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Influence of culture conditions on production and freeze-drying
tolerance of Paecilomyces fumosoroseus blastospores
S Cliquet?? and MA Jackson?

1Fermentation Biochemistry Research, National Center for Agricultural Utilization Research, USDA, Agricultural Research
Service, 1815 N University Street, Peoria, IL 61604, USA

With the goal of developing a defined medium for the production of desiccation-tolerant blastospores of the bio-
insecticidal fungus  Paecilomyces fumosoroseus , we evaluated the impact of various media components such as
amino acids, carbohydrates, trace metals and vitamins on hyphal growth and sporulation of P. fumosoroseus cul-
tures and on the freeze-drying tolerance of blastospores produced under these conditions. A comparison of 13
amino acids as sole nitrogen sources showed that glutamate, aspartate, glycine and arginine supported biomass
accumulations (12-16 mg ml 1) and blastospore yields (6-11 x 10® blastospores ml ') comparable to our standard
production medium which contains casamino acids as the nitrogen source. Using glutamate as the sole nitrogen
source, tests with various carbohydrates showed that P. fumosoroseus grew best on glucose (18.8 mg biomass
ml~*) but produced similar blastospore concentrations (7.3-11.0 x 108) when grown with glucose, glycerol, fructose
or sucrose. P. fumosoroseus cultures grown in media with sodium citrate or galactose as the sole carbohydrate
produced lower blastospore concentrations but more-desiccation-tolerant spores. Zinc was the only trace metal

tested that was required for optimal growth and sporulation. In a defined medium with glutamate as the nitrogen
source, vitamins were unnecessary for P. fumosoroseus growth or sporulation. When blastospores were freeze-
dried in the absence of a suspension medium, residual glucose ( >2.5% wi/v) was required for enhanced spore sur-
vival. Thus, a defined medium containing basal salts, glucose, glutamate and zinc can be used to produce optimal
concentrations of desiccation-tolerant blastospores of P. fumosoroseus .

Keywords: Paecilomyces fumosoroseus; carbohydrates; amino acids; vitamins; trace minerals; growth; freeze-drying; water
potential; trehalose

Introduction fumosoroseusequires short fermentation times and high
yields of infective, stable blastospores. Blastospore stability
as a dry preparation is generally required for use as a
biocontrol agent.

Bemisia tabaciGennadius (sweet potato whitefly, cotton
whitefly, tobacco whitefly, includingB. argentifolii sil-

verleaf whitefly:B. tabacibiotype B [1]), is considered a Nutritional studies have been undertaken for improving

major pest of economically important crops worldwide. . BEaL-
Due to the increasing resistance of whiteflies to many synEhe growth and sporulation of deuteromycetes IBeau

thetic insecticides, biological control is a promising control Y''& bgsﬁsT; ?L\/Izeftsarglzuém an_lséopglaeand F;l' funéoio-
strategy. The deuteromyce®aecilomyces fumosoroseiss rose_qs[ N I, ,d P]1 w dles Wit 'f ass;g_nas %\lNe that
a pathogen of numerous insect species and is one of tf utrition regulated the production of conidia or blastospores

most common fungi found attacking whitefly nymphs and' sdubmgr'ged' culturel.[3.,2%]. BlgstosporgsBéf baSS|anab
adults [17].P. fumosoroseusauses dramatic epizootics in produced In nitrogen-limited media contained more carbo-

1 ; i ydrate, glycogen and lipid and survived longer during stor-
th-rut;?J?glsI?ZA?ISS]Shgrgj?r?’trig f(i)éalgn[zzr]wade cloth-protecte ge in quarter strength Ringer’s solution when compared
For field application, an economical, large-scale mas%o blastospores produced in carbon-limited media [18]. Our

production method foP. fumosoroseusiust be developed. eci/zntlggudtlgsﬂ\:\gth dselj/té:ge:ﬁggtCg:ctu;efgg;i{rggﬁgé%sﬁfii d
Submerged culture processes offer many advantages OV%ﬁ:dium which yields hig% concentrations of desiccat?on-
conidial production in solid-state fermentation [19]. In tolerant blastospores [15]. The nitrogen content of the

liquid culture,P. fumosoroseuproduces hyphae and blas- : . X . i
tospores [8]. Recent studies suggest that liquid Culture_pmr_nedlum affected blastospore yield and desiccation toler

duced blastospores &f. fumosoroseusffectively control %nsceoig]' VHV(EZ c?:ci(ej?tratlfor:jsugg(cjie?rl]ccerg:)(;;[oIgr)?]rtl;ilr)]li?]s-
silverleaf whiteflies [15]. The commercial success of a P pidly P 9

- : between 13 and 40 g casamino acids per liter.
liquid culture production method for blastospores Rf In order to understand how the components of our blasto-

spore production medium impact oR. fumosoroseus

growth, sporulation and blastospore desiccation tolerance,
Correspondence: Dr MA Jackson, National Center for Agricultural Utiliz- we sought to develop a totally defined blastospore pro-
gttioge%er;eﬁlf_cglggfﬁ SA;\J”CU'tUYa' Research Service, 1815 N Universitygyction medium. Since the only undefined component of
2P,resent a’ddress: Inétitut Universitaire Professionhdf@le Universitaire the medlum. IS thg mtrogen source, casamino acids and V.an_
Per Jakez Hias, Craach Gwen, 29000 Quimper, France ous synthetic amino acids were tested as replacement nitro-
Received 27 October 1998; accepted 6 May 1999 gen sources. Glutamate provided a suitable nitrogen source
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for our defined medium. This glutamate-based definedeplacing each stock solution normally present in the
medium was used to evaluate the impact of various carbamedium with deionized water. For trace metal studies with
hydrates, trace minerals and vitamins on blastospore yieldon, FeSQ-7H,0O was not added to the medium.

and desiccation tolerance. In addition, the presence or

absence of residual sugars in the suspension medium duriigoculum preparation and culture conditions

freeze-drying was examined in terms of blastospore surPrior to inoculation, each medium was adjusted to pH 6
vival after drying. with either 2 N HCI or 2 N NaOH. Conidial suspensions
used to inoculate media were obtained by rinsing the spores
from a potato dextrose agar plate with sterile distilled
water. The initial conidial concentration for all liquid cul-
Paecilomyces fumosoroseus isolate tures was X 10* conidia mit. Cultures (100 ml) were
Paecilomyces fumosoroseyyMycotech strain 612) was grown in 250-ml shake flasks at 300 rpm and@8A pH
obtained from S Wraight, Mycotech Corporation, Butte,of 6 was maintained by daily addition of 2 N NaOH or
MT, USA. Stock cultures ofP. fumosoroseustrain 612 2 N HCI.

were grown as a single-spore isolate on potato dextrose

agar (Difco Laboratories, Detroit, MI, USA) at room tem- Harvest and growth measurements

perature and stored as 1-mm potato dextrose agar plugs @ultures were harvested after 4 days’ growth. Blastospore
10% glycerol at-80°C. For liquid cultures, conidia were concentrations were measured microscopically using a
produced by growing glycerol stock culturesRffumoso- hemacytometer after appropriate dilution. In all experi-
roseuson potato dextrose agar at room temperature for 2nents except trace metal studies, blastospore concen-

Materials and methods

weeks. trations were measured in whole cultures. Blastospore con-
centrations in trace metal studies were measured after
Basal and defined media mycelial biomass removal by filtration. For dry weight

The basal medium [15] contained per liter: glucose 80 gdeterminations, a 1.0-ml culture was vacuum-filtered on a
casamino acids 13.2¢g; KRO, 2.0g; MgSQ-7H0, predried, weighed 2.5-cm filter (GF/A; Whatmann Inc,
0.3 g; CaCJ-2H,0, 0.4 g; FeSQ7H,0, 50 mg. Three indi-  Clifton, NJ, USA) and washed with 1 ml deionized water.
vidual trace mineral stock solutions were prepared to maké&ilters were dried at 10@€ for 12 h and weighed. Each dry
final concentrations of (g B): ZnSQ,-7H,0, 14mg; weight determination was repeated twice. Glucose concen-
MnSQ,-H,0, 16 mg; CoCJ-6H,0, 37 mg. A stock solution trations in the spent medium were determined using a high
of vitamins was prepared to make final concentrations operformance liquid chromatographic (HPLC) system
(g L™): thiamine, riboflavin, pantothenate, niacin, pyridox- (Thermo Separation Products, Riviera Beach, FL, USA)
amine and thioctic acid, 500g of each; folic acid, biotin  fitted with an Aminex ion exclusion column (model HXP-
and vitamin B12, 5Qug of each. A stock solution of 20% 87H, Bio-Rad Laboratories, Richmond, CA, USA).
glucose (w/v) was autoclaved separately. In the defined

medium, casamino acids were replaced by glutamic acidFreeze-drying experiments

9 g L™ This defined medium was used for all trace metal,Blastospore concentrations were adjusted to 6.5-

vitamin and carbon source studies. 16x 10’ mIt. A 3-ml blastospore suspension was placed
in each 10-ml vial. In some treatments, the spent medium
Nutritional studies was replaced by glucose at various concentrations to evalu-

In nitrogen source studies, casamino acids were replaced late the effect of spent medium on blastospore desiccation
one of the following:l-arginine,l-aspartic acidl-glutamic  tolerance. For spent medium replacement studies, blasto-
acid, glycine, I-histidine, I-isoleucine, I-leucine, lysine, spores were centrifuged at 18@ for 5 min and the super-
methionine, phenylalanine, threonine, tyrosine or valinenatant was discarded. The pellet was then suspended in an
These amino acids were incorporated individually to pro-aqueous glucose solution, centrifuged and the supernatant
vide nitrogen at the casamino acids amino nitrogen concerwas discarded. The resulting blastospore pellet was resus-
tration (0.85 g N L%). The carbohydrate used in these stud-pended in solutions containing various amounts of glucose.
ies was glucose, 80 gL Freeze-drying of blastospores was performed in a tray-dryer
In carbohydrate source studies, glucose (80" lwas  (Durastop-MP, FTS Systems, Stone Ridge, NY, USA)
replaced by one of the following: sodium acetate, sodiunusing a eutectic-automatic program that detects the eutectic
citrate, galactose, glucose, glycerol, fructose or sucrose g@ioint of a sample vial and sets the primary and secondary
a concentration which provided the medium with 32 g car-drying parameters based on this information. The shelf tem-
bon L. For each carbohydrate, 20% (w/v) stock solutionsperature at the end of secondary drying waSCL5After
were autoclaved separately. Initial water potential for medidreeze-drying, vials were sealed under vacuum. Blastospore
with various carbohydrates was measured using a thermadability was assessed immediately after freeze-drying.
couple psychrometer (SC-10, Decagon Devices, Inc, Pull-
man, WA, USA). The nitrogen source for carbohydrateBlastospore viability
studies was glutamic acid, 9 g'1.(0.85g N L'%). Five hundred microliters of fresh harvested blastospore sus-
The effect of vitamins orP. fumosoroseugrowth and  pension were poured into 15-ml sterile centrifuge tubes
sporulation was tested by replacing the vitamin stock sol€ontaining 3 ml potato dextrose broth (PDB). The capped
ution with deionized water. In trace metal studies, the effectubes were placed horizontally on the shaker and incubated
of cobalt, manganese and zinc was tested individually byt 300 rpm and 2&. After 6 h incubation, one drop of 2 N
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HCIl was added to each tube to halt the germination processluction, except for growth in media supplemented with
After freeze-drying, dried preparations of blastospores werg¢yrosine. In the tyrosine medium, poor sporulation
vigorously vortexed with 3 ml of PDB. Suspensions were (2.4 x 10® blastospores m}) occurred in association with
then processed as described for freshly harvested blasta-moderately high dry weight accumulation (11.7 mg¥nl
spores. The percentage of germinated blastospores wadter 4 days’ growth, high glucose consumption was, in
assessed microscopically by viewing 100 blastospores angeneral, associated with increased blastospore production
counting the number of blastospores with germ tube formaand biomass accumulation (Table 1). The average glucose
tion. Survival after freeze-drying was determined as thepresent in the spent medium after 4 days’ growth was
ratio (% germination after freeze-drying/% germination of 66 + 8.8 g L™, regardless of the amino acid added.

freshly harvested blastospores)00. In defined media with glutamate as the nitrogen source,
P. fumosoroseusvas able to grow and sporulate in the
Statistical analysis absence of added cobalt, iron or manganese (Figure 1). In

For each experiment, duplicate flasks were used. Thremedia deficient in zinc, growth and sporulation were sig-
samples were taken from each flask for freeze-dryingnificantly reduced. Supplementing defined media with vit-
experiments. Each experiment was repeated at least twicamins produced no significant difference in biomass
Analysis of variance was conducted on normalized dataccumulation or blastospore yieldsn fumosoroseusul-
using Statistix 4.0 (St Paul, MN, USA). The mean of eachtures after 4 days’ growth (data not shown). In a glutamate-
treatment, in the different experiments, was compared usingupplemented defined basal medium, the use of the carbon
a Least Significant Difference (LSD) test. For data whichsources glucose, glycerol, fructose or sucrose all supported
were not suited for analysis of variance, standard errorstatistically similar high spore yields (Table 2). Biomass
were calculated. accumulation was highest in media containing glucose.

Tolerance to freeze-drying

The survival ofP. fumosoroseuslastospores grown in glu-
Growth requirements tamate as the sole nitrogen source was 6#¥3%0) when
Under the conditions of this study, aspartate, glutamatehlastospores were suspended in spent medium and freeze
glycine and arginine produced blastospore yields greater afried (data not shown). The viability of freeze-dried blas-
equal to those obtained with casamino acids as the nitrogetospores was 12% when the blastospores were rinsed and
source (Table 1). A comparison of sporulation when resuspended in deionized water prior to freeze-drying
fumosoroseusvas grown with individual amino acids as (Figure 2). Survival increased when blastospores were
the nitrogen source showed that aspartic and glutamic acidnsed and resuspended in a glucose solution. A significant
produced the highest blastospore vyields-1& 10° increase in survival (53%) after freeze-drying was observed
blastospores mt), while isoleucine and threonine were when blastospores were rinsed and resuspended in a sol-
poor nitrogen sources for blastospore production (848" ution containing 2.5% glucose. Even higher blastospore
blastospores mt (Table 1). In general, maximal dry weight survival (80%) was obtained when blastospores were rinsed
accumulation was associated with maximal blastospore praand resuspended in 10—-25% glucose (Figure 2). Non-rinsed
blastospore survival (67%) was comparable to blastospore
survival (70%) after suspension in 6% glucose prior to

Table 1 Growth, sporulation and glucose utilization by 4-day-old cul- freeze-drying.
tures ofPaecilomyces fumosorosegown on different amino-acids with
glucose (80 g %) as the carbon source

Results

45
Nitrogen Blastospores Biomass Glucose 40-
sourcé x10° ml* (mg mrY)  uptake (g %)

35+
ASP 11.0 (1.5) 16.0 (1.4) 20.2 TE
GLU 10.0 (1.1) 14.9 (0.8) 23.0 £ & 307
GLY 6.6 (1.2) 16.1 (0.6) 31.0 £ 5 251
Casamino acids 6.1 (2.1) 14.7 (0.3) 24.8 = >
ARG 6.0 (1.3) 12.2 (1.4) 12.2 S 2 20
LYS 4.3 (0.4) 5.9 (0.6) 18.0 2 3
LEU 4.1 (0.2) 7.3 (0.6) 11.2 D 151
TYR 2.4 (0.4) 11.7 (0.4) 5.8 S’g
MET 1.5 (0.1) 3.7 (0.3) 10.5 — 101
PHE 1.4 (0.5) 5.6 (0.8) 13.3 5
VAL 1.0 (0.2) 2.5 (0.3) 6.0
HIS 1.0 (0.3) 5.4 (1.3) 17.2 0
ILE 0.5 (0.1) 2.6 (0.4) 7.0
THR 0.3 (0.1) 3.0 (0.8) 5.5

a3Each amino-acid was added at a concentration of 0.85 g”"Nwlich
corresponds to the percentage of amino-nitrogen provided by casaminiigure 1 Influence of trace metals on biomass accumulatial) énd
acids. sporulation @) by liquid cultures ofPaecilomyces fumosorosegsown
PValues in brackets are the standard error for the associated spore am a glutamate-glucose basal medium, 4-day-old cultures. Bars represent
biomass concentration. standard errors.
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Table 2 The impact of carbohydrate source on growth and sporulatidteetilomyces fumosoroseinsa defined medium with glutamic acid (9 g
as the nitrogen source

Carbohydrate Initial concentration Carbohydrate Blastospéres Biomas$ Initial water potential

(gL™ concentration at 4 x10° ml™ (mg mi?) (bars)

days (g %)

Glucose 80 48.6 11.Ca 18.8a -9.7
Glycerol 81 63.2 9.2a 10.0c -23.2
Fructose 80 51.5 7.7a 1l46a -11.1
Sucrose 76 61% 7.3a 16.9a,b -5.4
Galactose 80 65.0 4.2b 9.1c -10.8
Sodium citrate 130 83.3 0.4c ND -36.1
Acetic acid 181 ND ND poor growth ND

aEach carbon source was added at a concentration providing 32 g carbon L

PMeasurements taken from 4-day-old cultures.

“Mean values followed by the same letter are not significantly different using the Newman—KeuR &%06).
dSucrose hydrolysed to glucose: 9.9 ¢;Lfructose: 51.5 g t*. ND = not done.

100 they were suspended in spent media or 2.5% glucose prior
90 - to freeze drying (Figure 3).
80 A Discussion
70 - The source of nitrogen or carbon can affect the growth and
sporulation of Paecilomyces fumosoroseus submerged
© 60 culture. In general, most of the carbohydrates and amino
% acids tested supported both hyphal growth and sporulation.
5 50+ Under the conditions of this study, cultures grown for 4
w days in media with aspartate or glutamate produced blasto-
Q407 spore concentrations higher than those obtained using casa-
20 - mino acids as the nitrogen source (Table 1). The ability of
tyrosine to inhibit sporulation while supporting biomass
20 A accumulation suggests that commercial production media
should contain reduced levels of this amino acid.
10 Phenylalanine inhibited growth but stimulated sub-
merged culture sporulation of the fungBgauveria bassi-
0 T T

T ¥ T J ana[6]. Amino acids other than phenylalanine or tyrosine
0 50 100 150 200 250 300  iphjbited sporulation of the funguSolletotrichum trunca-
Glucose (g/l)

Figure 2 The survival of freeze-dried blastospores B&ecilomyces
fumosoroseustfter rinsing and resuspension in solutions containing vari- 100
ous concentrations of glucose. Bars represent standard errors.

804

No significant difference in blastospore survival after
freeze-drying was noted wheR. fumosoroseuslasto-
spores were produced in media with glutamate, arginine,”>
aspartic acid, glycine, histidine, leucine, lysine, tyrosine or 401
casamino acids as the sole nitrogen source, regardless of
whether the blastospores were suspended in spent media or 207
suspended in a 6% glucose solution prior to freeze-drying

60+

% Survival

(data not shown). Elimination of the vitamin mixture or the Y
trace metals cobalt, manganese or iron from our standard
medium had no significant impact on the desiccation toler- &

ance of the blastospores produced judged by survival after
freeze-drying (data not shown). Blastospores produced in
glutamate-supplemented media with galactose or sodiurhigure 3 The survival of blastospores d?aecilomyces fumosoroseus

citrate as the sole carbon source were more desiccatio%fter freeze-drying when produced in a glutamate-supplemented basal

- " - rnedium with various carbon sources. Prior to freeze-drying, blastospores
tolerant compared to blastospores produced in media Witlyere suspended in spent culture mediam ¢r in a 2.5% glucose solution

glucose, fructose, sucrose or glycerol, regardless of wheth&r). Bars represent standard errors.
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tum in submerged culture [16]. Our data & fumosoro- to the medium. Similarly our studies with. fumosoroseus 101

seuscoupled with these data suggest that the effect oshowed that the nitrogen content of the growth medium
amino acids on submerged culture fungal sporulation icould affect blastospore desiccation tolerance when drying
dependent on the fungus being studied. was carried out in the presence of residual sugars [15].
WhenP. fumosoroseuwas grown in defined media con- Hallsworth and Magan [9,10,11] showed that pH, tempera-
taining various individual carbohydrates, numerous carboture and water activity influenced the accumulation of poly-
hydrates supported blastospore yields similar to level®ls in the conidia of various entomopathogenic fungi grown
obtained with cultures grown in media containing casaminan solid media, includindg®. fumosoroseus
acids and glucose. These results corroborate previous stud-How growth in sodium citrate- or galactose-sup-
ies with other entomopathogenic fungi in demonstrating thgolemented medium imparts desiccation tolerance to blas-
capacity of these organisms to utilize numerous carbomospores ofP. fumosoroseuproduced in liquid culture, is
sources [5,14,21]. unclear. It is possible, that in the case of sodium citrate, the
The composition of the suspension medium had a siglowered water potential may have improved the desiccation
nificant impact on the survival of blastospores after freezetolerance of the blastospores. Some yeasts and filamentous
drying. When blastospores & fumosoroseuwere rinsed fungi respond to low water potential by accumulating com-
and resuspended in deionized water, survival after freezggounds, like polyols and potassium, a mechanism known
drying was 12%. This survival rate is comparable to valuesas osmoregulation [4,22,23]. The accumulation of trehalose
noted for water-rinse&scherichia coliandBacillus thurin- by Trichoderma harzianunspores is increased when the
giensiscells after drying [20]. Water removal from mem- fungus is grown at a low water potential and has been asso-
brane lipid bilayers during drying leads to destructiveciated with spore survival after drying [12]. The water
events such as protein fusion, liquid crystalline to gel phas@otential developed by the sodium citrate medium3§.1
transition and increased membrane permeability [7]. Thévars and is likely to remain low during growth, since
molecular size of sugars affects membrane preservatiosodium citrate is only slightly utilized during growth. On
during drying with disaccharides like trehalose, lactose andhe other hand, the high rate of survival of blastospores
sucrose protecting membranes better than their subunitproduced in a galactose-supplemented medium, initial
glucose and galactose [7]. In addition, suspending fungi irwater potential 0f~=10.8 bars, suggests that factors other
various sugars resulted in differences in desiccation tolerthan osmotic stress may be involved in enhancing the des-
ance [2,27]. iccation tolerance of blastospores Bf fumosoroseus
The high freeze-drying tolerance of blastospores rinsed In conclusion,P. fumosoroseuis an omnivorous fungus
and resuspended in glucose solutions compared to watetapable of growth and sporulation on numerous carbon and
rinsed blastospores suggests a protective effect of glucosgtrogen sources. Maximal sporulation occurred when cul-
during freeze-drying. This assertion is supported by theures were grown on aspartate or glutamate as sole nitrogen
finding that blastospores suspended in spent cultursource. This finding led to the development of a glucose-
medium, which contained 668.8 g L glucose, had a glutamate supplemented defined basal medium which
high survival rate (67-83%) after freeze-drying. Sus-required only zinc supplementation for optimal sporulation
pending blastospores in glucose solutions (5% or more)n submerged culture. The high yields of desiccation-toler-
prior to freeze-drying enhances desiccation tolerance.  ant spores and the low cost of this glucose-glutamate based
No difference was found in the freeze-drying tolerancemedium are attributes which recommend its use for the
of non-rinsed or glucose-rinsed blastospores grown ircommercial production of blastosporeskffumosoroseus
media with various amino acids, deficient in trace mineralsJn contrast, the use of sodium citrate or galactose as a
or deficient in vitamins. Thus, vitamin and trace metal sup-carbohydrate source enhanced the desiccation tolerance of
plements are unnecessary for producing desiccation-tolethe P. fumosoroseuslastospores but supported signifi-
ant blastospores d?. fumosoroseusiVhether these nutri- cantly lower spore yields. The selection of an appropriate
ents are important for product shelf-life or biocontrol commercial production medium for blastospores Ff
efficacy will require additional studies. fumosoroseuswill require additional studies directed at
Although produced in lower concentrations, blastosporesletermining the shelf-life and subsequent biocontrol effi-
produced in medium containing sodium citrate or galactoseacy of dried blastospore preparations produced under these
survived drying better than blastospores produced in frucdiffering nutritional conditions.
tose, sucrose, glycerol or glucose (Figure 3). Variation in
desiccation tolerance does not appear to be related to dig- K led t
similar blastospore concentrations during freeze-dryind%‘C nowledgements
since previous experiments showed that blastospore corhe authors recognize the significant technical contri-
centrations (1 or 1/10, diluted with the spent medium) hadbutions of Paula E Becker and Angela R Payne.
no significant effect on tolerance to drying (data not
shown). Likewise, the suspension medium during drying
was not a factor since blastospore survival in spent Culturgzeferences
medium or a 2.5% glucose solution was similar. This find- 1 Bellows TS Jr, TM Perring, RJ Gill and DH Headrick. 1994. Descrip-
ing that improved survival was not solely dependent on the tion of a species oBemisia(Homoptera: Aleyrodidae). Annals Ento-

. . . i mol Soc Am 87: 195-206.
residual sugars in the medium but also on the nutrltlonaI2 Benny JF and GL Hennebert. 1991. Viability and stability of yeast

e_nVi_ronment during growth suggests a physiological modi- ~ celis and filamentous fungus spores during freeze-drying: effects of
fication in the blastospore due to the carbohydrate added protectants and cooling rates. Mycologia 83: 805-815.
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