Creek Growers in developing an on-site Greenhouse Tour and Education 
Day for greenhouse growers at the Tidal Creek Greenhouse in Earleville, MD. The sessions will start with 
educational stations in the greenhouse. A tour of the greenhouse herbaceous annual and production facility will 
be conducted in the afternoon. Registration information is available at the MNLGA website.

https://www.agdia.com/
https://www.growertalks.com/Article/?articleid=25035
https://www.growertalks.com/Article/?articleid=25035
https://mnlga.org/events/EventDetails.aspx?id=1646802
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How About Steam to Control Weeds? 
By: Stanton Gill

The rain and heat is bringing on weed growth in cut flower fields over the last 3 weeks. It is sometimes hard 
to keep up with the rampant weed growth around field grown cut flowers. We asked Cerruti Hooks if we could 
include his article on using flame and heat to kill weeds with this issue of the greenhouse and cut flower growers 
IPM Alert. See the second day of the biocontrol conference for a demonstration of using a steam device for 
weed control.

Biological Control for Nurseries and Greenhouses Conference - Registration Closes Today! 
By: Stanton Gill

On June 30, 2022, the University of Maryland Extension and MNLGA have organized a Biological Control 
Conference that will help you move forward with biological control in your operation. On July 1, we will have 
a morning session with a live demonstration of using a commercial steam device to control weeds in nurseries. 
This session on the second day will be hosted at Emory Knoll Farms, Street, Maryland. The agenda and 
registration link are available on-line. For the second day, there is no registration fee but we ask that you register.

Flower Beetle 
By: Stanton Gill

A cut flower grower in Montgomery County brought us samples of a small black beetle feeding on rudbeckia. 
Since they are attacking flowers, the best material to use is Azadirachtin sold under several names including 
Aza-Direct. This will act as repellent for the adult beetles and should last for 3 - 45 days of repellency.

Beetles in the closed flower heads of rudbeckia
Photo on right: David Clement, UME-HGIC

https://mnlga.org/events/EventDetails.aspx?id=1639111
https://mnlga.org/events/EventDetails.aspx?id=1639111
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Flaming as a Weed Management Tool
By: Cerruti R2 Hooks$ and Dwayne Joseph*

$Professor and Extension Specialist, *Post-Doctoral Fellow, CMNS, Department of Entomology 

Introduction
Mechanical cultivation and hand weeding are organic producers most preferred choices for weed control. However, 
repeated cultivation has a negative influence on soil structure and organic matter content, and can make conditions 
more susceptible to soil erosion. In addition, repeated cultivation promotes new weed flushes. On the other hand, hand 
weeding which may require a ready supply of field workers can be expensive, especially if conducted over large areas 
and in less competitive crops that require multiple hand weeding tasks. For commercial producers who mostly rely 
on herbicides, concerns may arise regarding herbicide-resistant weeds, the potential risk to the groundwater supply, 
and their effect on food quality. This suggests that alternative weed management tools should be considered. Multiple 
studies have examined effects of flaming on annual weeds; and successful application of propane flaming to manage 
weeds has been reported in crops such as cotton, field corn, cabbage, carrots, sweet corn and onions. This suggests that 
weed flaming may be a formidable tactic for incorporation into an integrated weed management (IWM) program. Its 
successful integration could result in reduced usage of cultivation, hand weeding and herbicide sprays. 

Flame weeding or flame cultivation involves using 
propane burners to create intense heat to manage weeds in 
the interrow region of row crops or across the whole field 
in fallow situations. Flame-weeding systems range from 
handheld flamers for small-scale production to tractor-
mounted systems for large-scale, row-crop flaming (Fig. 
1). Covers or reflectors used to contain the heat energy close 
to targeted weeds improve energy efficiency by reducing 
heat loss. Very brief periods [e.g., 125 millisecond (ms)] 
of exposures to high temperatures interfere with plant 
cellular processes such as photosynthesis. Practicing 
flaming to manage weeds was developed for field crops, 
fruits and vegetables during the 1940s. However, as 
interest in low priced herbicides became more prevalent, 
flaming popularity took a hit. After its almost complete 
disappearance in the 1970s, flame weeding has regained 
interest especially in organic production. 

How does flaming impact weeds?
Flaming differs from burning in that plant tissues are not incinerated, but rapidly heated causing denaturation and 
aggregation of cellular proteins. The extent to which heat from the flames penetrates plants depends on the flaming 
technique and environmental factors such as leaf surface moisture. Denaturation of the plant cells starts at roughly 
40 °C, depending on exposure time. An increase of temperature above 50 °C inside the plant cells can result in the 
coagulation of membrane proteins leading to loss of membrane integrity. Lethal temperatures are reported to range from 
55 to 94 °C. Plant cells comprise 95% water; and if plant tissue reaches temperatures above 100°C for a split second, 
it causes water boiling and cell membrane rupture, resulting in loss of water and plant death. Exposure times in the 
range of 65–130 ms are sufficient to kill many annuals. Plants may survive flaming by avoidance or heat tolerance. To 
optimize propane flaming as a weed control tool, the effective dose (ED) of propane required to control targeted weed 
species must be known. Depending on the desired level of weed control, a propane dose can be used to kill weeds or 
reduce their competitiveness with crops. For fast-growing crops, pre-emergence flame weeding can provide sufficient 
weed suppression to allow the formation of full crop canopy, which impedes later weed emergence. In addition to 
open flame units that target emerged weeds, flames may be directed to the soil surface. Direct heat to the soil surface 
increases soil temperatures to the weed seed thermal death point. The thermal death point is the temperature at which a 
seed will not germinate after heat application.  Many soil attributes influence the efficacy of direct heat and contribute 
to variations in treatment efficacy. These include planting depth, soil texture, soil moisture thermal conductivity, soil 
chemical properties and soil porosity. The efficacy of flaming is determined by the amount of heat transferred from 

Fig. 1. Tractor equipped with propane tank and burners. 
Attribute: Ian Abbott (CC)
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the burner and the duration of time that weeds are exposed to the heat. The amount of heat transferred by the flamer to 
weeds is determined by the number of burners for a given working width, the nozzle size, and gas pressure; as well as 
exposure time which is determined by application speed. 

What influences the flamer?
Timing. The efficacy of flame weeding is influenced by several factors, including the plant’s growth stage, the physical 
location of its growing point during flaming, the presence of protective layers of hair or wax and lignification, and 
the time of day. Multiple studies have shown that plants are more heat sensitive when flamed in the afternoon than 
early morning. One study compared the effectiveness of flaming at 8 a.m., 12 p.m., 4 p.m., and 8 p.m., and reported 
better weed control at the noon and 4 p.m., treatment periods. It was suggested that differences in weed control among 
flaming times could not be explained by differences in temperature, relative humidity or the presence/absence of dew. 
Thus, in general, it is believed that flaming will be more effective if conducted during the afternoon period. Though, 
afternoon flaming may result in better weed control; it is important to note that crops are also more vulnerable to injury 
during this period. Adjusting the angles of torches and positioning the flames below the crop canopy may reduce risk 
of crop injury during flaming. 

Plant type. Weeds susceptibility to flaming varies among species and 
in general, dicots are more effectively controlled with flaming than 
monocots. Further, annual weeds are more vulnerable to flame weeding 
than biennials and perennials. Annual broadleaf and grass species also 
differ in their response to flaming. Leaves of annual broadleaf species 
may turn brown and die within a few days after flaming, resulting in 
no regrowth whereas leaves of grass species may turn white shortly 
after flaming, leaving an appearance of a dead plant. However, within 
a week, grass species begin to recover with the growth of new leaves. 
These varying responses to flaming between broadleaf and grass 
species are due to the physical positioning of their growing point at the 
time of flaming. The growing point in grass species during early growth 
stages is typically below the soil surface and as such, are protected 
from flames. In contrast, the growing point of broadleaf species is 
above the ground where it is exposed to the flame. Grasses also have 
a sheath that protects their growing point. Weeds with unprotected 
growing points such as lambsquarters have been found to be more 
sensitive than those with protected growing points such as shepherd’s 
purse (Capsella bursa-pastoris) and that barnyardgrass (Echinochloa 
crus-galli) and green foxtail (Setaria viridis) are more tolerant to flaming than velvetleaf (Abutilon theophrasti; Fig. 
2) and ivyleaf morningglory (Ipomea hederacea). Broadleaf weeds in their vegetative growth stages require propane 
doses ranging from 30 to 60 kg ha-1, whereas a vegetative grass such as barnyardgrass can require up to 79 kg ha_1 to 
achieve the same level of control. Relative to this, crops in the grass family such as maize and sorghum exhibit higher 
tolerance to flaming than broadleaf crops such as soybean and sunflower when treated at early growth stages. 

Plant growth stage and size. A plant’s tolerance to flaming varies according to its maturity/growth; and developmental 
stage is probably the most important factor. The growth stage of weeds at the time of flaming helps determine their 
sensitivity to heat. The growth stage establishes the type and degree of protective layers, the lignification level and 
location of growing points. Relative to this, flaming is more effective on most weeds at an early growth stage. Smaller 
plants typically have thinner leaves, lower biomass and fully exposed meristems (not protected by surrounding leaves). 
In contrast, older seedlings or bigger plants have larger and thicker leaves and greater surface area and biomass, 
which requires higher temperature and longer exposure to achieve control. Further, they possess larger amounts of 
food reserves (soluble sugars, proteins and lipids) in stems and roots, providing them with the increased capacity for 
regrowth. Another critical part of young plants that determines their heat tolerance is the growing point in the shoot 
apex. In older plants, the shoot apex is often protected by surrounding leaves. The tolerance of different plant parts to 
flaming can also be influenced by protective layers of hair and/or wax, lignification level and their overall plant water 
status. 

Fig. 2. Velvetleaf (Abutilon theophrasti). 
Attribute: Dendroica Cerulea (CC)
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Relative to the growth stage, four weed species 
[green foxtail (Setaria viridis, Fig. 3), yellow foxtail 
(Setaria pumila), redroot pigweed (Amaranthus 
retroflexus) and common waterhemp (Amaranthus 
rudis)] exhibited more tolerance when flamed at the 
flowering stage compared with earlier vegetative 
stages; and popcorn plants flamed at the 2-leaf stage 
had the highest yield loss. In comparison, flaming 
popcorn plants at the 5- or 7-leaf stage had less of 
an effect on ear size.  One study found that plant 
size had a greater influence upon sensitivity to 
flaming than plant density, with small weeds being 
more sensitive than large weeds. For example, 
42 kg ha−1 of propane killed 95% of individuals 
within a solid stand of white mustard plants with 
0-2 leaves. However, 74 kg ha−1 was required to kill 
95% containing 2-4 leaves. 

Advantage. Flaming can be a viable weed management 
alternative to hand weeding and cultivation. From an 
economic standpoint, labor cost associated with hand 
weeding is more expensive, time-consuming and labor 
intensive (Fig. 4). Further, flaming can be used when the 
soil is too moist or stony for hand or mechanical weeding. 
In comparison with cultivation, flame weeding does not 
disturb the soil surface or bring buried weed seeds to the 
surface which makes it compatible with the stale seedbed 
technique. Further, in some instances, flaming can be as 
effective or better than cultivation. A study conducted to 
compare flaming to mechanical cultivation on weed control 
in popcorn reported that weed control was better with 
flaming than cultivation. Moreover, flaming helps reduce 
concerns regarding direct effects of weed suppression tactics 
on soil, water, and food quality. For instance, flaming does not leave chemical residues on plants, soil, air or water, 
and produces no hazardous drifts or chemical carry-over to the next season. Flaming does not contribute to herbicide-
tolerant or resistant weeds and weeds are less likely to become resistant to flaming. As such, flaming in some situations 
is a more feasible alternative to using herbicides or mechanical cultivation.

Disadvantage. The main disadvantages of flame weeding are the lack of residual weed control, the lack of selectivity 
for crop safety, low speed of application, increased application costs, and applicator safety. The efficacy of flaming 
may be reduced when environmental conditions such as dew is present.  It should also be noted that flaming is not as 
efficient as chemical control. However, it can be repeated as needed during the growing season and more importantly 
integrated with other weed management tactics. In addition, postemergence flaming can damage the cash crop. For 
heat-resistant crops such as cotton, corn, and sugarcane, flames can be directed to the plant’s base during certain 
growth stages. This technique, is called selective flaming and controls intra-row weeds. For heat-sensitive crops, 
postemergence flaming can be applied using a covered flamer to help protect crops from the heat. This technique, also 
known as parallel flaming, controls weeds between the crop rows. Flaming may also be incompatible for conservation 
tillage and cover cropping as the heavy plant residue that remains on the soil surface may ignite during flaming. 
Another drawback is that most flame weeding systems are designed to treat a lower number of rows per pass compared 
to chemical treatments which makes the process slower.

Fig. 3. Green foxtail (Setaria viridis). 
Attribute: Dick T. Johnson (CC)

Fig. 4. Wheat plots being hand-weeded. 
Attribute: Fred Miller, Arkansas Agri Media (CC).
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Summary
Flame weeding uses propane burners to generate combustion temperatures of up to 1,900 degrees Celsius, which raises 
the temperature of exposed weed leaves very rapidly and kills them without burning. Flaming in the absence of killing 
weeds can severely reduce their growth, thereby making them less competitive with crops. Weeds and other plants’ 
susceptibility to flaming will vary according to species, plant size and growth stage during flaming. Broadleaves are 
generally more sensitive than grasses, and older and larger plants require higher energy rates for control than younger 
and/or smaller plants with fewer leaves. Flaming before crop emergence has been the predominant thermal weed 
control method in slow-germinating row crops such as onion, leek, carrot and corn. However, preemergence flaming 
may be of limited value in fast emerging crops because the crop may easily emerge before most weeds. As such, 
preemergence flaming would only control a fraction of the weeds that will emerge during the cropping season. Still, 
flaming has shown good results after weed emergence and before crop emergence in crops such as potato, sugar beet, 
carrot and cayenne pepper. When conducted postemergence, vulnerable crops such as soybean and sunflower must be 
protected from flaming. Other crops such as corn and sorghum have some tolerance to flaming. Flaming similar to other 
weed management tactics should not be viewed as a stand-alone tactic. However, it can be successfully incorporated 
into an IWM plan and thus be used in concert with other tools. For example, weeds in corn were controlled through 
integration of tillage and flaming. Financial support for the publication of this article is via USDA NIFA EIPM grant 
award numbers 2021-70006-35384 and NESARE - Research for Novel Approaches (LNE20-406R).


