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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 12­32489­  ­5
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   PRESENTACION 

FECHA:  2013­08­09 09:05:06
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   3

Como resultado del examen de fondo realizado,  con fundamento en el  Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: 12-32489-00000-0000 24/febrero/2012
Reivindicaciones: 12-32489-00000-0000 24/febrero/2012
Dibujos: 12-32489-00000-0000 24/febrero/2012
Prioridad: US 12/511.275 29/Julio/2009

2. Análisis de la Prioridad

Se acepta la reivindicación de prioridad porque ésta solicitud fue presentada dentro del plazo 
establecido  (Art.  9  D  486)  y  su  contenido  técnico  corresponde  con  el  de  la  prioridad 
reivindicada.

3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2  del Título X de la Circular Única para 
efectos del examen de patentabilidad, se tendrá en cuenta la tasa pagada por el solicitante 
al  momento  de  comenzar  el  examen  para  las  reivindicaciones  adicionales;  esto  es  que 
cuando la solicitud contenga más de diez (10) reivindicaciones y no se haya pagado la tasa 
complementaria, sólo se estudiarán las cubiertas por la tasa pagada. En la presente solicitud 
se estudiaran las 17 reivindicaciones de radicado 12-032489-00000-0000.
Título  de  la  solicitud:  “CEPAS  CRYPTOCOCCUS  FLAVESCENS TOLERANTES  AL 
PROTIOCONAZOL PARA EL CONTROL BIOLÓGICO DE LA FUSARIOSIS DE LA ESPIGA
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El problema planteado en esta solicitud consiste en La necesidad de diseñar composiciones 
útiles para el control biológico de fusariosis.

Para  resolver  este  problema  técnico  la  solicitud  en  estudio  proporciona  cepas  de 
Cryptococcus flavescens y composiciones que las contienen

El objeto de la presente solicitud se relaciona con la Clasificación Internacional de Patentes 
(CIP):  A 01 N 63/02; C 12 N 1/20

4. No es una invención (Art 15 D 486 literales (b))

El objeto de las reivindicaciones 1 a 4 no  se considera una invención, de acuerdo con el Art 
citado, puesto que las cepas reclamadas corresponden a aislamientos de microorganismos 
presentes en la naturaleza.

5. De la solicitud de patente 

Titulo

Debido a que las cepas reclamadas corresponden a materia no patentable, se sugiere al 
solicitante modificar el titulo de solicitud según la materia patentable contenida en la misma.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 5 a 13 no son claras porque se refieren a un método pero no especifica 
la “cantidad eficaz” de la composición o de la cepa para el control de la fusariosis, porque 
contienen la palabra “prácticamente” que corresponde a un término relativo que no delimita 
el alcance de la reivindicación, y porque no define la expresión “biológicamente puro”.

Las composiciones de las reivindicaciones 14 a 17 no tienen sustento en la descripción, la 
cual  se centra  en la selección de cepas con la actividad deseada,  pero no menciona ni 
describe  la  elaboración  de  composiciones,  es  decir  no  define  los  componenentes  y 
proporciones de las mismas.

Descripción (Art 28  D 486)

La  descripción  no  define  las  composiciones  presentes  en  el  capitulo  reivindicatorio,  no 
proporciona  las  características  esenciales  de  dichas  composiciones,  es  decir  sus 
componentes y proporciones.

6.  Determinación del Estado de la Técnica

El estado de la técnica se determinó con base en la fecha de presentación de la solicitud de 
prioridad: 29 de julio de 2009, y se encontraron los siguientes documentos que anticipan el 
objeto de esta solicitud: 

Ítem Documento Título Fecha de Publicación*

D1
Plant  Disease. Vol. 
86  No.  12.  Pág. 
1350-1356

Greenhouse  and  Field  Evaluation  of 
Biological  Control  of  Fusarium  Head 
Blight  on Durum Wheat

2002

D2
Biological  Control 
Volume 42, Issue 3, 
Pages 308–315

Utilization  of  chemical  inducers  of 
resistance and Cryptococcus flavescens 
OH  182.9  to  reduce  Fusarium  head 
blight under greenhouse conditions

Septiemre/2007

El documento D1 divulga la disminución en la severidad de la infección por Gibberella zeae 
en plantas mediante el uso de antagonistas como  Cryptococcus sp y  C. nodaensis  (Pág. 
1350 Resumen).
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El documento D2 divulga la cepa Cryptococcus flavescens (=C, nodaensis) OH 182 y su 
aplicación en el control de fusarioris. (Pág. 308 Resumen).

Nivel inventivo (Art18 D486)

La reivindicación 5 consiste en “Un método para suprimir la fusariosis de la espiga en una 
planta  de  cereal  que  comprende  aplicar  a  una  espiga  de  dicha  planta  al  menos  un  
antagonista  microbiano seleccionado del  grupo que consiste  de Cryptococcus flavescens 
cepa  3C  (NRRL  Y-50378),  y  Cryptococcus  flavescens  cepa  4C  (NRRL  Y-50379),  y 
combinaciones  de  los  mismos,  dicho  antagonista  microbiano  se  aplica  en  una  cantidad  
eficaz para reducir el nivel de fusariosis de la espiga en relación con el control no tratado.”

Comparación de las características técnicas esenciales, con las del estado de la técnica:
Características esenciales D1 D2

Método para suprimir  la  fusariosis 
de  la  espiga  en  una  planta  de 
cereal

Método para suprimir  la  fusariosis 
de  la  espiga  en  una  planta  de 
cereal (Pág. 1352 Col. 2)

Método para suprimir  la  fusariosis 
de  la  espiga  en  una  planta  de 
cereal (Pág. 308 Resumen)

Aplicar  a  una  espiga  de  dicha 
planta  al  menos  un  antagonista 
microbiano seleccionado del grupo 
que  consiste  de  Cryptococcus 
flavescens  cepa  3C  (NRRL  Y-
50378), y Cryptococcus flavescens 
cepa 4C (NRRL Y-50379)

Aplicar  a  una  espiga  de  dicha 
planta  al  menos  un  antagonista 
microbiano seleccionado del grupo 
que consiste  de Cryptococcus sp. 
OH 71.4 y C. nodaensis OH 182.9 
(Pág.  1351  Tabla  1,  Pág.  1352 
Tabla 2, Pág.  1353 Tabla 3, Pág. 
1354 Tablas 4 y 5)

Aplicar  a  una  espiga  de  dicha 
planta  al  menos  un  antagonista 
microbiano seleccionado del grupo 
que  consiste  de  Cryptococcus 
flavescens (=C, nodaensis) OH 182 
solo  en  combinación  con  otros 
agentes  químicos  (Pág.  308 
Resumen).

El documento D1 se considera el estado de la técnica cercano a la invención definida en la 
reivindicación 1 porque divulga un método para suprimir la fusariosis de la espiga en una 
planta de cereal (Pág. 1352 Col. 2) que comprende aplicar a una espiga de dicha planta al 
menos un antagonista microbiano seleccionado del grupo que consiste de Cryptococcus sp. 
OH 71.4 y/o  C. nodaensis OH 182.9 (Pág. 1351 Tabla 1, Pág. 1352 Tabla 2, Pág. 1353 
Tabla 3, Pág. 1354 Tablas 4 y 5) dicho antagonista se encuentra en una composición que 
comprende el microorganismo y Tween 80 (Pág. 1352 Col 3)

La diferencia entre el método definido en la reivindicación 5 y el método del documento D1 
consiste  en  que  la  solicitud  hace  referencia  a  unas  cepas  de  Cryptococcus  flavescens 
específicas que no son divulgadas en D1.

No se evidencia ningún efecto tecnico mejorado al incluir una cepa alternativa en el método 
para suprimir la fusariosis. 

Por lo tanto,  el problema técnico objetivo que pretende resolver esta  invención se puede 
formular así: “cómo elaborar un método alternativo para suprimir la fusariosis”. 

Sin embargo, la utilización de cepas alternativas de Cryptococcus flavescens para suprimir 
fusariosis, ya está divulgada en el documento D2 que se refiere a un método para suprimir la 
fusariosis de la espiga en una planta de cereal que comprende aplicar a una espiga de dicha 
planta  al  menos  un  antagonista  microbiano  seleccionado  del  grupo  que  consiste  de 
Cryptococcus flavescens (=C, nodaensis) OH 182 solo en combinación con otros agentes 
químicos (Pág. 308 Resumen).

En consecuencia, la persona del oficio normalmente versada en la materia,  incluiría  cepas 
alternativas de Cryptococcus flavescens como en el documento D2 en el método divulgado 
en el documento D1 para llegar así al objeto de la reivindicación 5 de la solicitud, por lo cual 
se considera obvia.

Las reivindicaciones 6 a 17 no proporcionan características esenciales adicionales por lo 
cual se considera tampoco cumplen con el requisito de nivel inventivo.
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7. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta

D1
Plant Disease. Vol.  86 
No.  12.  Pág.  1350-
1356

5 a 17 Nivel inventivo

D2
Biological  Control 
Volume  42,  Issue  3, 
Pages 308–315

5 a 17 Nivel inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir de la fecha de notificación de la presente comunicación. En caso de no 
dar  respuesta al  presente requerimiento,  o  si  a  pesar  de  la  respuesta  subsistieran  los 
impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2013-08-13

Elaboró: Sandra Carolina Crespo 
Revisó: Consuelo  Leguizamon Leguizamon
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Greenhouse and Field Evaluation of Biological Control of Fusarium Head Blight 
on Durum Wheat 

D. A. Schisler, Research Plant Pathologist, United States Department of Agriculture–Agricultural Research Service 
(USDA-ARS), National Center for Agricultural Utilization Research (NCAUR); N. I. Khan, Postdoctoral Plant 
Pathologist, Department of Plant Pathology, Ohio State University; M. J. Boehm, Associate Professor of Plant Pa-
thology, Department of Plant Pathology, Ohio State University, Columbus 43210; and P. J. Slininger, Supervisory 
Chemical Engineer, USDA-ARS, NCAUR, Peoria, IL 61604 

Durum wheat (Triticum durum Desf.) is 
a tetraploid wheat that ranks approximately 
eighth in worldwide cereal production. It is 
used primarily in the production of pasta in 
North America and Europe but also in 
couscous in the Middle East and North 
Africa (3). Fusarium head blight (FHB) is 
an important disease of wheat and barley in 
humid and semihumid regions of the world 
(23). It has the potential to completely 
destroy an otherwise healthy crop only 
weeks before harvest by infecting develop-
ing heads at the time of flowering through 
the soft dough stage of kernel develop-
ment. Fusarium head blight in the United 
States was particularly devastating in the 
1990s, with losses to U.S. agriculture esti-

mated at over $2.6 billion (23). Gibberella 
zeae (Schwein.) (anamorph Fusarium 
graminearum Schwabe) is the primary 
causal agent of FHB, or scab, on durum 
wheat as well as other wheats and barley in 
North America (1). The pathogen is geneti-
cally diverse on a regional basis (22,41) 
and maintains reproductively isolated line-
ages across the globe (25). 

In addition to destroying yields, G. zeae 
can produce mycotoxins such as zearale-
none (14) and deoxynivalenol (DON, 
vomitoxin) (12,35) during colonization of 
grain. DON is retained in semolina at ap-
proximately 50%, and G. zeae has a strong 
adverse effect on pasta color when G. 
zeae–damaged kernels make up as little as 
2% of a lot (6). Grain that is heavily con-
taminated by DON is frequently unsuitable 
for human consumption and may be re-
fused as feed (9,40). 

Promising options for controlling Fusa-
rium head blight include chemical meas-
ures and the development of resistant cul-
tivars. Registered fungicides can be 
somewhat effective in reducing FHB 
(16,21,38), but residue concerns regarding 
the use of fungicides late in crop develop-

ment lessen their attractiveness. Advances 
in developing resistant cultivars using tra-
ditional breeding (2) and genetic engineer-
ing (5) are occurring, but all wheat culti-
vars currently in production remain 
vulnerable to infection. Although partially 
effective in reducing FHB, conventional 
tillage of fields after harvesting to bury 
plant residues and reduce available patho-
gen inoculum (7,24,44) is not compatible 
with the soil conservation practice of 
minimum tillage. 

Biological control of FHB holds consid-
erable promise and includes the treatment 
of crop residues with antagonists to reduce 
pathogen inoculum (4) and wheat heads at 
anthesis to reduce infection (11,17,26, 
37,42). Biological control of FHB is attrac-
tive due to its potential for being environ-
mentally benign, compatible with other 
control measures, and durable. 

Khan et al. (17) isolated seven novel mi-
crobial strains from wheat anthers and 
demonstrated their efficacy against isolates 
of G. zeae in greenhouse studies on the 
hard red spring wheat cultivar Norm. The 
potential of these strains to control FHB on 
wheat in a field environment, however, 
was not described. Further, the ability of 
these strains to control FHB on durum 
wheat was not attempted in greenhouse nor 
in field studies. Frequently, biological 
control agents shown to be effective in 
greenhouse bioassays do not perform simi-
larly in field experiments (15,20). Whether 
this trend would be seen when testing these 
strains on durum wheat in greenhouse and 
field trials was not known. The quantity 
and quality of nutrients present in a liquid 
culture medium can influence the efficacy 
of the antagonists produced (32,33). The 
efficacy of biological control agents can 
also vary relative to each other and overall 
when assayed on different host cultivars 
(32). A primary objective of this study was 
to test the efficacy of biological control 
agents against FHB on two durum wheat 
cultivars in greenhouse and field studies. 
An additional objective of the greenhouse 
studies was to determine if the nutritional 
environment used to produce antagonist 
biomass differentially influenced antago-
nist efficacy on durum wheat. Final objec-
tives were to evaluate whether individual 
antagonist efficacy varied relative to the 
other strains when antagonists were tested 

ABSTRACT 
Schisler, D. A., Khan, N. I., Boehm, M. J., and Slininger, P. J. 2002. Greenhouse and field 
evaluation of biological control of Fusarium head blight on durum wheat. Plant Dis. 86:1350-
1356.  

Fusarium head blight (FHB) is a devastating disease that causes extensive yield and quality 
losses to wheat and barley. In durum wheat, the pathogen-produced toxin deoxynivalenol
(DON) is retained in semolina at ~50%, and the causal agent of FHB, Gibberella zeae, has a 
strong adverse effect on pasta color. Two bacteria and two yeast strains with known efficacy 
against G. zeae on hexaploid wheats were produced in liquid culture and assayed on two culti-
vars of durum wheat in greenhouse bioassays. All antagonists reduced FHB severity on cultivar 
Renville, and three of the four reduced severity on cultivar Ben, with Bacillus subtilis strain AS 
43.3 decreasing FHB severity by as much as 90%. In separate greenhouse bioassays, the car-
bon:nitrogen ratio of the medium used to produce antagonists did not consistently influence 
antagonist efficacy. All antagonist/production medium combinations but one were effective in 
reducing disease on both durum cultivars. Of six antagonists tested at field sites, Cryptococcus 
sp. OH 71.4 and C. nodaensis OH 182.9 reduced disease severity by as much as 57% in Peoria, 
IL, while Cryptococcus sp. OH 181.1 reduced disease severity by as much as 59% in a trial at 
Langdon, ND. Antagonists did not influence the DON content of grain in the Peoria trial. Rela-
tive performance indices for four antagonists calculated from greenhouse and field results on 
the two durum cultivars demonstrated that the bioassay location, but not the cultivar of durum, 
influenced the relative performance of antagonists. Yeast antagonists OH 71.4, OH 181.1, and 
OH 182.9 appear to have the highest potential for contributing to the reduction of FHB on du-
rum wheat in the field. 

Additional keywords: Fusarium graminearum, scab of wheat 
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in greenhouse and field environments and 
whether the cultivar of durum used in an 
experiment also influenced relative an-
tagonist efficacy.  

MATERIALS AND METHODS 
Production of antagonist inoculum. 

Bacillus subtilis AS 43.3, B. subtilis AS 
43.4, Cryptococcus sp. OH 71.4, and C. 
nodaensis OH 182.9 were utilized in all 
studies. B. subtilis OH 131.1 and Crypto-
coccus sp. nov. OH 181.1 were used in 
field trials but not in the greenhouse bioas-
says (Table 1). Strains were stored at  
–80°C in 10% glycerol and were streaked 
for purity on 1/5 Tryptic soy broth agar 
(TSBA/5, pH 6.8) (Difco Laboratories, 
Detroit, MI) to produce cells for inoculat-
ing liquid media. Cultures were incubated 
at 25°C for 24 h. For greenhouse studies, 
inoculum was produced in a semidefined 
complete liquid medium (SDCL; 32) with 
a carbon:nitrogen (C:N) ratio of 11.0 and 
total carbon content of 14.0 g/liter. Fifty 
milliliters of SDCL in 200-ml unbaffled 
Erlenmeyer flasks was inoculated to an 
optical density (OD) of 0.10 at 620-nm-
wavelength light (A620) with cells grown on 
TSBA/5 at 25°C for 24 h. Flasks were then 
incubated in a shaker incubator at 250 rpm, 
2.0-cm eccentricity, and 25°C for 48 h 
prior to use. An SDCL medium with a C:N 
of 6.5 and identical total carbon content 
was also used to produce cells of each 
antagonist for the study of medium C:N 
effect on antagonist efficacy. Media of 
differing C:N are obtained by varying the 
ratio of glucose and Casamino acids while 
maintaining constant carbon loading. For 
field studies, cells grown for 24 h on 
TSBA/5 plates were used to seed 100 ml 
SDCL (C:N 6.5) contained in 500-ml 
flasks to an OD of 0.10 at A620. Flasks 
were incubated at 25°C and 250 rpm (2.5 
cm eccentricity). After 24 h, these precul-
tures were used to seed Fernbach flasks 
containing 1.5 liters of SDCL (C:N 6.5) to 
an OD of 0.10. Cultures were incubated as 

described above for 48 h. Colonized broth 
were then transferred to sterile containers, 
transported to the field on ice, and used 
within 24 h. 

Production of pathogen inoculum. For 
greenhouse studies, conidia of G. zeae 
isolate Z-3639, originally isolated from 
wheat in Kansas, were produced on clari-
fied V8 juice agar (CV8 agar) under 12 
h/day fluorescent light for 7 days at 24°C 
(31). Suspensions of macroconidia were 
obtained by flooding the surface of colo-
nized CV8 agar with weak, pH 7.2, phos-
phate buffer (PO4 buffer) (0.004% wt/vol 
KH2PO4 buffer with 0.019% wt/vol 
MgCl2; Aid Pack, Gloucester, MA) and 
dislodging conidia using a sterile inoculat-
ing loop. 

For field studies conducted in Peoria, IL, 
G. zeae Z-3639 was grown on yellow dent 
corn kernels contained in 3- or 4-liter Er-
lenmeyer flasks. Kernels were soaked in 
water for 24 h, autoclaved for 60 min on 
two consecutive days, and inoculated with 
10 ml of a conidial suspension of G. zeae 
Z-3639 containing approximately 2 × 105 
CFU/ml. Upon completion of autoclaving, 
the swelled corn kernels filled half the 
volume of a flask. Flasks were kept at 
room temperature on a laboratory bench 
for 7 days before use. Naturally occurring 
inoculum incited disease at the Langdon, 
ND, field site. 

Greenhouse bioassay of antagonists 
against FHB on two durum cultivars. 
Studies were conducted in Peoria during 
fall, winter, and spring months in a cli-
mate-controlled greenhouse where tem-
peratures ranged from 15 to 20°C at night 
and 23 to 28°C during the day. High-
pressure sodium lights supplemented natu-
ral sunlight for 14 h/day during winter 
months. For durum wheat cultivars Ren-
ville and Ben, two seedlings per 19-cm-
diameter pot were grown in an air-steam 
pasteurized (60°C for 30 min) potting mix 
(Terra-lite Redearth mix, W.R. Grace, 
Cambridge, MA) in a growth chamber 

(25°C, 14 h light/day, 600 µmol/[m2/s]) for 
approximately 8 weeks prior to use in bio-
assays. Pots were fertilized after 1 week 
and weekly thereafter with 50 ml of a solu-
tion containing 1.25 g/liter Peters 20-20-20 
(Grace-Sierra Horticultural Products, 
Milpitas, CA) and 0.079 g/liter iron chelate 
(Sprint 330, Becker Underwood, Inc., 
Ames, IA). Wheat heads were inoculated 
at anthesis. Microbially colonized broths 
and conidia of G. zeae were suspended 
together in a solution of PO4 buffer and 
0.036% vol/vol Tween 80 (Sigma Chemi-
cal Co., St. Louis, MO). Final concentra-
tions of the inoculum mixture were 5 × 105 
conidia per ml and approximately 5 × 108 
CFU/ml and 3 × 107 CFU/ml for bacteria 
and yeast strains, respectively, or 25% of 
fully colonized, 48-h liquid cultures. Ten 
microliters of this mixture was used to 
inoculate a single, centrally located floret 
on each of 16 wheat heads (four heads per 
replication; four replications per treat-
ment). Heads inoculated only with a sus-
pension of conidia of G. zeae, or a 
buffer/Tween suspension alone served as 
controls. Previous greenhouse studies (N. 
I. Khan, unpublished) indicated that none 
of the strains of antagonists adversely af-
fected head development in the absence of 
pathogen inoculum. After inoculation, 
wheat plants were misted lightly with wa-
ter and incubated in a plastic humidity 
chamber at approximately 22°C in the 
greenhouse. After 72 h, plants were trans-
ferred from the chamber to greenhouse 
benches. Plastic humidity chambers con-
sisted of a PVC pipe frame covered with 
clear plastic. Heads were scored for disease 
incidence (presence or absence of disease 
symptoms) and severity using a 0 to 100% 
scale (36) 16 days after inoculation. Dis-
ease severity values were based on visually 
assessing the proportion of a head exhibit-
ing premature bleaching that is typical of 
FHB disease. In this and all other experi-
ments, the association of G. zeae with 
symptomatic tissue was confirmed via 
plating randomly selected tissue samples 
on CV8 agar. Heads were then allowed to 
dry and threshed using a Almaco small 
vogel plant and head thresher (Nevada, IA) 
set at the lowest air setting to retain all 
kernels regardless of their disease status, and 
100-kernel weights were determined for 
each replicate. Treatments were distributed 
in a completely randomized design. Experi-
ments were conducted two times on each 
durum cultivar. Data from repeated experi-
ments were pooled after statistical analysis 
demonstrated that experiment by treatment 
interactions were seldom significant (P � 
0.01). Disease severity and incidence data 
were normalized when needed using the 
arcsine transformation before analysis of 
variance. Means were separated at P � 0.05 
using Fisher’s protected LSD test (PC SAS, 
version 6.12, SAS Institute, Cary, NC). 

Greenhouse bioassay of antagonists 
produced in liquid media with differing 

Table 1. Antagonist strain designation and identification of bacteria and yeasts that reduce the sever-
ity of Fusarium head blight of wheat 

Antagonist NRRL accession no.a Identification 

AS 43.3 B-30210 Bacillus subtilis/amyloliquefaciensb 
AS 43.4 B-30211 Bacillus subtilis/amyloliquefaciensb 
OH 71.4 Y-30213 Cryptococcus sp.(=Torula aurea)c 
OH 131.1 B-30212 Bacillus subtilisd 
OH 181.1 Y-30215 Cryptococcus sp. nov.c 
OH 182.9 Y-30216 Cryptococcus nodaensise 

a ARS (NRRL) patent culture collection, National Center for Agricultural Utilization Research, Peo-
ria, IL. 

b Identification by Deutsche Sammlung von Mikroorganismen und Zelkulturen GmbH (DSMZ), 
Braunschweig, Germany, based on 16S rDNA sequence homologies and biochemical and physio-
logical tests of taxonomic utility. 

c Identification based on nucleotide sequence divergence in domain D1/D2 of large subunit 26S 
rDNA and on divergence in internal transcribed spacer (ITS) 1/5.8/ITS2 rDNA (C. P. Kurtzman, 
personal communication). 

d Identification by MIDI Labs, Newark, DE, based on 16S rDNA sequence homologies and bio-
chemical and physiological tests of taxonomic utility. 

e Identification based on nucleotide sequence divergence in domain D1/D2 of large subunit 26S 
rDNA and on divergence in ITS 1/5.8/ITS2 rDNA (C. P. Kurtzman, personal communication; 27). 
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carbon:nitrogen ratios. Plant and patho-
gen inoculum production were as described 
earlier. Inoculum of the four antagonists 
was produced using SDCL media with C:N 
ratios of either 11.0 or 6.5 as described 
earlier. At the onset of flowering, a spray 
inoculation method was used to mimic the 
arrival of inoculum at the infection court in 
the field. Two milliliters of an aqueous 
suspension containing 5 × 105 conidia per 
ml of G. zeae isolate Z3639 and 0.036% 
Tween 80 was applied as a mist (Spr� Tool, 
North American Professional Products, 
Woodstock, IL) over four wheat heads 
immediately after treating heads with 5 ml 
of an aqueous suspension containing 
0.036% Tween 80 and antagonist cells. 
Antagonist cells were applied at 25% of 
48-h colonized broth (approximately 3 × 
107 and 5 × 108 CFU/ml for yeast and bac-
terial antagonists, respectively). Heads 
sprayed only with conidia of G. zeae 
served as controls. The experiment was 
conducted twice on both Renville and Ben 
cultivars. Treatment replication, disease 
evaluation, and threshing, were as de-
scribed earlier. Statistical treatment of data 
was as described earlier except that, for 
each cultivar, data were also analyzed as a 
2 × 4 factorial after removal of controls 
from the data sets. 

Peoria field trial of antagonists 
against FHB on two durum cultivars. 
The field site soil was an Orthents com-
plex, with a silty loam surface layer of 
approximately 25 cm and an underlying 
silty clay loam. The site was convention-
ally cultivated in the fall prior to spring 
planting of durum wheat cultivars Renville 
and Ben. Prior to planting, the site was 
fertilized with 1,120 kg/ha of Parker’s 
Super Soilife 10-10-10 (Pursell Industries, 
Sylacauga, AL) (3.92% ammonium nitrate, 
6.68% urea nitrogen [1.7% slow release]) 

and again conventionally cultivated. Rows 
of Renville and Ben (2.1 m long) were 
planted by hand with 0.3 m between rows. 
Rows of a cultivar planting were separated 
from rows of the other cultivar by 0.3 m 
walkways. Rows of each cultivar were 
assigned to treatments using a randomized 
complete block design with five replicate 
rows per treatment. A border row of Ben 
and Renville surrounded the experiment 
site and was not treated. About 2 weeks 
before the anticipated flowering date, yel-
low dent corn kernels colonized by G. zeae 
Z-3639 were applied uniformly by hand to 
the site at approximately 25 kernels per m2. 
Perithecia appeared on the kernels after 
about 1 week and were releasing asco-
spores at the time of anthesis. 

Biomass of antagonists AS 43.3, AS 
43.4, OH 71.4, and OH 182.9 were pro-
duced in SDCL (C:N 6.5) as described 
above. Prior to application to flowering 
wheat heads, culture broths were diluted to 
25% of fully colonized, 48-h liquid culture 
using PO4 buffer. Tween 80 was added to 
microbial solutions to a final concentration 
of 0.036%. Final CFU/ml counts for an-
tagonist treatments were approximately 5 × 
108 CFU/ml and 3 × 107 CFU/ml for bacte-
ria and yeast strains, respectively. Treat-
ment suspensions were applied using a 
CO2 backpack sprayer charged at 2.8 
kg/cm2 and equipped with two no. 10 
ConeJet nozzles (R&D Sprayers, Ope-
lousas, LA) spaced 30 cm apart and 
mounted pointing inward at 45 degrees. 
Treatment suspensions were charged with 
CO2 just prior to application. Treatments 
were applied to near runoff just prior to 
and continuing after sunset to minimize 
potential UV degradation of antagonist 
cells. The primary control treatment con-
sisted of plants treated with a solution of 
buffer/Tween. A second control consisted 

of untreated plants. Treatment applications 
were contained to individual rows using 
two PVC pipe frames covered by plastic 
that were placed on either side of a row to 
be treated. The PVC pipe frames were 
thoroughly rinsed after each treatment 
application. From the morning after treat-
ment application until midmilk kernel 
development (Feekes growth stage 11.1, 
[19]), wheat heads were misted with city 
water for 5 min/h from 6:00 A.M. until 8:00 
P.M. using four misting sprinklers 
(Sherman PTR-111 sprinkler, L.R. Nelsen 
Corporation, Peoria, IL) spaced evenly 
across the plot with misting heads set ap-
proximately 10 cm above wheat heads, 
resulting in a total uniform application of 
approximately 1.5 cm of water per day. 
Field assessments of FHB incidence and 
severity (36) were made by evaluating 60 
heads per replicate (300 heads per treat-
ment) when plants were at late milk devel-
opment. Wheat heads were harvested by 
hand and threshed using an Almaco 
thresher when grain reached full maturity. 
Grain samples obtained from each replicate 
row were evaluated for 100-kernel weight, 
and a 10- to 20-g sample of each replicate 
was evaluated for DON content using a 
Veratox 5/5 quantitative DON Test Kit 
(Neogen Corporation, Lansing, MI) per the 
manufacturer’s instructions for grain with a 
DON concern level of 0.5 to 5 ppm. Dis-
ease severity and incidence data were nor-
malized when needed using the arcsine 
transformation before analysis of variance. 
Means were separated from the buffer/ 
Tween control at P � 0.05 using Fisher’s 
protected LSD test (PC SAS, version 6.12, 
SAS Institute). 

Langdon field trial of antagonists 
against FHB on two durum cultivars. 
The field site was a Svea loam that was 
chisel plowed the fall prior to spring plant-
ing of durum wheat cultivars Renville and 
Ben. Prior to planting, urea at 56.0 kg/ha 
(46+0+0) and 78.4 kg/ha (11+52+0) was 
broadcast on the plot, and the site was 
conventionally cultivated. An Almaco 
seeder was used to plant plots of Ben and 
Renville durum in a randomized complete 
block design (RCBD) with six replicate 
plots per treatment. Plots were 1.05 by 
1.05 m, had a 0.15-m row spacing, and 
were separated from adjacent plots by 
approximately 1.05 m. Border plots were 
not included in the experiment. Additional 
nitrogen was broadcast applied at the two-
leaf stage in the form of urea at 112.1 
kg/ha. The experiment was conducted as 
described for Peoria, with the following 
exceptions. Infection of heads by G. zeae 
was dependent on naturally occurring lev-
els of inoculum and rainfall (three rainfall 
events for a total of 0.8 cm of rain from 
flowering through visual disease assess-
ment at late milk kernel development). 
Biomass of antagonists AS 43.3, AS 43.4, 
OH 71.4, OH 131.1, OH 181.1, and OH 
182.9 was produced in SDCL (C:N 6.5) as 

Table 2. Influence of microbial antagonists on Fusarium head blight incited by Gibberella zeae
Z3639 on the durum wheat cultivars Renville and Ben in greenhouse assaysa,b 

Treatment DS (%) DI (%) 100-kw (g) 

Renville    
Buffer + Gz  50  96  1.89 
Buffer alone  0* 0* 2.76* 
AS 43.3  4* 21*  2.30* 
AS 43.4  17* 62*  2.41* 
OH 71.4 36* 83  1.92  
OH 182.9 27* 79*  2.10* 
LSD(0.05) 11  15  0.14 

Ben    
Buffer + Gz 46 97 3.19 
Buffer alone 0* 0* 3.64* 
AS 43.3 10* 41* 3.37* 
AS 43.4 9* 44* 3.24 
OH 71.4 26* 87  3.00* 
OH 182.9 43  87  2.74* 
LSD(0.05) 11  18  0.16  

a The middle floret of a central spikelet of a wheat head was co-inoculated with 10 µl of a 48-h an-
tagonist-colonized broth (broth C:N = 11.0) diluted to 25% with PO4 buffer (approximately 3 × 107

and 5 × 108 CFU/ml for yeast [OH 71.4 and OH 182.9] and bacterial [AS 43.3 and AS 43.4] an-
tagonists, respectively) and G. zeae conidia (5 × 105 conidia per ml). 

b DS = disease severity, DI = disease incidence, 100-kw = 100-kernel weight, Gz = G. zeae Z3639. 
Within a column of a cultivar, means followed by an asterisk are significantly different from the 
“Buffer + Gz” control (Fisher’s protected LSD, P � 0.05). 
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described above and stored for 24 h on ice 
prior to application. Field assessments of 
FHB incidence and severity were made by 
evaluating 60 heads per replicate (360 
heads per treatment). When grain reached 
full maturity, wheat heads were harvested 
using a Hege plot combine (Hege Maschi-
nen, Waldenburg, Germany) set on the 
lowest blower setting to retain lighter 
weight kernels infected by G. zeae. Loss of 
storage cooler refrigeration after obtaining 
100-kernel weights caused stored grain to 
become moist and negated obtaining accu-
rate DON content values. 

Experiment environment and cultivar 
influence on relative antagonist per-
formance. Relative performance indices of 
antagonist efficacy (RPIefficacy) (32,33) 
were calculated to determine if individual 
antagonist efficacy varied relative to the 
other antagonists when strains were tested 
in greenhouse versus field environments. 
The influence of the durum cultivar used in 
an experiment on relative antagonist effi-
cacy was also evaluated. Relative perform-
ance indices allow different types of data 
to be compared using a standard scale and 
are dimensionless values that will theoreti-
cally range from 0 to 100, in which 100 = 
maximum antagonist efficacy relative to 
the other antagonist strains tested. Assum-
ing FHB severity ratings are normally 
distributed, Z (the standard normal variate) 
will range from –2 to +2 (95% probability) 
when Z = (X – �)/s, where X is a single 
disease rating value observed for an an-
tagonist strain, and � and s are the average 
and standard deviation, respectively, of all 
values obtained for all antagonist strains in 
an experiment (34). RPIefficacy then is calcu-
lated as:�(Z – 2)�*25. For data sets where 
some Z values fall outside the range –2 to 
+2, RPIefficacy is more accurately calculated 
as: (2 – Z)*25. Disease severity data for 
antagonists AS 43.3, AS 43.4, OH 71.4, 
and OH 182.9 from the two field trials and 
the portion of the greenhouse trials that 
utilized antagonist biomass produced in 
SDCL (6.5) were utilized to calculate 
RPIefficacy values. For each experiment, an 
RPIefficacy value was calculated for each 
replication of each antagonist treatment. 
These values were used to calculate an 
average RPIefficacy for each antagonist strain 
and for ANOVA and mean separation of 
antagonist RPIefficacy averages. RPIefficacy 
values were initially analyzed as a 2 × 2 
factorial design with two levels of cultivar 
(Renville versus Ben) and two levels of 
experiment location (greenhouse versus 
field). Because location by cultivar interac-
tion was not significant, overall RPIefficacy 
location and cultivar means for each an-
tagonist were reported and separated at P � 
0.05 and P � 0.10 using Fisher’s protected 
LSD test.  

RESULTS 
Greenhouse bioassay of antagonists 

against FHB on two durum cultivars. 

All four antagonist treatments significantly 
reduced disease severity compared with the 
positive control (buffer + G. zeae Z3639), 
and three of the four reduced disease inci-
dence when tested on cultivar Renville 
(Table 2). Bacterial antagonist AS 43.3 
decreased disease severity by 92% and 
disease incidence by 78%. All the antago-
nists except OH 71.4 increased 100-kernel 
weight. Three of four antagonists reduced 
FHB disease severity, and two of four re-
duced FHB disease incidence on cultivar 
Ben (Table 2). Only antagonist AS 43.3 
increased 100-kernel weight, while strains 
OH 71.4 (which decreased disease sever-
ity) and OH 182.9 decreased 100-kernel 
weights. 

Greenhouse bioassay of antagonists 
produced in liquid media with differing 
carbon:nitrogen ratios. On cultivar Ren-
ville, all antagonists, regardless of the C:N 
of the liquid culture production medium, 
reduced FHB severity (Table 3). Antago-
nists AS 43.3 and AS 43.4 reduced disease 
incidence regardless of the C:N of the 
liquid culture production medium, and OH 
71.4 reduced incidence when produced in 
C:N 11 medium. Disease severity was 
reduced by as much as 78% by bacterial 
antagonist AS 43.3. All antagonists in-
creased 100-kernel weight regardless of the 
production medium C:N except for OH 
182.9 when produced in C:N 6.5 medium. 
All antagonists produced on either C:N 
medium decreased disease severity in tests 

on cultivar Ben except for OH 182.9 (Ta-
ble 3). Bacterial antagonists AS 43.3 and 
AS 43.4 reduced disease incidence, while 
yeasts OH 71.4 and OH 182.9 did not. One 
hundred kernel weight results were vari-
able, with the yeast antagonists reducing 
and the bacterial antagonist AS 43.4 in-
creasing 100-kernel weight. No consistent 
trend was seen between biological control 
agent performance and the liquid culture 
medium used to produce the agent. Aver-
aged over both cultivars, antagonists AS 
43.3, AS 43.4, OH 71.4, and OH 182.9 
reduced disease severity by an average of 
71, 58, 48, and 25%, respectively, when 
produced in C:N 6.5 medium and by 70, 
75, 38, and 26% when produced in C:N 
11.0 medium. Significant interaction of 
C:N and antagonist (P � 0.01) for the ma-
jority of most dependent variables pre-
cluded obtaining overall C:N and antago-
nist effects on either cultivar. 

Peoria field trial of antagonists 
against FHB on two durum cultivars. 
All six antagonists tested reduced disease 
severity and incidence compared with the 
buffer control (Table 4) when tested on 
cultivar Renville. Antagonists OH 71.4 and 
OH 182.9 were the most effective treat-
ments in reducing disease severity (57% 
reduction) and incidence (45 and 42% 
reduction, respectively). All of the antago-
nists except OH 131.1 increased 100-
kernel weight compared with the buffer 
control. Less disease was observed in the 

Table 3. Efficacy of four microbial antagonists produced in C:N 6.5 and 11 media on Fusarium head 
blight on durum cultivars Renville and Ben in greenhouse testsa,b 

Treatment DS (%) DI (%) 100-kw (g) 

Renville    
Buffer + Gz  80  100  2.26  
AS 43.3 (6.5)c 24* 72* 2.85* 
AS 43.3 (11.0) 18* 69* 3.20*  
AS 43.4 (6.5) 36* 78* 2.60* 
AS 43.4 (11.0) 33* 78* 2.78* 
OH 71.4 (6.5) 45* 84 2.80* 
OH 71.4 (11.0) 48* 78* 2.77* 
OH 182.9 (6.5) 50* 84 2.33  
OH 182.9 (11.0) 44* 84 2.66*  
LSD(0.05) 13  17  0.10 

Ben    
Buffer + Gz 82  100 3.28 
AS 43.3 (6.5)c 23* 56* 3.35 
AS 43.3 (11.0) 31* 78* 3.47* 
AS 43.4 (6.5) 32* 78* 3.47* 
AS 43.4 (11.0) 8* 50* 3.63* 
OH 71.4 (6.5) 40* 88 3.11* 
OH 71.4 (11.0) 52* 94 2.70* 
OH 182.9 (6.5) 71  97 2.61* 
OH 182.9 (11.0) 76  94 2.70* 
LSD(0.05) 14  16 0.12 

a At the onset of flowering, wheat heads were first mist inoculated with an aqueous suspension con-
taining 25% of a 48-h antagonist-colonized broth (approximately 3 × 107 and 5 × 108 CFU/ml for 
yeast [OH 71.4 and OH 182.9] and bacterial [AS 43.3 and AS 43.4] antagonists, respectively) and 
0.036% Tween 80, and immediately thereafter with a suspension containing 5 × 105 conidia per ml 
of Gibberella zeae isolate Z3639 and 0.036% Tween 80. Heads sprayed only with conidia of G. 
zeae in 0.036% Tween 80 served as controls. 

b DS = disease severity, DI = disease incidence, 100-kw = 100-kernel weight, Gz = G. zeae Z3639. 
Within a column of a cultivar, means followed by an asterisk are significantly different from the 
“Buffer + Gz” control (Fisher’s protected LSD, P � 0.05). 

c Value in parentheses indicates the carbon:nitrogen ratio of the medium used to produce biomass of 
the antagonist. 
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untreated control than in the buffer-treated 
control (Table 4). Only one of six antago-
nists was effective in reducing disease 
severity on cultivar Ben (Table 4). Yeasts 

OH 71.4, OH 181.1, and OH 182.9 re-
duced disease incidence, while the three 
bacterial antagonists did not. Antagonists 
AS 43.3, OH 71.4, and OH 182.9 signifi-

cantly increased 100-kernel weight (Table 
4). The DON content of the harvested 
grain did not significantly differ from the 
controls for any of the treatments on either 
cultivar. On cultivar Renville, the DON 
values for treatments Untreated, Buffer, 
and antagonists AS 43.3, AS 43.4, OH 
71.4, OH 131.1, OH 181.1, and OH 182.9 
were 12.8, 16.8, 16.6, 15.0, 16.8, 13.8, 
14.8, and 15.6, respectively, with an 
LSD(0.05) of 6.3. On cultivar Ben, DON 
values were 13.8, 13.8, 15.4, 14.6, 15.0, 
15.5, 16.5, and 14.8, respectively, with an 
LSD(0.05) of 8.1. 

Langdon field trial of antagonists 
against FHB on two durum cultivars. 
Antagonists OH 131.1 and OH 181.1 re-
duced disease severity on cultivar Renville 
(Table 5), while antagonists AS 43.4 and 
OH 181.1 reduced disease severity on cul-
tivar Ben (Table 5). Three of the six an-
tagonists reduced disease incidence on 
cultivar Renville, while only OH 181.1 
reduced disease incidence on cultivar Ben. 
Unlike the Peoria results, 100-kernel 
weight was decreased by four and three 
antagonists on cultivars Renville and Ben, 
respectively (Table 5). 

Experiment environment and cultivar 
influence on relative antagonist per-
formance. Bacterial antagonist AS 43.3 
had a significantly greater RPIefficacy in the 
greenhouse environment than in the field 
(P � 0.10, Table 6). The other bacterial 
antagonist, AS 43.4, also had a greater, 
although not statistically significant, RPIef-

ficacy value in greenhouse tests than in field 
tests. Yeast OH 182.9 had a significantly 
greater RPIefficacy value when tested in the 
field environment (P � 0.05, Table 6). The 
other yeast antagonist, OH 71.4, also had a 
greater, although not statistically signifi-
cant, RPIefficacy value in field tests than in 
greenhouse tests. There were no RPI dif-
ferences for any antagonist when compar-
ing the RPIefficacy of each antagonist on the 
two durum cultivars tested (data not 
shown), indicating that, relative to each 
other, the antagonists performed very simi-
larly in reducing disease severity regard-
less of the durum cultivar used in the ex-
periment. 

DISCUSSION 
The results presented represent the first 

demonstration of the feasibility of biologi-
cally controlling FHB on durum wheats. 
Antagonist B. subtilis AS 43.3 reduced 
disease severity and incidence by as much 
as 96 and 78%, respectively, in greenhouse 
studies (Table 2), while antagonist Crypto-
coccus sp. OH 181.1 reduced disease se-
verity and incidence by as much as 59 and 
42%, respectively, in field studies (Table 5) 
compared with the buffer control. Interest-
ingly, bacterial antagonists B. subtilis AS 
43.3 and AS 43.4 tended to be more suc-
cessful in reducing disease in the green-
house environment than were the yeast 
antagonists regardless of the durum culti-

Table 5. Influence of antagonists on the development of Fusarium head blight on durum wheat culti-
vars Renville and Ben in a 2000 field trial in Langdon, NDa,b 

Treatment DS (%) DI (%) 100-kw (g) 

Renville    
Untreated (Gibberella zeae) 5.3 14* 3.77 
Buffer (G. zeae)  5.9 19 3.74 
AS 43.3 4.6 15 3.65* 
AS 43.4 4.8 16 3.57* 
OH 71.4 4.8 12* 3.71 
OH 131.1 3.0*  11* 3.59* 
OH 181.1 2.4*  11* 3.7  
OH 182.9 6.7 18 3.65* 
LSD(0.05) 2.2 5 0.07 

Ben    
Untreated (G. zeae) 3.5 15 4.32 
Buffer (G. zeae) 4.7 14 4.34 
AS 43.3 3.5 13 4.28 
AS 43.4 2.8* 12 4.39* 
OH 71.4 3.4  11 4.23* 
OH 131.1 3.4  11 3.97* 
OH 181.1 2.3* 8* 4.22* 
OH 182.9 3.7  11 4.27 
LSD(0.05) 1.8  4.6 0.07 

a Wheat heads were sprayed to near runoff at the time of flowering with a suspension of 48-h-old 
antagonist-colonized broth (broth C:N = 6.5) diluted to 25% with weak PO4 buffer and Tween 80 
wetting agent (final concentration of 0.036%). Microbial suspensions contained approximately 3 × 
107 and 5 × 108 CFU/ml for yeast (OH 71.4, OH 181.1, and OH 182.9) and bacterial (AS 43.3, AS 
43.4, and OH 131.1) antagonists, respectively. The “Buffer (G. zeae)” treatment was sprayed to
runoff with weak PO4 buffer and Tween 80. All treatments were subjected to infection by ascospore 
inoculum from natural sources. 

b  DS = disease severity, DI = disease incidence, and 100-kw = 100-kernel weight. Within a column 
of a cultivar, means followed by an asterisk are significantly different from the buffer control 
(Fisher’s protected LSD, P � 0.05).  

Table 4. Influence of antagonists on the development of Fusarium head blight on durum wheat culti-
vars Renville and Ben in a 2000 field trial in Peoria, ILa,b 

Treatment DS (%) DI (%) 100-kw (g) 

Renville    
Untreated (Gibberella zeae) 10* 46* 3.04* 
Buffer (G. zeae) 14  62  2.57  
AS 43.3 8* 43* 2.84* 
AS 43.4 9* 45* 2.86* 
OH 71.4 6* 34* 2.70* 
OH 131.1 9* 44* 2.52  
OH 181.1 9* 46* 2.71* 
OH 182.9 6* 36* 2.87* 
LSD(0.05) 2 8 0.11  

Ben    
Untreated (G. zeae) 8* 43* 3.05* 
Buffer (G. zeae) 10  55  2.87  
AS 43.3 10  53  3.20* 
AS 43.4 9 50  2.97  
OH 71.4 7* 37* 3.05* 
OH 131.1 10  49  2.86  
OH 181.1 8  46* 2.77  
OH 182.9 9 43* 3.13* 
LSD(0.05) 2 8 0.12  

a Wheat heads were sprayed to near runoff at the time of flowering with a suspension of 48-h-old 
antagonist-colonized broth (broth C:N = 6.5) diluted to 25% with weak PO4 buffer and Tween 80
wetting agent (final concentration of 0.036%). Microbial suspensions contained approximately 3 × 
107 and 5 × 108 CFU/ml for yeast (OH 71.4, OH 181.1, and OH 182.9) and bacterial (AS 43.3, AS 
43.4, and OH 131.1) antagonists, respectively. The “Buffer (G. zeae)” treatment was sprayed to
runoff with weak buffer and Tween 80. All treatments were subjected to infection by ascospore 
inoculum from natural sources and G. zeae Z3639-colonized yellow dent corn (applied at 25 ker-
nels per m2 2 weeks prior to durum wheat flowering). 

b DS = disease severity, DI = disease incidence, 100-kw = 100-kernel weight. Within a column of a
cultivar, means followed by an asterisk are significantly different from the buffer control (Fisher’s 
protected LSD, P � 0.05). 
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var used in the bioassay (Tables 2 to 6). 
Conversely, the yeast antagonists Crypto-
coccus sp. OH 71.4 and C. nodaensis OH 
182.9 were more successful than the bacte-
rial antagonists on both cultivars when 
tested in the field (Tables 2 to 6). RPIefficacy 
values were higher for the two bacterial 
strains in greenhouse tests than in field 
tests, while the converse was true for the 
yeast strains (Table 6), demonstrating that 
the relative efficacy of the bacteria deterio-
rated while that of the yeasts improved 
when comparing greenhouse results with 
field results. This is in contrast to the re-
sults of Perondi et al. (26), who found 
yeast and bacterial reduction of FHB 
severity in greenhouse and field environ-
ments to be similar in most cases. The 
trends observed in the current research 
could be partially due to the influence of 
rain in the field but not in the greenhouse 
environment. The bacterial strains AS 43.3 
and AS 43.4 produce bioactive compounds 
in liquid culture that are active in suppress-
ing FHB severity in greenhouse bioassays 
(30). These compounds would be retained 
on heads in greenhouse bioassays but could 
be susceptible to wash-off during rain 
events or supplemental mist irrigation in 
the field. Although no difference in the 
relative performance of the antagonists was 
found when comparing results on the two 
durum cultivars, host variety can influence 
the efficacy of individual antagonists (18) 
and the relative efficacy of antagonists in 
the control of Fusarium disease (32). Tests 
on additional cultivars of durum and other 
wheats should be conducted before final 
conclusions on the influence of cultivar on 
relative antagonist performance are 
reached. 

In both greenhouse and field results, the 
influence of antagonists on 100-kernel 
weight was highly variable, with at least 
one antagonist treatment either increasing 
(Tables 2 to 4) or decreasing (Tables 2, 3, 
and 5) these values. We have not seen any 

effect, in multiple studies, of any antago-
nist on wheat development when used to 
inoculate wheat heads in the absence of the 
pathogen (N. I. Khan, unpublished). At 
least for the greenhouse results, it is possi-
ble that some experiments were harvested 
before all heads in all treatments reached 
grain maturity, resulting in the control 
treatment having completed grain fill while 
prematurely terminating grain fill for some 
treatments showing partial control of FHB. 
The reason for sporadic instances of re-
duced 100-kernel weight in durum wheat 
treated in field trials by the same antago-
nists that increase 100-kernel weight in 
other trials is not readily apparent. The 
100-kernel weight parameter for field-
grown wheat measures not only the influ-
ence of FHB but other biotic and abiotic 
factors, which further complicates inter-
preting the biological significance, if any, 
of the occasional yield reduction observed 
in the current study. 

The C:N ratio of the medium used to 
produce antagonists for greenhouse trials 
had little effect on the efficacy of the an-
tagonist strains in greenhouse studies. Be-
cause the liquid culture production envi-
ronment can influence biological control 
agent performance in other pathosystems 
(28,29,32,33) and FHB antagonists showed 
markedly different relative efficacy when 
tested in field versus greenhouse environ-
ments (Table 6), the role of the nutritional 
environment of the liquid culture produc-
tion medium should not be considered 
inconsequential in this pathosystem before 
additional production media have been 
utilized and the biomass tested in field 
environments. 

The application of biological control 
agents in the field is inherently more vari-
able and challenging than in the green-
house. Factors of consequence to the suc-
cessful application of FHB antagonists in 
the field include the deleterious effects of 
ultraviolet light (39), variable and sporadic 
arrival of pathogen inoculum on wheat 
heads over an extended period of head 
susceptibility (8,10), and a phylloplane 
environment that fluctuates widely in tem-
perature, moisture, and available nutrients. 
Despite these potential constraints, results 
of these studies indicate that biological 
control could currently contribute to the 
reduction of FHB in the field, especially 
given the lack of acceptable control meas-
ures available. Further research on opti-
mizing fermentation, processing, and for-
mulation (13,39,43) protocols for these 
antagonists coupled with investigation of 
their ecology and mode of action in situ 
should increase the role that biological 
control could play in reducing the impact 
of FHB on wheat production.  
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Abstract

Four chemicals [salicylic acid (SA), sodium salt of salicylic acid (NaSA), isonicotinic acid (INA), and DL-b-amino-n-butyric acid
(BABA)] and the yeast antagonist Cryptococcus flavescens (=C. nodaensis nomen nudum) OH 182.9 were evaluated separately or
together for the ability to reduce Fusarium head blight (FHB) of wheat in the greenhouse. When sprayed onto wheat heads at 3 days
prior to pathogen challenge with Gibberella zeae, NaSA and INA at 10 mM significantly reduced FHB severity compared to the non-
treated disease control. Applied at concentrations of 1 and 5 mM at 3 days before pathogen challenge, NaSA or INA in combination
with OH 182.9 did not significantly reduce FHB severity compared to either treatment alone, though the lowest disease severity values
frequently were associated with the combination treatments. When sprayed onto wheat heads just beginning to emerge from boot at
10 days prior to pathogen inoculation, NaSA, INA, and BABA at 1 mM significantly reduced FHB severity indicating that induced sys-
temic resistance was at least partially responsible for the reduction of FHB disease. Induced FHB resistance was achieved by treating
wheat with INA at concentrations as low as 0.1 mM. In only one instance was 100-kernel weight affected by any chemical or combination
of chemicals with OH 182.9 treatment. Data from our studies in the greenhouse suggest that chemical inducers can induce resistance in
wheat against FHB, and that further efforts are warranted to explore the potential of improved control of FHB disease by incorporating
chemical inducers with the FHB biocontrol agent OH 182.9.
Published by Elsevier Inc.

Keywords: Gibberella zeae; Induced localized resistance; Systemic acquired resistance; Triticum aestivum; Wheat scab

1. Introduction

Fusarium head blight (FHB)1 is a devastating disease of
wheat (Triticum aestivum) worldwide causing significant
losses in yield and quality when infections occur at or soon

after flowering (Bai and Shaner, 2004). In the 1990s, for
instance, FHB outbreaks in the United States caused over
$6.0 billion of total losses including direct losses of yield
and accumulative economic impact (Johnson et al., 2003).
In China, losses of wheat yield due to FHB epidemics have
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accumulated to more than 1 million tons (Bai et al., 2003; Lu
et al., 2001). In addition, Gibberella zeae (Schw.) Petch
(anamorph = Fusarium graminearum Schwabe), the primary
causal agent of FHB, commonly produces mycotoxins dur-
ing the infection including the estrogenic toxin zearalenone
and the vomitoxin deoxynivalenol (DON) (Bai and Shaner,
2004), which in sufficient concentration can render grain
unacceptable for human or animal consumption.

Reducing the impact of FHB on wheat production and
quality remains an intractable problem. Practices such as
the use of tillage management (Miller et al., 1998; Dill-
Macky and Jones, 2000) to reduce pathogen inoculum,
fungicides (Wilcoxson, 1996; Mesterhazy, 2003), and
moderately resistant varieties (Bai and Shaner, 2004)
provide some but not adequate control of Fusarium head
blight. Therefore, it is important to develop additional
means for controlling FHB disease in wheat.

Biological control and induced disease resistance by
chemicals and microbes have potential to be important
components of an integrated pest management approach
to enhance the level of FHB reduction achieved. Significant
success in biocontrol of FHB has been demonstrated
(Stockwell et al., 1997; Yuen et al., 2003; Khan et al.,
2004). Microbial antagonists isolated from wheat anthers
show effective biological control of FHB on different wheat
cultivars under greenhouse and field conditions (Khan
et al., 2001; Schisler et al., 2002b). The yeast Cryptococcus

flavescens (=C. nodaensis nomen nudum) OH 182.9 has
been one of the most effective strains against FHB in multi-
ple field trials (Schisler et al. 2002a; Khan et al., 2004). Fro-
zen biomass of strain OH 182.9 significantly reduced FHB
when results were averaged across 15 field sites in the US
(Milus et al., 2001).

Over the last 30 years a number of chemical compounds
have been shown to increase disease resistance of plants. Sal-
icylic acid (SA), and its functional analogs [isonicotinic acid
(INA), benzothidiazoles (BTH)] and b-amino-n-butyric acid
(BABA) are among the most thoroughly studied compounds
for inducing disease resistance. These compounds activate
resistance in many crops against plant diseases that are
incited by a variety of pathogens including oomycetes, fungi,
bacteria, viruses, and nematodes (Kessmann et al., 1994;
Cohen, 2001; Oostendorp et al., 2001). Though some reports
have demonstrated that infection by F. graminearum (Pritsch
et al., 2001) or treatment of wheat with some chemical induc-
ers (Görlach et al., 1996; Ruess et al., 1996) can incite a resis-
tance response in wheat, little is known about the chemicals
that can induce resistance against FHB. To our knowledge,
no studies have addressed the possibility of combining bio-
logical and induced resistance methodologies to reduce dis-
eases on monocot crops. The objectives of this research
were to determine whether known chemical inducers such
as SA, NaSA, INA, and BABA can induce resistance to
FHB of wheat, and to investigate the effects of these chemi-
cals on FHB severity under greenhouse conditions when they
were combined individually with the biocontrol agent
C. flavescens OH 182.9.

2. Materials and methods

2.1. Inoculum of C. flavescens OH 182.9

The yeast strain utilized in this study, C. flavescens OH
182.9 (NRRL Y-30216), was originally isolated from the
anthers of field-grown wheat in Ohio and was recently
renamed from C. nodaensis nomen nudem (Dunlap et al.,
2007). A stock culture of strain OH 182.9 was stored in 10%
(v/v) glycerol at �80 �C and streaked on 1/5 Tryptic soy
broth agar (TSBA/5) (Difco Laboratories, Detroit, MI) to
ensure purity. A single colony was streaked on TSBA/5 and
incubated at 25 �C for 48 h before cells were harvested in
weak phosphate buffer (PO4 buffer, 0.004% KH2PO4 buffer
with 0.019% MgCl2, Aid Pack, Gloucester, MA). Inoculum
of OH 182.9 for greenhouse tests then was prepared by inoc-
ulating 50 ml of semi-defined complete liquid medium
(SDCL, Slininger et al., 1994) in 250-ml Erlenmeyer flasks
with the concentrated cell suspension to an optical density
of 0.1 at the wavelength of 620 nm and shaking at 250 rpm,
2.0-cm eccentricity, at 25 �C for 48 h prior to use. In all exper-
iments, a 48 h culture diluted to 1/4-strength, i.e., 25% fully
colonized OH 182.9 culture [5 · 107 colony-forming units
(CFU)/ml] was applied at 3 days prior to pathogen challenge
with conidia of F. graminearum.

2.2. Chemical inducers

The chemical inducers tested alone or in combination
with OH 182.9 were salicylic acid (SA, Aldrich Chemical
Company, Inc., Milwaukee, WI), sodium salt of salicylic
acid (NaSA, Aldrich Chemical Company, Inc., Milwau-
kee, WI), DL-b-amino-n-butyric cid (BABA, Sigma–
Aldrich Co., St. Louis, MO), and isonicotinic acid
(INA, Sigma–Aldrich Co., St. Louis, MO). Aqueous
solutions were prepared in deionized water at room tem-
perature (25 �C), or on a hot plate with continuous stir-
ring in the case of INA.

2.3. Wheat plants, growth, and greenhouse conditions

Two wheat seedlings of the cultivar Norm were grown in
a 19-cm diameter plastic pot containing air-steam pasteur-
ized (60 �C for 30 min) potting mix (Terra-lite Redearth
mix, W.R. Grace, Cambridge, MA) in a growth chamber
(25 �C, 14 h light/day, 600 lmol/(m2/s)) for 7–8 weeks
prior to use. Pots were fertilized after 1 week and weekly
thereafter with 50 ml of a solution containing 1.25 g/L
Peters 20-20-20 (Grace-Sierra Horticultural Products, Mil-
pitas, CA) and 0.079 g/L iron chelate (Sprint 330, Becker
Underwood, Inc., Ames, IA).

All experiments were conducted in a climate-controlled
greenhouse using wheat plants initially grown for 7–8
weeks in a growth chamber as described previously (Zhang
et al., 2005). Temperatures in the greenhouse ranged
from 23 to 28 �C during the day and 15 to 20 �C at night.
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Natural sunlight was supplemented by high-pressure
sodium lights for 14 h/day during the winter season.

2.4. Application of chemical inducers

To evaluate chemical resistance inducers for the efficacy
to reduce FHB disease, 10 ml of chemical inducers (1 and
10 mM) per replicate were sprayed onto wheat heads at
start of flowering (Feeke’s growth stage 10.5.1; Large,
1954) at 3 days before pathogen challenge. In order to
determine whether FHB reduction was due at least par-
tially to induced systemic resistance by chemical treat-
ments, a separate experiment was conducted in which
chemical solutions at 1 and 10 mM were applied to foliage
when wheat heads were nearing the stage of splitting the
flag leaf sheath (Feeke’s 10.0, late boot), at 10 days before
pathogen inoculation. Chemical solutions (40 ml) were
sprayed onto four plants representing four replicates with
a total of 12–16 heads in each treatment. Treated plants
were arranged in a completely randomized design, and
each experiment was performed twice.

2.5. Application of the biocontrol agent OH 182.9 in
combination with chemical inducers

The experiment was conducted to determine whether
incorporation of a chemical inducer with OH 182.9 would
enhance the efficacy of FHB control when the combination
was applied at 3 days before pathogen challenge. Chemical
inducers were evaluated for reducing FHB at various con-
centrations alone or in combination with 25% fully colo-
nized OH 182.9 cultures. NaSA and INA were tested at
1, 3, 5, 7, and 10 mM and BABA at 1, 5, 7, and 10 mM.
The spray solutions were obtained by diluting chemical
inducers, fully colonized OH 182.9 cultures (to 25%,
approx. 5 · 107 CFU/ml), or a mixture of a chemical indu-
cer and strain OH 182.9 with weak PO4 buffer and adding
0.036% Tween 80 (Sigma Chemical Co., St. Louis, MO).
Samples were collected from mixtures of chemical inducers
and OH 182.9 to evaluate the effect of the chemicals on OH
182.9 cell viability before application (0 h) and after being
stored at room temperature for 24 h. Three samples were
taken from each treatment solution. Serial dilutions were
made for each sample and plated on TSBA/5 medium.
Plates were incubated at 25 �C for 2 days before determin-
ing colony counts. Chemical solutions or mixtures with OH
182.9 (40 ml) were used to inoculate four plants represent-
ing four replicates with a total of 12–16 heads in each treat-
ment. Heads sprayed with 25% fully colonized OH 182.9
cultures served as an additional control. Treatments were
arranged in a completely randomized design, and the
experiment was performed twice.

Treatments with INA alone or in combination with OH
182.9 were found to reduce FHB to the greatest extent. To
determine if FHB control could be achieved in a more eco-
nomical way by combining chemical inducers and OH
182.9, the efficacy of INA at lower concentrations (0.1,

0.5, and 1 mM) alone or in combination with OH 182.9
was evaluated when INA was applied at 10 days, and
25% OH 182.9 cultures at 3 days before pathogen chal-
lenge. The experiment had the same experimental design
as stated above.

2.6. Preparation, inoculation of F. graminearum inoculum
and data collection

Inoculum of F. graminearum was prepared from isolate
Z-3639 by producing macroconidia on clarified V8 agar
(CV8 agar) under a regime of 12 h/day fluorescent light
for 7 days at 24 �C, flooding the surface of colonized
CV8 agar with weak PO4 buffer and removing conidia with
a sterile inoculation loop.

For all the experiments described earlier, after treatment
with chemical inducers or cells of OH 182.9, wheat heads at
or soon after anthesis (Feeke’s growth stage 10.5.1 or
10.5.2) were challenged with 12 ml of an inoculum contain-
ing conidia of F. graminearum (1.5 · 104 conidia/ml) in
weak PO4 buffer with 0.036% Tween 80. Wheat heads inoc-
ulated only with weak PO4 buffer and Tween 80, and then
with a suspension of F. graminearum served as disease con-
trols. Inoculated plants were misted lightly with water and
incubated in a plastic humidity chamber at 20–25 �C for
3 days before being transferred to greenhouse benches.
The severity of FHB was visually estimated using a
0–100% scale (Stack and McMullen, 1995) at 10–14 days
after inoculation. Wheat heads were then allowed to mature
and dry, hand threshed, and 100-kernel weights were deter-
mined for each replicate of treatments in all experiments.

2.7. Statistical analysis

Disease severity data were normalized using the arcsine
transformation before analysis of variance. Disease data
from 2 or more experimental repeats were pooled after sta-
tistical analysis demonstrated that experiment by treatment
interactions were not significant (P > 0.05). Data were then
subjected to analysis of variance (ANOVA) (JMP PC Win-
dows Version 5.0, SAS Institute, Cary, NC). One-way
ANOVAs were performed for each OH 182.9 or OH
182.9 with SAR inducer combination. The significance of
treatment effects was determined by the magnitude of the
F value (P = 0.05). Separation of means was accomplished
using Fisher’s protected LSD test.

3. Results

3.1. Effect of chemical inducers on FHB disease severity

when applied at 3 days prior to pathogen challenge

NaSA and INA at 10 mM significantly (P 6 0.05)
reduced FHB severity compared to the non-treated control
(Fig. 1). None of the treatments at 1 mM had a significant
effect on FHB reduction. With the exception of treatment
with NaSA at 10 mM, there were no effects of the
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treatments on 100-kernel weight compared to the non-trea-
ted control (P 6 0.05), with values ranging from 2.4 to
2.9 g among treatments (data not shown).

3.2. Effect of chemical inducers on FHB disease severity
when applied at 10 days prior to pathogen challenge

When chemical inducers were sprayed onto the flag leaf
sheath that enclosed the heads at 10 days before the path-
ogen challenge, all treatments at 1 mM except for SA sig-
nificantly (P 6 0.05) reduced FHB disease compared to

the non-treated control (Fig. 2). Disease severity was
reduced by 42–57%. None of the treatments at 10 mM
had a significant effect on FHB reduction, though reduc-
tion of FHB severity in these treatments was 38–51%, rel-
ative to the non-treated control. There were no effects on
100-kernel weight in any of the treatments in this experi-
ment compared to the control, with values ranging from
2.0 to 2.5 g among treatments (data not shown).

3.3. Efficacy of chemical inducers alone or in combination

with OH 182.9 against FHB when both applied at 3 days

prior to pathogen challenge

Because SA did not significantly reduce FHB severity at
1 or 10 mM, SA was not tested in this experiment. Chem-
ical inducers alone at the highest concentrations signifi-
cantly (P 6 0.05) reduced FHB disease compared to the
non-treated controls when applied at 3 days prior to

Fig. 1. Effect of chemical resistance inducers on FHB when applied to
wheat heads at 3 days before pathogen challenge with F. graminearum.
Chemical resistance inducers (SA, NaSA, BABA, and INA) at 1 or 10 mM
were sprayed onto heads at anthesis. Three days after treatment with
chemicals, heads were inoculated with conidia of F. graminearum

(1.5 · 104 conidia/ml). Wheat heads inoculated only with weak PO4

buffer, and then with a suspension of F. graminearum served as a non-
treated disease control. Data presented are averages of FHB disease
severity from two experimental repeats. Error bars represent standard
errors of the mean. Bars not marked with the same letter are significantly
different (Fisher’s protected LSD test, LSD0.05 = 36).

Fig. 2. Effect of chemical inducers on FHB when applied to the leaf sheath
surrounding the heads at 10 days before pathogen challenge with
F. graminearum. Chemical resistance inducers (SA, NaSA, BABA, and
INA) at 1 and 10 mM were sprayed onto foliage at boot stage. Ten days
after treatment with chemicals, heads were inoculated with conidia of
F. graminearum. Wheat heads inoculated only with weak PO4 buffer, and
then with a suspension of F. graminearum served as a non-treated control.
Data presented are averages of FHB disease severity from two experi-
mental repeats. Error bars represent standard errors of the mean. Bars not
marked with the same letter are significantly different (Fisher’s protected
LSD test, LSD0.05 = 24).

Table 1
Efficacy of chemical resistance inducers alone or in combination with
C. flavescens OH 182.9 for controlling FHB in the greenhousea

Chemical inducer Concentration (mM) OH 182.9 FHB severity (%)b

NaSA 1 � 31 ab
1 + 12 b
3 � 23 ab
5 � 29 ab
5 + 23 ab
7 � 15 b
10 � 16 b

OH 182.9 + 32 ab
Disease control 49 a
LSD0.05 30

INA 1 � 18 ab
1 + 5 b
3 � 8 b
5 � 10 b
5 + 3 b
7 � 11 ab
10 � 4 b

OH 182.9 + 7 b
Disease control 26 a
LSD0.05 16

BABA 1 � 21 ab
1 + 29 ab
5 � 27 ab
5 + 25 ab
7 � 22 ab
10 � 13 b

OH 182.9 + 8 b
Disease control 45 a
LSD0.05 32

a Chemical inducers at 1, 3, 5, 7, and 10 mM and/or 25% fully colonized
OH 182.9 cultures (5 · 107 CFU/ml) was sprayed onto wheat heads at
3 days before pathogen challenge with F. graminearum. Wheat heads
inoculated only with weak PO4 buffer, and then with a suspension of
F. graminearum served as a disease control.

b Data from two repeated experiments and after arcsine transformation.
Means followed by a common letter in a column are not significantly
different (P 6 0.05, Fisher’s protected LSD).
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pathogen inoculation (Table 1). Plants treated with NaSA
at 7 and 10 mM, INA at 3, 5, and 10 mM and BABA at
10 mM had significantly lower FHB disease compared to
the non-treated controls. NaSA and INA at low concentra-
tions (1 and 5 mM) combined with 25% fully colonized OH
182.9 culture did not significantly reduce FHB severity
compared to either treatment alone. Treatment with NaSA
at 1 mM and OH 182.9 significantly decreased the disease
severity of FHB compared to the non-treated control,
while NaSA or OH 182.9 treatments alone did not. Simi-
larly, wheat plants treated with INA at 1 or 5 mM and
OH 182.9 had a significant lower FHB severity compared
to the non-treated control plants. Treatments with INA
at 1 or 5 mM in combination with OH 182.9 were among
the best treatments for FHB disease reduction, as was
treatment with INA at 10 mM. Incorporation of BABA
at 1 or 5 mM with OH 182.9 did not have a significant
effect on FHB reduction, though OH 182.9 alone signifi-
cantly suppressed FHB compared to the control. The pop-
ulation of OH 182.9 cells was not affected by any of the
chemical inducers at the concentrations tested (1 and
5 mM, Table 2). None of the treatments increased 100-ker-
nel weight compared to the control, with values ranging
from 2.2 to 3.0 g among treatments (data not shown).

3.4. Efficacy of INA at low concentrations alone or in

combination with OH 182.9 when INA and OH 182.9 were

applied at 10 and 3 days prior to pathogen challenge,

respectively

All treatments significantly (P 6 0.05) protected wheat
plants from FHB disease compared to the non-treated con-
trol (Fig. 3). Combining INA at the test concentrations and
OH 182.9 did not enhance the level of disease reduction
compared to either treatment alone. Although the treat-
ments that significantly reduced FHB disease severity gen-
erally also were associated with higher 100-kernel weight,
none of these treatments, either with chemical inducers
alone or in combination with OH 182.9, had a significant
effect (P 6 0.05) on 100-kernel weight compared to the
non-treated control, with values ranging from 2.2 to 2.5 g
among treatments (data not shown).

4. Discussion

Our results demonstrated that the chemical inducers
tested in this study significantly reduced FHB severity in
greenhouse-grown wheat. Treatment with some lower con-
centrations of the chemicals NaSA or INA in combination
with the yeast biocontrol agent C. flavescens OH 182.9 did
not significantly reduce FHB severity compared to either
treatment alone. In many cases the combined treatment
reduced FHB severity to a modestly greater extent than
either treatment alone, albeit not significantly. More efforts
are needed to explore the potential for reducing FHB by
incorporating chemical inducers with the FHB biocontrol
agent OH 182.9.

Chemical inducers tested at a relatively higher concen-
tration (10 mM) rather than at lower concentrations gener-
ally reduced FHB severity when applied at 3 days prior to
the challenge inoculation with F. graminearum, though the
effect of SA and BABA was not significant compared to the
control. A dose response was not clearly demonstrated for
any of the chemical inducers tested. Pajot et al. (2001) dem-
onstrated a clear dose response using 58% potassium phos-
phonate (K2HPO3) in water to reduce downy mildew of
lettuce, though concentrations of the inducer varied over
a wider range (0–87 ppm) than used in the present study.
When the time between chemical treatments and challenge
with conidia of F. graminearum increased to 10 days,
NaSA, INA, and BABA at 1 mM, but not 10 mM signifi-
cantly induced resistance to FHB. While the longer period
between treatment with a lower concentration of a chemi-
cal inducer and challenge with pathogen inoculum may
have resulted in a greater cumulative induced resistance
response in plants, it is uncertain why this response did
not occur in the treatments with 10 mM chemical inducer.

Although there are numerous reports on chemical-
induced disease resistance, very few products have been
commercially developed due in part to the potential for
these compounds to be phytotoxic to some crops (Siegrist
et al., 2000). For instance, application of BABA caused
small necrotic lesions on treated leaves when sprayed on
tobacco leaves at 1 mM (Cohen, 1994). In another study
on tobacco by Siegrist et al. (2000), a rapid induction of

Table 2
Effect of chemical inducers on the population (log10 CFU/ml) of C. flavescens OH 182.9 cells in vitroa

Concentration (mM) 0 h 24 h % Change after 24 h

NaSA INA BABA NaSA INA BABA NaSA INA BABA

0 7.42 ± 0.83 a 7.41 ± 0.78 a 7.51 ± 0.94 ab 7.34 ± 0.67 a 7.34 ± 0.79 a 7.45 ± 0.66 ab �1.1 a �1.0 a �0.8 a
1 7.42 ± 0.75 a 7.35 ± 0.84 a 7.43 ± 0.69 b 7.37 ± 0.70 a 7.34 ± 0.86 a 7.39 ± 0.80 b �0.7 a �0.1 a �0.5 a
5 7.47 ± 0.91 a 7.38 ± 0.72 a 7.56 ± 0.77 a 7.44 ± 0.78a 7.33 ± 0.76 a 7.53 ± 0.70 a �0.4 a �0.7 a �0.4 a
LSD0.05 0.09 0.12 0.10 0.16 0.13 0.12 1.8 1.5 1.1

a Samples were collected from a suspension containing a chemical inducer and 25% fully colonized OH 182.9 culture. Serial dilutions were made for each
sample and plated on TSBA/5 medium. Plates were incubated at 25 �C for 2 days until quantifying the colony-forming units (CFU). Data presented are
averages ± standard deviations from two repeated experiments. Within a column, means with different letters are significantly different (P 6 0.05) based
on Fisher’s protected LSD test.
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necrotic lesions was observed after foliar treatment with
BABA at 10 mM. Formation of necrotic lesions was
accompanied by induction of reactive oxygen species, lipid
peroxidation, and callose around the lesion. It is apparent
that disease protection in tobacco induced by BABA was a
result of induced local resistance (ILR) (Hammerschmidt
et al., 2001). Under our experimental conditions, no visible
phytotoxicity in wheat was observed for any of the chemi-
cals tested at either concentration. However, we cannot dis-
count the possibility that microscopic necrotic lesions
formed in wheat tissues in response to foliar treatment with
10 mM chemical inducers led to ILR to FHB. It is possible
that treatments with chemical inducers at the higher con-
centration (10 mM) elicit ILR, while at lower concentra-
tion (1 mM) induced systemic resistance (ISR) was
triggered, which requires enough time to be expressed. In
our case, when applied at 3 days prior to pathogen chal-
lenge, the chemicals directly contacted the heads. FHB
decrease may be a result of ILR triggered by chemical
treatments at 10 mM as ISR with treatments at 1 mM
was not allowed to express due to the short time between
pathogen challenge and chemical treatments. With the case
in which chemicals were applied to foliage (flag leaf sheath)
surrounding wheat heads at 10 days before pathogen inoc-
ulation, reduction of FHB severity may be a manifestation
of ISR by treatments at 1 mM, while ILR triggered at
10 mM was confined in the leaf sheath, not in heads of
wheat where FHB occurs. This may, to some extent,
explain the reasons that chemical inducers behaved differ-
ently at two concentrations in reduction of FHB in wheat.

One of the most prominent induced responses upon
treatment with elicitors including chemical inducers is the
accumulation of pathogenesis-related (PR) proteins (Lin-
thorst, 1991). Some of these PR proteins have antifungal
or antibacterial activities, suggesting that PR proteins play
a role in the enhanced protection against disease in induced
plants. In addition, phytoalexin synthesis and cell wall

strengthening are defense responses that are induced by
chemical treatment. Increases in activities of oxidative
enzymes are involved in these responses. For the FHB sup-
pression by chemical inducers, little is known about the
mechanisms by which these chemicals exert disease control
effect. Research is needed to determine how chemical treat-
ment induces resistance to FHB in wheat.

The mode of action of antagonistic yeasts for control-
ling plant diseases may include competition for space and
nutrients (Roberts, 1990), attachment and production of
lytic enzymes (Wisniewski et al., 1991; El-Ghaouth et al.,
1998) and induction of host responses (Droby et al.,
2002). The biocontrol activity of yeast strains against plant
diseases may be the result of interactions of different fac-
tors. The ability to multiply rapidly and competition for
nutrients are likely the primary mechanisms by which
Cryptococcus laurentii controls gray mold of apple (Rob-
erts, 1990). The same mechanisms by which C. flavescens

OH 182.9 exerts biocontrol activity against FHB were sug-
gested by Core et al. (2002), who investigated the popula-
tion dynamics of OH 182.9 cells after inoculating wheat
heads at anthesis in the field. The population of OH
182.9 cells increased 80- and 84-fold by 6 and 10 days,
respectively, after spraying. In our preliminary study, OH
182.9 did not demonstrate any antagonistic effect on coni-
dia of F. graminearum regardless of which substrate was
used for this test, either on Tryptic soy agar (TSA) (Difco
Laboratories, Detroit, MI) or water agar (data not shown).
In the greenhouse, treating wheat foliage, but not heads,
with OH 182.9 cells at 3 and 10 days before pathogen inoc-
ulation of heads did not result in lower FHB disease rela-
tive to the non-treated control plants (data not shown),
indicating that the induction of systemic resistance in the
host is not a predominant mechanism of FHB control by
OH 182.9.

While our study produced the first example of the poten-
tial benefit of combining antagonist and chemical inducers,

Fig. 3. Efficacy of isonicotinic acid (INA) at low concentrations in combination with C. flavescens OH 182.9 against FHB. INA at 0.1, 0.5, and 1 mM and/
or OH 182.9 were sprayed onto leaf sheaths surrounding heads and onto heads that had emerged from leaf sheaths at 10 and 3 days before pathogen
challenge with F. graminearum OH 182.9, respectively. Wheat heads inoculated only with weak PO4 buffer, and then with a suspension of F. graminearum

served as a non-treated control. Data presented are averages of FHB disease severity from two identical experiments. Error bars represent standard errors
of the mean. Bars not marked with the same letter are significantly different (Fisher’s protected LSD test, LSD0.05 = 23).
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e.g., at 1 and 5 mM, to combat a pathogen on monocots, a
similar phenomenon has been described in dicot pathosys-
tems. Enhancement of biocontrol efficacy of an antagonis-
tic yeast Rhodotorula glutinis was achieved against fruit
decay caused by Penicillium expansum and Alternaria alter-

nata in sweet cherry by addition of SA (Qin et al., 2003).
Improved control of Rhizoctonia solani in bean and cucum-
ber has been reported when any one of five inducers,
including acetylsalicylic acid, 2,6-dichoroisonicotinic acid,
and 2-aminoisobutyric acid was applied in a mixture with
an antagonistic strain of Pseudomonas fluorescens (Kataria
et al., 1997). A mixture of BABA and a plant growth-pro-
moting rhizobacterial (PGPR) strain Bacillus cereus C1
greatly enhanced protection of peanut against late leaf spot
(Zhang et al., 2001). In tomato, Fakhouri et al. (2000)
reported induced synergistic disease resistance against
fungal and bacterial pathogens by application of acibenzo-
lar-S-methyl (ASM) in combination with fluorescent
pseudomonad isolates G309 and CW2. As discussed
earlier, the ability to multiply rapidly and to maintain a
high population on wheat heads appears to be critical for
OH 182.9 to exert biocontrol activity against FHB.
Therefore, when considering combining cells of OH 182.9
with other disease-reducing treatments, it is important that
the multiplication ability of OH 182.9 not be inhibited. At
the concentrations tested, none of the chemical inducers
showed significant adverse effect in vitro on cells of
C. flavescens OH 182.9 (Table 1).

Improving the consistency of disease control using
antagonists will greatly enhance their acceptance in the
marketplace. Biocontrol consistency can be enhanced by
manipulation of the environment, the use of mixtures of
microorganisms, and by combining microorganisms with
fungicides (Janisiewicz and Korsten, 2002). In the past sev-
eral years, promising research has been conducted for
improving disease control by combining antagonists with
chemical resistance inducers (Kataria et al., 1997; Fakhouri
et al., 2000; Zhang et al., 2001; Qin et al., 2003; Kloepper
et al., 2004). Data from our greenhouse experiments do
not discount the possibility of enhancing control of FHB
by incorporating known chemical inducers with the yeast
biocontrol agent OH 182.9. Further research should clarify
how to improve FHB control by optimizing the appropri-
ate concentrations and application timing of chemical
inducers. Field testing of combinations of chemical induc-
ers and the yeast C. flavescens strain OH 182.9 along with
studies to develop formulations that enhance delivery and
maintenance of these products on wheat plants will deter-
mine whether such combinations can provide a useful tool
for FHB management.

Acknowledgments

The authors thank Jennifer Sloan for producing the
wheat plants used in this study. This research was sup-
ported by the US Department of Agriculture.

References

Bai, G.H., Chen, L.F., Shaner, G.E., 2003. Breeding for resistance to
Fusarium head blight of wheat in China. In: Leonard, K.J., Bushnell,
W.R. (Eds.), Fusarium Head Blight of Wheat and Barley. APS Press,
St. Paul, MN, pp. 296–317.

Bai, G.H., Shaner, G., 2004. Management and resistance in wheat and
barley to Fusarium head blight. Annu. Rev. Phytopathol. 42, 135–161.

Cohen, Y., 1994. 3-Aminobutyric acid induces systemic resistance against
Peronospora tabacina. Physiol. Mol. Plant Pathol. 44, 273–288.

Cohen, Y., 2001. b-Aminobutyric acid-induced resistance against plant
pathogens. Plant Dis. 86, 448–457.

Core, A.B., Schisler, D.A., Hicks, T.E., Lipps, P.E., Boehm, M.J., 2002.
Population dynamics in the field of a biocontrol agent for Fusarium
head blight of wheat. In: Canty, S.M., Lewis, J., Siler, L., Ward, R.W.
(Eds.), Proceedings of the National Fusarium Head Blight Forum.
Michigan State University, Erlanger, KY. East Lansing, p. 61.

Dill-Macky, R., Jones, R.K., 2000. The effect of previous crop residues
and tillage on Fusarium head blight of wheat. Plant Dis. 84, 71–76.

Droby, S., Vinokur, V., Weiss, B., Cohen, L., Daus, A., Goldschmidt, E.,
Porat, R., 2002. Induction of resistance to Penicillium digitatum in
grapefruit by the yeast biocontrol agent Candida oleophila. Phytopa-
thology 92, 393–399.

Dunlap, C., Evans, K., Theelen, B., Boekhout, T., Schisler, D., 2007.
Osmotic shock tolerance and membrane fluidity of cold-adapted
Cryptococcus flavescens OH 182.9, previously reported as C. nodaensis,
a biocontrol agent of Fusarium head blight. FEMS Yeast Res. 7,
449–458.

El-Ghaouth, A., Wilson, C.L., Wisniewski, M., 1998. Ultrastructural and
cytobiochemical aspects of the biological control of Botrytis cinerea by
Candida saitoana in apple fruit. Phytopathology 88, 282–291.

Fakhouri, W., Neemann, M., Atia, M., Walker, F., Buchenauer, H., 2000.
Combination of fluorescent pseudomonads with benzothiadiazole
(BTH) effectively controls bacterial and fungal pathogens on tomato
and cucumber (Abstr.). Phytopathology 90, 22A.

Görlach, J., Volrath, S., Knaufbeiter, G., Hengy, G., Beckhove, U.,
Kogel, K.H., Oostendorp, M., Staub, T., Ward, E., Kessmann, H.,
Ryals, J., 1996. Benzothiadiazole, a novel class of inducers of systemic
acquired resistance, activates gene expression and disease resistance in
wheat. Plant Cell 8, 629–643.
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