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Universidad Nacional de La Plata. Calle 60 y 119, 1900, La Plata, Provincia de Buenos Aires, Argentina.
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ABSTRACT
Leaf Spot Diseases of wheat (Triticum aestivum L.) are one of the most
destructive diseases of this crop in Argentina. No single control
measure is likely to be successful in controlling leaf spotting pathogens
and a fully integrated system of disease management is more likely to
achieve a long-term solution. Part of such a system could include
biological control. The CIDEFI has been conducting an extensive
investigation about biological control focusing on these diseases
since 1990s. A step-wise screening system to select fungi with potential
to control these diseases were initially developed. Aspergillus niger,
Epicoccum purpurascens, Fusarium moniliforme var. anthophylium,
Penicillium sp. and Bacillus sp. induced changes that included micelial
growth inhibition, coiling, vacuolation, granulation and plasmolysis of
hyphae. Bacillus and others spore-forming bacteria revealed interesting
possibilities for biocontrol. Several Trichoderma spp. tested
suppressed the diseases in vitro and under greenhouse conditions
suggesting that the protective characteristics may be associated with
the ability to compete for nutrients and for occupation of the infection
court in the pre-penetration period. New projects recently initiated at
CIDEFI aims strategies for consistent biological control implemented
under field conditions. In this sense, several strains showed promising
are currently being assessed in small scale field trails. The need for
more integrative, multidisciplinary research on agricultural systems
that will provide a deeper understanding of the conditions under which
microbial biocontrol agents might be most productively applied are
required.
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RESUMEN
Las manchas foliares del trigo (Triticum aestivum L.) ocasionadas por
patógenos necrótrofos constituyen una de las enfermedades más
destructivas del cultivo en Argentina. Ninguna de las medidas de
control empleadas para el combate de tales enfermedades es exitosa
por sí sola. El biocontrol con antagonistas microbianos se suma
como una estrategia complementaria de bajo impacto ambiental que
aún no ha sido suficientemente investigado. Durante la última déca-
da, el Cidefi conduce una línea de investigación tendiente a analizar
las interacciones entre los principales patógenos foliares del trigo y
la microbiota saprobia nativa o introducida al filoplano con miras a
su biocontrol. La primera etapa consistió en la búsqueda y selección
de los antagonistas microbianos a partir del filoplano o de
microorganismos introducidos con reconocida capacidad de
biocontrol (Trichoderma spp., Bacillus spp.). Las diferentes combina-
ciones patógeno/antagonista se confrontaron en: a) ensayos en labo-
ratorio (test de cultivos/suspensiones pareadas, inhibición del creci-
miento miceliar, inhibición de la germinación de esporas, alteraciones
morfológicas); b) ensayos bajo condiciones de invernáculo; c) ensa-
yos conducidos en parcelas a campo. Se evaluó la expresión de las
enfermedades calculando la reducción de la incidencia y severidad
de las enfermedades y la disminución del AUDPC (área bajo la curva
de progreso de la enfermedad) en diferentes cultivares de trigo, esta-
dios fenológicos y momentos y formas de aplicación de los antago-
nistas (asperjado foliar/peleteado de semillas). Los resultados hasta
el presente, si bien son promisorios, indican la necesidad de profun-
dizar las pruebas a campo de forma más integrativa y multidisciplinaria
a los efectos de un mejor entendimiento de las condiciones, bajo las
cuales los agentes de biocontrol podrían ser más productivamente
empleados.

Palabras claves: control biológico, trigo, enfermedades fúngicas

INTRODUCTION

Mycosphaerella graminicola (Fuckel) Schrot. in Cohn
(Septoria tritici Rob. ex Desm.); Pyrenophora tritici-
repentis (Died) Drechs. (Drechslera tritici-repentis
(Died) Shoemaker); Cochliobolus sativus (Ito &
Kuribashani) Drechs. ex Dastus (Bipolaris sorokiniana

(Sacc.) Shoem) are the most important and widespread
necrotrophic pathogens of wheat in Argentina.
Frequently, they appear simultaneously causing leaf
spots with losses of 50% or more depending on the
environmental conditions [Kholi et al., 1995]. Alternaria
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triticimaculans Simmons & Perelló (At) is another
pathogen of wheat foliar diseases complex that belong
to the Alternaria infectoria species-groups, reported
only in Argentina [Perelló et al., 1996].

The potential of  non-pathogenic saprophytic microflora
of plants aerial parts for biological control of cereals
pathogens has been recognized [Blakema and Fokkema,
1982; Dickinson, 1976; Fokkema, 1971, 1976, 1993;
Fokkema et al., 1975, 1979; Fokkema and Van Der
Meulen, 1976; Luz, 1984] as well as the dangers derived
from its destruction through the irrational use of
fungicides [Dickinson,1973a; 1973b; Dickinson and
Wallace, 1976; Fokkema, 1981; Fokkema and Naaij,
1981; Hislop, 1976]. Leaves of  wheat, under natural
conditions, constitute a reservoir of  native microor-
ganisms which, potentially, can be used in biological
control programmes of  foliar diseases. A rich mycoflora
represented by yeasts, filamentous fungi and bacteria
inhabits field-grown wheat leaves surfaces and plays
an important role in decresing incidence and severity
of  several disease by exerting antagonist effects [Luz,
1991a; Mangiarotti et al., 1987; Dickinson, 1976;
Fokkema and Van der Meulen, 1976]. Use of  microor-
ganisms in controlling wheat foliar diseases is possible,
but the knowledge in this area is scantly.

Breeding, chemical treatments and appropriate cultu-
ral practices are the main ways to control wheat foliar
pathogens but it is well known that no single control
method can solve the problems, and that integrated
management is required [Cook and Veseth, 1991;
Jacobsen and Blakeman, 1993; Annone, 2005]. The
possibility of biological control using antagonistic
microorganisms is added as a complementary strategy.
By other hand, the use of bacteria as biocontrol agents
of cereals foliar diseases has been reported to be an
alternative of  great potential [Andrews, 1992; Austin et
al., 1997; Hodges et al., 1994; Knudsen and Spurr, 1988;
Levy et al., 1988; 1989; 1992; Li and Sutton, 1995,
Michereff  et al., 1993; Reis et al., 1994; Robbs, 1991;
Rodríguez and Pfender, 1997; Rosales et al., 1993; Spurr
and Knudsen, 1985]. Spore-forming bacteria are
appealing candidates for biocontrol because they pro-
duce endospores that are tolerant to heat and desiccation
[Nielsen and Sorensen, 1997; Podile and Prakash, 1996]
which is an advantage over other epiphytic bacteria of
the phylloplane like Pseudomonas species.

Bacteria of  the genera Bacillus, Paenibacillus and
Brevibacillus has been reported to produce antibiotics,
antibiotic-like compounds and antifungal metabolites

[Aramayo and Castro, 1986; Fiddaman and Rossal,
1993; Gordon et al., 1973; Lebbadi et al., 1994;
Leifter et al., 1995; Thimon et al., 1992; Pusey, 1989;
Shimanuki et al., 1992; Rosales et al. 1993; Stabb et
al., 1994]. Considering the ability of these genera to
reduce fungal growth and to resist desiccation, the
potential of Bacillus subtilis (Ehrenberg) Cohn;
Bacillus cereus Frankland & Frankland; Bacillus
licheniformis (Weigmann) Chester; Bacillus pumilus
Gottheil; Brevibacillus laterosporus (Laubach) Shida
et al. and Paenibacillus polymyxa (Prazmowski) Ash,
Priest & Collins as biocontrol agents of S. tritici (St),
B. sorokinian (Bs), D. tritici-repentis(Dtr) and A. tri-
ticimaculans (At) was evaluated in Argentina.

Furthermore, members of  fungal genus Trichoderma have
been extensively studied, particularly due to their ability
to act as biocontrol agents [Papavizas, 1985; Melo, 1991;
Tronsmo, 1986; Harman, 2000; Monte, 2001]. Trichoderma
spp. was eventually founds on wheat phylloplane [Biles
and Hill, 1983; Mangiarotti et al., 1987], even though it
was demonstrated that is able to survive in the aerial
part of  the plants for long periods [Tronsmo, 1986; Melo,
1991; Perelló et al., 2003]. Previous studies in Argentina
have demonstrated that Trichoderma spp. isolates were
capable of  suppressing the development of  St and Dtr in
vitro and the mycelial development on wheat leaves under
greenhouse conditions [Perelló et al., 1997. Perelló et al.,
2003] suggested that protective characteristics of
Trichoderma isolates may be associated with the ability
to compete with D. tritici-repentis for nutrients and for
occupation of the infection court in the pre-penetration
period. This fact was already observed in the interaction
among Trichoderma and other pathogens [Papavizas, 1985;
Melo, 1991].

In Argentina, biological control is considered
nowadays as an attractive option for management
of some plant diseases. Introducing of indigenous
and foreigns microorganisms that possess anta-
gonistic characteristics to pathogens could be a
valuable method for control of  foliar diseases. Such
research has been initiated for wheat diseases at the
CIDEFI Research Centre, Buenos Aires Province,
Argentina, over the past ten years [Alippi et al., 2000;
Dal Bello et al., 1994; Perelló et al., 1997; Perelló,
1998; Perelló et al., 1998a, 1998b, 1998c; Perelló et
al., 2000]. In discussing what plant pathologists have
to offer, the following three main strategies will be
distinguished:
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1. Microbial suppression of infection
2. Microbial suppression of pathogen sporulation
3. Microbial suppression of  pathogen survival

These strategies are chosen because they address the
three major stages in the life cycle of the pathogen.
Biological control agents should not only interact with
the most vulnerable stage of pathogen, but also with
stages allowing a long interaction period between the
antagonist and the pathogen. As these stages often do
not correspond, a combination of strategies might be
desirable [Fokkema, 1993; Sutton, 2005].

1. MICROBIAL SUPPRESSION OF INFECTION

1.1. NATURALLY OCURRING ANTAGONISTS

Microflora of  wheat (Triticum aestivum L.) in Bue-
nos Aires Province (Argentina) and its possible
significance in biological control of foliar pathogens

The purpose of  this investigation was to identify
indigenous microbial species and provides a perspectifve
of the microorganisms that occur in diferent ecological
areas. It is presented as a reference source of potential
candidates for researchers initiating studies on
biocontrol of wheat foliar pathogens. In this work, the
importance of indigenous antagonists in wheat disease
suppression and the possibility of managing ecosystem
conditions in order to enhance natural biological con-
trol are suggested.

Wheat leaves were collected from experimental fields
in six localities. Thirteen mycelial fungi, two yeasts
and one non-identified bacterial specie were isolated
from foliage of  wheat and evaluated for effectiveness
in suppressing At, Dtr, Bs and St under controlled
conditions (Table 1).

Table 1. Microorganisms from wheat leaves in six localities of Buenos Aires Province.  
Mean colony-forming units (CFU) per gram of fresh weight  
 

Procedence Microorganisms 
Los Hornos Necochea Alberti 9 de Julio Bavio Pergamino CFU 

Trichoderma harzianum 9 * 3 4 4.5 3 2 0.67 a 
Cladosporium herbarum – 2.5 4 1 – 1 0.83 ab 
Bacillus B/-97 1 2 0.5 – – 1.5 0.92 ab 
Rhizopus sp. 4.5 2.5 3.5 4 5.5 2 1.00 ab 
Aspergillus niger 1.5 7.5 3.5 4.5 3 3.5 1.42 abc 
Phoma sp. 4.5 1.5 3.5 4.5 4.5 1 1.50 bcd 
Fusarium moniliforma var. 
anthophilium 

1.5 1.5 0.5 1 – 1.5 2.25 cde 

Nigrospora sphaerica 3 1 3.5 2.5 1.5 2 2.42 bcde 
Cryptococcus sp. 6 3 4.5 1.5 3 – 2.83 cdefg 
Chaetomium globosum 6 0.5 1 4.5 3 – 3.00 defg 
Penicillium lilacinum 5.5 - 1.5 0.5 1.5 3 3.25 dfg 
Epicoccum nigrum - 3 – 1 – – 3.67 fg 
Rodotorula rubra. 3 3.5 3.5 2.5 3 1.5 3.83 efg 
Stemphylium sp. 3.5 4.25 3.5 2.5 3 4 3.87 efg 
Penicillium chrysogenum 3.5 4 4 3.5 3 5 3.92 efg 
Alternaria alternata 0.5 + – – 0.5 – 4.5 4.25 g 
Average of localities 3.31 a 248 a 2.56 a 2.40 a 2.12 a 2.03 a  

 

Data represent mean of CFU x 10–3/g fresh weight in four replicates. For each microorganism, means followed  
by the same letter indict no differences according to Mann Withney-Wilcoxon test (p = 0,05). 
 
 

Antagonistic activity was examined with the dual cultures
method on potato dextrose agar media (PDA). Mycelial

growth inhibition and colony interactions in all possible
paired combinations were evaluated (Table 2).
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Antagonism types developed between pathogen-
antagonists on PDA were classified according to Porter
(1924) (Table 3, Fig. 1)

Table 2. Inhibition index of each antagonist against A. triticimaculans,  
B. sorokiniana, D. tritici-repentis and S. tritici on agar media 
 

Antagonist A. triticimaculans B. sorokiniana D. tritici-repentis S. tritici 
A. niger 2.12 e 1.23 bc 2.68 f 1.21 ef 
Bwl97 2.51 f 1.27 c 1.25 a 1.25 f 
Cryptococcus sp. 1.40 b 1.21 abc 1.45 bc 1.13 bcde 
C. globossum 1.79 d 1.26 c 1.69 e 1.14 bcde 
E. nigrum 1.58 bc 1.14 a 1.44 b 1.00 a 
F. moniliforme var. 
anthophilum 

1.51 bc 1.21 abc 1.62 de 1.13 bcde 

N. sphaerica 2.18 e 1.40 d 1.65 de 1.16 cdef 
P. lilacinum 1.61 cd 1.64 e 1.57 d 1.10 b 
R. rubra 1.01 a 1.18 ab 1.63 de 1.12 bc 
Stemphyllum sp. 1.41 b 1.35 d 1.56 cd 1.18 cdef 
 

Table 3. Interactions observed between adjacent pathogen-antagonist colonies  
on agar media. Types of antagonism based on the observations of Porter (1924) 
 

Antagonist S. tritici B. sorokiniana D. tritici-repentis A. triticimaculans 
E. nigrum C D D D 
C. globosum B D D C 
F. moniliforme var.  
anthophyllium 

A C C C 

Stemphylium sp. B D A C 
A. niger B D B B 
P. lilacinum B C D D 
Cryptococcus sp. A D C C 
R. rubra A D B B 
N. sphaerica B B B B 
Bacillus sp. D B D C 
 

c d a b 

Figure 1. Antagonism types on PDA according Porter (1924). a). Type A: Septoria tritici/F. moniliforme var.
anthophyllium; b) Type B: B. sorokiniana/Nigrospora sphaerica; c) Type C: D. tritici-repentis/F. moniliforme
var. anthophyllium; d) Type D: B. sorokiniana/Stemphyllium sp.
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A greenhouse screening of the saprophytic resident
microflora for control of  leaf  spots of  wheat was
performed. Ten microorganisms of  the epiphytic
microflora of  growing wheat leaves were selected and
evaluated as potential biocontrol agents of  the
pathogens At, Dtr, Bs and St. Maximum percent of
reduction of the necrotic lesion area (40-55%) (NLA)
of  S. tritici resulted when Cryptococcus sp., Rhodotorula
rubra and Penicillium lilacinum were sprayed on leaves
prior inoculations with the pathogen. Bacillus sp.,

Cryptococcus sp., F. moniliforme var. anthophylium, P. li-
lacinun and R. rubra reduced significantly (34-52%)
the necrotic leaf area (NLA) of B. sorokiniana. The
best antagonic effect against A. triticimaculans was
shown by Aspergillus niger, Bacillus sp., Chaetomium
globosum, F. moniliforme var. anthophylium and
Nigrospra sphaerica, with a NLA reduction from 21 to
35%. Bacillus sp., C. globosum and Epicoccum nigrum
caused from 41 to 60% of necrotic leaf area reduction
against D. tritici-repentis (Table 4).

Table 4. Disease severity (%) caused by A. triticimaculans, B.sorokiniana, 
D. tritici-repentis and S. tritici inoculated with ten potential antagonists in wheat plants 
of the cultivar Buck Poncho under greenhouse conditions 
 

Microorganisms Severity (%)  Microorganisms Severity (%) 
Aspergillus niger 
Nigrospora sphaerica  
Bacillus sp. 
Fusarium moniliforme var. anthophilum  
Chaetomium globosum 
Paecilomyces lilacinus  
Epicoccum nigrum 
Rhodotorula rubra  
Cryptococcus sp. 
Stemphylium sp.  
Alternaria triticimaculans (control) 

9.00 a 
9.20 a 
11.00 a 
12.60 a 
17.40 b 
20.40 bc 
20.80 bc 
21.40 bc 
21.40 bc 
23.00 c 
23.20 c 

 Bacillus sp. 
Chaetomium globosum  
Epicoccum nigrum 
Fusarium moniliforme var. anthophilum  
Cryptococcus sp. 
Rhodotorula rubra 
Paecilomyces lilacinus 
Aspergillus niger  
Stemphylium sp.  
Nigrospora sphaerica  
Drechslera tritici-repentis (control) 

12.80 a 
13.00 a 
15.00 a 
20.00 b 
22.00 b 
23.20 b 
24.60 b 
31.20 c 
34.40 cd 
37.00 d 
49.60 e 

Bacillus sp. 
Chryptococcus sp. 
Rhodotorula rubra  
Paecilomyces lilacinus  
Fusarium moniliforme var. anthophilum 
Chaetomium globosum 
Aspergillus niger  
Nigrospora sphaerica 
Stemphylium sp.  
Epicoccum nigrum  
Bipolaris sorokiniana (control) 

27.20 a 
  34.40 ab 
36.60 b 
46.80 c 
48.60 c 
65.60 d 
67.00 d 
70.20 d 
70.20 d 

  73.20 de 
79.00 e 

 Bacillus sp.  
Rhodotorula rubra  
Cryptococcus sp.  
Fusarium moniliforme var. anthophilum 
Epicoccum nigrum  
Paecilomyces lilacinus  
Stemphylium sp.  
Chaetomium globosum  
Aspergillus niger  
Nigrospora sphaerica  
Septoria tritici (control)  

29.00 b 
21.40 a 
30.60 bc 
36.00 cd 
36.20 cd 
40.60 de 
46.60 ef 
49.60 fg 
53.20 g 
54.20 g 
70.00 h 

 

Means followed by the same letter indicate no differences according to LSD test (p = 0.05). Data are means of five  
replications (five leaves per replication). Control refers to plants inoculated with pathogens alone. 
 

The efficiency in reducing diseases severity depended
on the application opportunity of antagonists respect
to each pathogen tested.

1.2. INTRODUCTIONS OF FOREIGN ANTAGONISTS

1.2.1. Ephyphitic bacteria

Potential of  Bacillus subtilis, B. cereus, B. licheniformis,
B. pumilus, Brevibacillus laterosporus and Paenibacillus
polymyxa as biocontrol agents of four foliar necrotrophic
pathogens of  wheat: At, Dtr, Bs and St have been
evaluated in Argentina. Six aerobic spore-forming bac-

teria were selected according to previous studies:
Bacillus subtilis (ATCC 10783); B. cereus (ATCC 11778);
B. licheniformis (NRRL B-1001), B. pumilus (ATCC
7061); Brevibacillus laterosporus (BLA170) and
Paenibacillus polymyxa (NRRL B-510).

Assays used were: (a) effect of the bacterial antagonists
on fungal growth in the central disk test with paired
cultures. (b) effect on the germination of fungal spores
in the paired suspension assay, and (c) reduction of
disease severity in greenhouse experiments. The
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percentage of mycelial growth inhibition (MGI) and
percentage of conidia germination inhibition (CGI) at

4, 7 and 14 days was calculated according Michereff et
al. (1994). (Tables 5, 6, 7 and 8).

Table 5. Mycelial growth (MG) and percentage of inhibition of mycelial  
growth (IMG) of Septoria tritici by bacterial antagonists 
 

4 days 7 days 14 days 
Bacteria MG (mm) IMG (%) MG  

(mm) 
IMG (%) MG 

(mm) 
IMG  
(%) 

Control 6.2a – 9.0a – 14.2 A – 
Antagonists 

B. licheniformis 5.0a 19.35 5.0c 44.44   5.0d 64.79 
B. laterosporus 5.0a 19.35 5.0c 44.44   5.0d 64.79 
B. subtilis 5.6a   9.68 6.4bc 28.89   7.8c 45.07 
B. pumilus 6.3a –1.61 7.0b 22.22   9.8b 30.98 
B. cereus 7.1a –14.52 7.1b 21.11   10.6b 25.35 
P. polymyxa 6.6a   –6.45 8.7ab 3.33   10.7b 24.64 

 

Means followed by the same letter in each column do not differ (p < 0.01) according to Tukey's test. 
 

Table 6. Mycelial growth (MG) and percentage of inhibition of mycelial  
growth (IMG) of Alternaria triticimaculans by bacterial antagonists 
 

4 days 7 days 14 days 
Bacteria MG (mm) IMG  

(%) 
MG (mm) IMG  

(%) 
MG  

(mm) 
IMG (%) 

Control 22.6a – 42.8a – 52.6a – 
Antagonists  
B. laterosporus   6.2c 72.57   6.2c 85.51   6.2c 88.21 
P. polymyxa   7.0c 69.03   8.8c 79.44 10.2c 80.61 
B. licheniformis 11.2b 50.44 11.5c 73.13 11.5c 78.14 
B. subtilis 25.2a  –11.50 29.8b 30.37 31.2b 40.68 
B. pumilus 24.0a    –6.19 34.2b 20.09 34.2b 34.98 
B. cereus 25.2a  –11.50 31.4b 36.63 34.4b 34.60 

 

Means followed by the same letter in each column do not differ (p < 0.01) according to Tukey's test. 
 

Table 7. Mycelial growth (MG) and percentage of inhibition of mycelial  
growth (IMG) of Drechslera tritici-repentis by bacterial antagonists 
 

4 days 7 days 14 days 
Bacteria MG  

(mm) 
IMG (%) MG (mm) IMG (%) MG  

(mm) 
IMG  
(%) 

Control 38.40a – 48.80a – 49.80a – 
Antagonists  
B. laterosporus 5.00 c 86.98 5.00d 89.75 5.00d 89.96 
B. licheniformis 5.40 c 85.94 5.40d 88.93 5.40d 89.16 
P. polymyxa 15.40b 59.89 27.80c 43.03 27.80c 44.18 
B. cereus 31.20 a 18.75 32.60b 33.20 34.20b 31.32 
B. pumilus 33.00 a 14.06 34.80b 28.69 34.20b 30.12 
B. subtilis 33.80 a 11.98 34.80b 28.69 34.80b 28.91 
 

Means followed by the same letter in each column do not differ (p < 0.01) according to Tukey's test. 
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Table 8. Mycelial growth (MG) and percentage of inhibition of mycelial  
growth (IMG) of Bipolaris sorokiniana by bacterial antagonists 
 

4 days 7 days 14 days 
Bacteria 

MG (mm) IMG (%) MG (mm) IMG (%) MG (mm) IMG (%) 
Control 33.80a – 43.20a – 47.60a – 
Antagonists  
B. cereus 28.20a 16.56 34.60b 19.91 34.60b 26.89 
B. pumilus 32.40a 4.14 36.20ab 16.20 36.20b 23.95 
P. polymyxa 31.20a 7.70 35.60b 17.59 36.60b 23.11 
B. subtilis 32.80a 2.90 37.00ab 14.35 37.60b 21.01 
B. laterosporus 32.40a 4.14 37.20ab 13.89 39.00b 18.07 
B. licheniformis 31.80a 5.90 41.40ab 4.17 41.40ab 13.02 
 

Means followed by the same letter in each column do not differ (p < 0.01) according to Tukey's test. 
 

The effects of the antagonists on the germination of
fungal spores were evaluated using the paired suspension
technique [Reis et al. 1994].

Different patterns of  inhibition were observed in relation
to the control. In the first pattern, the fungus presented
a defined edge of growth opposite to the bacterium, this
front can be or not darker than the color of the normal
mycelium. The second pattern showed an irregular
development of  the fungal colony growing towards the

opposite side of the bacterium; where the two microor-
ganisms contacted and/or faced, melanization was
observed. In the last one, the fungal growth was totally
inhibited and englobed or overgrowth by the bacterium.
Microscopic examination of excised pieces of fungal colony
perimeters showed clear differences in hyphal morphology
among treatments and controls. In some combinations
vacuolation of  hyphae, plasmolysis of  mycelium and a
great number of  clamidospores was observed.

 

Figure 2. Mycelium of Drechslera tritici-repentis showing a) clamydospore
formation in the combination with B. pumilus b) after 14 days of
incubation at 25 ± 1ºC in nutrient agar in the paired culture test; b)
mycelium plasmolysis.

All the bacteria inhibited the conidial germination of
S. tritici in more than 70%, except B. cereus which did
not show significant differences in relation to controls.
P. polymyxa, B. licheniformis and B. laterosporus
inhibited the conidial germination of A. triticimaculans

and B. laterosporus was the most effective (80%
of inhibition). A reduction of conidial size was
observed in the case of  B. cereus and formation
of  abnormal vesicles in the case of  B. subtilis
(Fig. 3a, b).

a b
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Figure 3. a) inhibition of conidial germination of A. triticimaculans in combination with
B. laterosporus; b) abnormal vesicles formation in germinative tubes of A. triticimaculans
in combination with B. subtilis.

All the bacterial antagonists tested inhibited the
conidial germination of B. sorokiniana in 60% or
more, B. licheniformis, B. cereus and B. laterosporus
were the more efficient. Microscopic examination of

B. sorokiniana conidia, in the presence of B. late-
rosporus, B. cereus and P. polymyxa, showed swollen
and shorter germ tubes, in some cases with torulose
aspect (Figure 4a, b)

 

Figure 4. a) Conidia of B. sorokiniana showing shorter germ tubes and torulose aspect in the presence of
B. cereus; b) conidium plasmolysis.

In D. tritici-repentis combinations, conidia presented
shorter and swollen germ tubes with torulose aspect.

Conidial tips burst and plasmollysed were also observed
(Fig. 5a, b).
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Figure 5. a) Conidium plasmolyzed; b) conidium germ-tube showing a vesicle
formation.

In greenhouse experiments P. polymyxa and B. cereus
were the most efficient to control diseases produced
by Septoria tritici and Alternaria triticimaculans.
B. laterosporus BLA 170 showed a high potential
against all the fungal pathogens, particularly D. tri-
tici-repentis.

In the case of S. tritici, all the bacteria tested decreased
the DI except B. pumilus, which did not differ
significantly from control, and B. cereus  and P.
polymyxa  were the most effective (Table 9).
The infection of A. triticimaculans was reduced by all
bacterial antagonists, and the most effective were B.
cereus and P. polymyxa (Table 10).

Table 9. Disease index (DI) reached by Septoria tritici alone and against 
 each bacterial antagonist under greenhouse conditions. (Means of five replications) 
 

Bacteria DI Sum of ranks (b) 
Control 3.9 165.0 *      
B. pumilus 2.8 124.5 * *     
B. subtilis 2.4 116.5  * *    
B. laterosporus 1.6 65.0   * *   
B. licheniformis 1.6 71.0   * *   
B. cereus 1.1 44.5    *   
P. polymyxa 1.1 43.5    *   

 

b: Sum of ranks from Kruskal-Wallis test. 
* Homogeneous groups (p > 0.05) from multiple comparisons (Mann-Withney U test). 
Disease index (DI): 0 = no visible signs of infection; 1 = 1-20%; 2 = 21-40%; 3 = 41-60%; 4 = 61-80% and 5 = 
more than 80% of affected foliar area. 

 



Perelló and Mónaco

94/fitosanidad

Table 10. Disease index (DI) reached by Alternaria triticimaculans alone  
and against each bacterial antagonist. (Means of five replications) 
 

Bacteria DI Sum of ranks (b) 
Control 2.0 162.5 *      
B. pumilus 1.4 116.5  *     
B. subtilis 1.3 109.0  *     
B. laterosporus 1.2 100.0  *     
B. licheniformis 1.1 87.0  *     
P. polymyxa 0.4 32.5   *    
B. cereus 0.2 22.5   *    

 

b: Sum of ranks from Kruskal-Wallis test. 
* Homogeneous groups (p > 0.05) from multiple comparisons (Mann-Withney U test). 
Disease index (DI): 0 = no visible signs of infection; 1 = 1-20%; 2 = 21-40%; 3 = more than 41% of affected 
foliar area. 

 

The foliar area affected by D. tritici-repentis was
reduced by all the bacterial antagonists except B. ce-

reus, B. laterosporus and B. subtilis showed the best
effect (Table 11).

Table 11. Disease index (DI) reached by Drechslera tritici-repentis alone  
and against each bacterial antagonist. (Means of five replications) 
 

Bacteria DI Sum of ranks (b) 
Control 2.0 162.5 *      
B. pumilus 1.4 116.5  *     
B. subtilis 1.3 100.0  *     
B. laterosporus 1.2 100.0  *     
B. licheniformis 1.1 37.0  *     
B. polymyxa 0.4 32.5   *    
B. cereus 0.2 22.5   *    

 

h: Sum of ranks from the Kruskal-Wallis test. 
*: Homogeneous groups (p > 0.05) from multiple comparisons (Mann-Withney U test). 
Disease index (DI): 0 = no visible signs of infection; 1 = 1-20%; 2 = 21-40%;  
3 = 41-60% and 4 = more than 60% of affected foliar area. 
 
 

In the case of B. sorokiniana, only B. laterosporus and
B. subtilis were effective (Table 12).

Table 12. Disease index (DI) reached by Bipolaris sorokiniana alone  
and against each bacterial antagonist. (Means of five replications) 
 

Bacteria DI Sum of ranks (b) 
Control 3.3 145.5 *      
B. polymyxa 3.1 129.5 *      
B. pumilus 2.7 104.0 * *     
B. licheniformis 2.6 88.5 * * *    
B. cereus 2.4 86.0 * * *    
B. subtilis 1.8 46.0  * *    
B. laterosporus 1.4 30.5   *    

 

b: Sum of ranks from the Kruskal-Wallis test. 
*: Homogeneous groups (p > 0.05) from multiple comparisons (Mann-Withney U test). 
Disease index (DI): 0 = no visible signs of disease; 1 = 1-20%; 2=21-50%; 
3 = 51-75% and 4 = more than 75% of affected foliar area. 
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1. 2.2. Filamentous fungi (Trichoderma spp.)

Effect of  Trichoderma spp. on the control of  tan spot
(caused by Drechslera tritici-repentis and leaf spot
(caused by Septoria tritici) of wheat under field
conditions in Argentina

The effect of  six isolates of  Trichoderma harzianum and
one isolate of  T. koningii was evaluated under field
conditions on the incidence and severity of  tan spot,
caused by Drechslera tritici-repentis, and leaf spot,
caused by Septoria tritici (Table 13)

Table 13. Identification number and origin of antagonistic isolates of Trichoderma spp.  
 

Trichoderma strains Nomenclature Origin 
T. harzianum T1 Carnation soil 
T. harzianum T2 Hiperparasyte of Sclerotinia rolsi 
T. harzianum T3 Tomato phylloplane 
T. koningii T4 Wheat phylloplane 
T. harzianum T5 Wheat phylloplane 
T. koningii T6 Hiperparasyte of Sclerotinia sclerotiorum 
T. harzianum T7 Hiperparasyte of Sclerotinia sclerotiorum 
T. harzianum T8 Wheat phylloplane 

 
The assay was conducted at the Experimental Station
J. Hirschhorn, belonging to  the Facultad de Ciencias
Agrarias y Forestales de la Universidad Nacional de
La Plata, during july-november 2003. Bread wheat
(Triticum aestivum L.) of  the cultivars Buck Biguá and
B. Brasil, were tested at two growth stages of  plant
development according to Zadoks et al. (1974): ZGS 23
(tillering) and ZGS 58 (heading). Infected oat grain
colonized with Dtr and St was applied by spreading
onto soil surface on each row of the plots at a rate of
300 g.m–2 at ZGS 14 (four leaves).

Treatments assessed were:T1, T2, T3, T4, T5, T6, T7,
and T8 applied as spore suspension (SST1, SST2, SST3,
SST4, SST5, SST6, SST7 and SST8)¸T1, T2, T3, T4,
T5, T6, T7 and T8 applied as coated-seed technique

(CST1, CST2, CST3, CST4, CST5, CST6, CST7 and
CST8), fungicide application (F) and control (C). The
fungicide used was tebuconazol at a rate of 1L/ha.

The incidence (number of  infected leaves/total leaves)
and the severity (percentage leaf  area covered by lesions)
were evaluated 14 and 28 days after inoculation for Dtr
and St respectively.

For disease severity of  Dtr at tillering and heading, the
Trichoderma isolates T5 with both application
techniques (SST5 and CST5) and T7 (SST7) induced a
control disease values similar to those showed by the
fungicide aplication). By other hand, treatment CST6
reduced the incidence of the disease respect to control
(Tables 14, 15 and 16).

Table 14. Means of severity disease (%)  
of Drechslera tritici-repentis for twelve  
treatments at tillering stage 
 

Treatments Severity 
Fungicide (F) 19.15  a      
Pelleted T5 (CST5) 21.12  a 
Spore suspension T5 (SST5) 22.38  a 
Pelleted T8 (CST8) 22.71  ab 
Pelleted T6 (CST6) 22.76  ab 
Pelleted T4 (CST4) 22.89  ab 
Spore suspension T7 (SST7) 23.14  ab 
Pelleted T7 (CS T7) 21.10  ab 
Spore suspension T4 (SST4) 25.72  ab 
Spore suspension T8 (SST8) 27.59  abc 
Spore suspension T6 (SST6) 32.57  abc 
Control  37.22  c 

 

Means followed by same letter are not significantly  
different at p = 0.05. 
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Table 15. Means of severity disease (%)  
of Drechslera tritici-repentis for twelve  
treatments at heading stage 
 

Treatments Severity 
Spore suspension T7 (SST7) 29.01 a 
Fungicide (F) 29.33 a 
Spore suspension T5 (SST5) 33.67 ab 
Spore suspension T4 (SST4) 37.37 abc 
Pelleted T6 (CST6) 37.54 abc 
Pelleted T7 (CST7) 39.21 bc 
Spore suspension T8 (SST8) 40.87 bc 
Pelleted T8 (CST8) 43.54 cd 
Spore suspension T6 (SST6) 44.53 cde 
Pelleted T5 (CST5) 44.99 cde 
Control © 52.16 de  
Pelleted T4 (CST4) 52.34 e 

 

Means followed by same letter are not significantly  
different at p = 0.05 
 

Table 16. Means of disease incidence (%)  
of Drechslera tritici-repentis for twelve  
treatments at tillering stage 
 

Treatments Incidence 
Pelleted T6 (CST6) 22.77 a      
Pelleted T5 (CST5) 25.12 ab 
Pelleted T4 (CST4) 29.46 abc 
Pelleted T7 (CST7) 30.07 abc 
Spore suspension T4 (SST4) 30.61 abc 
Pelleted T8 (CST8) 31.21 abcd 
Spore suspension T8 (SST8) 31.99 bcde 
Control 34.95 bcde 
Fungicide (F) 35.25 bcde 
Spore suspension T6 (SST6) 40.04 cde 
Spore suspension T5 (SST5) 40.63 de 
Spore suspension T7 (SST7) 43.84 ef 

 

Means followed by same letter are not significantly  
different at p = 0.05. 
 

Respect to ST disease severity, Trichoderma isolate
T2 applicated as pellet (CST2) induced a control
similar to those showed by the fungicide application
(Table 17), but at heading stage none of  the

Table 17. Means of disease severity (%)  
of Septoria tritici for twelve treatments  
at tillering stage 
 

Treatments Severity 
Fungicide (F) 8.35  a 
Pelleted T2 (CST2) 13.38 a 
Pelleted T3 (CST3) 20.15 b 
Pelleted T4 (CST4) 26.15 bc 
Spore suspension T4 (SST4) 26.82 c 
Pelleted T5 (CST5) 28.61 c 
Spore suspension T2 (SST2) 30.15 cd 
Pelleted T1 (CST1) 30.99 cd 
Spore suspension T5 (SST5) 36.45 de 
Spore suspension T3 (SST3) 37.72 ef 
Spore suspension T1 (SST1) 37.92 ef 
Control  43.17 g 

 

Means followed by same letter are not 
significantly different at p = 0.05. 
 

treatments tested effectively controlled St (Table 18).
The incidence at tillering indicated that eight
treatments were effective respect to the control
(Table 19).

Table 18. Means of severity disease (%)  
of Septoria tritici for twelve treatments  
at heading stage 
 

Treatments Severity 
Fungicide (F) 45.45 a 
Pelleted T5 (CST5) 50.16 ab 
Spore suspension T1 (SST1) 50.68 ab 
Spore suspension T5 (SST5) 53.63 ab 
Control  55.04 ab 
Spore suspension T4 (SST4) 56.03 ab 
Pelleted T4 (CST4) 56.59 ab 
Pelleted T3 (CST3) 57.07  b 
Pelleted T2 (CST2) 58.44  b 
Pelleted T1 (CST1) 58.64  b 
Spore suspension T3 (SST3) 59.50  b 
Spore suspension T2 (SST2) 60.59  b 

 

Means followed by same letter are not 
significantly different at p = 0.05. 
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Table 19. Means of disease incidence  
(%) of Septoria tritici for twelve 
treatments at tillering stage 
 

Treatments Incidence 
Spore suspension T3 (SST3) 14.43 a 
Pelleted T4 (CST4) 14.59 a 
Spore suspension T2 (SST2) 15.11 a 
Fungicide (F) 16.56 ab 
Spore suspension T4 (SST4) 16.95 ab 
Spore suspension T5 (SST5) 16.95 ab 
Pelleted T3 (CST3) 19.25 bc 
Pelleted T2 (CST2) 20.03 bc 
Pelleted T1 (CST1) 21.26 bcd 
Pelleted T5 (CST5) 22.37 cd 
Control © 23.42 d 
Spore suspension T1 (SST1) 24.09 d 

 

Means followed by same letter are not significantly  
different at p = 0.05. 
 

2. MICROBIAL SUPPRESSION
OF PATHOGEN SPORULATION

2. 1. HYPHAL INTERFERENCE AND INHIBITION

OF THE COLONY GROWTH

Hyphal interactions were observed when At, St, Dtr
and Bs and ten commonly occurring wheat phylloplane

saprophytes were grown in dual combination on Petri
dishes on PDA media.

Results indicated that P. lilacinus and Bacillus sp.
showed the greatest capacity for interference. F. mo-
niliforme var anthophilum, E. nigrum and C. globosum
also showed significant effect (Table 20).

Table 20. Hyphal interference between all possible combinations of ten saprophytic 
microorganisms from wheat phylloplane and four fungal pathogens on potato dextrose agar (PDA) 
 

Pathogens 
Antagonists 

A.triticimaculans B. sorokiniana D. tritici-repentis S. tritici 
A. niger –  (–) (+) – (+) 
C. globosum +  (–) + – (+) 
E. nigrum +  (–) (+) – (+) 
F. moniliforme –  (–) (+) – (+) 
N. sphaerica –  (–) (+) – (+) 
P. lilacinus    + + – (+) 
Stemphylium sp. –  (–) (+) – (+) 
R. rubra –  (–) (+) – (+) 
Cryptococcus sp. –  (–) (+) – (+) 
Bacillus sp.    + (+) + (+) 

 

+: Mycelial interference       –: No mycelial interference 
(+): Spore interference       (–): No spore interference 
 

Different types of interaction on agar media
including morphological alterations of the mycelia

and inhibition of germination of spores were
observed (Table 21).
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Table 21. Types of interactions observed on PDA between ten saprobic  
microorganisms from wheat phylloplane and four fungal pathogens 
 

Antagonist Pathogens Type of reaction 
Penicillium lilacinus Bipolaris sorokiniana  c, p 
Penicillium lilacinus Drechslera tritici-repentis pc, v, g 
Penicillium lilacinus Alternaria triticimaculans s,p 
Chaetomium globosum Alternaria triticimaculans p 
Chaetomium globosum Bipolaris sorokiniana p, s 
Fusarium moniliforme var. anthophilum Alternaria triticimaculans g, p 
Epiccocum nigrum Alternaria triticimaculans c 
Bacillus sp. Alternaria triticimaculans ig, l 
Bacillus sp. Drechslera tritici-repentis ch 

 

Types of reaction: v = vacuolation, g = granulation, p = plasmolysis, s = swelling, pc = pigmented 
compounds, c = coiling, ch = chlamydospores, ig = inhibition of germination, l = germ-tube lysis 
 

2.2. INHIBITION OF SPORE GERMINATION

The paired suspension method was used to screen the
potential ability of the ten antagonists to inhibit the
germination of spores of A. triticimaculans, B. soro-
kiniana and S. tritici. Droplets of 1:1 suspension of
conidia from each pathogen-antagonist combination
were placed into a well of  an excavated glass slide.
Percentage of  ungerminated and germinated conidia
was determined. Germ-tube growth and vesicle
formation were also assessed relative to those of  the
conidia used in the control.

Spores germination of S. tritici was significantly
reduced in the presence of  P. lilacinus, F. moniliforme
var. anthophilum, E. nigrum, Bacillus sp., Cryptococcus
sp. and Nigrospora sphaerica, with rates of  inhibition
up to 69%.

Figure 6.  Hyphae of P. lilacinus coiling around
those of B. sorokiniana.

 

P. lilacinus, Cryptococcus sp., F. moniliforme var.
anthophilum and N. sphaerica caused a reduction of
47-60%, showing the greatest effect against B. soro-
kiniana, C. globosum, P. lilacinus, Rhodotorula rubra
and Bacillus sp. showed a significant effect on the
reduction of spores germination of A. tritici-
maculans.

With respect to D. tritici-repentis, E. nigrum, F. moni-
liforme var anthophilum, Stemphylium sp., P. lilacinus
and Bacillus sp. produced the greatest reduction. This
agree with several reports regarding the activity of
Bacillus isolates on the germination of fungal conidia,
expressed as different deformations of the germ tubes
[Douville and Boland, 1991; Michereff et al., 1994;
Alippi et al., 2000; Kong et al., 1997].

 

Figure 7. Hyphal plasmolysis and
precipitation of cellular components of
D. tritici-repentis after the exposure to
P. lilacinus.
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Figure 8. Collapsed mycelia and conidiophores
of A. triticimaculans after the exposure to
P. lilacinum. Figure 9. Mycelium of  D. tritici-repentis

showing chlamidospore formation after the
exposure to Bacillus sp.

Figure 10. Swelling of mycelia of
A. triticimaculans after exposure
to C. globossum.

3. MICROBIAL SUPPRESSION OF PATHOGEN
SURVIVAL

Saprophitic survival of  necrotrophic pathogens in
wheat residue is clearly important in primary
inoculum production. Characteristic microbial
communities develop in wheat straw in the field

(Pfender and Wooke, 1988); these communities,
interacting with physical factors, may affect the
survival of  these pathogens in straw [Ghaznfari and
Gough, 1981].
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Primary inoculum source of tan spot and leaf spot of
wheat are ascospores. These sexual spores are released
from ascocarps produced in wheat residues, and
epidemic severity is thus associated with levels of
residue-borne ascopcarps in the field. Destruction of
primary inoculum is an important strategy for
managing tan spot and leaf spot of wheat, both
diseases of  importance in conservation tillage systems.
Epidemics of both diseases are characterized by a
persistent, simple-interest phase of increase initiated
by ascospores dispersed from pseudothecia of
Pyrenophora tritici-repentis and Mycosphaerella
graminicola in straw residues of the soil surface studied
the ecology of microbial communities of wheat straw
as a basis for selecting suitable antagonists. Both
pathogens survived well in association with other wheat
pathogens and primary saprotrophs when the straw
was supported above the soil by other straw, but was
displaced by soil fungi when the straw was buried.
According to Pfender (1988) Limonomyces roseipellis
appears as valuable antagonist candidate. The
microorganism invade substrate already colonized by
P. tritici-repentis and other microorganisms and redu-
ce ascocarp and ascospore production of the pathogen
by to 99% in straw in the laboratory conditions and
by to 80% in the field. Moreover, it is considered that
biocontrol by L. roseipellis could be improved by
suitable management of the residues, for example
through modified tillage.

The study of  the microbial antagonists involved at
wheat straw, and their interaction on saprophytic
growth and ascocarp production of  P. tritici-repentis
at different straw positions and two residue treat-
ments: no-till and disked, was started at CIDEFI

Field and laboratory research to date indicates that
Epicoccum nigrum shows as promised antagonists and
need further investigation [Perelló and Dal Bello 2007,
unpublished]

Concluding remarks

Current interest in leaf-surface microbiology has been
increased by the fact that epiphytic microflora play an
important role acting as competitor and reducing the
incidence of  several foliar diseases [Andrews, 1985;
1992a; 1992b; Bettiol, 1991, Blakeman and Fokkema,
1982; Cook and Baker, 1983; Cook, 1993; Dubois, 1987;
Fokkema, 1993; Robbinge et al., 1984; Windels and
Lindows, 1985]. The microflora of  wheat phylloplane
and its activity in vitro against foliar diseases has

already been studied In Argentina [Perelló, 1998; Perelló
et al., 1998a, 1998b, 1998c, Perelló et al., 2000].
Necrotrophic pathogens like S. tritici, B. sorokiniana,
D. tritici-repentis and A. triticimaculans, which use
exogenous nutrients, can be antagonized via nutrient
competition by almost all microorganisms which are
able to colonize the phyllosphere [Fokkema, 1993; Mac
Bride, 1971]. Some of the results indicated that most
of  the saprophytes tested reduced significantly severity
and progression of diseases caused by the four
phytopathogens, these suggest according to other
reports that mechanism involved in the interactions
could be nutrient competition or nutrient im-
poverishment [Elad and Zimand, 1992]. Others
mechanisms have been postulated to explain such
interactions, including nutrient leakage from spores
following extensive germ tube growth [Fokkema, 1993],
pH changes in the substrate [Diem, 1969; Newhook,
1951], mechanical obstruction and antibiosis [Diem,
1969; Heuvel, 1970; Porter, 1924].

Some of  the microorganisms tested, like A. niger, E. pur-
purascens, F. moniliforme var. anthophylium, Peni-
cillium sp. and Bacillus sp. were previously recognized
as antagonists of a great potential against pathogenic
fungi of cereals in vitro, in which different types of
interactions were observed. Changes include various
degrees of growth inhibition, coiling of hyphae,
vacuolation, granulation and plasmolysis of  hyphae.
Antagonists also interfered by causing abnormal
elongation of germ tubes, lysis and swelling that
affected germination of conidia of B. sorokiniana, A.
triticimaculans and S. tritici [Perelló et al., 2002].

In accordance with this research there are several
reports in which yeasts of phyllosphere interfere with
spore germination, superficial hyphal growth and
penetration of necrotrophic pathogens, resulting in
reduction of infection by 50% or more [Blakeman and
Fokkema; 1982, Fokkema et al., 1979; Fokkema and
Meulen, 1976; Luz, 1982]. On the other hand, the use
of bacteria as biocontrol agents of foliar diseases of
cereals has been reported to be an alternative of  great
potential against fungal diseases of wheat phylloplane
[Bettiol, 1991; Levy et al., 1989; 1992, Li and Sutton,
1995; Robbs, 1991]. Bacillus spp., Bacillus subtillis and
Pseudomonas fluorescens are some of  the most effective
bacteria used in biocontrol studies of wheat foliar
pathogens, with control levels similar to the application
of chemical products [Hemming, 1990; Levy et al.,
1989; Luz, 1991]. The ability of bacteria to inhibit



fitosanidad/101

Status and progress of biological control...

fungal plant pathogens by secreting antibiotics with
antifiungal properties and cell wall degrading enzymes
has been well studied, particularly within the genera
Bacillus. Furthermore, Bacillus spp. are attractive
candidates as biocontrol agents because their ability
to produce drought resistant endospores providing a
long survival and resistance against physical stress
[Nielsen and Soresen, 1997; Podile and Prehkash, 1996].
The results of experiences and previous reports in Ar-
gentina about the behavior of Bacillus and others
spore-forming bacteria as biocontrol agents of wheat
foliar diseases are in agreement with the stressed
[Perelló, 1998; Perelló et al., 2000]

Problems of  environmental contamination which have
adversely affected the biodiversity in agroecosystems,
as well as health and public safety problems inherent
to the production and inadequate use of agrochemicals,
have led to the search for and implementation of
ecological alternatives in Argentina. The goal remains
to integrate all available methods for disease control in
a way to optimize their benefits and minimize their
risks for producers, consumers and the environment in
a sustainable crop production system [Lewis and
Papavizas, 1991; Powell, 1993]. Integration of
biocontrol of plant pathogens into integrated pest
management programmes is a logical goal [Cook and
Veeth, 1991; McSpadden Gardener and Fravel, 2002].
Considerable research on pathogens biocontrol of wheat
has focused on specific antagonistics as tools to con-
trol foliar diseases [Fokkema et al., 1979;  Fokkema
and Meulen, 1976; Luz, 1982;1991;1992; Pfender, 1988;
Biles and Hill, 1983; Linhares et al., 1995; Nikonorova,
1998; Alippi et al., 2000; Pfender et al., 1991; Perelló,
1998; Perelló et al., 1997; 2001a, 2001b; 2002; 2003].
However, workable strategies for consistent biological
control have only rarely been developed and
implemented under field conditions or are in stages of
commercial development, lists of  which appear on
websites (e.g www.agr.gc.ca/env/pdf.cat-e.pdf). There
are many reasons for this state of affairs, but most of
the difficulties in developing functional biological con-
trol are related to the complexities of the system to be
managed. Despite this, there are increasing economic
and social pressures to develop usable biological con-
trol strategies).

By other way, during the last decade, biological con-
trol by means of bacteria introduced into plants has
shown increasing promise to control foliar diseases
including those affecting gramineae [LI and Sutton,

1995]. Pseudomonas species, particularly within the
fluorescent group have been reported as potential
biocontrol agents of foliar diseases of cereals and
grasses [Luz, 1990; Hodges et al., 1994; Levy et al.,
1992; Michereff  et al., 1993; Rodríguez and Pfender,
1997; Smith and Métraux, 1991[. Bacillus species and
related genera have been known as effective antagonists
against several pathogens of  post-harvest and
rhizosphere [Hwang et al., 1996, Mari et al., 1996;
Nielsen and Sorensen, 1997]. By the other hand, in
phylloplane, the effectiveness of  Bacillus subtilis strains
in controlling different diseases has been established
[Berger et al., 1996; Doubille and Boland, 1992;
Michereff et al., 1994; Mitzubuti et al., 1995a; 1995b;
Montesinos et al., 1996]. The ability of spore-forming
bacteria to inhibit fungal plant pathogens by secreting
antibiotics and peptic derives antibiotics with
antifungal properties [Gálvez et al., 1993; Lebbadi et
al., 1994; Stabb et al., 1994; Thimon et al., 1992] and
cell wall degrading enzymes ]Nielsen and Sorensen,
1997; Podile and Pakash, 1996] has been well recognized,
particularly within the genera Bacillus  and
Paenibacillus.  Furthermore, these genera are attractive
candidates as biocontrol agents because of their
abundance in soil and aerial parts of plants and their
ability to produce desiccation-resistant endospores
providing a long survival and resistant against physical
stress [Nielsen and Sorensen, 1997]. Our results in
Argentina showed a different behaviour according to
each combination antagonist-pathogen. Other authors
observed a mycolytic activity of  B. subtilis against
Rhizoctonia solani, Pythium ultimum [Fidamann and
Rossal, 1993], Aspergillus niger [Podile and Prakash,
1996] and Alternaria helianthi [Kong et al., 1997]
expressed as swelling of hyphal tips, disintegration of
mycelium, cell wall dissolution, germ tubes lysis and
vesicle formation.

There are several reports regarding the activity of  B.
subtilis isolates on the germination of fungal conidia,
expressed as different deformations of the germ tubes
[Douville and Boland, 1992; Kong et al., 1997; Michereff
et al., 1994; Mizubutti et al., 1995a; 1995b; Reis et al.,
1994] probably related to the production of
extracellular non-volatile metabolites [Michereff  et al.,
1994]. similar results have been reported for b. cereus
[Silo-Suh et al., 1994]. Despite the variability observed
in our trials there is enough evidence about the
effectiveness of  the Bacillus, Brevibacillus and
Paenibacillus strains tested as biocontrol agents. The
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lack of correlation between the antifungal activity in
vitro and the disease reduction in vivo has been noticed
for several authors [Andrews 1992; Blackeman and
Brudie, 1976; Montesinos et al., 1996].

In addition, investigations about the effect of
Trichoderma species as biocontrol agents of  wheat
pathogens is being studied at the CIDEFI [Cordo et
al., 2007; Perelló et al., 2007a, b].

Future prospects

There is a growing demand for sound, biologically-based
pest management practices. Recent surveys of  both
conventional and organic growers indicate an interest
in using biocontrol products, suggesting that the
market potential of biocontrol products will increase
in coming years. Application of  diverse biological con-
trol strategies have been successful and continue to
increase. Clearly, the future success of  the biological
control industry will depend on innovative business
management, product marketing, extension education,
and research.

The field of plant pathology will contribute
substantially to making the 21st century the age of
biotechnology by the development of  innovative
biocontrol strategies.

Finally, within the context of  IPM programs, the
numerous biotic and abiotic variables that influence
crop health are rarely independent of  one another. Such
complexities point to the need for more integrative,
multidisciplinary research on agricultural systems that
will provide a deeper understanding of  the conditions
under which microbial biocontrol agents might be most
productively applied.
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