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Chapter 2

Alfalfa weevil pest status and incidence of selected natural enemies in

Virginia

The alfalfa weevil, Hypera postica (Gyllenhal) (Coleoptera: Curculionidae), is native to Europe

and was accidentally introduced into the United States in the early 1900’s on the west coast (Titus

1910) and again in the late 1940’s on the east coast (Poos and Bissell 1953).  In the absence of its

natural enemies, the alfalfa weevil rapidly became the most devastating pest of alfalfa in the U.S.

(Armbrust 1981).  The USDA initiated a large-scale biological control effort in the late 1950's to

enhance management of this pest (Brunson and Coles 1968).  Numerous parasitic insects, specific

to the alfalfa weevil, were collected from Europe and released into the U.S.  Seven species of

Hymenoptera became established including: Anaphes luna (Girault) (Mymaridae) and Peridesmia

discus (Pteromalidae) which attack and kill the egg stage; Bathyplectes anurus (Thomson), B.

curculionis (Thomson) (Ichneumonidae), and Oomyzus incertus Ratzburg (Eulophidae) which

attack and kill the larval stage; Microctonus colesi Drea (Braconidae) which attacks the larval stage

and kills the adult; and M. aethiopoides  Loan (Braconidae) which attacks and kills the adult stage

(Bryan et al. 1993).  In addition to this complex of parasitoids, an entomopathogenic fungus,

Zoophthora phytonomi (Arthur) (Zygomycetes: Entomophthorales), also causes mortality in a high

percentage of alfalfa weevils, particularly under favorable environmental conditions (Harcourt et al.

1977, Los and Allen 1983, Harcourt et al. 1990).

Biological control by this complex of natural enemies has resulted in a 73% reduction in the

alfalfa acreage treated with insecticides to control alfalfa weevil in the northeastern U.S. (Day

1981).  However, despite efforts by the USDA, cooperating state agencies, and universities to

distribute and establish these parasitoid species throughout the country (Kingsley et al. 1993), the

level of biological control reached in the northeastern states has not been achieved in other regions

of the U.S., particularly those south of 40˚ latitude (Radcliffe and Flanders 1998).  Consequently,

most of the alfalfa acreage in the southern states continues to be treated annually with insecticides to

control alfalfa weevil (Berberet et al. 1981, Copley and Grant 1998)..  In Virginia, an estimated 90%

of the growers routinely apply insecticides for alfalfa weevil control (Luna 1986). This widespread

use of insecticides is employed by growers with little or no knowledge of the actual risk of

economic damage from alfalfa weevil or the establishment and impact of its natural enemies in the

state.

In 1996, a 3-year survey of alfalfa weevil population levels in Virginia was initiated.  The

objectives were to assess alfalfa weevil abundance, larval parasitization levels, and fungal infection
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levels in each of the major alfalfa-growing regions of the state; the Piedmont, Shenandoah Valley,

and southwestern region.

Materials and Methods

Alfalfa weevil populations were surveyed in 187 alfalfa fields in Virginia from 1996-1998 (Fig.

2.1).  The survey included 45 fields from seven counties in 1996; 75 fields from eleven counties in

1997; and 67 fields from eleven counties in 1998.  All fields were surveyed during peak larval

abundance in April or May.  This typically occurred between 170 and 250 Celsius degree-days

(base 9°C, beginning 1 January).  Field surveys were completed prior to application of insecticides

or the first harvest.

Alfalfa weevil abundance.  The shake-bucket, stem-removal method was used to estimate

alfalfa weevil larval abundance (Legg et al. 1985, Luna and Ravlin 1992).  Six sets of 10 alfalfa

stems were sampled in each field.  Stem heights from 10 plants were determined at the time of

sampling.  A field was classified as above or below the economic threshold by comparing it to a

decision-making chart developed by Luna (1986).  Data were analyzed using analysis of variance

procedures, which included partitioning the treatment source of variation into two orthogonal

contrasts (Steel and Torrie 1980): 1) Piedmont versus Shenandoah Valley and southwestern region;

and 2) Shenandoah Valley versus southwestern region.

Larval parasitization and fungal infection.  Most (92%) of the alfalfa weevil populations

sampled were assessed for larval parasitization and fungal infection. Subsamples of 50 or more

larvae (3rd or 4th instars) were collected from each field and reared in the laboratory on alfalfa

bouquets at room temperature (21 ± 5°C; ~20% RH).  Weevil parasitization by Bathyplectes spp.

or other larval parasitoids was determined by examining the parasitoid cocoons and any emerged

adults (Brunson and Coles 1968, Bryan et al. 1993).  All larvae that died before reaching the adult

stage were assessed for fungal infection.  Presence of live conidia or resting spores of the

entomopathogenic fungus, Z. phytonomi, was confirmed by the KOH-visual technique described by

Los and Allen (1982).

Percent larval parasitization and fungal infection levels of alfalfa weevil were determined for

each field.  Data were analyzed using the same procedures as described previously for the analysis

of alfalfa weevil larval abundance, except that an arcsin square root transformation was performed

on the data prior to analysis (Ott 1984).

Results

Alfalfa weevil abundance.  Alfalfa weevil larvae were present in each field surveyed in 1996,

1997, and 1998, with densities ranging from 0.01 to 4.80 larvae per stem.  Alfalfa weevil densities
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were higher in the Piedmont than in the other two regions in each of the survey years (Table 2.1).

The orthogonal contrast for the Piedmont versus Shenandoah Valley and southwestern region was

highly significant for 1996 (F = 10.05; df = 1, 42; P < 0.005), 1997 (F = 58.77; df = 1, 72; P <

0.001), and 1998 (F = 16.98; df = 1, 64; P < 0.001).  Average weevil densities ranged from 1.6 to

2.8 larvae per stem in the Piedmont, 0.7 to 1.6 larvae per stem in the Shenandoah Valley, and 0.6 to

1.4 larvae per stem in the southwestern region.  Weevil densities in the Shenandoah Valley were not

different than the southwestern region in any of the survey years (P > 0.05).

A higher percentage of fields exceeded the economic threshold for alfalfa weevil in the

Piedmont compared with the other two regions (F = 10.05; df = 1, 42; P < 0.005).  Over the three

years of the survey, 94.2% of the fields in the Piedmont exceeded the economic threshold,

compared with 25.3% of the fields in the Shenandoah Valley and 17.9% of the fields in the

southwestern region (Table 2.2).

Larval parasitization and fungal infection.  The dominant larval parasitoid found in all of

the survey regions from 1996-1998 was B. anurus, which accounted for 95% of the 4,124

parasitoids that emerged from alfalfa weevil larvae.  B. curculionis accounted for the remainder of

the larval parasitoids found in our survey.  In 10.2% of the cases, a Bathyplectes spp. larva emerged

from an alfalfa weevil prepupa, but failed to spin a cocoon and died.  This phenomenon also was

observed by Giles et al. (1994).  All such parasitoid larvae were classified as Bathyplectes spp. and

were included in our alfalfa weevil parasitization counts, but were ignored when calculating the ratio

of B. anurus to B. curculionis because species identification could not be made.

Differences in larval parasitization were detected in two or more of the geographic regions in all

three years of the survey (Table 2.3).  Fewer larvae were parasitized in the Piedmont compared with

the Shenandoah Valley and southwestern region in 1996 (F = 24.47; df = 1, 25; P < 0.001), 1997

(F = 49.74; df = 1, 68; P < 0.001), and 1998 (F = 92.43; df = 1, 70; P < 0.001).  When averaged

over all three years, larval parasitization in the Piedmont was 23.5% compared with 61.3% in the

Shenandoah Valley and 58.1% in the southwestern region.  Larval parasitization was similar in the

Shenandoah Valley and southwestern region, except for 1997 (F = 19.94; df = 1, 68; P < 0.001),

when a higher percentage of larvae were parasitized in the Shenandoah Valley (65.2%) compared

with the southwestern region (46.7%).

The entomopathogenic fungus, Z. phytonomi, was detected in all survey regions during the

course of our study, occurring in 82.5% of the fields sampled.  Percent fungal infection of the

alfalfa weevil larvae was not significantly different among any of the regions in 1996 (F = 1.53; df

= 2, 25; P = 0.236) or 1998 (F = 0.37; df = 2, 70; P = 0.692) and averaged ≈20% and 10%,

respectively (Table 2.4).  In 1997, high precipitation combined with high weevil populations in the

Piedmont made conditions optimal for epizootics of Z. phytonomi (Barney and Armbrust 1981, Los
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and Allen 1983, Brown and Nordin 1986).  Consequently, a higher percentage of weevils were

infected by Z. phytonomi in the Piedmont (50.6%) compared with those in the Shenandoah Valley

(14.0%) and southwestern region (22.4%) (F = 46.46; df = 1, 68; P < 0.001).  Fungal infection in

the Shenandoah Valley was similar to the southwestern region in 1997 significant (P > 0.05).

Discussion

Successful biological control efforts over the past few decades have maintained alfalfa weevil

densities below damaging levels in much of the northeastern United States (Schroder and

Metterhouse 1980, Kingsley et al. 1993).  Lamp et al. (1991) showed that only about 15% of the

alfalfa fields in Maryland typically exceed the economic threshold for alfalfa weevil in a given year.

In my three-year survey of Virginia alfalfa, 94.2% of the fields in the Piedmont, 25.3% in the

Shenandoah Valley, and 17.9% in the southwestern region exceeded the economic threshold for

alfalfa weevil.  

Calculating the corresponding damage risks and multiplying them by the relative hectares of

alfalfa grown in each of the regions (Virginia Agricultural Statistics Service 1998), it was estimated

that about half (51.5%) of the alfalfa in Virginia is at risk to economic damage from alfalfa weevil

each year (Table 2.5).  Assuming all fields with above-threshold weevil populations were treated

with an insecticide (estimated at $25.00 per hectare), and disregarding any additional economic loss

in crop yield or stand longevity, alfalfa weevil would cost growers in Virginia about $677,000

annually.

The alfalfa weevil parasitoid, B. anurus, appears to be well established in Virginia.  Prior to the

mid-1980’s, B. curculionis was the dominant larval parasitoid of alfalfa weevil in the state (Los

1982).  My findings showed that ≈95% of all parasitoids emerging from alfalfa weevil larvae were

B. anurus; the remaining 5% were B. curculionis.  Bathyplectes anurus outcompetes B. curculionis

because of its greater reproductive capacity, more aggressive behavior, and more rapid search and

handling (Yeargan and Latheef 1977, Harcourt 1990).  Unlike B. curculionis, the eggs of B. anurus

are not subject to encapsulation by the host larva (Puttler 1974, Maund and Hsiao 1991).

Bathyplectes anurus also reduces competition with the fungus Z. phytonomi by laying eggs in older

weevil larvae that have a greater probability of escaping infection (Harcourt 1990).  Although the

larval parasitoid O. incertus was not detected in my survey, it has been reported in Virginia (Bryan

et al. 1993).  Oomyzus incertus may not have been found because the adults of this species

primarily attack weevil larvae later in the summer (Horn 1971, Blickenstaff et al. 1972, Smilowitz et

al. 1972) rather than at peak larval occurrence in early spring when our surveys were conducted.

Also, O. incertus populations may be declining.  Giles et al. (1994), Weaver et al. (1994), and

Copely and Grant (1998) did not find evidence of O. incertus in recent surveys of alfalfa weevil in
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Iowa, West Virginia, or Tennessee, respectively, despite earlier reports of establishment (Bryan et al.

1993).

Regardless of species composition, parasitization of alfalfa weevil larvae in all three years was

significantly lower in the Piedmont (16 to 32%) compared with the Shenandoah Valley and

southwestern regions (45 to 73%).  Percent parasitization is a factor of both host and parasitoid

density (Van Driesche 1983); therefore, the low parasitization level in the Piedmont may be caused

in part, by the higher populations of alfalfa weevil larvae present in this region.  Other researchers

reported low parasitization by Bathyplectes spp. when alfalfa weevil density was high (Davis 1974,

Eklund and Simpson 1977, Los 1982).  Another reason for low parasitization in the Piedmont may

be a lack of synchrony between host and parasitoid.  In the northeastern United States, B. anurus is

well synchronized with the alfalfa weevil (Smilowitz et al. 1972, Kingsley et al. 1993).  This is also

true in the ridge and valley regions of Virginia (Los 1982).  In these climates, the peak abundance

of adult B. anurus coincides with the population peak of alfalfa weevil second and third instars,

which are the preferred instars for parasitism (Harcourt 1990).  In the warmer Piedmont climate,

alfalfa weevil larval populations peak approximately 2 to 4 wk earlier in the season (T.P.K,

unpublished data).  This difference in phenology could potentially disrupt the synchrony of B.

anurus with its host.  A recent survey of alfalfa weevil larvae in Tennessee (Copely and Grant

1998) reported lower parasitization levels (11.4%) than those found in the Piedmont of Virginia.

The entomopathogenic fungus, Z. phytonomi, occurred across all regions and years surveyed in

Virginia, infecting nearly 20% of the alfalfa weevil larvae.  However, this was variable and larval

mortality only exceeded 50% in the Piedmont in 1997, when high weevil densities coincided with

high rainfall conditions.  When conditions are optimal for epizootics, Z. phytonomi can be the most

important larval mortality factor of the alfalfa weevil (Goh et al. 1989, Harcourt et al. 1990, Giles et

al. 1994).  However, because the disease also kills parasitized larvae, epizootics of Z. phytonomi can

disrupt the stability of the alfalfa weevil-parasitoid complex and result in sporadic pest outbreaks

(Los and Allen 1983, Giles et al. 1994).

Alfalfa weevil remains an important pest in Virginia despite the prevalence of two key biotic

mortality factors.  Pest pressure is significantly higher in the Piedmont compared with the

Shenandoah Valley and southwestern regions of the state.  This information should aid the

decision-making process for alfalfa weevil pest management in Virginia and surrounding states with

similar geographies, such as North Carolina, Tennessee, and West Virginia.
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Table 2.1.  Alfalfa weevil densities in the three major alfalfa-growing regions of Virginia; 1996-

98

Mean no. alfalfa weevil larvae per stem (± SEM)

Region 1996 1997 1998

Piedmont 2.8 ± 0.2 2.3 ± 0.3 1.6 ± 0.2

Shenandoah Valley 1.6 ± 0.3 0.7 ± 0.1 1.0 ± 0.2

Southwestern region 1.4 ± 0.3 0.9 ± 0.1 0.6 ± 0.1

Orthogonal contrasts

Piedmont vs Shenandoah Valley

and Southwestern region

(P < 0.005) (P < 0.001) (P < 0.001)

Shenandoah Valley vs

Southwestern region NS NS NS

ANOVA treatment source of variation was significant in 1996 (F = 5.28; df = 2, 42; P < 0.01);

1997 (F = 30.03; df = 2, 72; P < 0.001); and 1998 (F = 9.78; df = 2, 64; P < 0.001).

NS, not significant.
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Table 2.2.  Percentage of fields exceeding the economic threshold for alfalfa weevil in Virginia,

1996-98

Percentage of fields above economic thresholda

Region 1996 1997 1998 3-yr total

Piedmont 100.0 (13)b 100.0 (14) 88.0 (25) 94.2 (52)

Shenandoah Valley 36.0 (25) 19.4 (31) 21.7 (23) 25.3 (79)

Southwestern region 14.3 (7) 26.7 (30) 5.2 (19) 17.9 (56)

aBased on a decision-making chart developed by Luna (1986).
bNumber of fields surveyed.
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Table 2.3.  Parasitization levels of alfalfa weevil larvae in Virginia; 1996-98

% parasitized alfalfa weevil larvae (± SEM)a

Region 1996 1997 1998

Piedmont 16.3 ± 4.5 22.5 ± 3.8 31.6 ± 3.7

Shenandoah Valley 45.9 ± 4.5 65.2 ± 2.0 72.7 ± 11.7

Southwestern region 57.2 ± 14.1 46.7 ± 3.4 70.3 ± 3.7

Orthogonal contrasts

Piedmont vs Shenandoah Valley

and Southwestern region

(P < 0.001) (P < 0.001) (P < 0.001)

Shenandoah Valley vs

Southwestern region NS (P < 0.001) NS

Approximately 95% of all parasitoids emerging from alfalfa weevil larvae were B. anurus; the

remaining 5% were B. curculionis.

ANOVA treatment source of variation was significant in 1996 (F = 13.28; df = 2, 25; P < 0.001);

1997 (F = 34.62; df = 2, 68; P < 0.001); and 1998 (F = 47.52; df = 2, 70; P < 0.001). NS, not

significant.
aMeans (± SEM) are based on actual data; statistical analysis was performed on arcsin-square root

transformed data.
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Table 2.4.  Levels of Z. phytonomi infection in alfalfa weevil larvae in Virginia; 1996-98

% alfalfa weevil larvae infected with Z. phytonomi (± SEM)a

Region 1996 1997 1998

Piedmont 16.6 ± 4.8 50.6 ± 5.8 11.3 ± 3.4

Shenandoah Valley 30.2 ± 6.1 14.0 ± 1.6 7.2 ± 1.3

Southwestern region 13.0 ± 8.5 22.4 ± 2.9 11.3 ± 4.1

Orthogonal contrasts

Piedmont vs Shenandoah Valley

and Southwestern region

NS (P < 0.001) NS

Shenandoah Valley vs

Southwestern region NS NS NS

ANOVA treatment source of variation was significant in 1997 (F = 23.35; df = 2, 68; P < 0.001),

but not in 1996 (F = 1.53; df = 2, 25; P = 0.236) or 1998 (F = 0.37; df = 2, 70; P = 0.692).

NS, not significant.
aMeans (± SEM) are based on actual data; statistical analysis was performed on arcsin-square root

transformed data.
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Table 2.5.  Economic impact of alfalfa weevil in Virginia

Region

Hectares of

alfalfa growna

% hectares

above alfalfa

weevil economic

thresholdb

No. hectares

requiring alfalfa

weevil control

Estimated dollar

costs to control

alfalfa weevilc

Piedmont 21,732 94.2 20,472 $512,000

Shenandoah Valley 14,448 25.3 3,655 $91,000

Southwestern region 16,431 17.9 2,941 $74,000

Virginia Total 52,610 51.5d 27,068 $677,000

aBased on 1996 statewide crop reporting figures (Virginia Agricultural Statistics Bulletin, 1998).

Piedmont total includes 1,416 ha of alfalfa from the coastal plain counties of eastern Virginia.
bAverage of 1996-1998 field survey results.
cAssuming insecticide and application costs of $25 per hectare and that all above-threshold fields

are sprayed for alfalfa weevil.  Assumption disregards any additional economic losses in crop yield

or stand longevity as a result of alfalfa weevil damage.
dCalculated by multiplying the corresponding damage risk for a region by the hectares of alfalfa

grown, summing the totals for the three regions, and dividing by the total hectares of alfalfa in

Virginia.
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Fig. 2.1.  Virginia counties surveyed for alfalfa weevil from 1996-98.
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