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Effects of Simulated Rain on the Persistence of Beauveria
bassiana Conidia on Leaves of Alfalfa and Wheat
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The effect of simulated rain at two intensiti es (26.7 or 112.7 mm h 2 1) and durations (30 or

60 min) on the persiste nce of Beauveria bassian a conidia applied in water on leaves of alfalfa

leaves of alfalfa (Medicago sativa) or wheat (Triticum aestivu m) was investigated. Initia l

populati ons of conidia on the leaves of both crops were similar, and ranged from 1.7 3 105 to

3.5 3 105 colony-f orming units cm 2 2. The simulated rain reduced the concentration of conidia

on leaves by 28 ± 61%. Although there was a sligh t effect due to rain intensit y for alfalfa , there

was no in¯ uence of either rain duratio n or crop type on the retentio n of B. bassiana conidia .

Keywords: precipit ation, irrigation, Beauveria bassiana, entomopathogen, epigea l habitats ,

persistence

INTRODUCTION

The contro l of a variety of insects by Beauveria bassiana can be obtaine d by the applicati on of

conidia in epigeal habitat s (Feng et al., 1994). However, the persisten ce of conidia in these

habitat s is usually poor, thereby reducin g ef® cacy . In addition to the rapid deactiva tion of conidia

by ultraviol et radiatio n (Inglis et al., 1995), post-ap plicatio n precipit ation is presumed to reduce

conidia l persistence (e.g. Gardner et al., 1977 ; Daous t & Pereira , 1986 ; Johnson et al., 1992).

However, in a recen t ® eld experiment, rain appeared to have little impact on the loss of

B. bassiana conidia from leaves (Inglis et al., 1993). The objective of this study was to verify

® eld observat ions by quantifying the effec t of rain on the loss of B. bassiana conidia from leaves

under controll ed conditio ns.

MATERIALS AND METHODS

Inoculum Preparation and Application

Dry conidia of B. bassiana (GHA), supplied by Mycotech Corp., Butte , MT, USA, were

suspend ed in sterile deionized water at a concentr ation of 1.7 3 109 viable conidia ml 2 1. To

facilitat e the dispersion of conidia , the suspens ions were vigorou sly agitated with a micropest le.

The conidia were then applied to the leaves of wheat plants (Triticum aestivu m , cv. AC Reed)

and alfalfa (Medicago sativa, cv. AC Blue J), grown individu ally in 8.75-cm diameter pots
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containing Cornell mix. Immediately before treatment, the plants were trimmed to a heigh t of

8±10 cm. The conidia l suspens ion (100 m 1) was applied to individu al plants in a 10.8-cm

diam eter 3 35.5-cm high Plexiglas s cylinder using an airbrus h (Artek, Rockford , IL, USA) at

103 kPa. The drople t size, density and distribu tion pattern were monitored using water-sen sitive

paper (Teeje t Spraying Systems Co., Wheaton , IL, USA). Following inoculat ion, plants were

maintained in the dark at ambient temperature for 15±20 min to allow the water carrie r to

evapora te, before exposing dry conidia on leaf surfaces to simulated rain.

Rain Simulation

A continuo us spray , Guelph rainfal l simulato r (Tossell et al., 1987) was used in a glasshou se

with diffuse light and a temperature of 23±25°C. The boom of the simulator was situate d 1 m

above the bench , and plants were randomly arrange d within the 0.5 3 0.5-m spray area; the rain

coverag e within this area had previou sly been determined to be uniform. Rain was applied

(100 kPa) at medium (27 mm h 2 1) and high (113 mm h 2 1) intensiti es using the 1/8 4.3 W and

1/4 14 W nozzles respecti vely . Plants were exposed to rain for 30 or 60 min at each rain level.

Conidial Enumeration

Prior to rain exposure, 10 alfalfa lea¯ ets (ca. 1 3 0.5 cm) and 10 3 1-cm wheat leaf segments

were randomly collecte d from plants in each pot. The wheat leaf segments were removed 1±2 cm

from the tip of the lamina. After exposure to rain, 10 lea¯ ets or leaf segments were removed from

the same leaves sampled prior to rain exposure. Contro l treatments were alfalfa and wheat plants

inoculat ed with conidia but not exposed , although positioned adjacen t to the rainfal l simulator in

the glassho use for 60 min. No B. bassiana conidia were recover ed from leaves of the alfalf a and

wheat plants sampled prior to inoculat ion.

Conidia were recovered by placing the leaf samples in 20 ml-vials and washing them in 5 ml

of 0.01-M phospha te buffe r amended with 0.05% Tween-80 (v/v) (buffer±Tween) for 2 h on a

rotary shake r (300 rpm). The wash solution s were diluted three times, and a 100- m l aliquo t from

each dilutio n was spread on a semi-selecti ve oatmeal±dodine medium (Chase et al., 1986). The

number of colony- forming units (CFU) at the dilution yielding 30±300 CFU/dish was recorde d

after 5±6 days at 25 6 1°C. The tota l area of the leaf pieces was determined after washing with

a leaf area meter (Model 3100 , Li-Cor Inc., Lincoln , NE, USA). Leaf areas ranged from 4.0 to

11.9 and 4.2 to 10.3 cm 2 for alfalfa and wheat respecti vely . The reductio ns in conidia l number

due to rain exposure at time x were calculat ed as: ([CFU cm 2 2 at time T0 2 CFU cm 2 2 at

Tx]/CFU cm 2 2 at T0) 3 100. If the number of conidia recovered at Tx was large r than at T0, the

percentage increas e in number was calculat ed as: ([CFU cm 2 2 at time T0 2 CFU cm 2 2 at

Tx]/CFU cm 2 2 at Tx) 3 100.

To assess the effectiv eness of the wash procedu re, conidia sprayed on alfalfa and wheat leaves

were recovered and populat ions cm 2 2 of leaf were calculat ed as above. After washing , the leaf

segments were rinsed in sterile buffer±Tween. Then, 4.5-mm diameter disks were cut from each ,

macerated, diluted in buffer±Tween and the homogenate spread on oatmeal±dodine agar. The

number of CFU cm 2 2 from the washes and homogenate s were compared .

Statistica l Analyses

Each of the three trials conducted was arranged as a completely randomized design with two

levels of crop , rain intensity and duration , each replicate d three times. The normality of the

conidia l populat ion data was tested using the Shapiro-W ilk’ s W test. Log10 transfor mations were

required to normalize the conidia l populati on data , but untrans formed means and standard errors

of the means ( 6 ) are presented through out the text. Prior to pooling the data , the homogeneity

of varianc e between trials was examined using Bartlett ’ s test. The combined data was analyze d

with weighted analysi s of covariance, using the genera l linea r model routin e of SAS (SAS

Institute , 1988). Conidia l populati ons on leaves before rain exposure were used as the covariat e,

and, in all instance s a trial effect was include d in the models. In the absenc e of interacti ons

between crop , rain intensity, rain duration and the covariat e, individu al treatments within each
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crop were compared with the contro l treatment using weighted analysi s of covariance and

least-squ are means.

RESULTS AND DISCUSSION

The wash techniqu e employed recovered 95.6±99.7% of the conidia from alfalfa and wheat

leaves . Within 10 min of applicat ion the water carrie r had evaporat ed, and initia l populat ions of

dry conidia on leaves of the plants ranged from 1.6 3 105 6 0.39 3 105 to

3.5 3 105 6 0.64 3 105CFU cm 2 2 (Table 1). There was no differen ce (P 5 0.28) in the depositi on

of conidia on the two crops. Conidia of B. bassian a are rapidly killed by solar radiatio n under

® eld conditions (Inglis et al., 1993). However, under the diffuse light conditions of the

greenho use, the conidia were not affected by the 60-min exposure (Table 1, contro l treatment) .

The role of precipit ation on the persistence of fungal taxa possessi ng hydrophobic propagu les

(i.e. Beauveria , Metarhizium and Nomuraea ) in epigeal habitat s has not previously been studied .

In this study , it was observed that simulated rain caused the removal of B. bassiana conidia from

leaves of alfalfa (P 5 0.011) and wheat (P 5 0.007) , with the decreas e in populati on density

(P < 0.05) ranging from 28.1 6 12.5 to 60.6 6 9.0% (Table 1). The duratio n of rain exposure had

no effect (P 5 0.42), and conidia were removed equally from leaves of both crops (P 5 0.65).

There was a weak effect (P 5 0.031) due to the differen ce in rain intensity. Although the

interacti on between crop and rain intensity was non-sign i® cant (P 5 0.094) , the rain intensity

effec t occurred only for alfalfa (Table 1). Rain has been shown to decreas e the folia r persiste nce

of Bacillus thuringi ensis (Frankenh uyzen & Nystrom, 1989), and to facilitat e the dispersa l of

some funga l propagu les (Fitt et al., 1989). Drople t velocity and size affec t the dispersal of funga l

propagu les (Fitt et al., 1989). Although the nozzle s and pressure used produced a relativel y wide

range of drop sizes, the 1-m boom heigh t selected produced rain with relativel y low drople t

velocitie s.

Rain, particula rly that falling immediately after the applicat ion of inoculu m, has been

implicated with decreas ed ef® cacy of B. bassiana by many research ers (e.g . Gardner et al., 1977;

Johnson et al., 1992). Results from the presen t study indicate that rain could reduce the ef® cacy

of this entomopathog en in epigea l habitats . However, the authors had previou sly observe d that

rain accompanied by wind in excess of 80 km h 2 1 within 30 min of applicat ion had no apparen t

effec t on persistence of B. bassiana conidia on leaves (Inglis et al., 1993). It now appears that

the rapid deactiva tion of conidia by solar radiation that occurs under ® eld conditio ns obscure s the

effec t of conidia l removal by rain, as determined by change s in populati ons over time.

Although simulated rain removes B. bassian a conidia from leaves , a substant ial proporti on of

the conidia applied in water remain after exposure to relative ly high-int ensity rain . Furthermore,

the effects of rain are not all detrimental, because infectio n can be enhance d under conditio ns of

high ambient humidity (Schaerffenberg, 1964) provided by precipit ation or irrigatio n (Campbell

et al., 1985). Whether precipit ation will enhanc e or jeopardi ze the develop ment of an epizooti c

will depend on whethe r conidia l populati ons are decreased below the inoculu m threshold

required to incite mycosis in the targe t insect . Formulation adjuvan ts such as sticking agents

might also reduce the impact of rain on conidia l removal and prolong the time that inoculu m

densitie s remain above the threshold level.
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