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Severa l strain s of the entomopathog enic fungus Beauveri a bassian a have been consider ed for use

as microbia l insectic ides. Experimental sprays were conduct ed in an alfalfa ®eld with an

aphid-derived strain of B. bassiana to determine its persiste nce and its effects on pea aphids ,

Acyrthosiphon pisum (Homoptera: Aphididae) and a non-target aphid predator, Hippodam ia

converg ens (Coleoptera: Coccinelli dae). B. bassiana conidia persisted in the ®eld for at leas t 28

days, when approximately 10% of the origina l inoculu m was still present . In the lower canopy ,

more conidia were present than on other plant parts and they persisted longer on the leaves in

this location . However , conidia were still abundan t in the upper canopy , where 97.9% of the

aphids and 95.5% of H. convergens larvae were found . Thus, both insect species were exposed

to the fungus for at leas t 1 month . However, pea aphid populat ions were not affected by the

fungus . The predato r’s incidence was reduced by 75±93% (depend ing on applicat ion rate) early

in the season , but was not affecte d later in the season. Insect life history patterns and weather

conditio ns are likely cause s for the differences seen in ®eld effects .

Keywords: microbia l pesticide, insect pathoge n, Acyrthosiphon pisum, Hippodamia converg ens,

Beauveri a bassiana

INTRODUCTION

Many entomopathog enic fungi have broad host ranges (Goettel et al., 1990), and the use of such

microorganisms to control insec t pests may presen t risks to predatory insects that are importan t

biologic al control agents themselves . The US Environmental Protectio n Agency requires that the

potentia l effects of microbia l pest contro l agents on non-target organis ms be assessed before

Correspondence to R. R. James, Department of Forest Science, Oregon State University, Corvallis, OR 97331±7501,

USA.
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registrat ion. In the past, assessin g risks to non-target arthropo ds usually involved laborato ry

bioassay s, and only a few studie s have been done in the ®eld (i.e. see Flexne r et al., 1986).

In the ®eld, the risk of an insect populati on to a particul ar microbia l pesticid e depend s both

on the innate suscepti bility of the insect , the degree of its exposure and environ mental conditions.

Laboratory bioassay s can give some indication of innate suscepti bilitie s and the effects of

differen t environmenta l conditio ns. However, the degree of exposure depend s on the likelihoo d

that the insec t will come into contac t with the microbe, which , in turn , is dependent on factors

such as persistence of the microbia l agent , its distribu tion in the canopy and the behavio r and

morpholo gy of the insect .

Beauveria bassian a is an entomopathog enic fungus (class Hyphomycetes) that has a very

broad host range, infectin g all the major insec t orders (Goette l et al., 1990). It has been

consider ed as a pest contro l agen t for a variety of pests, principa lly from, but not restricted to,

the orders Coleopter a, Lepidopte ra and Hemiptera (Tanada & Kaya, 1993). The suggesti on that

it be used for aphid contro l (Pavliushin, 1983 ; Feng et al., 1990; Dorschne r et al., 1991) raises

concern s for coccinel lids. In the laborato ry, MagalhaÄes et al. (1988) found that B. bassiana was

pathoge nic towards two non-target aphid predator s (both coccine llids), and Hippodamia conver-

gens (Coleopter a: Coccinelli dae) was later found to be suscepti ble to two differen t strain s of the

fungus (James & Lighthart , 1994). One of these strains , ARSEF 2883 , was of particular interes t

for furthe r study because it was originall y isolate d from an aphid , Schizaph is gramminum

(Homoptera : Aphididae), and has shown pathoge nicity towards severa l other Aphidida e (Feng et

al., 1990 ; Dorschne r et al., 1991).

Using strain ARSEF 2883, ®eld experiments were conduct ed in alfalfa to determine: (1) the

persistence and distribut ion of B. bassian a within the crop canopy after spray applicat ion; and

(2) its effects on populati ons of a pest insect , the pea aphid Acyrthosiphon pisum (Homoptera :

Aphididae) and a predato r of this pest, H. convergens. The behavior of the insects in the

greenho use was also observe d in order to determine their distribut ion in the alfalfa canopy . This

information was used to assess the relative risks to exposur e for the two insects . Alfalfa is an

ideal crop for testing funga l agents because humidity levels within the canopy are very high due

to the dense growth of the foliage , and activitie s of many entomopathog enic fungi are enhance d

under conditions of high humidity.

MATERIALS AND METHODS

Field Experiments

Field site. The experimenta l site, a 2-year-old alfalfa ®eld on the Oregon State Universit y

Entomology Farm, less than 2 miles east of Corvallis , OR, was maintaine d as a hay crop by a

local farmer. The 105 3 82 m ®eld was divided into a grid, with 7.6-m spacing between

intersect s, and each intersec t was a potentia l plot location , giving 108 possible plot location s.

Each treatment and replicate was randomly assigned to one of these location s. The whole

experiment was repeated twice during the season , but the same plot locatio n was not used more

than once . Each `plot’ consisted of a 1 3 1 3 1-m screen cage (mesh size 0.125 3 0.10 cm), with

the screening buried approx . 25 cm into the ground . The top of the cage opened to allow access

for spraying plots and sampling plants , and was fastened closed with Velcro .

Experimental design . For the ®rst experiment, 0.5 g of live aphids were added to each cage at

the end of March to allow them to become established before treatments were applied . On

25 April, 20 neonate H. converg ens larvae were added to each cage . Two days later, B. bassian a

treatments were applied . Three concentr ations of B. bassian a ARSEF 2883 were tested :

104 (low), 106 (medium) and 108 (high ) conidia ml 2 1. A water contro l was also included. The

fungus was culture d on Sabaroud maltose agar with yeast extrac t (SMAY, Difco Laborator ies,

Detroit , MI, USA) at 25 C. Conidia were removed from the agar plates after 1 month and stored

at 2 80 C until needed (after 25 days for the ®rst experiment and 3 months for the second one).

The evening before a spray applicati on took place , conidia were mixed in water using a tissue
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grinder . The conidia ±water mixture was adjuste d to the desired concentr ations using a hemocy-

tometer to enumerate the conidia .

Conidia suspens ions were applied to the plots with a gas (N2) pressure backpack spraye r at a

rate of 137 ml/plot for coverag es of 0, 1.4 3 1010, 1.4 3 1012 and 1.4 3 1014 conidia ha 2 1. Plants

were sprayed to just before run-off at this rate . There were eight cages/treatment: four of these

cages were used for a single destruct ive sample for insects and four were used for sampling

plants for B. bassiana persiste nce. Thus, there were four replicat es for each spray treatment.

The experiment was repeated on 1 July after the ®rst hay crop was taken off the ®eld. The

second experiment was set up like the ®rst, excep t aphids were placed in the cages 2 days before

the spray treatment and second instar H. converg ens (3 days old) were used . Slightly older larvae

were used because H. convergens recovery rates were low in the ®rst experiment. All insects

released in the ®eld experiments were laborato ry reared as described by James and Lighthar t

(1992).

Sampling for B. bassiana persiste nceÐ stomacher samples. To estimate the persistence of

funga l conidia in the alfalfa ®eld, plots were sampled just after they were sprayed and on the

following days after spray : 1, 2, 4, 10, 16 and 28 for the ®rst experiment and 1, 2, 4, 7, 14 and

21 for the second experiment. To determine if the initia l spray was distribu ted evenly in the

canopy , and to see if conidia l persistence was depende nt on the location of the sample in the

canopy , four differen t types of samples were taken. Four plants were randomly sampled from

each plot. Alfalfa grows as a clump of severa l stems from one plant. Each of these stems is

referre d to here as a `plant’, even though it may only be a ramet. Use of the term `stem’ is

reserve d for the structur al stem of the plant, as opposed to the leaves . The plant samples were

divided into stems and leaves , and the stems and leaves were divided into those that came from

the top half of the plant and those that came from the bottom half of the plant. These plant parts

were grouped by plot and put into sterile plastic bags. In the laborato ry, 20 ml of sterile deionized

water were added and the sample was processed for 1 min in a stomacher blende r (Tekmar,

Cincinnat i, OH, USA). This macerated the plants and dislodged the conidia . A standar d plate

count technique was then used to determine the number of conidia /sample. A culture medium

selectiv e for B. bassian a describe d by Sneh (1991) was used, excep t that SMAY made up the

nutrien t base . Sneh (1991 ) used a wheat germ extract , but the authors found that a more uniform

medium could be obtaine d using SMAY, and it was easier to prepare .

After the liquid extrac t in the stomacher samples had been plated , the plant material was

®ltered, dried at 60 C and weighed to determine dry biomass. The samples could then be

standard ized based on dry plant biomass.

Stomacher samples were used to determine the initia l distribut ion and density of B. bassian a

conidia after spray , and the persiste nce of conidia on differen t plan t parts and in canopy

location s. To determine whether or not conidia were initially distribut ed evenly with respect to

plant parts and heigh t within the canopy , a multivaria te analysi s of varianc e was used to

determine if treatment concentr ation , plan t part and/or canopy locatio n had an effect on conidia l

density on day 0. Each experiment was analyzed separately. If signi®cant interacti ons were found

between treatment concent ration s and any other main effect , the analysis was conduct ed for each

concent ration separate ly. If there were interacti ons between the other main effects , then a

Tukey’s LSD (SAS, 1990) was used to compare the means of each sample type .

The persiste nce of conidia was de®ned as the rate of decline in density over time, as

determined by the slope of the linea r regression of log conidia l density (the number of conidia

g 2 1 of plant sample (dry weight) over time (days post-spr ay)). A separate regression analysi s was

carried out for each replicat e. The slopes were then compared using multivariate analysi s with

dose, plant part and canopy sample heigh t as the main effects (SAS, 1990).

Sampling for B. bassiana persistenceÐleaf blot samples . To determine the number of conidia

on the top and bottom surface s of a leaf, the leaf was sandwiched between two contac t surface

plates ®lled with the selectiv e medium. For each plot, ®ve leaves were randomly sampled from
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the top halves of plants and ®ve leaves from the bottom halves of plants . The sample days were

the same as for the stomacher samples .

Statistica l analysi s of these samples was the same as for stomacher samples, except that

differen ces in spore counts between leaf sides and between leaf location s within the canopy were

compared. The ®ve samples from each cage were pooled , and each cage was conside red a

replicate . The mean number of conidia recover ed per sample was the dependent variable used in

regressions for determining the rate of declin e in conidia .

Weather. Daily weather conditions were recorded at the site for both ®eld experiments using

a Campbell Scienti®c (Logan, UT, USA) data logger . Hourly rainfall , mean hourly temperature ,

humidity and inciden t solar radiation were recorded . Measure s for temperature , humidity and

inciden t solar radiatio n were taken within the plant canopy inside a cage, and in the air above

a cage. This was to give a measure of the effects of the cages .

Sampling for insect survival . Previou s tests done in the authors ’ laborato ry (James & Lighthart ,

1994) found that all H. converg ens mortality due to B. bassiana occurs within the ®rst 10 days

after exposure, with the majority occurrin g within the ®rst 6 days, at 25 C. To make laborato ry

and ®eld data comparable , insects were sampled 11 days after treatment (rain on day 10

preclude d sampling) . A Shuh shake r (Gray & Shuh, 1941) was used to sample for pea aphids and

H. convergens larvae . Whole plants were cut and placed in the sampler with methylethyl ketone ,

which anesthet ized the insects , allowing them to be shaken off the plants into a collection jar.

The plots were also inspected after they were cut to collec t any larvae that had fallen when the

plants were cut. The tota l dry biomass was determined for each insec t species , as well as the

number of individu als for H. converg ens larvae. An F-test (SAS, 1990) was used to test for a

signi®cant effec t of treatment on insec t survival . If a signi®cant effect was seen , a Tukey’s LSD

(SAS, 1990) was used to compare treatments .

Greenhouse Experiments

Greenhouse experiments were conduct ed to determine where in the canopy , and on which plant

parts, pea aphids and H. converg ens larvae occurred and the relative proporti on of time spent in

each area . Twenty-fou r 0.6 3 0.6-m alfalfa plots were established in a 6.6 3 4.2-m array in the

ground in a greenho use. Pea aphid populat ions were established in the plots, but not H.

converg ens.

To determine the pea aphid distribut ion, 25 plants were randomly sampled from three differen t

plots, and the number and location of all aphids on these plants were recorded. Plant parts were

categori zed as follows: the terminal bud; the upper and lower halves of the stem; and the upper

and lower leaf surfaces in the upper and lower halves of the plant. A total of 1262 aphids were

sampled and the proporti on of aphids found in each locatio n was determined.

To sample H. convergens larvae, 20 neonate larvae were released into each plot. Larvae were

then sampled 2, 5, 7 and 9 days after their release , to allow for sampling over the time period

of the ®eld samples. On each day, three plots were randomly selected (althoug h the same plot

was never used twice). All plants in a plot were cut and inspected for larvae , and the number and

locatio n of all larvae was noted . The plant part location s were categori zed as above. A total of

84 larvae were recovered.

RESULTS

Field Experiments

Weather conditio ns during experiments. The temperature ¯uctuate d between 6 and 20 C during

the ®rst half of the ®rst experiment and there was consider able rainfal l (54.36 cm3; it rained on

12 of the 28 days of the experiment). As a result, the foliage was constant ly wet, and the relativ e

humidity (RH) was always high . Daily means ranged from 82 to 96%, and the daily highs

were $ 96% RH. Temperature s were fairly cold for H. converg ens, which has a developmenta l
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threshold of 13 C (Miller , 1992) , but were somewhat warmer in the second experiment,

¯uctuatin g between 10 and 25 C. The total number of degree-d ays (above 0 C) for the ®rst

experiment was 410, but there were only 69 degree-days above 13 C, whereas for the second

experiment there were 372 tota l degree-days , with 93 degree-days above 13 C. Thus, there were

more thermal units availabl e to the insects in the second experiment, even though it was a week

shorter in duration . The daily means in RH in the second experiment ranged between 72 and

96%, and the daily highs were always $ 96%. Thus, night time highs were similar to those in the

®rst experiment but the RH dropped to lower levels during the day. This effect was, in part, due

to the lower levels of rainfal l (17.78 cm 3).

Cages reduced light levels by 32%, somewhat dampened the ¯uctuatio ns in RH and had little

effec t on temperature . The weathe r conditions reporte d above are for within the canopy in the

cages.

B. bassiana persistenceÐstomacher samples. In both experiments, locatio n within the canopy

had no signi®cant effect on the initia l spray depositi on (day 0) at any concentration (Figures 1

and 2). In the ®rst experiment, a sligh t increase was seen in the number of conidia sampled on

the second day over the ®rst day. This increas e must have been due to a sampling error that

underest imated the number of viable conidia just after spray , and occurred consistently over all

sample treatments.

In both experiments , conidia persiste d for longe r than the sampling period (21±28 days) in

both the high and medium spray rates. The conidia l density decline d to about 10% of initial

densitie s after 21 days, althoug h the rate of decline did depend on the treatment and sample type .

In the ®rst experiment, a signi®cant differen ce was seen between doses in the rate of declin e

(F 5 11.22, P # 0.001) , with the middle concent ration treatment (mean regression

slope 5 2 0.23) showing the most rapid decline in spore density (Figure 1). There was also a

signi®cantly faster decline in the upper canopy (mean regression slope 5 2 0.20) than in the

lower canopy (mean regression slope 5 2 0.12) (F 5 10.90, P # 0.003) . There was no differen ce

between leaves and stems in the persistence of the fungus , and there were no interacti ons

between the main effects (dose, plant part and locatio n in the canopy) .

The persiste nce of conidia in the second experiment was similar to that seen in the ®rst

experiment (Figure 2). The effect of dose on the rate of decline in conidia was signi®cant

(F 5 5.16, P # 0.01), but the lowest dose had the greates t rate of declin e and the highes t dose had

the slowest rate of decline . There was also a faste r declin e in conidia in the upper canopy (mean

regression slope 5 2 0.28) than in the lower canopy (mean regression slope 5 2 0.17)

(F 5 88.24, P # 0.0001) . Unlike in the ®rst experiment, there was also a differen ce between

leaves and stems (F 5 7.15, P # 0.002) . The conidia on the stems declined at a faster rate (mean

regression slope 5 2 0.25) than those on the leaves (mean regression slope 5 2 0.20). The

interacti on between dose and locatio n within the canopy was signi®cant (F 5 7.15, P # 0.003).

Visual inspecti on of Figure 2 reveals the low dose as the probable cause of this statistica l

interacti on. When the low dose was removed from the analysis , dose , locatio n within the canopy

and plant part were all signi®cant effects , and there were no interactions. When the low dose was

analyzed separate ly, similar respons es were seen, excep t the differen ces in the rate of conidia l

declin e between the upper and lower canopy were greate r (Figure 2), thus explaining the

interacti on seen .

B. bassiana persiste nceÐ leaf blot samples . In the ®rst experiment, there was no differen ce

between leaf sides nor location s in the canopy on the initial depositi on of conidia (Figure 3). This

is consiste nt with the results from the stomacher samples , where there was also no effec t of

locatio n in the canopy . In the second experiment, there were signi®cantly fewer conidia in the

lower canopy than in the upper canopy (F 5 10.80, P # 0.007) , but the effec t was small (Figure

4). For the high concent ration treatment, this effec t was only seen on the leaf bottoms (F 5 6.53,

P # 0.007).

For both experiments , there was a greater rate of decline in conidia in the upper canopy than
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in the lower canopy (experiment 1, F 5 8.92, P # 0.007; experiment 2, F 5 222, P # 0.0001)

(Figures 3 and 4). Although there was not a statistica lly signi®cant differen ce in conidia l

persistence between leaf sides in the ®rst experiment, the rate of decline was always somewhat

greater on the leaf top. This effect was signi®cant in the second experiment (F 5 5.33, P # 0.03).

Insec t samples. In the ®rst experiment, pea aphid populations were not affected by any of the

B. bassiana treatments , but H. converg ens populati ons were (Table 1). Control plots had

signi®cantly more H. converg ens larvae than treated plots (F 5 8.92, P # 0.006) , but there was

no signi®cant difference between plots treated with differen t concent ration s of B. bassian a. In the

second experiment, there was no signi®cant effec t of B. bassiana on either insec t (Table 1).

Greenhouse Experiments

Insects were not distribu ted evenly over the entire plant. Nearly all the aphids were found in the

upper part of the canopy (98.5%) (Figure 5), with more than half on the terminal buds . Aphids

on the terminal buds were 93.9% nymphs, which was a conside rably higher proporti on than that

found elsewhere . For example, only 66.6% of the aphids on the leaf undersides (the second most

common locatio n at which to ®nd aphids) were nymphs.

Likewise, 95.6% of H. converg ens larvae were located in the upper canopy , with about half

found on the stems (Figure 5). Larvae were also abundan t on the undersides of leaves in the

upper canopy , with the proporti on found there (26.5%) being similar to that for aphids .

DISCUSSION

The initia l distribut ion of conidia was similar throughout the crop canopy , but conidia persiste d

for longer in the lower canopy . The surviva l of conidia in the ®eld is likely to be affected by UV

light, moisture and temperature (McCoy et al., 1988). The lower canopy generall y has tempera-

tures that are lower during the day and higher at night than the upper canopy , and direct sunligh t

is reduced due to shading . The lower persistence of conidia in the upper canopy may have been

due to plant growth, rain washing the conidia into the lower canopy , poore r surviva l in the upper

canopy due to UV exposure or some combinatio n of these factors . The pattern of persiste nce

between the two sides of leaves was consistent with eithe r rainwater or UV effects . If plan t

growth was the only facto r involved, pattern s of persistence would be expecte d to be the same

for both sides of leaves , whereas rain may wash conidia from the upper surfaces , and solar

exposur e is generall y greate r on this surface . Moisture may also have had a differen tial impact

on surviva l if conidia were wetted , dried and rewetted . Condition s producing such an effect were

more likely to occur in these experiments in the upper canopy on leaf surfaces exposed to

sunlight .

The tota l rate of decline observe d in B. bassian a in this study was similar to that seen by Inglis

et al. (1993 ) in alfalfa . However, measurabl e levels of viable conidia were found in the ®eld as

late as 28 days after applicat ion, and the levels of conidia found at this time in the high

concent ration treatment were sometimes greate r than the initia l levels found in the middle

concent ration treatment. This suggest s a high persiste nce of B. bassiana conidia under fairly

mild, wet ®eld conditio ns.

Despite its high persiste nce, B. bassian a had no effec t on pea aphid populat ions in the ®eld

cages in this study . These results are consistent with those of Dorschne r et al. (1991) , who saw

up to 100% mortality in hop aphids (Phorodo n humuli) exposed to B. bassian a in the laborato ry,

but the fungus did not contro l aphids in the ®eld. This result may be due to eithe r the aphids not

receivin g a suf®cient dose in the ®eld or to weather conditio ns not being suf®ciently suitable for

infectio n to occur. Germination of B. bassiana is greatly reduced at RH levels less than 95%

(Hart & MacLeod, 1955; Walstad et al., 1970 ; Doberski, 1981) . In the ®eld experiment, RH daily

highs were always adequate for high germination , but occurre d at night and in the early morning

during the lowest daily temperature s.

Poor recovery of H. convergens larvae hampered measurements of the effects of B. bassian a
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TABLE 1. Mean ( 6 SE) recovery of H. convergens larvae and A. pisum (pea

aphids) from alfalfa ®eld plots 11 days after the plots were sprayed

with B. bassiana conidia at three different concentrations: 10
4

(low),

10
6

(medium) and 10
8

(high) conidia ml
2 1

Treatment Mean no. of Mean pea aphid

concentration H. convergens/plot ( 6 SE)
a

biomass/plot (g)

April±May (experiment 1)

Control 7.00 ( 6 2.83)a 3.98 ( 6 2.52)a

Low 1.75 ( 6 0.05)b 2.31 ( 6 1.57)a

Medium 1.00 ( 6 1.73)b 3.15 ( 6 2.30)a

High 0.04 ( 6 1.15)b 1.44 ( 6 0.45)a

July (experiment 2)

Control 7.00 ( 6 1.63)a 0.16 ( 6 0.07)a

Low 8.00 ( 6 1.41)a 0.22 ( 6 0.12)a

Medium 9.00 ( 6 0.82)a 0.12 ( 6 0.02)a

High 7.25 ( 6 1.25)a 0.19 ( 6 0.09)a

a
Numbers in a column followed by different letters are signi®cantly different

(P # 0.05), as determined by Tukey’s LSD.

on its survival . However, it is clear that larvae were greatly affected early in the season , even by

the low concentration treatment. The effec t was greate r at the low concent ration treatment than

would be expecte d from laborato ry studies , becaus e the low concent ration in the ®eld was

1/100th of the laborato ry LC 50 of 3.24 3 106 colony forming units ml 2 1 of conidia (James &

Lighthart , 1994). Yet in the second experiment, later in the season , the surviva l of larvae did not

appea r to be affected by B. bassian a at all, despite the fact that initial conidia l densitie s in the

®eld were somewhat highe r than in the ®rst experiment. This result suggest s that H. converg ens

may be more suscepti ble to B. bassian a in the ®eld than the pea aphid is, but that its

suscepti bility is greatly affecte d by weather conditio ns. Environmenta l stress has been shown to

affec t insects ’ ability to resist infectio n (Donegan & Lighthar t 1989).

Both insect species occurre d almost exclusiv ely in the upper canopy . This behavio r would lead

to highe r initia l exposures, but less risk to residues . H. converg ens larvae were found more

frequent ly on stems and in the lower canopy than were aphids . This distribu tion may be a result

of H. convergens having to traverse these areas to move from one leaf to the next and from one

plant to the next. Converse ly, H. convergens larvae were found at a much lower frequen cy on

the terminal buds than were the pea aphids . This area may act as an aphid refuge , particul arly

for nymphs.

The differen ce between predato r and prey distribu tions on the plants does not explain the

differen ces in surviva l seen between the aphid and the beetle in the ®rst experiment. Both insects

spent a similar amount of time on the upper part of the plant, and there was no signi®cant

differen ce in spore densitie s between leaves and stems in the ®rst experiment. Other aspects of

behavio r may be more important . For example, H. converg ens larvae spend more time moving

around on the foliage than aphids . This behavio r may lead to greate r rates of conidia l pick-up ,

or H. converg ens larvae may increas e their risk to infectio n when they consume infected aphids

because B. bassiana can infec t through the gut (Gabriel , 1959). Aphids, on the other hand , have

sucking mouthpart s, and interna l ingestio n of conidia would be low. Non-behavioral characte r-

istic differen ces may also play a role . For example, coccinel lid larvae have more hairs than

aphids , which may facilitat e conidia l pick-up .

An important differen ce between laborato ry bioassays and many ®eld experiments is that

laborato ry bioassay s assess individu als and many ®eld trials assess populati ons. Pea aphids have

a very short generati on time, approximately 6 days at 22 C (Hochberg et al., 1986), and a very

high fecundit y rate. It takes 3±6 days for the fungus to kill an adult aphid, and that same adult
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FIGURE 5. Distribution of pea aphids A. pisum and larvae of the convergent lady beetle H. convergens (all instars)

on alfalfa foliage in the greenhouse. Distribution is represented by the percentage of individuals found

on each plant part for each species.

may continue to reprodu ce during the incubati on period. This time delay in mycosis develop ment

may impede the short-term ef®cacy of B. bassiana for aphids.

To improve contro l with B. bassiana , more needs to be known about the environmenta l

conditio ns necessa ry for the pathogen to be effectiv e. The optimum conditio ns for infectio n are

still unknown. Improving formulation s to increase infectio n rates may help to reduce depende nce

on favorabl e weathe r conditio ns. Several frequen t applicat ions may be require d for pests such as

aphids , that have a short generati on time and a high fecundi ty, particul arly if the pest is not

highly mobile and has little contac t with the substrat e, thus reducing its exposure to residues . The

time duratio n between sprays should be less than the generati on time of the pest. Unfortuna tely ,

such a tactic may pose an even greater risk to non-target species such as H. converg ens.
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