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Section 15: Physical measures	

•  Physical methods include methods that affect the pests 

physically or modify the physical environment of the 
pests.	


•  Approaches include: 	

–  Exclusion and barriers	

–  Traps	

–  Physical disturbance	

–  Sound	

–  Lethal temperature	

–  Controlled atmosphere	

–  Dusts and particulates	

–  Irradiation	


A bug-zapper	


Exclusion and barriers	

•  Screens are very effective at keeping insects from 

entering dwellings; strings of beads hanging from 
doorways also help deter entry by flying insects.	


•  Mosquito netting is very useful in tropical countries, 
especially when screened windows are not available.	


•  Screens can be used out-of-doors to protect high 
value or specimen plants. Sometimes individual 
fruits are covered to deter insects from ovipositing.	


•  Floating row covers/horticultural fleece will deter 
insects from attack but accommodation for 
pollination must be made. 	


By sleeping under mosquito netting, you greatly reduce the 
likelihood of being bitten by mosquitoes, and of becoming infected 
with insect-borne diseases. 	
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Floating row covers are designed principally to protect plants from 
cold injury, but their use can be extended well into the summer to aid 
in exclusion of insects. Sometimes entire fields are covered.	


More exclusion	

•  Termite exclusion is accomplished with stainless steel 

mesh placed beneath structures, or barriers of graded sand 
particles that are too small for the termites to squeeze 
among, but too large to pick up and relocate. Particle sizes 
of 2.0-2.8 mm is normally recommended, depending on 
the termite. A layer 20 cm deep is needed beneath the 
foundation.	


•  Exclusion of insects from greenhouses is accomplished by 
using double or triple door entryways, and by screening 
openings with fine mesh. Selection of mesh must consider 
the insect’s size, and difficulty of ventilating greenhouses.	


Stainless steel mesh barriers are 
gaining favor for protecting 
structures from termites due to 
their permanence and low 
toxicity.	
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Several serious greenhouse pests can be excluded by screens with the 
following hole sizes or smaller. One inch is 25,400 microns and one 
mil is 0.001 inches. (from Bethke, 1990)

        Size hole
Insect      microns    inches
         
Serpentine leaf miner   640x10-6 m   0.025 in.

 (Liriomyza trifolii) 
Sweetpotato whitefly   462x10-6 m   0.018 in.

 (Bemisia tabaci) 
Melon aphid    340x10-6 m   0.013 in.

 (Aphis gossypii) 
Greenhouse whitefly  288x10-6 m   0.0113 in.

 (Trialeurodes vaporariorum) 
Silver leaf whitefly   239x10-6 m   0.0094 in.

 (Bemisia argentifolii) 
Western flower thrips  192x10-6 m  < 0.0075 in.

(Frankliniella occidentalis)



Barriers	

•  Trenches and barriers can be used to reduce movement of flightless 

insects between fields, or limit access by insect to individual plants 
(e.g., trenches for migrating caterpillars). 	


•  Plant barriers such as shrubs or taller crop plants planted around the 
periphery of fields will intercept dispersing insects such as aphids, 
slowing their invasion. If treated with insecticide, such barriers can 
prove fatal to dispersants	


•  Waxed paper, plastic, or metal cups or cans can be placed around 
the stems of seedlings to deter cutworm feeding. 	


•  To be effective, barriers usually must be completely vertical, and yet 
some insects will still be able to ascend!	


•  For ants, water or soapy water barriers can be effective to prevent 
access to tables and shelving.	


•  Some barriers, such as bags and boxes, also contain insecticides.	


Metal barriers for 
Mormon cricket 
(left), trapping 
mechanism 
(above right), and 
resultant catch of 
crickets (right)	




7/14/14	


4	


Water barrier (above left) and ditch 
(above right) for Mormon cricket 
management. For small tree-dwelling 
insects, tree tanglefoot (right) is 
commonly used to create barriers	


Plastic mulch can provide a 
formidable barrier to insects, 
and also allow the producer to 
create and maintain control 
over disease, weed, nutrient, 
and water conditions. Clear 
plastic also can result in 
solarization, or heating caused 
by the sun’s rays.	


Greenhouses can 
effectively isolate crops 
from insects, but unless 
access is strictly 
controlled (tightly 
screened vents, no 
contamination of 
personnel or plants) they 
become infested, heavily 
sprayed, and sources of 
insecticide–resistant 
insects. 
 
New discoveries in 
greenhouse design offer 
new approaches for 
insect management, 
however.	
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Ultraviolet light-absorbing barriers 
 
UV-blocking plastic films affect insects in greenhouses 
(glasshouses). 
 
PVC (polyvinyl chloride) and polycarbonate are intrinsically UV 
absorbent, and polyethylene can be modified to be more 
absorbent. 
 
This results in a reduction by 95% of the light in the range of 
200-380 nm, though this does not interfere substantially with the 
photosynthetically active range (400-700 nm) of light. The actual 
effect is <5% versus 13-20% in houses with standard film. 
  
What are the consequences of modifying the greenhouse 
covers? 

UV-dependent vision 
 
UV light is quite important in insect behavior, affecting orientation, 
navigation, feeding, and inter-sex interactions. The effects of UV 
on flight are particularly well studied. UV seem to stimulate 
migratory behavior of aphids and whiteflies, and reflectance of UV 
has been used to disrupt alighting of aphids, thrips, and 
whiteflies.  
 
Effects of UV blocking 
 
Research and Japan and Israel found that greenhouses with UV-
blocking film had fewer insects. Entry of insects into greenhouses 
was reduced in UV-blocking greenhouses, and the spread of viral 
plant diseases was less. The number of insects were often 
reduced to 1/10 or 1// the level of conventional greenhouses. This 
allowed reduction of insecticides by 50-80%. Disease incidence 
was 1% versus 80% in the conventional greenhouses. 
	


Note that open-side houses with UV-absorbing tops can derive 
some beenefit from the modified plastic above. However, this 
alone may not be adequate; it is advisable to use fine-mesh (50 
mesh) screen on the sides rather than unscreened sides. 
 
How does UV affect plants 
 
In terms of plant growth, generally, there are no differences 
between standard and UV-blocking covers. Appearance may be 
affected in some plants, however. 
 
How does UV affect beneficial insects 
 
Bumblebees seem to be affected by UV-blocking covers in cold, 
northern climates, although it may be temperature rather than a 
UV effect. They are not affected in southern locations. Parasitoids 
are about as effective in UV-blocking houses as in normal 
houses. 
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Traps	


•  Traps are based on visual or olfactory attraction 
of insects to attractive objects, followed by 
capture. 	


•  Though widely used for monitoring presence and 
abundance, they are less often used for 
elimination.	


•  Recall that often only one sex is attracted, or that 
only adults are attracted, so high levels of 
elimination are difficult.	


Gypsy moth (left) and 
Japanese beetle (above) traps.	


Some traps capture insects that are 
very abundant, or target non-
damaging stages, and therefore 
difficult to bring down to non-
damaging levels. 	


Wasp, yellow-jacket or hornet traps are 
popular with homeowners because they are 
not toxic, easy to use, and produce visible 
results. There are many commercial 
products or you can make your own (see 
soda bottle at left). They drown in the 
attractant, which must be replaced regularly.	
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Cockroach traps 
generally depend on 
food baits to get the 
insects to enter the 
trap, where they are 
retained by adhesive.	


Flea traps use heat and light to attract 
fleas to a sticky pad. For confined 
animals in small spaces, this can 
reduce flea numbers.	


Mosquito traps use carbon dioxide and 
octonol as attractants. They kill 
mosquitoes, but continuous 
recruitment is a problem, and they are 
costly.	


Fly traps usually are aimed at house 
flies, which are moderately attracted to 
light. Light traps, usually combined 
with electrocution, are placed indoors, 
most often in food processing or 
preparation areas. Sometimes they are 
used in dairy or other partly enclosed 
facilities. 	




7/14/14	


8	


Deer flies and yellow flies are difficult to repel. 
Dark objects, especially those that are blue, are 
attractive - and when combined with adhesive, 
can be used to clear an area of flies temporarily. 
The sticky patch on the back of the cap is perhaps 
less effective than the blue cylinder, but certainly 
more fashionable!	


Physical disturbance	


•  Most forms of physical disturbance or destruction 
are tied to some other technique such as cultural 
control or trapping, and perhaps belong in more 
than one category of pest control. Examples 
include 	

	
 	
tillage, flaming, and crop residue destruction	

	
 	
physical capture with traps	

	
 	
modification of temperature or humidity	

	
Other approaches could include vacuuming, hand 
picking, crushing or swatting.	


	


Agricultural practices such as 
soil tillage and flaming the soil 
surface constitute physical 
control.	
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Baling hay under pressure, or crushing 
alfalfa or grass stems to hasten drying prior 
to baling, can effectively kill insects. In the 
case of blister beetles, however, it is 
desirable to assure that the beetles are not 
incorporated into the alfalfa.	


Some sticky fly traps take 
advantage of the 
tendency of some flies to 
“perch” or land on 
elevated objects. In the 
case of standard sticky fly 
traps, usually just a long 
strip of sticky paper hung 
from a ceiling; no 
attractant is used.	


Physical destruction of grasshoppers was formerly accomplished with 
hopperdozers, which captured and killed the leaping insects.	
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More modern equipment 
includes insect vacuums, 
which use large fans to draw 
in and kill flying insects. 
This works best for insects 
that are readily disturbed and 
fairly weak fliers, such as 
plant bugs (Miridae).	


Some traps use electrocution, 
a form of physical destruction, 
to kill insects that are 
attracted.	


Sound is rarely used in insect management, though you will 
commonly see sound-based repellers that purport to repel insects and  
rodents. A relatively undeveloped use of sound is insect detection.	


Mole crickets and their parasitoids can be monitored with sound traps, 
though it is difficult to affect adequate levels of control.	


Sound	
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•  High and low temperatures can kill insects, though 
flaming and freezing are not often used for this. 	


•  Raising the temperature to 43-55 degrees C in water baths 
is often used to eliminate insects living in the flesh of 
tropical fruit (46.4 degrees C for 65-90 min in mangoes).	


•  Lowering the temperature of fruit during storage 
(including the period of transportation) also hastens the 
demise of insects living within.	


•  Furniture and other wood or clothing is often subjected to 
heat or cold storage for disinfestation.	


•  Short-term treatment of grain products by freezing (10 
days at 32 degrees F, or heating (150 degrees F) 
eliminates stored grain insects.	


Lethal temperature	


Earth’s 
Atmosphere 

78% nitrogen 
 
21% oxygen 
 
0.93% argon 
 
0.04% carbon 
dioxide 
	


Controlled Atmosphere Technologies 
Generally taken to mean gaseous atmosphere, but actually 
means the environment around the insect, including 
temperature, humidity, pressure, and light, in addition to gases. 
Any post-harvest commodity can be subjected to this type of 
treatment. 
 

Oxygen 
Low oxygen is the most common type of controlled atmosphere 
treatment. Oxygen levels are dropped to 1-5%, or lower. High 
heat often is also provided simultaneously to put additional 
stress on the insect’s metabolic system. 
 

Low oxygen leads to decreased ATP production, failure of the 
membrane ion pumps, cation imbalance, and membrane 
depolarization. 
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Carbon dioxide 
 

High carbon dioxide treatment is also effective. As with oxygen 
regulation, temperatures may also be modified. In some cases, 
even small amounts of carbon dioxide when added to low 
oxygen environments, can enhance insect mortality markedly. 
However, the treatments useful against (terrestrial) lepidopteran 
pests do not necessarily work against (semiaquatic) fruit flies. 
As with oxygen deprivation, carbon dioxide supplementation 
affects metabolism, especially membrane permeability. 
 

Packaging 
 

Modified atmosphere packaging reduces movement of oxygen 
and carbon dioxide. Film wraps and coverings form modified 
atmospheres in fresh horticultural commodities because the 
produce will consume oxygen and increase carbon dioxide, 
depending on the film permeability. 

Temperature 
 

Temperature control has long been used to decrease insect 
survival in commodities. Cold temperatures are usually used. 
 

Cold works best when applied over days, weeks, or even months, 
which may be suitable for boat transport of grapes or cold storage 
of apples, but not for some crops. 
 

High temperatures work faster, especially when combined with 
controlled atmospheres, usually having effects in hours to days. 
 
Ozone 
 
Ozone is non-penetrating, so is useful for surface problems. It also 
is inhibited by water, and will bleach green plant tissues.  

Hypobaric and hyperbaric/hydrostatic pressures 

Hypobaric equipment lowers atmospheric pressures, 
reducing availability of oxygen and the ability of 
spiracles to remain closed. This causes anoxia and 
desiccation stress in the insect.  
 

Hyperbaric equipment uses high pressures (equivalent 
of deep ocean depths) to kill insects. 
 

Potential of controlled atmosphere technology 
Equipment and materials are no longer constraints. 
Controlled atmosphere treatments can be applied to 
warehouses, cold rooms, chambers, shipping 
containers in transit, individual boxes, and individual 
wrapped items.  
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So far there are only a few controlled atmosphere treatments 
approved for fresh fruit, vegetables, nuts, etc.,  but the 
number is rapidly increasing. Some examples are: 

Commodity Pests % O2 % CO2 
 

° C ° C/h 
 

Time  

apple codling and 
oriental fruit 
moth 

1 15 46 12 180 
min 

cherry codling moth 
and W. cherry 
fruit fly 

1 15 47 >200 25 min 

sweetpotato sweetpotato 
weevil 

2.4 40-60 2-7 d 

Dusts and particulates	

•  Various types of inert dusts have long been used in insect 

management. In Africa, fine soil is sometimes mixed with 
grain in granaries to inhibit infestation by  grain insects. 
In North America, road dust from unpaved roads has long 
been known to disrupt predators of mites in nearby fields.	


•  Other dust-like products include common salt, sand, 
kaolin, wood ash, clays, diatomaceous earth (about 90% 
silica dioxide), synthetic and precipitated silicates (98% 
silica dioxide), and silica aerogels.	


•  Some have had commercial use, including diatomaceous 
earth  and silica aerogels.	


•  These products act by disupting the cuticular lipids 
(absorption and abrasion) leading to desiccation.	


Kaolin	

Kaolin has recently been promoted as a sprayable formulation 
under the general name of “particle film technology.” A thin 
coating is sprayed onto plants, interfering in various ways (e.g., 
odor, appearance, taste, movement) with insect biology:	


-  pear psylla becomes coated with the kaolin, interfering with 
adult behavior	


-  spirea aphids lose their footing on plants	


-  in codling moth, young larvae travel more slowly, and 
oviposition in interrupted	


Because these products can be applied like pesticides, they have 
become popular in some production systems, mainly fruit.	
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Irradiation	

•  Ionizing radiation is provided by cobalt 60, 

cesium 137, or linear accelerators.	

•  Dose necessary to kill or disrupt insects 

sometimes affects produce, but  for quarantine 
purposes some fruit is irradiated before being 
shipped to destroy hidden insects that might 
establish in new regions of the country/world. 
Lots of potential, and concerns.	


•  Irradiation also used for sterilizing insects used 
in sterile-insect area-wide programs.	


Irradiation of medflies for 
sterile insect release require 
not only the ability to irradiate 
flies in a manner that induces 
sterility, but also requires:	


the ability to mass produce 
flies at an economical rate;	


the ability to monitor and 
attain quality control;	


the ability to distribute sterile 
flies to all areas where viable 
flies might breed.	


Irradiators( upper right) and 
screwworm mass rearing (lower right)	


Screwworm quality testing (upper 
left), air-drop of flies (lower left) 
and monitoring (right)	
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Questions	

•  What is physical management? Can you name 6 physical 

methods of insect management?	

•  Can you distinguish the use of dusts and particulates 

from use of insecticides?	

•  What is controlled atmosphere?	

•  How is irradiation used in area-wide management? For 

quarantine?	

•  Explain how exclusion and barrier techniques are used. 

Is this approach practical?	

•  Explain how traps are used in pest management? Is this 

approach practical?	


Questions from supplementary 
reading	


•  Reading 20, Mulches for aphid-borne viruses	

– What was the effect of mulches on incidence of 

viruses? What was the duration of benefit?	

– How did mulch application compare to insecticide 

application?	

– How are the mulches postulated to affect aphids? Why 

do straw and metalized mulch work about the same?	

– Would the effectiveness of the insecticide have been 

different if persistent viruses were involved?	



