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Biodiversity of yeasts from Illinois maize 
r 

M.J.R. Nout, C.E. Platis, and D.T. Wicklow 

Abstract: Microflora in wound sites of preharvest maize (including bacteria, yeasts, and filamentous fungi) may play a 
role in attracting insects to maize plants and may also interact with growth and mycotoxin production by filamentous 
fungi. As little data are available about the yeasts occurring on maize from the U.S. corn belt, samples of milled maize 
from experimental plantings at the University of Illinois River Valley Sand Field were analyzed. Yeast counts showed 
slight yearly fluctuation and varied between 3.60 and 5.88 (log cfulg maize). The majority of the yeasts were Candida 
guilliemondii (approximately 55 %), Candida zeylanoides (24 %), Candida shehatae (1 1 %), and Debaryomyces hansenii (3 %). 
Also present were Trichosporon cutaneum, Cryptococcus albidus var. aerius, and Pichia membranifaciens. The occurrence 
of killer yeasts was also evaluated. Killer yeasts were detected in maize for the first time and were identified as Trichosporon 
cutaneum and Candida zeylanoides. These were able to kill some representative yeasts isolated from maize, including 
Candida guilliermondii, Candida shehatae, and Cryptococcus albidus var. aerius. Other maize yeasts (Candida zeylanoides, 
Debaryomyces hansenii, Pichia membrani$aciens) were not affected. The majority of yeasts found on maize were unable 
to ferment its major sugars, i.e., sucrose and maltose. Some (e.g., Candida zeylanoides) were not even able to assimilate 
these sugars. The importance of these properties in relation to insect attraction to preharvest ears of maize is discussed. 

Key words: corn, maize, yeast, killer. 

RCsumC : Au stade de prCrCcolte du mais, la microflore des sites de ICsions (incluant les bactCries, les levures et les 
champignons filamenteux) peut jouer un rBle dans I'attraction des insectes chez les plants de mais et aussi interagir avec 
la croissance et la production de mycotoxines par les champignons filamenteux. Comme il y a peu de donnCes disponibles 
sur les levures survenant chez le mais dans la rCgion de culture du blC d'Inde aux E.-u., des Cchantillons de mai's moulu 
provenant de cultures expkrimentales de la River Valley Sand Field de 1'University of Illinois ont Cte analysts. Les 
numCrations de levures ont montre une faible fluctuation annuelle et ont variC entre 3,60 et 5,88 (log cfulg mais). 
Majoritairement, les levures ont CtC Candida guilliermondii (approximativement 55%) ,  Candida zeylanoides (24%), 
Candida shehatae (1 1 %) et Debaryomyces hansenii (3%). D'autres espbces Ctaient prCsentes : Trichosporon cutaneum, 
Cryptococcus albidus var. aerius et Pichia membranifaciens. L'occurrence de levures tueuses a aussi Ctt CvaluCe. DCtectCes 
pour la premibre fois chez le mais, elles ont CtC identifites comme Ctant le Trichosporon cutaneum et le Candida zeylanoides. 
Ces dernibres ont pu tuer certaines des levures representatives isolCes du mais, incluant le Candida guilliemzondii, le 
Candida shehatae et le Cryptococcus albidus var. aerius. Les levures qui n'ont pas CtC affectCes sont le Candida zeylanoides, 
le Debaryomyces hansenii et le Pichia membranifaciens. La majoritt des levures trouvCes chez le mai's n'ont pu fermenter 
les principaux sucres soit le sucrose et le maltose. Certaines levures, comrne le Candida zeylanoides, n'ont mCme pas Cte 
capables d'assimiler ces sucres. L'importance de ces propriCtCs relativement i I'attraction des insectes sur les Cpis de 
mais au stade de prCrCcolte est discutCe. 

Mots c l b  : blt d'Inde, mais, levure, tueur. 
[Traduit par la rCdaction] 

I Introduction Attwater and Busch 1983; Lussenhop and Wicklow 1990). 

Preharvest infection of maize with mycotoxin-producing 
kernel-rotting fungi has been associated with insect infesta- 
tion of  maize ears (Wicklow 1995). Sap beetles (Nitidulidae) 
may serve as  vectors of  Aspergillusf2avus, Fusarium monili- 
forme, and Gibberella zea (anamorph state = Fusarium 
graminearum) to preharvest maize (Windels et  al. 1976; 
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Lussenhop and Wicklow (1990) proposed that sap beetles a re  
attracted to damaged maize ears by volatile fermentation 
products of  wound-site microorganisms. Supporting evidence 
was provided by Dowd and Bartelt (1991), who demon- 
strated that specific yeast volatile metabolites synergize the 
attractiveness of  the beetle aggregation pheromone. Yeasts 
a re  abundant o n  meharvest maize (Burmeister and Hartman 
1966; ~ e s s e l t i n e B n d  Bothast 1977). Freshly harvested high- 
moisture maize grown in Iowa contained about lo3 yeast 
cellslg, and Candida parapsilosis was the most frequently 
isolated yeast from fresh kernels (Burmeister and Hartman 
1966). Hesseltine and Bothast (1977) showed that the number 
of  kernels colonized by yeasts increases dramatically during 
the early stages of  maturation in Illinois maize (8 weeks post- 
silk = 251 of  300 kernels colonized). The  authors argued 
that yeasts were superficial colonists of  grain surfaces because 
few yeast colonies were detected following surface sterilization 
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Nout et al. 

of grain samples. Horn (1985) reported Candida guillier- 
mondii as thi dominant yeast species in preharvest Georgia 
maize. Other yeasts, primarily species of Rhodotorula and 
Cryptococcus, accounted for < 1.0 % of the total yeast popu- 
lation. Candida guilliermondii was confined mainly to kernels 
visibly moulded by filamentous fungi, primarily Fusarium 
rnoniliforme and Aspergillus flavus, in what Horn (1985) 
suggested is a commensalistic association. 

The objectives of this research were to identify and quan- 
tify the yeasts occurring on Illinois maize at harvest and to 
investigate specific biochemical attributes that might enable 
different yeast strains to successfully colonize the maturing 
kernels in the presence of other microbes. Characterization 
of yeast assimilative and fermentative abilities may indicate 
pke rns  of resource use, potential species interactions (i.e., 
exploitation cornpetit ion and commensalism), and production 
of volatile fermentation products. Kilter yeasts were also 
examined, since they behave as interference competitors and 
may impact yeast community structure in maize, as has been 
reported for cactophilic yeast populations (Starmer et al. 
1987; Ganter and Starmer 1992). 

Materials and methods 

Field samples 
Yeast populations were isolated from maize kernels (Pioneer 3379) 
produced at the University of Illinois River Valley Sand Field 
(IRVSF), Kilboume. Ill., in 1988-1991. In each of the 4 years. 
maize samples (1.5 kg) were separately combine harvested from 
each of 32 pkots within an experimental planting (CI.5 acres; 
I acre = 0.404 ha) under continuous maize cultivation. In 1988. 
maize grown in field plot No. 20 produced no ears. Maize was 
harvested in October following natural dry-down (14- 17% kernel 
moisture) and stored at -21 "C. 

Suhsamples of kernels (500 g) were ground using a Stein Mill 
(Seedboro Equipment Co., Chicago, 111.) to enhance homogenous 
distribution of microorganisms, and dilutions were prepared in 
0.02% water agar. In this type of mill, grinding did not result in 
significant heating of the maize. To collect predominant yeasts. 
pour plates were made of each final dilucion (loe4) with potato 
dextrose agar (PDA) with 30 pg streptomycinlL. 

Prom dilution plates representing each ground sample, two colo- 
nies were randomly selected for identification. Of these, 220 were 
yeasts. They were purified on y e a ~ t  malt (YM) agar (3 g yeast 
extract. 3 g malt extract. 5 g peptone. 10 g glucose. 15 g agar. 
1 L distilled water) and stored in glycerol (1 mL glycerol - 1 m t  
yeast suspension) at - 2 1 'C. 

Enumeration of yeasts 
Enumeration of yeasts was performed in April 1995 on an arbitrarily 
chosen subsample of 12 ground maize samples representing maize 
harvested from three plots in each of the 4 years. 

Decimal dilutions with peptone physiological salt solution 
(PPS: 1.0 g peptone, 8.5 g NaCl, 1 litre distilled water) were pour 
plated in YM agar with tetracycline (Sigma T-3383, 37.5 mg/L). 
Yeast counts were calculated as number of colony-forming units per 
gram of sample and are reported as log cfulg. 

Preliminary grouping of isolates 
Yeast cultures grown on YM agar plates at 25OC for 3 days were 
sorted on the basis of their colony morphology, including smooth- 
ness of surface, regularity of border, consistency, colour, and occa- 
sionally, smell. At a later stage, assimilation (glucose, galactose, 
melibiose) and fermentation (glucose, galactose) of key carbohydrates, 

selected on the basis of homogenous assimilation and fermentation 
patterns by fully identified yeast strains, served as additional 
criteria for grouping of isolates. 

Identification 
From each group of isolates, a representative number (1-6) of 
isolates (27 in total) were further tested. keyed out. and identified 
(Wickerham 1951; Kreger-Van Rij 1984; Barnett et al. 1990). 
The protocol included tests for the following: ( i )  assimilation 
(25°C after 7,21. and 28 days in broth) of 45 sources of C and N: 
(ii) abil~ty to degrade gelatin. grow ar reduced water activity, grow 
at 37 and 5"C, and r o w  in the presence of 100 and 1000 ppm 
cycloheximide; ( i i i )  fermentation (28°C after 1, 2, 4, 6, 8, 12, 16, 
20, and 24 days in broth) of seven carbohydrates: (ill) ascospore 
formation; (1') pseudomycelium formation: (v i )  formation of pellicles 
or rings on assimilation broth. 

Detection of killer yeasts 
Cross-reactions (Rogers and Bevan 1978) were carried out on killer 
medium (KM: 10 g yeast extract, 10 g peptone, 20 g glucose, 
20 p agar, l I0 mi. of 1 M K,HPO, - citric acid buffer (pH 4.5). 
30 rng methylene blue. 1 L distilled water). Highly sensitive 
strains were used as indicators and included Canrlido guillier- 
rnnndii (K2-UCSC = NRRL Y 17887 = LU 120). Candida nu~lfosa 
W3-UCSC = NRRL Y 17888 = LU125). and Pichia onomala 
(K3-UM(2) = NRRL Y 17901 = LU536), kindly provided by 
Dr. L. Polonelli, University of Pama.  Italy: Picfria omethionilta 
var. pachvceream (80-314.1 = NRRL Y 17779 = LU1201) and 
WilIinp.~is I-olifornica (85-756.1 = NRRL Y 17720 = LU750) 
kindly provided by Dr. W.T. Starmer, Syracuse University. Syra- 
cusc. N. Y. ; Cunrlida tenuis (NRIU, Y 17768). kindly provided by 
Dr. C. L. Wilson. ARS Appalachian Fruit Research Stztion, Keameys- 
vjlle W,Va.: Sacharomyres cerevisiae (CBS5495 = NRRL Y 
17890 = LU322, NRRL Y 17893 = LU325, and NRRL Y 17895 = 
LU328). Candida glabrara (NCYC388 = NRRL Y 17256 = LU020), 
C~ptococcus cereonlrs (CRS2779 = NRRL Y 17778 = LU135). 
and Klujveromyces lacris var. Iacris (CBS2896 = NRRL Y 17889 = 
L U ~ O ~ .  

Suspensions of indicator strains were made in PPS, and 0. IS rnL 
was spread on a 15 x 15 cm square KM plate followed by a 30-min 
drying period (ambient temperature. laminar flow hood). Using a 
sterile stamping device, 25 unknowns were deposited as thick spots 
(2 mm diameter) followed by incubation ar 25 and 28OC for 3- 
5 days. Results were categorized as three types: ( i )  negative (con- 
fluent growth of indicator strain and spot without colour effects); 
( i i )  intermediate kill (spot surrounded by clear inhibition zone 
without blue edge or indicator turned blue without inhibition zone); 
( i i i )  complete kill (spot surrounded by clear inhibition zone lined 
with blue ring of dead indicator cells). 

Effect of maize killer yeasts on other maize yeasts 
Using the technique for detection of killer yeasts, representative 
yeast isolates from maize were spread on KM and spotted with 
maize killer yeasts. 

Statistics 
Analysis of variance and chi-square analysis were used (Snedecor 
and Cochran 1989). 

Results and discussion 

The numbers of yeasts in 12 representative grain samples are 
presented in Table 1. Analysis of variance showed a signifi- 
cant ( p  < 0.05) year effect but no plot effect. Even so, the 
counts recorded are typical for unprocessed maize grains 
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Table 1. Yeast counts in three selected plots of 
maize grain (Pioneer 3379) harvested at the 
University of Illinois River Valley Sand Field, 
Kilbourne, Ill. (1988 - 1991) (log cfulg). 

Harvest year 

Plot No. 1988 1989 1990 1991 

7 4.48 5.00 3.70 4.19 
19 4.44 5.24 3.93 5.54 
3 1 3.48 5.88 3.60 4.78 

(Middelhoven and Van Baalen 1988; Hounhouigan et al. 
1994). A total of 220 yeast strains were isolated from ground 
maize. The purified strains were grouped according to their 
macroscopic morphology and other properties such as growth 
rate and smell. The large majority of yeasts had a smooth 
surface, reguIar colony margins, buttery consistency, and 
white to creamy color with a pleasant yeasty smell. Within 
each group, one or more representative strains were subjected 
to full identification procedures, based on physiological. 
genetic (ascospore production) and metabolic properties 
(Kreger-Van Rij 1984). Taking into account the profile of 
aspimilation and fermentation abilities of the identified strains, 
a shortened approach was taken to screen a13 220 isolates 
based on the assimilation of glucose, galactose, melibiose, 
sucrose, and maltose, and fermentation of glucose, galac- 
tose, sucrose, and maltose. The results show a consistent 
pattern of species abundance for the three prevalent yeast 
species (Catrdida guilliermondii, Candida zeylanoides, and 
Candida shehatae) for all years (Table 2). This was supported 
by chi-square analysis that revealed nonsignificant effects of 
year of harvest on species abundance. Other species of limited 
occurrence, including Cryptococcus albidus var. aerius, 
Debaryomyces hansenii, Pichia membranifaciens, and Trichos- 
poron cutaneum, suggest a structured yeast community in 
maize produced at the LRVSF. For some species, strains with 
different properties were observed. O f  Candida gr~iflier- 
mondii, three strains ( A ,  B, a n d  C) were distinguished that 
differed in assimilation of lactose, L-rhamnose, calcium 
2-keto-D-gluconate, and lactic add.  Of Candida shehatae, 
two strains (A and B) were distinguished with different assimi- 
lation (lactose, raffinose, L-arabinose, D-arabinose, D-ribose, 
D-glucosamine . HC1, dulcitol, potassium D-gluconate), fer- 
mentation (maltose, sucrose, lactose, raffinose, trehalose), 
and growth temperature patterns (5 and 37°C). Of Candida 
zeylanoide.~, five strains (A,  B, C, D, and E) were dist in-  
guished with different assimiIation patterns (cellobiose, soluble 
starch, a-methyl ~glucoside, salicin, pyruvic acid). Of 
T. critnneum, three strains (A, B, and C) were distinguished 
with different assimilation patterns ID-arabinose, L-rhamnose, 
mrnannitoi). 

The occurrence of Candida guilliermondii as the most 
prevalent yeast species confirms an earlier finding (Horn 
1985), but the significant presence of Candida zeylanoides 
and Candida shehatae in North American maize has not been 
recorded before. Candida zeylanoides has been reported 
from processed foods and Candida shehatae was described 
as an insect-associated yeast (Kreger-Van Rij 1984). The 
40-acre IRVSF is surrounded by natural forested habitats, 

Table 2. Occurrence of yeast species in maize grain (Pioneer 
3379) harvested from 32 plots at the University of Illinois River 
Valley Sand Field, Kilbourne, Ill. (1988- 1991). 

No. of identified isolatesa 
- - -- 

Yeasts 1988 1989 1990 1991 

Candida guilliermondii 30(49%) 38(64 %) 3 l(63 %) 23(43 %) 
Candida zeylanoides 18(30%) 10(17%) 6(12%) 19(36%) 
Candida shehatae 10(16%) 5(9%) 4(8%) 6(11%) 
Debaryomyces hansenii 1(2%) 2(3 %) 2(4%) 1(2%) 
Trichosporon cutaneum - 1(2%) 2(4%) - 
Cryptococcus albidus 

var. aerius - - 1(2%) 1(2%) 
Pichia membranifaciens - 2(3%) - - 

Unidentifiedspecies 2(3%) 1(2%) 1(2%) 3(6%) 
Total yeasts 6 1 59 47 53 

"The percentages of the total yeast isolates are given in parentheses. 

and large numbers of sap beetles, chiefly Caipophilus lugubris, 
migrate from these forests each summer to colonize the 
ripening maize ears (Dowd et al. 1992). This could explain 
the prevalence of Candida shehatae in maize grain samples 
from IRVSF. Of the less prevalent yeasts, D. hansenii 
(Roostita and Fleet 1996) and Trichosporon spp. (Nout 1991) 
have been reported from fermented foods, Cryptococcus 
albidus was observed as a major yeast in wheat (Kurtzman 
et al. 1970), and P. membranifaciens was isolated from wine 
(Mora and Rosello 1992). As most yeasts do not readily 
degrade starch, they depend on mono- and di-saccharides as 
sources of carbon and energy. The nature of available carbo- 
hydrates plays a role in the selection of dominating yeasts, 
as was demonstrated in fermented food of plant origin, e.g., 
sourdough (Gobbetti et al. 1994) and sugary kefir (Leroi and 
Pidoux 1993). Major sugars in preharvest maize are sucrose, 
glucose, fructose, and potentially maltose when starch is 
degraded. During the developmental stages of the kernel, the 
levels of sucrose, glucose, and fructose decrease from 23, 
12, and 9% wlw, respectively, 10 days postpollination, to 2, 
0, and 0% wlw, respectively, in ripe-harvested kernels 
(Doehlert et al. 1993). Within the kernel, the highest sugar 
levels occur in the base, pericarp, and embryo, with rela- 
tively low levels in the endosperm (Doehlert and Kuo 1990). 
No data are available on maltose levels; these depend on the 
presence and activity of amylolytic enzymes. Of the isolated 
yeasts, most are able to assimilate glucose, sucrose, and 
maltose. However, Candida zeylanoides and P. membrani- 
faciens assimilate sucrose and maltose only weakly. These 
two species probably depend on mutualistic relationships, 
with microorganisms or insects providing assimilable metabo- 
lites. Horn (1985) presents evidence that the association 
between Candida guilliermondii and amylolytic filamentous 
fungi on preharvest corn is probably commensalistic, with 
Candida guilliermondii utilizing the starch hydrolyzates 
produced by such fungi. Pichia burtonii is one of the few 
yeasts that produces extracellular amylase (Kreger-Van Rij 
1984). Burmeister and Hartman (1966) found that after 
ensilage of high moisture maize kernels for 7 days, Candida 
guillemndii was replaced by P. burtonii, Hansenula anomala 
(= Pichia anomala), and Candida krusei as the most com- 
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monly recorded yeasts. While these replacement yeasts were 
not recorded at harvest, they probably had a limited presence. 

Although most of the yeasts isolated from maize ferment 
glucose, this sugar is not available in large quantities in 
maize grain. As most maize-associated yeasts only ferment 
glucose, production of fermentation volatiles by yeasts in 
maize wound sites would be limited. Only Candida shehatae 
is able to ferment sucrose and maltose. The production of 
volatile fermentation products could make Candida shehatae 
attractive to sap beetles or other maize insects. A low fer- 
mentation activity of prevalent yeasts, with irregular dis- 
tribution of a minority of fermenting yeasts, may partly 
explain why in maize fields substantial numbers of nitidulid 
beetles were recorded from certain wounded maize ears, 
while few or no nitidulid beetles were found on similarly 
wounded maize ears from within the same row planting 
(Lussenhop and Wicklow 1990). 

Hesseltine and Bothast (1977) demonstrated that bacteria 
were the initial colonists of maize ears. followed bv the 
appearance of yeasts which the authors associated with 
dispersal by maize insects. Injured cactus tissue is also first 
infected by bacteria from the plant tissue or aerosols and (or) 
dust, resulting in a necrosis in which cactophilic yeasts are 
secondary invaders (Fogleman and Foster 1989). These 
necroses provide substrates for feeding and breeding by 
cactophilic Drosophila species (Fellows and Heed 1972), 
which serve as vectors for bacteria and yeasts, thus con- 
tributing to species distribution patterns (Starmer 1982; 
Fogleman and Foster 1989). Variations in the distribution 
of yeast species among different cactus necroses reflected 
different successional states (Starmer 1982; Starmer and 
Fogleman 1986). A more uniform distribution of yeasts may 
be present in maize grain at harvest, since the grain is at the 
same state of physiological maturity and moisture content, and 
wounding thus takes place in a relatively narrow time span. 

Using 12 highly sensitive yeast strains as indicators, 
4 strains of killer yeasts were detected among the 220 yeast 
isolates from maize. The occurrence of killer yeasts in pre- 
harvest maize has not been previously reported. The patterns 
of killing ability for three strains of T. cutaneum and strain 
E of Candida zeylanoides are presented in Table 3. The 
sensitivity of some indicator strains was markedly influenced 
by the incubation temperature (25 versus 28°C). The killer 
reaction on agar media is the result of several factors, includ- 
ing the diffusion rate of killer toxins, growth rates, and 
temperature-related stress of test and lawn strains. We do 
not know which of these factors prevailed in our experiment, 
but for practical purposes it would indicate that killer tests at 
different temperatures provide additional information on 
yeast interactions. Trichosporon cutaneum killed a greater 
number of the indicator strains than Candida zeylanoides. 
Within T. cutaneum, the pattern of killing for strain A was 
markedly different from that of strains B and C. Strain C 
of T. cutaneum can be distinguished from strain B by its 
ability to kill Candida glabrata at 28°C. Strains B and C 
of T. cutaneum could also be separated by their ability to 
assimilate D-arabinose, L-rhamnose, and D-mannitol. 

The four strains of killer yeast from maize were also 
tested for their ability to kill a group of 18 representative 
maize yeasts (Table 3). Strains of T. cutaneum (NRRL Y 
17868 = LU697, NRRL Y 17874 = LU696, and NRRL Y 

17875 = YM6-7) killed Candida guilliermondii (6 of 
7 strains), Candida shehatae (1 of 2 strains), and Crypto- 
coccus albidus (1 of 1 strain). The other killer yeast, Candida 
zeylanoides E (NRRL Y 17886 = LU029), showed a much 
narrower spectrum of activity, killing Candida shehatae 
(1 of 2 strains) and Cryptococcus albidus (1 of 1 strain), but 
fewer strains (2 of 7) of Candida guilliermondii. Candida 
zeylanoides (five strains), D. hansenii (two strains), and 
P. membranifaciens (one strain) were not sensitive to killer 
strains from maize. Cryptococcus albidus var. aerius (NRRL 
Y 17876 = LU134) and Candida shehatae (NRRL Y 17880 = 
LU025) were killed by each of the maize killer yeasts at 
25 and 28°C. Cryptococcus albidus (NRRL Y 17876 = 
LU134) might be used as a bioassay strain to detect killer 
yeasts in grain in the same way that Candida glabrata 
(Y-55 = NRRL Y 17256) has been used to screen for killer 
strains of cactophilic yeasts (Starmer et al. 1987). Kurtzman 
et al. (1970) reported the common occurrence of Crypto- 
coccus albidus, Cryptococcus laurentii, Rhodotorula glutinis, 
Pichia fermentans, and P. burtonii in unmilled wheat, and of 
H. anornula, Pichia farinosa, P. burtonii, Saccharomyces 
microellipsoides, and Candida spp. in wheat flour. 

Sensitivity to maize luller yeast strains does not by itself 
explain the common occurrence of Cryptococcus albidus in 
wheat and a limited occurrence in Illinois maize. Similarly, 
the ability to kill Candida guilliermondii has not resulted in 
T. cutaneum becoming a dominant maize yeast (Table 2). 
Killer activity as detected in laboratory media is limited 
within sometimes narrow ranges of pH and temperature. We 
do not know whether the killer character of, e.g., T. cutaneum, 
as detected in KM agar is also active in maize kernels. 
Petering et al. (1991) recognized the importance of fermenta- 
tion conditions for effective killer activity in wine production. 
In laboratory experiments, complete elimination of sensitive 
cells was not achieved, even at a 2: 1 ratio of killer to sensi- 
tive cells. The fact that T. cutaneum is not a fermenting yeast 
may decrease its chances of insect-mediated dispersal in 
nature. Weakly or nonfermenting yeasts, T. cutaneum and 
Cryptococcus albidus, were predominant among isolates 
from vegetable origin in a survey of yeasts isolated from 
samples of fruit and vegetables (King and Torok 1992). In 
contrast, Candida zeylanoides occurs much more frequently 
than T. cutaneum in Illinois maize (24% of all isolates), yet 
only 1 of 53 strains tested showed killer activity. Samples of 
combine-harvested maize include individual mould- and 
insect-damaged grains. We did not determine the distribution 
of yeast strains among these individual grains. Yeast strains 
with limited occurrence in grain samples may have been the 
dominant colonist of one damaged grain. 

Ganter and Starmer (1992) argued that the only possible 
function for yeast killer factors in natural habitats is as a 
mechanism of interference competition. Killer yeasts from 
Drosophila-associated yeast habitats (e.g., discrete pockets 
of rotting cactus tissue, sap-fluxes, and fruit) were more 
likely to kill species from other habitats than from their own 
habitat, suggesting some adaptation within a yeast com- 
munity to the killer toxins present (Starmer et al. 1987; 
Ganter and Starmer 1992). The different yeast biotypes 
recorded from grain samples could suggest that insects 
carried these yeasts into the corn field from diverse micro- 
habitats in adjoining oak woodlands (Dowd et al. 1992). 
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Table 3. Killing pattern of killer yeasts isolated from maize grain (Pioneer 3379) harvested from 32 plots at the University of Illinois River Valley Sand o 
07 

Field, Kilbourne, Ill. (1988 - 1991). 07 

Killer yeasts 

T. cutaneum A T. cutaneum B T. cutaneum C C. zeylanoides E 
(NRRL Y 17868 = LU697) (NRRL Y 17874 = LU696) (NRRL Y 17875 = YM6-7) (NRRL Y 17886 = LU029) 

Sensitive indicator strains 25°C 28°C 25°C 28°C 25°C 28°C 25°C 28°C 

Candida guiltiermnndii 
(NRRL Y 17887 = LU120) 0 I I 0 @ 

Canrlrda maltn~a 
(NRRL Y 1788s = CU125) r:~ 0 

Sncchummyres cern~ixiae 
(NRRL Y 17890 = LU322) o I )  0 0 (7 

Surr hurotnyre$ cerevisia~ 
(NRRL Y 17843 = LU325) 7 0 r~ 0 

Sarclraromyces uem~isiae 
(NRRL Y 17895 = LU328) rn 0 0 8 1  

Picl?ra annmalo 
(NRRL Y 17901 = LU536) 0 0 

Cundrda ~lobmrr! 
(NRRL Y i7256 = LU020) 0 17 - 

Cundtda reours 
(NRRL Y 17768) o 

Clypfococcus rereunm 
[NRRL Y 17778 = LU 135) 0 o 

Kt~v\~errnvces lnrtis var. lothrrs 
(NRRL Y 17889 = LU270) o 

Picl~ra nmerhiatitrzd 
var. pachvtrre~na 
(NRRL Y 17779 = LU1201) o 

Williops~s cnlifnmica 
(NRRL Y 17720 = LU750) 0 0 

Yeast isolates from preharvest maize 
Cundidrr ~tri/ l iemond~i A 

INRRL Y 17860 = YM1-2) 0 0 
Candida guill~ermondii A 
{NRRL Y 17861 = LUMt) o 

C~~ndiOn guillirr~nnndii A 
(NRRL Y 17867 = YM3-8) 0 0 I 

Candda guill~emto~ldii  B 
(NRRL Y 17870 = LU022) 

Cnndrda gui/li~rnrondii B 
(NRRL Y 17883 = YM9-12) 0 0 0 

Canrlrrla guilliermondii C 

0 (NRRL Y 1788 1 = LU023) o 0 0 o C' - Candida shehatrre B 
w w (NRRL Y 17880 = LU025) 0 o s 
-4 

z Cnprorncct~s alblilus var. ~ e r i u r  
w 
0 

(NRRL Y 17876 = LU134) 

g Note: o, ~ntermed~ate kill, a, complete kill Other rnalze ~solates were tested as lawns and werc not hens~tive. Thew include Candrita ~u~llienrron(lt~ ( B .  YM7-16). C61rrd1do 

E shehatae (A YM4-3), Candtda zeylanoldes (A YM1-17, B YM2-2: C YM2-12, YM10-2, D YM3-7). Drl~ryotnvce~ Irrmsenii (YM5-15, YM9-IS), and Pirlrirr 
membrantfac~ens (YM5-14) 
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Nout et al. 

Such microhabitats have not been identified nor have the 
resident yeast populations been characterized. It is not 
known whether the less abundant yeast species a re  ineffec- 
tive competitors in the wound sites of preharvest maize o r  are  
simply less commonly carried to  maize by insects such as  
Candida lugubris. 

This study has served to characterize the yeast community 
of  preharvest maize from a field in central Illinois. The  
prevalence of Candida guilliermondii, Candida zeylanoides, 
and Candida shehatae is only partially explained by the data 
and there is not sufficient data to  explain the limited occur- 
rence of T. cutaneum, Cryptococcus albidus, and D. han- 
senii. What has emerged from these studies a re  a number of  
ecological questions about the origin and ecology of  the 
species populations, in habitats within and external to  the maize 
field. In particular, further research is required to  establish 
whether relationships exist between ecological interactions 
involving yeasts, and the extent to  which the ears become 
damaged by insects o r  rotted by mycotoxin-producing fungi. 
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