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Abstract

Mexican bean beetle, Epilachna varivestis Mulsant  (Coleoptera: Coccinellidae), is a serious pest of snap bean, 
Phaseolus vulgaris L. (Fabales: Fabaceae), lima bean, Phaseolus lunatus L. (Fabales: Fabaceae), and an occasional 
pest of soybean, Glycine max (L.) Merr. (Fabales: Fabaceae), in the United States. Past research indicates that some 
bean cultivars endure greater injury from this pest than others, suggesting that such crops are either more preferred, 
better hosts, and/or have poorer defenses. This study characterizes injury potential among three snap bean and 
three lima bean cultivars by measuring ovipositional preference, survival, and feeding injury of E. varivestis in field 
and greenhouse experiments. Snap beans, as a group, were more preferred and susceptible to injury than lima 
beans. The purple wax snap bean, Dragon’s Tongue, was the most susceptible overall; while the dwarf bush lima 
bean, Henderson, was the least susceptible. The results of this study will aid in the development of integrated pest 
management strategies for E. varivestis, while also providing broader biological information for future research on 
this pest and others.
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Mexican bean beetle, Epilachna varivestis Mulsant  (Coleoptera: 
Coccinellidae), is an above ground pest of commercially grown leg-
umes (Fabaceae) in the genus Phaseolus, and occasionally soybeans, 
Glycine max (L.) (Fabales: Fabaceae) Merr. (Capinera 2001). It is 
one of just two phytophagous ladybeetles (Coccinellidae) in North 
America considered agricultural pests, the other being the squash 
beetle, Epilachna borealis (F.) (Coleoptera: Coccinellidae) (Capinera 
2001). Adults and larvae injure plants indirectly by skeletonizing 
leaves, ultimately reducing yield after ca. 20% defoliation (Capinera 
et  al. 1987). As fruit forms, beetles feed on the external pod tis-
sue creating conspicuous scars, rendering the fruit unmarketable 
(Nottingham et al. 2016).

In the 1960s and 1970s, E. varivestis was a major soybean pest 
causing widespread damage in most states east of the Mississippi 
River (Nichols and Kogan 1972, Nottingham et al. 2016). Research 
devoted to E.  varivestis biology and pest management was com-
mon during this time; however, a mysterious decline in its range and 
severity beginning in the early 1980s (most notably, a nearly com-
plete disappearance from soybean fields) was closely followed by a 
decline in research efforts. The decline of E. varivestis may be due in 
part to warmer and dryer weather following the 1970s (Nottingham 

et al. 2016) and/or the more frequent use of pyrethroids and neo-
nicotinoids, to which the beetle is highly susceptible (Shamiyeh and 
Mullins 1987, Nault and Speese 2001, Nottingham et  al. 2017, 
Nottingham and Kuhar 2017). In current years, E. varivestis is most 
common and severe in the southern Appalachian Mountains and 
Mid-Atlantic regions, approximately western North Carolina to 
New Jersey, on small to mid-sized farms with diverse crops and low 
chemical inputs (Nottingham et al. 2016).

While large growing operations simplify production by plant-
ing a single cultivar, small growers are generally more willing to 
plant multiple unique cultivars to cater to niche markets. Adding 
crop diversity often leads to lower pest numbers by decreasing the 
concentration of food resources (Altieri et al. 2009) and increasing 
biological control (Redlich et al. 2018). Strategic multi-crop plant-
ings such as trap crops or push-pull systems can both add diversity 
and address specific pest issues (Cook et al. 2007, Gray et al. 2009, 
Wallingford et  al. 2013). Trap cropping and push-pull strategies 
often rely on variability in host preference to manage pests. A trap 
crop is a planting a zone of a highly attractive plant (sometimes with 
the addition of a pheromone) where pests will congregate, and there-
fore be distracted from the less attractive crop which will serve as 
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the primary commodity. The trap can be treated with insecticides or 
other methods to kill the pest (‘dead-end’ trap crop) (Wallingford 
et al. 2013, Philips et al. 2014), or simply act a decoy. A push-pull 
strategy is mostly the same, only a repelling force is added to the 
commodity crop to ‘push’ pests out and into the more attractive 
‘pull’ zone (Gray et al. 2009).

Understanding the host preference of E.  varivestis is necessary 
for the development of the cultural strategies described above and 
to simply inform growers about potential pest issues in their crops. 
The lack of research on E. varivestis in recent decades has left a gap 
in current information related to the biology and potential manage-
ment strategies for this pest. Past research has demonstrated that 
E.  varivestis exhibits preference among cultivars of its most com-
mon host, Phaseolus (primarily snap and lima beans) (Howard and 
English 1924, Friend and Turner 1931, Wolfenbarger and Sleesman 
1961, Campbell and Brett 1966, Raina et al. 1978, Flanders 1984). 
Snap bean is generally more preferred by E. varivestis than lima bean 
(Howard and English 1924, Campbell and Brett 1966), although 
there are exceptions at the cultivar level (Campbell and Brett 1966, 
Raina et al. 1978, Flanders 1984). Campbell and Brett (1966) and 
Raina et  al. (1978) determined that ‘Spartan arrow’ snap bean, 
‘Jackson Wonder’ lima, and nearly all ‘wax bean’ (snap beans with 
yellow pods) cultivars were highly preferred and susceptible to 
injury by E. varivestis, while ‘Regal’ snap bean, ‘Idaho Refugee’ snap 
bean, ‘Baby Fordhook’ lima bean, and ‘Baby White’ lima bean were 
less preferred and susceptible. While this information is still relevant, 
evaluations of susceptibility and preference should continue with 
new cultivars, especially those that are currently popular among 
small growers.

In this study, E.  varivestis preference, developmental success, 
and resulting injury among snap and lima bean cultivars are exam-
ined (one soybean was included to serve as a control). The primary 
goal of these experiments is to determine if certain cultivars may be 
more or less safe to plant by growers in the range of E. varivestis. 
Host plant preference data may also be used for developing cultural 
management strategies such as trap crops and push-pull (Cook et al. 
2006, 2007; Gray et  al. 2009; Wallingford et  al. 2013; Stockton 
et al. 2016). Each cultivar evaluated in this study exhibits distinct 

phenotypic characteristics such as plant size, leaf color, and texture, 
as well as pod color and size (Table 1); however, these experiments 
were not designed or intended to provide a mechanistic explanation 
of how phenotypic differences influence susceptibility to E. varives-
tis. The cultivars tested in this study were chosen due to their likeli-
hood to exhibit differences in susceptibility to E. varivestis, according 
to previous research (Friend and Turner 1931, Augustine et al. 1964, 
Campbell and Brett 1966, Raina et  al. 1978, Flanders 1984) and 
surveyed growers (L. B.  Nottingham, unpublished). Surveys also 
suggested that the cultivars tested were commonly planted by small 
growers in the Mid-Atlantic (L. B. Nottingham, unpublished).

Materials and Methods

Preference, Survival, and Injury—Field
Plots
Small-plot field experiments were conducted over 4 yr (2013–2016) 
at Virginia Tech’s Kentland Research Farm in Whitethorne, VA 
(37.2013° N, −80.5656° W). Untreated seeds were purchased at 
the beginning of each season and sown using a small push seeder 
(1001-B, Earthway Products Inc. Bristol, IN) that dropped 1 seed 
per 8.2 cm. Plots were planted in mid- to late May and naturally 
colonized by wild E. varivestis populations. Crops were maintained 
according to standard commercial production practices except that 
no insecticides were applied, and weeds were removed by hand.

All field experiments were arranged in randomized complete 
blocks. A ‘plot’ (one experimental unit) involved a single bean cul-
tivar in consecutive rows. For all years, plot rows were 6.1 m long 
with 100 seeds each. Rows within plots were separated by 45 cm of 
bare soil, and plots were separated by 2 m of fallow soil. In 2013, 
2015, and 2016 each plot consisted of four rows, and in 2014, each 
plot was eight rows (Table 1).

Treatments
Treatments were comprised of individual bean cultivars (Table 1). 
In 2013, ‘Fordhook’ lima bean acted as a control group due to its 
expected host inferiority to snap beans (Campbell and Brett 1966). 

Table 1. Bean cultivars in experiments: general information, physical appearance and years tested

Cultivar Species Cultivar description Physical characteristics (relative to other cultivars) Years tested

‘Dragon’s Tongue’ (DT) Phaseolus vulgaris L.
Purple wax snap bean

Leaves: broad, flat, trichomes not visible, thin
Leaf color: light green
Canopy size, leaf density: large, dense

2013–2016

‘Rocdor’ Phaseolus vulgaris L.
Yellow wax snap bean

(Intermediate to DT and Caprice for all traits) 2013–2016

‘Caprice’ Phaseolus vulgaris L.
Green snap bean

Leaves: small, deep wrinkles, trichomes not visible course
Leaf color: green/dark green
Canopy size, leaf density: medium, medium

2013–2016

‘Fordhook 242’ (Fordhook) Phaseolus lunatus L.
Bush lima

Leaves: broad, flat, trichomes not visible, thick
Leaf color: light green
Canopy size, leaf density: large, medium

2013–2016

KOG Phaseolus lunatus L.
Pole lima bean

Leaves: broad, flat, trichomes not visible, thick
Leaf color: light green
Canopy size, leaf density: very large, dense

2014–2016

‘Henderson’ Phaseolus lunatus L.
Dwarf bush lima

Leaves: small, trichomes not visible, thin, waxy
Leaf color: dark green
Canopy size, leaf density: small, medium

2014–2016

‘Hutcheson’ (Soy) Glycine max (L.) Merr.
Field soybean

Leaves: small, thick, visible trichomes
Leaf color: light green
Canopy size, leaf density: large, medium

2014–2016
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Beetle survival and feeding injury were greater than expected on 
this cultivar (although still lower than the snap beans), so it was 
of interest to add more lima bean cultivars to all later experiments. 
‘King of the Garden’ (KOG) lima and ‘Henderson’ lima beans were 
selected; the former was expected to be highly susceptible to injury 
from E. varivestis (Friend and Turner 1931), while the latter more 
tolerant (Flanders 1984).

Insect Counts and Injury Ratings
Insect counts were conducted in 2013, 2014, and 2015, and injury 
was rated in 2015 and 2016 (Table 2). Fields were  scouted once 
per week after plant emergence for adult E. varivestis. After the first 
detection, plots were sampled for all E. varivestis life stages once per 
week between 08:00 a.m. and 10:00 a.m. Sampling was performed 
from 10 June to 19 July in 2013, 9 June to 7 July in 2014, and 
13 June to 14 July in 2015. For each sample event, 10 arbitrarily 
selected plants per plot were visually inspected for all E. varivestis 
life stages: adults, eggs, early instars (first and second), late instars 
(third and fourth), and pupae. Early instar data were ultimately 
omitted from analysis due to frequent outliers caused by recently 
hatched egg masses recorded as early instars.

Raw count data were converted to average insects/plant values 
for each plot and used to calculate seasonal densities of each life 
stage. Seasonal density values were calculated by pooling density val-
ues from individual plots over multiple sample dates. Dates used for 
pooled seasonal densities began for each life stage once individuals 
were found in at least five plots. For adult and egg seasonal densi-
ties, data from the final 2 wk of the season were omitted. As plant 
injury from larval feeding becomes more severe, less-injured plants 
(often less preferred earlier in the season) become more attractive for 
adult feeding, mating, and oviposition. Egg to pupal survival rates 
were estimated by dividing seasonal densities of pupae by seasonal 
densities of eggs for each plot. In 2015 and 2016, E. varivestis foliar 
feeding injury was assessed at early pod stage (ca. 4 cm length) using 
an ordinal scale of 0–5 (Table 2). Five plants per plot were arbitrarily 
selected and individually ranked.

Data Analysis
Individual life stages and survival proportions were analyzed sepa-
rately for each year. Life-stage densities were compared among 
cultivars using analysis of variance (PROC GLIMMIX, SAS 2017) 
assuming a Poisson distribution (DIST=P), with cultivar as the fixed 
effect and block as the random variable. Survival (pupae/eggs) was 
compared among species (lima and snap only; 2014 and 2015 only) 
and cultivars using logistic regression (PROC GLIMMIX), with cul-
tivar, species and their intercept as fixed effects and block as the 
random variable. Injury levels were compared among species (lima 

and snap only; 2014 and 2015 only) and cultivars using analysis 
of variance (PROC GLIMMIX, SAS 2017) assuming a Gaussian 
distribution (DIST=G), with cultivar, species, and their intercept as 
fixed effects and block as the random variable. For all analyses, het-
erogeneity of variance and non-normality of errors were evaluated 
by reviewing fit statistics and examining residual and normal quan-
tile-quantile plots. When main effects were significant (P  <  0.05), 
means separation among individual treatments was performed using 
ADJUST  =  SIMULATE option of the LSMEANS statement; dif-
ferences were accepted at P < 0.05. Cultivars were removed from 
individual analyses if no individuals or survival occurred across all 
replicates.

Survival—Greenhouse
Greenhouse experiments were conducted in 2015 and 2016 to exam-
ine survival of E. varivestis larvae among cultivars. Plants were grown 
from untreated seeds in a peat-based growing medium (Pro-Mix 
HP-CC, Premier Horticulture Inc., Quakertown, PA) in 25.4 cm diam 
plastic pots in a glass greenhouse at Virginia Tech in Blacksburg, VA. 
One seed was sown in each plastic starter tray, and at the first true-
leaf stage, two healthy plants of the same cultivar were transplanted 
into each individual pot. Each pot containing two plants was a repli-
cate. Five replicates for each cultivar were arranged in a randomized 
complete block design on grated tables in the greenhouse. Plants were 
watered every 48 h for 20 min at 09:00 a.m. via an overhead sprinkler 
irrigation system. The temperature was set to remain between 18.3°C 
(65°F) and 29.5°C (85°F). The greenhouse received sufficient natural 
sunlight; so, no artificial lighting was supplied.

Epilachna varivestis adults were collected from the field on 13 
June 2015 and 15 June 2016 from untreated field plots and put into 
mesh rearing cages with scarlet runner beans, Phaseolus coccineus (L.) 
(Fabales: Fabaceae). After numerous eggs masses were deposited (3–4 
d after introduction), adults were removed from cages, and juveniles 
were reared to adults. Egg masses (average 40 eggs/mass) laid by F1 
adults were collected by cutting the leaf tissue around the egg mass 
and placed in a 5 cm plastic Petri dish on moistened filter paper. Egg 
masses were checked daily, waiting until at least 10 masses hatched on 
the same day. Once ten recently hatched egg masses (all larvae still on 
egg mass) were found, the egg mass was moved to a larger 10 cm Petri 
dishes with a ca. 4 cm scarlet runner bean leaf disk for food.

About 24 h after hatching, most larvae had dispersed off the egg 
mass and were feeding. Healthy individuals were randomly selected 
from various cohorts and transferred onto experimental plants using 
a soft paintbrush. Each replicate started with five first instars in 2015 
and eight in 2016. Insects were checked periodically until fourth 
instars were detected, after which insects were checked every 24 h. 
Fully-developed pupae were recorded as completing development 
and were removed from plants.

Data Analysis
Survival proportions (pupae/first instars) were compared among spe-
cies (lima and snap beans only) and cultivars using logistic regres-
sion (PROC GLIMMIX). A  preliminary analysis was conducted 
with cultivar, year and their intercept as main effects and block as 
the random variable. Because the intercept of cultivar and year was 
not significant (P = 0.07), a new analysis was performed combining 
years, using cultivar as the fixed effect and year as a random vari-
able. Heterogeneity of variance and non-normality of errors were 
evaluated by reviewing fit statistics and examining residual and nor-
mal quantile-quantile plots. Means separation was performed using 
ADJUST = SIMULATE option of the LSMEANS statement; differ-
ences were accepted at P < 0.05.

Table 2. Ordinal scale used to quantify feeding injury by E. varives-
tis on individual plants

Rating Definition of injury

0 No feeding injury
1 Less than five leaves with feeding injury; no leaf with more than 

10% injury
2 Most leaves with feeding injury; no leaf with above 50% injury
3 Most leaves with feeding injury; 0–30% of leaves with above 

50% injury
4 Most leaves with feeding injury; 30–100% of leaves with above 

50% injury; some living leaf tissue remains
5 All remaining plant tissue (if any) is brown, and plant is likely 

dead
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Results

E. varivestis Densities, Survival and Feeding 
Injury—Field
Densities
Seasonal densities of E. varivestis adults, eggs, late instar larvae, and 
pupae are presented for 2013, 2014, and 2015 in Tables 3, 4, and 5,  
respectively. The main effect, density, was significant among cultivars 
for eggs and late larvae in all 3 yr, for pupae in 2013 and 2015, 
and for adults in 2013 only. Inter-year statistical comparisons were 
deemed inappropriate due to alterations to the plot design and num-
bers of replicates from year to year. However, trends observed across 
years are discussed.

Relative densities of adult beetles were variable among cultivars 
from year to year, except for their absence in soybean. In 2013, 
there was a clear preference by adults for the three snap bean cul-
tivars compared with lima bean; however, this trend did not per-
sist into 2014 and 2015. Despite similar adult densities among the 
snap beans in 2013, Dragons Tongue was the most preferred cul-
tivar for ovipostion, having significantly more eggs than all other 
cultivars. Across years, relative egg densities remained high on 
Dragon’s Tongue and KOG, high/intermediate on Rocdor, interme-
diate and variable on Caprice and Fordhook, low on Henderson, 
and absent on Hutcheson (soybean). Relative densities of late larvae 
and pupae among cultivars were similar: high on Dragon’s Tongue, 
high/intermediate on Rocdor, intermediate and variable on Caprice, 
KOG and Fordhook, low on Henderson, and absent on soybean. 
Certain numerical consistencies are also worth acknowledging. For 

snap beans, Dragon’s Tongue always had the greatest densities of 
eggs, larvae and pupae. For late instars and pupae, relative densities 
remained as follows (greatest to least): Dragon’s Tongue, Rocdor, 
Caprice. Of the lima beans, KOG had the most late instars and 
pupae in 2014 and 2015. All snap beans had more late instars and 
pupae than Fordhook and Henderson in 2014 and 2015. Hutcheson 
soybean always had the lowest beetle densities except in 2014, when 
no pupae were found in soybean or Henderson lima.

Survival
Survival (pupae/eggs) was significantly greater on snap beans 
than lima beans in both 2014 (F1,18 = 12.0, P = 0.0023) and 2015 
(F1,32 = 5.47, P = 0.0257) (Fig. 1). Survival differences among culti-
vars was significant in all 3 yr (2013: F3,22 = 3.88, P = 0.0229; 2014: 
F4,13 = 4.40, P = 0.0182; 2015: F5,28 = 4.12, P = 0.0063); however, 
means separations among cultivars were more ambiguous than those 
for juvenile densities. No pupae were found on Henderson in 2014, 
or soybean in 2014 and 2015; therefore, they were excluded from 
statistical analysis. Survival on the two wax bean cultivars was con-
sistently in the highest bracket, while survival on Henderson and, to 
a lesser extent Fordhook, was low (Fig. 1).

Foliar Injury
Feeding injury levels were more closely associated with densities 
of late juvenile stages than adults, as shown by positive correlation 
values to both late instars (R2 = 0.36, data not shown) and pupae 
(R2 = 0.39, Fig. 2), while exhibiting negligible correlation to adults 

Table 3. Seasonal densities of E. varivestis life stages on bean cultivars in 2013

Density (individuals/plant)

Cultivar n Adults ± SEM Eggs ± SEM Late instars ± SEM Pupae ± SEM

DT 8 0.37 ± 0.11a 13.93 ± 1.65a 10.60 ± 1.02a 4.99 ± 0.87a
Rocdor 8 0.38 ± 0.13a 5.26 ± 0.87b 10.09 ± 1.50ab 3.38 ± 1.13a
Caprice 8 0.33 ± 0.10a 7.48 ± 1.26b 6.29 ± 1.22b 2.57 ± 0.73a
Fordhook 8 0.18 ± 0.06b 8.91 ± 2.65b 1.60 ± 0.20c 0.09 ± 0.05b

P 0.0197 < 0.0001 < 0.0001 0.0061
F 3.96 11.60 15.56 5.51
df 3,25 3,25 3,25 3,25

Seasonal density values are the pooled averages from individual plots across multiple peak dates. Values in the same column not sharing a similar letter are 
significantly different (P < 0.05).

Table 4. Seasonal densities of E. varivestis life stages on bean cultivars in 2014

Density (individuals/plant)

Cultivar n Adults ± SEM Eggs ± SEM Late instars ± SEM Pupae ± SEM

DT 4 0.67 ± 0.31a 10.10 ± 1.01a 9.29 ± 1.06a 2.65 ± 0.51a
Rocdor 4 0.27 ± 0.13a 5.24 ± 1.14abc 7.08 ± 1.80ab 2.38 ± 1.39a
Caprice 4 0.33 ± 0.35a 3.76 ± 2.13bc 6.90 ± 1.53ab 1.15 ± 0.74a
Fordhook 4 0.35 ± 0.09a 11.14 ± 2.00a 2.93 ± 0.74bc 0.23 ± 0.10a
KOG 4 0.33 ± 0.09a 6.89 ± 2.34ab 3.19 ± 1.10bc 0.28 ± 0.17a
Henderson 4 0.19 ± 0.07a 1.56 ± 1.08c 0.30 ± 0.30c 0.00 ± 0.00
Soy 4 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

P 0.3138 0.0013 0.003 0.0782
F 1.29 7.20 6.02 2.75
df 5,17 5,17 5,17 4,14

Seasonal density values are the pooled averages from individual plots across multiple peak dates. Values in the same column not sharing a similar letter are 
significantly different (P < 0.05).
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(R2 = 0.02; Fig. 2). Injury levels were significantly greater on snap 
beans than lima beans in 2015 (F1,39 = 6.06, P = 0.0184) and 2016 
(F1,19 = 46.23, P < 0.0001; Fig. 3). Among cultivars, injury was signif-
icant in both 2015 (F1,39 = 6.06, P < 0.0001) and 2016 (F1,19 = 46.23, 
P < 0.0001; Fig. 3). In both years, all snap and lima bean cultivars 
had significantly greater injury than soybean. Although no larvae or 
pupae were found in soybean in either year, occasionally adults were 
observed feeding; hence the presence of minor injury. Relative dif-
ferences in injury among cultivars were more distinct in 2016 than 
2015, but trends were similar for both years nevertheless. Dragon’s 
Tongue had the greatest injury of all cultivars, numerically, and was 
similar to Rocdor in both years. Caprice was the least injured of the 
snap beans and was similar to KOG in both years. KOG was the 
most injured lima bean. It had similar injury levels with Caprice and 
was consistently less injured than Dragon’s Tongue (Fig. 3).

Survival—Greenhouse
Proportion of E.  varivestis surviving from first instar to pupae in 
greenhouse experiments was significantly different among culti-
vars (F6,62 = 11.92, P < 0.0001; Fig. 4). Beetle survival was greatest 
on Dragon’s Tongue and Caprice, intermediate/high on Rocdor and 
KOG, intermediate/low on Fordhook and Henderson, and lowest on 
the soybean. Relative survival among cultivars in the greenhouse was 
similar to the field with the exception of Caprice, which appeared to 
be a better host under greenhouse conditions than in the field (Fig. 4).

Discussion

Preference and host susceptibility among host plants involves multi-
ple factors, such as attraction, developmental success, plant defense 
mechanisms, sensitivity to feeding, and others. Each factor may be 
evaluated using one or more measurable variables, which will vary 
in importance based on the goals of the user. The specific variables 
measured in our study were densities, injury levels, and survival of 
E. varivestis on various bean cultivars. These variables are used in 
multiple ways to describe relative differences in preference and sus-
ceptibility. While narrower conclusions can be drawn from individ-
ual variables such as ovipositional preference from egg density data, 
a broader understanding of preference and susceptibility requires 
joint consideration of multiple variables.

Snap beans as a group were more preferred and susceptible to 
E. varivestis than lima beans (greater ovipositional preference, sur-
vivorship, densities of late instars and pupae, and feeding injury). 
Campbell and Brett (1966) and Raina et al. (1978) also reported this 
outcome. The primary exception was KOG lima, which exhibited 
high relative densities of eggs and juveniles and concomitant injury 
in 2015. Among the snap beans, wax beans were notably more 
preferred and susceptible in the field. Raina et al. (1978) similarly 
concluded that wax snap beans were consistently among the most 
injured cultivars. The soybean, Hutcheson, had infrequent E. vari-
vestis pressure in the field, other than occasional feeding by adults 
which led to low levels of injury. Wolfenbarger and Sleesman (1961) 

Table 5. Seasonal densities of E. varivestis life stages on bean cultivars in 2015

Density (individuals/plant)

Cultivar n Adults ± SEM Eggs ± SEM Late instars ± SEM Pupae ± SEM

DT 8 0.45 ± 0.09a 14.88 ± 2.02ab 7.18 ± 0.77a 3.74 ± 0.72a
Rocdor 8 0.31 ± 0.08a 14.33 ± 5.08ab 6.58 ± 0.97a 2.28 ± 0.49ab
Caprice 8 0.31 ± 0.09a 11.25 ± 4.46bc 5.79 ± 1.42ab 1.95 ± 0.63ab
Fordhook 8 0.56 ± 0.16a 8.90 ± 3.71c 2.84 ± 0.74b 0.70 ± 0.36b
KOG 8 0.43 ± 0.12a 17.65 ± 4.22a 5.28 ± 0.39ab 2.60 ± 0.41ab
Henderson 8 0.31 ± 0.75a 10.30 ± 4.50bc 2.76 ± 0.51b 0.91 ± 0.29b
Soy 8 0.03 ± 0.02a 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

P 0.4697 0.0002 0.0011 0.0033
F 0.96 6.56 5.25 4.39
df 6,34 5,41 5,41 5,35

Seasonal density values are the pooled averages from individual plots across multiple peak dates. Values in the same column not sharing a similar letter are 
significantly different (P < 0.05).

Fig. 1. Average survival (±SEM) of E. varivestis on bean cultivars in 2013, 2014, and 2015. Survival values were calculated for each plot using the formula: 
seasonal density of pupae / seasonal densities of eggs per plant.  For each graph, cultivars not sharing a letter are significantly different (P < 0.05). For 2014 
and 2015, different numbers of asterisks depict significant differences (P < 0.05) between the pooled averages of snap beans and lima beans; soybean was not 
included in species comparison.
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also found almost no feeding on soybean when grown near snap 
beans. Interestingly, our greenhouse experiment demonstrated that 
a modest proportion of E. varivestis were able to complete develop-
ment on soybean.

The purple wax bean, Dragon’s Tongue, stood out as the most 
susceptible cultivar overall, being in the top tier of susceptibility 
for all comparison tests. This cultivar has distinct physical traits 
that may play a role in its susceptibility. Its leaves are smoother 
and softer than the other cultivars tested (Table 1, Fig. 5), which 
may be easier to consume by E. varivestis due to its unique feeding 
style. Larvae and adults scape plant leaves, rather than chew, to 
dislodge a thin layer of tissue into a mass, which they then squeeze 
to extract and consume liquid nutrients (Howard 1941). Canopy 
structure may also play a role in Dragon’s Tongue’s suitability as 
a host. Its broad and billowing leaves create a larger, more shaded 
canopy than the other snap beans. Shade is an important factor, as 
increased exposure to direct light deters and can kill E. varivestis 
(Howard and English 1924, Miller 1930). Nottingham and Kuhar 
(2016) demonstrated that growing beans on reflective plastic mulch 
reduced densities of E. varivestis compared with black plastic and 
bare soil, suggesting that increased light intensity limits this pest. 
Dragon’s Tongue’s leaves are a much lighter green that almost 
appears yellow, while other snap beans are noticeably darker. 
Yellow is often more attractive than green to many insects including 

coccinellids (Mondor and Warren 2000, Adedipe and Park 2010), 
thus prompting another theory for Dragon’s Tongue attractiveness 
to E. varivestis.

The yellow wax bean, Rocdor, was often intermediate between 
Dragon’s Tongue and Caprice in terms of preference and susceptibil-
ity to E. varivestis. Its leaf and canopy structure were also interme-
diate, being smoother and broader than Caprice, but less so than 
Dragon’s Tongue (Table 1, Fig. 5). The green snap bean, Caprice, had 
the small, course and deeply wrinkled leaves (Table 1, Fig. 5), which 
could have contributed to it being the least susceptible of the snap 
beans. Caprice had low or intermediate ovipositional preference 
and intermediate injury from E. varivestis; but interestingly, survival 
was similar to both wax beans in the greenhouse and the field. This 
demonstrates the importance of evaluating multiple factors to gain a 
more dynamic understanding of susceptibility.

The pole lima bean, KOG, was the most susceptible lima bean 
to E.  varivestis. Oviposition, survival, and injury were generally 
more aligned with the snap bean cultivars than the other two lima 
beans. Being the only pole cultivar, KOG exhibited a longer time-
frame of vegetative growth than the other cultivars. This gave KOG 
the potential for greater recovery which the other cultivars did not 
have, because E. varivestis pressure often decreases in mid-summer 
once temperatures regularly exceed 32°C (90°F) (Marcovitch and 
Stanley 1930, Auclair 1960, Kitayama et al. 1979). This benefit may 

Fig. 2. Correlations of E. varivestis adults and pupae seasonal densities to feeding injury on plants. Seasonal densities of E. varivestis adults (a) and pupae (b) 
per plant are on  y-axes and average feeding injury levels per plant are on x-axes. The correlation value (R2) represents strength of the association between the 
life stage and injury.

D
T

R
oc

do
r

C
ap

ri
ce

Fo
rd

ho
ok

K
O

G

H
en

de
rs

on

H
ut

ch
es

on

0

1

2

3

4

5

D
T

R
oc

do
r

C
ap

ri
ce

Fo
rd

ho
ok

K
O

G

H
en

de
rs

on

H
ut

ch
es

on

Av
g.

 in
ju

ry
 le

ve
l /

 p
la

nt

0

1

2

3

4 2015
a

ab b b
ab

**
*

**

*b

c

2016

ab
bc

de

c

a

d

e

Snap bean Lima bean Soybean

Fig. 3. Average injury level (±SEM) by E. varivestis to bean cultivars in 2015 and 2016. An injury level (0–5) was assigned to each of five plants per plot. For 
each graph, cultivars not sharing a letter are significantly different (P < 0.05). Different numbers of asterisks depict significant differences (P < 0.05) between the 
pooled averages of snap beans and lima beans; soybean was not included in species comparisons.

Journal of Economic Entomology, 2019, Vol. 112, No. 2 741
D

ow
nloaded from

 https://academ
ic.oup.com

/jee/article-abstract/112/2/736/5272367 by ESA M
em

ber Access user on 12 April 2019

(a) 2 
Adults • 

1.5 

1: 
"' 0.. • 

• "' -§ • • •• ~ •• • • •• 0.5 . . ............. 
········~·;·~· ••• 

0 - - - - -
0 2 

□ 

(b) 7 

6 

5 
1: • "' 0.. 4 
0) 

"' 3 0. 
::, 

R' = 0.02 i:i... 

····· 2 

0 
3 4 0 

Pupae 
■ 
■ 

■ ■ 
■ R' = 0.39 

■ I .. .. ..... 
■ ■ •• 

: ■ • ••• •··· 
■ •• ■ 

■ ... 
■ ···• ■ ■ • •• • ■ ■ ■ 

........ ■ ■ ■ 
..•· ■ ■ 

2 

■ 

■ 

3 
Avg. injury rating I plant 

■ □ 

4 



also have a downside. The increased growth of KOG yields a larger 
canopy with more shade, which may contribute to the success of 
E. varivestis.

Fordhook exhibited low preference and susceptibility in most 
situations, with one notable exception. Fordhook had the most eggs, 

numerically, of all cultivars in 2014, while in other years oviposition 
was relatively low. Despite this converse outcome in preference, sur-
vival and injury remained low on Fordhook in 2014, like the other 
years. This certainly speaks to the liability of individual variables, 
and the need to investigate multiple factors when examining sus-
ceptibility. The structure of Fordhook’s leaves was very similar in 
size and texture to KOG (thick, smooth and broad; Table 1, Fig. 5); 
but its canopy was much smaller and more open. This supports 
the hypothesis that increased light penetration through the canopy 
results in a less suitable host plant.

Preference and survival were consistently low on Henderson. 
Campbell and Brett (1966) also found Henderson to be among 
the most resistant cultivars to E.  varivestis. Henderson leaves are 
small, thin, waxy and distinctively darker than all other lima and 
snap bean cultivars (Table 1, Fig. 5). High light penetration through 
Henderson’s canopy and the waxy cuticle of its leaves could have 
been limiting factors to the survival of E. varivestis. Additionally, its 
dark green leaf color could make Henderson less recognizable as a 
host, since most snap and lima beans are a much lighter green.

It is also important to consider physiological characteristics of 
host plants that may have influenced preference and survival of 
E.  varivestis. Most beans produce cyanogenic glycosides (Vetter 
2000), which are converted into hydrogen cyanide in response 
to pest feeding and can halt feeding and/or intoxicate the pest 
(Viehoever 1940, Gleadow and Woodrow 2002, Ballhorn et  al. 
2009). Cyanogenic glycosides occur at varying concentrations in dif-
ferent varieties and cultivars of Phaseolus beans and are more likely 
to occur at toxic concentrations in lima beans (Nayar and Fraexkhl 
1963, Ballhorn and Lieberei 2006). These compounds are not poi-
sonous at low concentrations, and paradoxically can stimulate 
E. varivestis feeding (Nayar and Fraexkhl 1963). Feeding preference 
of E. varivestis can also be modulated by the presence of internal 

Fig.  4. Average survival (±SEM) of E.  varivestis on bean cultivars grown 
in the greenhouse. Survival values were calculated for each potted plant 
using the formula: number of pupae/ number of first instars at start (five 
in 2015, eight in 2016). Survival values from each plant were averaged for 
each cultivar across both years to gain the average survival. For each graph, 
cultivars not sharing a letter are significantly different (P  < 0.05). Different 
numbers of asterisks depict significant differences (P  <  0.05) between the 
pooled averages of snap beans and lima beans; soybean was not included 
in species comparison.

Fig. 5. Pictures of mature trifoliate leaves from each bean cultivar tested in these experiments.
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sugars, such as fructose and sucrose, with greater concentrations 
being preferred (LaPidus et al. 1963, Augustine et al. 1964).

The results of our study have various uses in integrated pest man-
agement of E.  varivestis. Growers interested in planting Dragon’s 
Tongue should be aware of its high susceptibility to E. varivestis, and 
plan accordingly. In locations where E. varivestis pressure is severe, 
monitoring and management on Dragon’s Tongue will require more 
diligence. Our findings may also be applicable for the development 
of cultural strategies, such as in trap cropping or push-pull strate-
gies. ‘Dead-end’ trap crops are strategic plantings of highly attractive 
hosts, which attract and consolidate pests into an area where the 
insects can be selectively eliminated (Wallingford et al. 2013, Philips 
et al. 2014). Trap cropping to manage E. varivestis was attempted 
by Rust (1977), using snap beans as a trap for lima beans. Both the 
trap (snap beans) and the commodity (lima beans) in the Rust (1977) 
study sustained similar injury levels, making the attempt unsuccess-
ful. However, simple variations to this setup, such as more discerning 
cultivar choices, may alter these results. Based on the results of our 
study, future experiments testing cultural strategies should consider 
using the Dragon’s Tongue as the trap for Caprice, Fordhook or 
Henderson. Push-pull systems are similar to trap crops, except the 
commodity should include a pest repellent (Gray et al. 2009). This 
could be achieved by planting one of the less-susceptible cultivars 
on reflective polyethylene mulch, which has been shown to repel 
E.  varivestis (Nottingham and Kuhar 2016). The repellent mulch 
combined with a less attractive cultivar will ‘push’ the pest into the 
more attractive Dragon’s Tongue, where grower will have the option 
of selectively destroying the pest by treating only the pull zone, or to 
simply letting it act as a reservoir.

In conclusion, our results confirm that E.  varivestis severity 
can vary among bean cultivars and, therefore, cultivar choice may 
affect the risk of pest damage. Although most previous research on 
cultivar susceptibility to E. varivestis was conducted more than 30 
yr ago and on different cultivars, two key findings remained similar: 
1)  wax snap beans were highly susceptibility to E.  varivestis and 
2) lima beans, as a group, were less susceptible than snap beans. The 
results presented in this study will hopefully benefit both researchers 
and growers by contributing information about this pest’s biology 
and informing cultural practices to improve management.
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