
 
 
 
 

The Benefits of Insecticide Use: Hops 
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Key Points 

• When no insecticides have been applied, as many as 30,000 aphids have been 
found in an ounce of dried hops 

• Untreated, spider mite numbers can reach 3000 per leaf 
• If untreated, either aphids or mites can cause complete crop loss annually 

 
 
Technical Summary 
 
Hops are a specialty crop used for bittering and flavoring beer. All beer may contain two 
types of hops. Bittering hops are used to make beer more bitter. Aroma hops are used for 
flavoring. Hop plants produce annual climbing stems from a perennial crown. Once 
established, the hop rootstock will produce indefinitely although they are typically 
managed under a trellis system for a ten-year period. The commercial hop is a female 
plant; hop cones are its flowers. Mature hop cones contain numerous lupulin glands, 
which contain the important brewing constituents of alpha-acids, beta-acids and essential 
oils. 
 
The U.S. is the second largest producer of hops in the world after Germany. Over half of 
the U.S. crop is exported. Seventy-one percent of the hops used by U.S. breweries are 
domestic while the remaining 29% are imported.  
 
US hop production is centered in the Northwestern states of Washington, Idaho, and 
Oregon where 57 million pounds with a value of $119 million are produced annually 
from 29,000 acres. At the U.S. hopping rate of .21 pound per 31 gallon barrel, the U.S. 
produces enough hops annually to flavor approximately nine billion gallons of beer. 
 
Hops in the Pacific Northwest are attacked by two key pests: the hop aphid and the two-
spotted spider mite. If left uncontrolled, each pest can cause complete crop loss annually 
[3][4]. Because economically effective control programs based on biological control or 
host plant resistance are not available for hop aphids or spider mites, management is 
primarily dependent on the application of insecticide sprays [7]. 100% of the commercial 
hop acreage in the Northwest is treated with insecticides for these two pests [4]. Mite and 
aphid control costs average about $200 per acre annually [7]. 
 
The hop aphid is native to Europe. The hop aphid first appeared in the U.S. in 1863 and 
ruined the crop in many eastern states with reported yield losses of 90% [6]. Growers first 
reported the hop aphid as a pest of hops in the Pacific Northwest in 1891 [1]. In the years 
following, losses were estimated at one-twelfth of annual production. 
 
The hop aphid has a complex life cycle. Sexual females produce eggs in the fall. Most 
eggs are laid and overwinter on Prunus trees (prunes, plums, and related trees).They 
hatch in March as temperatures increase. Winged aphids appear and migrate to hop, the 
summer host. Hop is the only known secondary host. Researchers in Washington have 
found hop aphids only on hop during the growing season [1].The aphids can fly for long 



distances especially when aided by wind currents. Females reproduce asexually on hop, 
giving birth to living female young. An individual female will produce many young 
during her life, and there may be 6 to 12 generations on hop during the growing season. 
Under favorable conditions, aphids may become so numerous as to completely cover the 
undersides of the leaves [5]. Aphids can reach very high densities on leaves, with 
populations of 1000 aphids per leaf having been observed. Winged females and males 
produced on hop in the fall migrate to the winter host. After mating, these females 
produce the overwintering eggs. 
 
Aphids feed directly on hop plants, extracting cell sap and nutrients with their sucking 
mouthparts. High aphid populations reduce yields and seriously weaken plants. Hop 
aphids excrete prolific amounts of honeydew. Honeydew is plant cell sap, composed of 
sugars passed through the aphid’s digestive system. Sooty mold grows on the honeydew 
and can destroy a crop’s value, as mold renders hop cones unacceptable for brewing [4]. 
Since there is no alternative market for moldy hops, they are destroyed [4].  Aphids enter 
and feed on the cones. Dead aphids remaining in the cones create a contaminant problem. 
Where no control measures have been applied, as many as 30,000 aphids have been 
found in an ounce of dry hops [5]. 
 
Aphid migration to hops is completed about the middle of June. Winged aphids die 
shortly thereafter. Since no winged aphids are produced for the rest of the summer, the 
chances of a yard becoming reinfested is slight. Consequently, if good control is obtained 
at this early stage, the crop should remain free of aphids for the remainder of the season. 
The aphid population is small at this time; the vines have not made maximum growth; 
and a complete cleanup of aphids is relatively straightforward [5]. The average number of 
sprays for aphids in the Northwest is 1.5 times for the entire acreage [4]. 
 
The two-spotted spider mite has been a major hop pest in the Pacific Northwest since 
1892. Two-spotted spider mites have a wide host range, feeding on over 200 different 
plant species. Hop is a preferred host [1]. Two-spotted spider mites overwinter as adults 
in hop yards or along field margins. They disperse by crawling or wind currents. They 
overwinter in the soil, under leaves, in cracks in trellis poles, and in the strands of the 
wirework. In the spring, the adults emerge, climb the bines and feed on the lower surfaces 
of the leaves. As the weather becomes warmer and drier, the mites begin to reproduce 
and move up the hop plant to feed on younger leaves. In June, about the time hops are 
trained and part way up the twine, mites appear on the lower hop leaves. Individual 
females can lay up to 20 eggs per day and a total of 200 eggs during a lifetime [1]. 
During hot weather, development from egg to adult takes 7 to 10 days. Normally about 
nine generations of mites develop on hops during the summer months [10]. One winter 
female may have a total progeny of 1.9 million in one year when 9 generations develop. 
During the growing season, mites move upward on hop plants to infest the entire plant. 
Untreated, spider mite numbers can reach 3000 per leaf at the tops of hop plants. Mites 
migrate from yard to yard and within yards during the growing season. In the fall, in 
response to shortened days, overwintering females seek out sheltered places for 
hibernation.  
 



Spider mites puncture leaf tissue and destroy leaf cells while sucking plant juices from 
the leaves with their mouthparts. Spider mites continuously destroy plant cells by feeding 
until they have completely deprived the plant of food. As soon as this happens, the mites 
migrate. Spider mites make 18-22 punctures per minute; the cells are completely emptied 
and destroyed. Each puncture produces a small, light-colored spot. In severe infestations, 
leaves turn brown or reddish brown and die, lowering yields and weakening plants. Mites 
also feed on and damage cones producing off-flavors. Injured hop cones dry, turn red and 
shatter. Red or discolored hops are unmarketable [2]. Mite damage to cones substantially 
reduces yields and alpha acid content [4]. 
 
Beginning in the 1890s aphid control remedies included removing any alternate hosts in 
the area such as prune and plum trees. Growers were encouraged to spray the hops with 
kerosene, nicotine, whale soap and quassia (a toxin extracted from a tree native to the 
Caribbean).By 1913 nicotine sprays had become the standard aphid treatment [10]. 
Nicotine dusts were standard until 1944 when a wartime scarcity of nicotine necessitated 
a search for alternatives [10]. The inability of growers to find adequate aphicides became 
critical because the FDA was seizing hops that contained excessive aphids. Parathion was 
tested for the first time in 1947 for control of the hop aphid and was found to be very 
effective [10]. Research demonstrated that parathion reduced the number of aphids per 
ten leaves from 2200to zero [11]. Parathion was the aphicide of choice until the 1960s 
when diazinon was registered. 
 
By the early 1920s, some form of sulfur including lime sulfur was commonly used to 
treat mites. Sulfur sprays were inconsistent in effectiveness. In 1937 at the request of the 
growers, the Oregon state Legislature appropriated funds for the investigation of hop 
pests and their control [9]. This led to research with DN (Dinitro-o-cylohexyl phenol) for 
mite control. Research in 1938 demonstrated that DN applications provided 98-100% 
control of spider mites while nicotine and sulfur provided 67% control [9]. 
 
Continuing research in the 1950s demonstrated that the insecticide demeton reduced the 
percentage of hop leaves infested with aphids and mites from 50-76% to 3% 
[10].Currently-used miticides reduce the mite infestations in hops from 600/leaf to 1-
6/leaf [12]. 
 
It is unlikely that research efforts to develop hop varieties with resistance to mites and 
aphids will produce commercially acceptable varieties. Since each commercial variety 
has a specific aroma and essential oil profile, it is unlikely that the resistant or tolerant 
varieties would have identical aroma profiles to the existing varieties. 
 
Aphid natural enemies only establish on hops after aphids have arrived and are 
reproducing. Experience has shown that, unless a single well-timed application of an 
insecticide is used to limit the early season aphid population expansion, the delay 
between the initial build-up of aphids and natural enemies almost always results in aphid 
numbers exceeding the regulating ability of natural enemies, and ultimately defoliation of 
the crop [13]. 
 



In the 1940s with the nicotine shortage, some northwest hop growers imported lady 
beetles in an attempt to control aphids [14]. However, the beetles scattered so rapidly that 
they were no value in aphid control. With the passage of the shortage conditions, reliance 
on insecticides was reestablished and no extensive importation of beetles was reported 
subsequently. 
 
Biological control of spider mites on hops by predatory mites has not been as 
successfully demonstrated as on other crops. Naturally occurring biological control of 
spider mites is unlikely on hops because this perennial is managed much like an annual: 
above ground vegetation is entirely removed during winter [15]. Such practices make it 
difficult to obtain long-term equilibria between predator and prey mites. In spring, other 
practices such as vegetation removal (which can harbor the predators) are used which 
harm the predators more than the two-spotted mite. In summer, plants grow rapidly, 
resulting in a transient predator-free space or refugium for the two-spotted spider mites 
[15]. Although research in strawberries demonstrated that the release of 320,000 
predatory mites would result in effective control of two-spotted spider mites, it was 
estimated that one million predatory mites would need to be released per hop acre 
because the amount of foliage is so much greater [16].  
 
Current research on the use of biological controls is focused on the conservation of a 
large group of natural predators through the use of insecticides that are selective and do 
not harm the predator populations and through the use of various plants in the hop yard to 
retain beneficial insects [8].  
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