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Key Points 
 

• The alfalfa weevil was first found in the U.S. in 1904 and by 1970 had colonized 
the entire country. 

• Insecticide treatment for alfalfa weevil can increase alfalfa yield by 50%. 
• A wasp that parasitizes the alfalfa weevil is effective in the northeast, but only 

partially effective in other states. 
• Potato leafhopper feeding results in stunted yellowing alfalfa leaves and lowers 

yield by 20%. 
 
Technical Summary 
 
Alfalfa is a plant from the Near East and Central Asia.  The geographic center most often 
mentioned as the home of alfalfa is Iran. Alfalfa was introduced from Europe into South 
America in the 16th century.  Around 1850, alfalfa was brought from Chile to California. 
It spread eastward and northward from California. 
 
Alfalfa is grown on 21 million acres in 42 states with total production of alfalfa hay of 
143 billion pounds per year and an on-farm value of over $7 billion.  Alfalfa hay has 
certain attributes that make it an excellent forage for dairy cows.  It is lower in fiber and 
higher in protein than any other single forage.  As an ingredient in a ration for high 
producing cows, no single forage can contribute in more ways than alfalfa hay.  Eighteen 
pounds of alfalfa provides one-third of the fiber, over a third of the crude protein, a fourth 
of the energy and half of the calcium required for a high level of milk production.  High-
quality alfalfa hay is also very palatable which is important for maintaining high levels of 
consumption to support high milk yields.  Alfalfa is the predominant forage of choice for 
high producing dairy cows because of its high intake and rapid rate of digestion; both of 
which support high-energy intake to meet energy requirements for milk production. 
 
Alfalfa is a perennial legume crop, usually grown for a three-to-five year period.  Each 
year new growth rises from the crown and it can be cut several times during a growing 
season.   
 
A recent study estimates that, on average, 25% of U.S. alfalfa acreage is treated with 
insecticides annually [5].  Insecticide use varies by region: (% acres treated) Northeast 
(48%), South (80%), North Central (14%), and West (33%) [5][43]. Alfalfa weevils are 
the main target of the insecticide sprays in all regions except the Northeast where potato 
leafhopper is the main target [5].  Typically, 1-5% of Minnesota alfalfa acres are treated 
while in Georgia 85% of alfalfa is treated with insecticides every year [16].  Insecticide 
cost for alfalfa ranges from $12 to $40 per acre which represents about 2-5% of 
production cost [37]-[39]. 
 
 
 
 
Alfalfa Weevil/Egyptian Alfalfa Weevil 



 
Although the alfalfa weevil was distributed in Europe, in western-central Asia, and along 
the northern coast of Africa, it was unknown in the U.S. until the early 1900s. The alfalfa 
weevil was first discovered near Salt Lake City, Utah in 1904.  By 1940 the weevil 
occupied much of nine western states from the Pacific Coast to Nebraska [43]. For nearly 
50 years it remained confined to 12 western states (western strain).  However, in 1952 it 
was discovered in Maryland and from there it spread rapidly throughout the remainder of 
the U.S. (eastern strain) and by 1970 it had moved west to Minnesota, Iowa, Kansas and 
Texas. This new introduction spread aggressively at 37 to 87 miles per year. As a result 
of both infestations, the alfalfa weevil is now in all the contiguous 48 states. 
 
The Egyptian alfalfa weevil was first discovered in the U.S. in 1939 near Yuma Arizona, 
and it has remained confined mainly to California and Arizona. This population was 
presumed to be Mediterranean in origin, possibly from the Nile Valley of Egypt [43]. In 
appearance, habits and type of damage, it is practically identical to the alfalfa weevil.  
The Egyptian weevil is probably native to North Africa and the Middle East. The 
Egyptian alfalfa weevil is now found throughout the alfalfa growing regions of California 
and Arizona. 
 
Adult weevils emerge from a summer resting state in late fall and begin to migrate to 
alfalfa fields to feed, mate and lay eggs.  Females deposit an average of 50 eggs per day 
for up to 80 days [12].  A single female may lay as many as 4,000 eggs but the average is 
between 600 and 800.  The females deposit the eggs in holes they chew in alfalfa stems. 
The tiny larvae crawl up stems to young leaves and feed by boring through the various 
layers of the folded leaves.  Older larvae are voracious feeders.  Plants may be stripped of 
essentially all foliage so that only grayish, ragged leaf fragments and stems remain. 
Larvae typically skleletonize leaves leaving only the veins, giving fields a frosted 
appearance.  The alfalfa weevil is capable of defoliating an untreated alfalfa field [8].  
The mature larva descends to the surface or lower parts of the plant and spins a cocoon 
around itself. About ten days later, the adult weevil emerges.  
 
In the northern U.S., alfalfa weevil eggs usually are deposited in live shoots during the 
spring.  In southern states, adults become active in autumn and can lay most of their eggs 
in alfalfa stubble in late autumn and early winter.  Consequently, large numbers of larvae 
may be present in early March. 
 
The alfalfa weevil is an annual pest in cooler California alfalfa districts east of the Sierra 
Nevada mountains and in the northernmost counties of the state.  In most other areas of 
California, it has been displaced by the Egyptian alfalfa weevil, which is a far more 
serious pest.  There are 3-4 generations of the Egyptian alfalfa weevil versus the alfalfa 
weevil’s single generation and the pest can be found in the field throughout the year. 
Feeding by weevils in California can cause severe defoliation in an alfalfa field 
significantly reducing yield [21]. 
 



The alfalfa weevil is peculiar among insects in that its dormant period comes in the 
summer instead of winter.  In fall they move back to alfalfa.  Alfalfa weevil adults and 
larvae feed on other plants, but their damage is exclusively to alfalfa. 
 
In areas that have been infested for several years, there has been an almost total loss of 
first-crop alfalfa in untreated fields every year [10].  Damage is restricted largely to the 
first cutting, since most of the larvae mature by the time it is harvested.  Delay of re-
growth following the first cutting can be a serious problem.  One study reported reduced 
yield of 9/10 ton per acre in the second cutting, by 6/10 ton per acre in the third cutting 
and by 1/4 ton per acre in the fourth cutting.  In this study the total seasonal loss caused 
by weevil larvae feeding unchecked in the first cutting amounted to 2.75 tons/acre [12]. 
 
In many infested states, including Pennsylvania, alfalfa acreage decreased due to the 
alfalfa weevil.  In the southeastern states, alfalfa was virtually eliminated as an 
agricultural crop [16].  Alfalfa had been a plentiful crop in Alabama before the alfalfa 
weevil drastically reduced acreage.  Alfalfa acreage increased in Alabama following the 
labeling of insecticides which effectively and economically controlled the weevil [2] 
(Figure 1). Damage from the weevil was severe in eastern states with losses up to $40 
million per year [43]. 
 
Without one or two applications of insecticide, alfalfa weevil caused 60-100% defoliation 
of first cutting alfalfa in the Northeast [43]. 
 
In the Midwest, New York and Maryland in the 1960s insecticide treatments were 
deemed essential to grow alfalfa successfully [26][29][31]. In Idaho in the 1960s alfalfa 
weevil caused an estimated loss of $11-$12 million annually [25]. Research demonstrated 
that economic injury could be prevented with applications of systemic insecticides 
shortly after growth of first crop began. 
 
Research in Oklahoma showed average yield savings resulting from insecticide 
treatments for alfalfa weevil at 1000-3646 lb/acre.  The average profit for the insecticide 
treatments ranged from $26/A to $132/A [3].  Tests in Tennessee showed yield increase 
of 1,000 pounds/A as a result of controlling the weevil [4].  Tests in Arkansas 
demonstrated that insecticide control of the alfalfa weevil increased yield by 44% [11]. 
 
Uncontrolled Egyptian alfalfa weevil populations in California reduced yields by 50% 
[22].  Research with insecticides reduced Egyptian alfalfa weevil populations by 90-95% 
[20]. 
 
The population explosion of alfalfa weevil in the U.S. occurred because the weevil came 
to this country without the natural enemies (parasites, predators and diseases) that 
suppress its numbers in Europe. 
 
Because the alfalfa weevil was originally an immigrant species, federal and state workers 
imported Asian and European parasites into the western states at four different periods 
beginning in the early 1900s.  Biological control efforts against alfalfa weevil in the USA 



date from 1911. A major effort toward parasite introduction was conducted between 1911 
and 1914. At least 10 species of parasitoids and egg predators were liberated during that 
first phase. These efforts resulted in the establishment of two species of parasites which 
reduced damage somewhat [14]. B. curculionis, imported from Italy in 1911, was the first 
parasite of the alfalfa weevil to be introduced into the U.S. and its present distribution is 
virtually the same as the alfalfa weevil [12].  However, alfalfa weevil larvae are able to 
encapsulate or wall off the parasite within their bodies [15].  This interferes with 
breathing and feeding of the wasp which then dies.Approximately 25% of first generation 
weevils encapsulate the parasite [33]. 
 
Researchers have been engaged in releasing parasites against the Egyptian alfalfa weevil 
since it was first discovered in Arizona in the 1930s. 
 
Bathyplectes curculionis was collected in Utah and released in Alameda County and the 
San Francisco Bay area in 1933 and 1934. The parasitoid established and spread quickly, 
effecting substantial biological control in the areas with moderate climate. Hot summers 
shorten the seasonal duration of the parasitoid’s effectiveness in the San Joaquin Valley 
[43]. 
 
During the 1950s, chemical control of alfalfa weevils was highly effective, with growers 
commonly using low rates of heptachlor early in the season. However, about 1960 the 
weevil started showing high levels of resistance to the cyclodiene insecticides. This was 
followed by the banning of these chemicals on forages. None of the insecticides then 
available was an adequate replacement. This led to a rebirth of interest in biological 
control. 
 
From 1957 to 1988, two agencies of USDA, the Agricultural Research Service and the 
Animal and Plant Health Inspection Service in cooperation with other federal and state 
agencies, released and relocated parasitoids and egg predators in more than 700 counties 
in 38 states [43]. 
 
In 1957, USDA initiated a program of inoculative releases of imported parasitoids against 
eastern alfalfa weevil. Personnel of the ARS European Parasite Laboratory in France 
collected and supplied the exotic material.  In 1959 USDA personnel began releases of 
imported parasites against the eastern strain of the alfalfa weevil.  At that time the alfalfa 
weevil was causing 60 to 100% defoliation in first crop alfalfa, if alfalfa fields were not 
treated with one to two insecticide applications each year [14]. 
 
USDA researchers began searching Europe for the weevil’s natural enemies.  The 
objective of the biological control work was to distribute and establish the natural 
enemies throughout the range of the eastern strain and thus reduce the weevil to the 
approximate level that occurs in Europe.  In cooperation with research workers in the 
states, thousands of releases were made of 13 parasite species and six became 
established. 
 



By 1970, the six parasite species were found in eleven northeastern states (north of 
Virginia and West Virginia and east of Ohio) and caused significant reductions of the 
alfalfa weevil [14].  At three test locations during fourteen years, five of these parasites 
caused an average net weevil mortality of 70% per generation.  This depressed the weevil 
population to below the economic threshold without the use of insecticides [14].  
 
All of the six successful species are internal parasites of the alfalfa weevil and eventually 
kill it.  The combined efforts of at least four of the established parasite species are 
necessary to suppress alfalfa weevil populations below the economic threshold [14]. 
 
One parasite particularly suited to the northeast is Microtonus aethiopoides.  The adult 
parasites are small and wasplike.  There are two generations per year.  After mating, the 
female pursues the alfalfa weevil adults aggressively, stalking them on the plants.  When 
it catches a weevil, it inserts its egglayer through the anus and lays an egg in the body 
well. Immediately, egg-laying ceases in the weevil.  As the parasite larva appears, it feeds 
on the reproductive organs of the female and castrates the male [15][27].  Eventually, the 
weevil is killed.  On maturing, it bores its way out of the body wall and falls to the 
ground, where it spins a cocoon in the litter.  It is estimated that this parasite kills up to 
90% of the overwintering adult weevils [15][9].   
 
From 1980 to 1990, USDA distributed 16 million parasites of the alfalfa weevil at 4200 
sites throughout 38 states as part of the Alfalfa Weevil Biological Control Program [12]. 
Two species of internal parasites were released in the largest number.  A later 
establishment survey successfully recovered parasites in half of the counties where 
releases had been made.  These two species parasitized an average of 21% of the larvae 
[12].  The cost of the Program was $22 million over ten years [18]. 
 
In northeastern and mid-Atlantic states, parasites maintain the alfalfa weevil below 
economic threshold on the majority of acres [5].  Biological control of alfalfa weevil is 
now taken for granted in most of the North Central States [43].  However, the level of 
biological control reached in the northeastern and north central states has not been 
achieved in other regions of the U.S.  Consequently, much of the alfalfa acreage in these 
other states continues to be treated annually with insecticides to control alfalfa weevil 
[17].  About half of the alfalfa acres in Virginia are at risk from the weevil due to lack of 
parasitism (1-5%) while in Tennessee only 11% of the weevils are parasitized [17][32]. 
 
In northeastern states winter temperatures are often below freezing for long periods of 
time which causes mortality to a large number of alfalfa weevil eggs. In more 
southeastern and southwestern states, a larger portion of alfalfa weevil eggs remain viable 
through the winter [32]. Female weevils deposit a larger number of eggs at higher 
temperatures [28]. Alfalfa weevil is particularly damaging in the South because egg 
laying begins in the fall and continues throughout the winter. Mild winters permit 
successful overwintering of fall-laid alfalfa weevil eggs. Biological control agents in 
more northern states are much less effective in the south. The comparatively low acreage 
of alfalfa in the south may hinder dispersal and persistence of alfalfa weevil natural 
enemies [43].  



 
The alfalfa weevil requires at least one insecticide application during the spring to 
prevent economic damage in the southern U.S. [1].  In Kentucky, alfalfa could not be 
grown profitably unless it is sprayed with an insecticide to control the alfalfa weevil [6].  
Losses were greatly reduced in Tennessee in the 1960s due to the large acreage treated 
with insecticides [7]. 
 
Though the parasitic wasps may be present, they often fail to keep weevil populations 
below the threshold level and cannot be depended on to entirely prevent damage by the 
weevil.  Many releases of weevil parasites have been made in states like Kansas and have 
been recovered, but often in very low numbers.  There is speculation that the dry 
conditions of the Plains states may limit the effectiveness of some released biological 
agents.  Additionally, very hot conditions also may reduce parasitoid establishment.  
 
Greatly reduced rainfall and humidity in western states make establishment and 
effectiveness of the parasites uncertain.  Parasite effectiveness may be reduced in the 
South probably because of greater weevil survival through the milder winters and the 
tendency for weevil attack to occur earlier relative to weevil development [14]. 
 
The 1957-1988 USDA program resulted in establishment of six additional exotic 
parasitoids in the West [43]. To date, insecticide use for alfalfa weevil control in the 
western USA has not declined appreciably [43]. 
 
The Egyptian alfalfa weevil/alfalfa weevil complex is the most damaging insect pest of 
alfalfa in California.  Larvae of these insects defoliate alfalfa plants from January to 
April.  There are few non-chemical management practices available to control Egyptian 
alfalfa weevil (EAW).  While early harvest can reduce feeding damage, this option is 
often not economically viable or is restricted by spring rains.  Beneficial insects such as 
parasitic wasps generally do not provide sufficient control.  Although modern alfalfa 
varieties are resistant to many pests, a cultivar has not been developed that is resistant to 
the Egyptian alfalfa weevil.  Most California growers use insecticides for compelling 
economic reasons. 
 
In California, biological control is not effective at preventing economic damage in most 
areas because populations of natural enemies are not sufficiently large enough to provide 
control in the spring.  Before the Egyptian alfalfa weevil invaded California and spread 
into most of the acres occupied by the alfalfa weevil, B.curculionis effectively suppressed 
alfalfa weevil populations in the mid-coastal areas.  B. curculionis readily attacked the 
Egyptian alfalfa weevil larvae but their eggs became encapsulated. In Egypt where the 
EAW is endemic the weevil shows no immunity to the local B. curculionis but when 
these parasites were tested in California, considerable encapsulation of the eggs occurred 
[30]. 
 
Despite the massive release of ten parasitic species in California for control of EAW, 
biological control has not been realized [23].  Extreme heat and aridity have perhaps been 
the most limiting factors. Parasitism averaged 6% (Kern Co.), 12% (Tulare Co.), 0.2% 



(Merced Co.), 1.5% (San Joaquin Co.), 14% ((Yolo Co.), 0% (Colusa Co.), 17% 
(Siskiyou Co.), and 19% (Shasta Co.) [19]. 
 
Over 50% of California’s alfalfa acreage is treated for weevils each year [23]. EAW is 
easy to control with one insecticide application.  Research has shown that the registered 
products provide 90-95% control with an increase in alfalfa yield of 5,000 pounds/A [24].   
 
Weevils are considered to be the most serious alfalfa pest for organic growers in 
California because there are ordinarily no economically viable control options [13]. 
Organic pesticides (such as pyrethrum) may not provide economic control, there are no 
resistant varieties, and natural enemies do not provide adequate control.  Early cutting 
before weevils reach peak numbers may help control this pest, but yield and quality of the 
first cutting is impacted.  In addition, larvae that survive the harvest may concentrate in 
the windrow causing extensive damage to alfalfa re-growth and possible stand loss.   
 
Flaming with propane in late winter just prior to when alfalfa breaks dormancy can 
reduce weevil populations, by killing adults as well as eggs deposited in stems.  The 
charred alfalfa stubble may also be a less attractive environment for adults returning to 
the alfalfa fields to lay eggs. However, the level of control with propane depends on the 
weevil pressure and is not as effective as the use of conventional insecticides.  In 
addition, flaming may not be economically feasible given the high cost of fuel [13]. 
 
Some growers harvest early before larval populations reach damaging levels. However, 
in many cases, early cutting is economically impractical and it may weaken stands. 
 
Potato Leafhopper 

The potato leafhopper is native to North America and is the most important pest of alfalfa 
in northeastern and north central states [35]. Annual migrations of potato leafhoppers 
from the Gulf states present a problem for northern growers beginning in late May and 
continuing throughout the summer. Principally, second and third harvests are subjected to 
stress from the pest and new seedlings may even be killed. 

The potato leafhopper feeds on alfalfa plants by inserting their mouthparts into the plant 
tissue to extract plant juices. This feeding process distorts and causes blockage of the tiny 
tubes that distribute nutrients within the plant. The blockage results in typical leafhopper 
injury: triangular-shaped yellowing of the leaves and stunting of the plants 
(“hopperburn”). This feeding is responsible for reduced yields, reduced quality 
(especially lower protein content) and contributes to reduced longevity of stands. Normal 
populations reduce alfalfa yields by 14-27% [36]. Potato leafhopper injury was prevalent 
for a long time before its cause was recognized. It was not until 1927 that the connection 
between alfalfa yellowing and the potato leafhopper was experimentally demonstrated 
[34]. 

There are two management tactics available to the growers. One tactic is to harvest the 
alfalfa early when high densities of potato leafhopper are present and alfalfa is too near 



harvest to use insecticides. Another management tactic is using insecticides to reduce 
leafhopper populations to a subeconomic level [40].  
 
Despite germ plasm releases, there are no commercial cultivars available with sufficient 
levels of potato leafhopper resistance to provide control [41]. Generally, resistance is 
described as a reduction in yellowing, one of the effects produced by potato leafhopper 
feeding. Although high levels of resistance to potato leafhopper yellowing have been 
demonstrated in alfalfa germ plasms, these germ plasms exhibit the same losses in yield, 
quality, and stand reduction as germ plasms susceptible to yellowing caused by potato 
leafhopper feeding [41]. 
 
In 1997 several seed companies released resistant varieties of glandular-haired alfalfa 
resistant to potato leafhopper. Higher levels of mortality were observed on the resistant 
variety. Potato leafhoppers were entrapped by a chemical exudate produced by the 
glandular trichomes [42].  
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Figure 1.  Alfalfa Hay: Alabama 
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