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Abstract 
High throughput screening technology has allowed significant advances to be 
made in the discovery of lead agents for use in the pharmaceutical and 
agrichemical industries. However, economic and practical constraints have limited 
the use of this technology in the identification of bioactive microbes targeted at crop 
pests and diseases. Smaller scale targeted screening programmes have generally 
provided greater success in identifying microbial bioactivity. This paper describes a 
strategy for targeted selection of bioactive Trichoderma spp. Isolates are selected 
for biological characteristics that best match the biocontrol blueprint developed for 
the target pathogen and are then put through a series of standardised bioassays. 
This strategy provides a rapid and cost-effective means of identifying biocontrol 
agents with commercial potential. 
Keywords: bioactive microbes, biocontrol blueprint, high throughput screening, 
targeted screens, Trichoderma. 

Introduction 
When developing a drug, pesticide or biological control agent, a diversity of 
synthetic chemicals, natural products and microbes are filtered through screening 
programmes to identify a lead agent that will potentially control the disease of 
interest. Such screening programmes are usually initiated by selecting a target and 
then developing an assay to screen for activity against the target. Subsequently, 
screening takes place to identify lead agents and selected leads undergo further 
assessments, such as optimisation and toxicology trials (Campbell 1989; Carnero 
2006; Mishra et al. 2008). Depending on the use of the product, preclinical and 
clinical trials or greenhouse and field trials take place with the ultimate goal of 
commercialisation. The basic framework of a screening programme may be applied 
to various research fields, but the scale and methods can vary depending on the 
screening source, target of interest and available resources (Ward & Bernasconi 
1999). 

High throughput screening 
Screening of synthetic chemicals to identify active compounds for pharmaceutical 
and agrichemical development has been conducted by high throughput screening 
(HTS) (Janzen 1996; Ridley et al. 1998; Pereira & Williams 2007). High throughput 
screening is the random screening of large numbers of compounds to identify leads 
that express activity against a selected target (Janzen 1996; Harvey 2002; Mishra 
et al. 2008). Prior to the invention of HTS, traditional drug development 
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programmes screened 20 to 50 compounds a week, but the introduction of HTS 
allowed screening as many as 100,000 samples a week (Pereira & Williams 2007). 
Advances were made by using robotics to decrease labour, replacing test tubes 
with 96-well microtitre plates to miniaturise assays, and computerising data 
analysis to increase speed (Carnero 2006; Pereira & Williams 2007). High 
throughput screening capability has also improved by identifying molecular targets 
through genomics research and enriching screening collections through the 
adoption of combinatorial chemistry (Hertzberg & Pope 2000; Koehn & Carter 
2005; Carnero 2006). For example, in the pharmaceutical industry, the availability 
of the human genome sequence and information on biochemical pathways of 
human diseases allow screening to be focussed by targeting molecular structures 
(Ridley et al. 1998; Steinrucken & Hermann 2000) . In contrast, in the agrichemical 
industry, which has a global market of one tenth of pharmaceuticals (Ward & 
Bernasconi 1999), the diversity of hosts and limited molecular information on pests 
and diseases often necessitates the targeting of whole organisms thereby 
diminishing the effective use of HTS technologies (Ridley et al. 1998; Steinrucken 
& Hermann 2000; Tietjen et al. 2005). Despite the advances in technologies that 
allow screening of many compounds over a short period of time, HTS has a high 
attrition rate (Hertzberg & Pope 2000; Carnero 2006). It is estimated that one drug 
is produced for every 1,000,000 compounds whereas one agrichemical is produced 
for every 140,000 that are screened (McDougall 2003; Carnero 2006). An 
advantage in agrichemical development is the feasibility to test leads directly on 
plants at an early stage in comparison to clinical tests with pharmaceuticals (Ward 
& Bernasconi 1999; Tietjen et al. 2005). 

Natural products 
Natural products are another major source of active ingredient used in the 
pharmaceutical and agrichemical industries that can be found by HTS (Harvey 
2002). The discovery of penicillin from the fungus Penicillium nota tum is a well
known example (Demain 2006). Natural products are considered a valuable 
screening source as they provide greater structural diversity than synthetic 
chemicals and contain compounds that have been selected by evolutionary 
pressures (Knight et al. 1997; Harvey 2002; Koehn & Carter 2005; Harvey 2007). 
However, in contrast to synthetic chemicals that can be produced in the laboratory, 
sources for natural product screening require sampling from the environment 
(Harvey 2002; Verkman 2004). A diversity of environments can be sampled, 
including the air, water sources, soil, plants and microbial culture collections (R. Hill , 
personal communication). In particular, the unexplored biodiversity in marine 
environments is increasingly searched for novel products (Harvey 2007; Lam 2007). 
From the collected samples, crude extracts that contain mixtures of compounds are 
derived for HTS (Koehn & Carter 2005; Harvey 2007). To follow up on a positive 
result, purification of the active compound from the crude extract is necessary 
(Koehn & Carter 2005; Harvey 2007). 

The success rate of natural products over synthetic chemicals is unclear, but some 
reports suggest a higher success rate with natural products (Harvey 2002; Berdy 
2005). At Sphinx Pharmaceuticals Corp., both natural products and combinatorial 
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chemistry compounds are screened, and an average screen tests 125,000 
compounds over 4 months (Janzen 1996). At Biodiscovery New Zealand Ltd., more 
than 10,000 samples are screened every year with an average of one sample out 
of every 10,000 leading to commercialisation (R. Hill, personal communication). 
Natural products can also be useful as templates to synthesise chemicals with 
similar structures (Harvey 2007). An example is the development of azoxystrobin 
fungicides from strobilurin, a fungicidal compound found in a few Basidiomycete 
fungi (Knight et al. 1997). Despite the fact that half of successful pharmaceuticals 
are derived from or inspired by natural products (Demain 2006), screening of 
natural products has decreased in the last 15 years (Harvey 2002; Koehn & Carter 
2005; Harvey 2007; Mishra et al. 2008). Reasons include the incompatibilities with 
highly automated technologies developed for screening synthetic chemicals 
(Rollinger et al. 2008), difficulties in accessing biological sources and complications 
with handling mixtures of compounds (Harvey 2002; Koehn & Carter 2005; Mishra 
et al. 2008). However, more recently, the importance of natural products is being 
revisited as they prove to be a valuable source in pharmaceutical and agrichemical 
development (Knight et al. 1997; Harvey 2002; Koehn & Carter 2005; Harvey 2007; 
Mishra et al. 2008). 

Microbial bioactivity 
In contrast to HTS of synthetic chemicals and natural products, smaller-scale 
targeted screening programmes are used to identify microbial bioactivity. Examples 
of such microbes include probiotics that improve human and animal health as well 
as biological control agents (BCAs) that suppress agricultural diseases (Campbell 
1989; Fuller 1989). Prior to screening, isolation of source microbes is necessary, 
similar to that required for sampling of natural products (Campbell 1989; 
Montesinos 2003) . However, unlike the diverse sampling of natural products, 
isolation of source microbes is usually more focused on ecological niches that 
demonstrate evidence of beneficial bioactivity associated with the host of interest 
(Campbell 1989; Montesinos 2003). For instance, common sources to screen for 
human probiotics come from human intestines and likewise, common sources to 
screen for BCAs for postharvest fruit diseases come from fruit (O'Sullivan 2001; 
Janisiewicz & Korsten 2002; Fravel 2005; Taqarort et al. 2008; Vinderola et al. 
2008). As microbial bioactivity can be employed through multiple modes of action 
(Campbell 1989; Howell 2003; Roberts & Lohrke 2003; Kesarcodi-Watson et al. 
2008), the target for microbial screening is usually not molecular but the whole 
disease-causing organism itself. Initial screening commonly consists of in vitro 
laboratory assays examining growth inhibition on agar plates (Campbell 1989, 
1994; Fravel 2005; Kesarcodi-Watson et al. 2008). Such tests are easy to conduct 
and clear to read, but do not always reflect in vivo performance (Campbell 1989, 
1994; Fravel 2005; Kesarcodi-Watson et al. 2008). Plate tests select for microbes 
with particular modes of actions, such as the production of inhibitory substances or 
lytic activity on a specific medium; therefore, microbes with modes of action that 
are not expressed on plate tests, such as the ability to induce host resistance or 
production of enzymes, may be overlooked (Campbell 1989; Kesarcodi-Watson et 
al. 2008). Thus, although time-consuming and costly, in vivo screening with the 
host plant or animal is essential (Campbell 1989, 1994; Kesarcodi-Watson et al. 
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2008). The scale of microbial screening is smaller than synthetic chemical or 
natural product screening (Campbell 1994), ranging from approximately 50 isolates 
to a few hundred isolates (Clarkson et al. 2002; Idris et al. 2007; Taqarort et al. 
2008; Vinderola et al. 2008; Missotten et al. 2009). For BCA development, it is 
estimated that approximately 1 % of the original microbe source is taken to field 
trials (Campbell 1989; Montesinos 2003). In comparison to the high attrition rate of 
HTS and high costs in pharmaceutical industries where developing a drug can cost 
US $802 million (DiMasi et al. 2003), attrition rates and costs for BCA development 
are lower (Andrews 1992; Campbell 1994). This allows smaller research groups to 
pursue BCA development as a niche area of research without having to make large 
investments into HTS technologies. 

Trichoderma case study 
As mentioned previously, one of the main strategies for selection of microbial BCAs 
has been to isolate strains from the same ecological niche as the pest/pathogen 
that is being targeted for control (Cook & Baker 1983). This was the strategy used 
by the Plant Disease Biocontrol Research Group at Lincoln University during the 
early stages of development of its biocontrol research programmes. For example, 
survival structures were used to bait microbes from soil that could parasitise 
selected pathogens such as Sclerotinia (Jones & Stewart 2000), and microbes 
were isolated from the phylloplane of grape leaves and flowers to test for their 
activity against Botrytis cinerea grey mould (Walter et al. 2006). Surprisingly, what 
was observed from numerous isolations of this nature was that Trichoderma spp 
could be routinely isolated from all of the different ecological niches (roots, soil, 
pathogen survival structures, leaves, fruit, internal plant tissues). This was 
expected for soil-based niches but not for above-ground niches since Trichoderma 
is a recognised soil-borne saprophyte. Trichoderma spp. have been isolated from a 
diverse range of plant species (monocots and dicots), from wide geographical 
sources and across a broad environmental range (Klein & Eveleigh 1998). From 
the literature there are 104 known species, many of which include reported 
biocontrol agents, of which several have been developed as commercial products 
(Stewart 2001). An important attribute that favours the use of Trichoderma species 
for biocontrol is their multiple modes of action with isolates reported to act via 
mycoparasitism, antibiosis, competition, induced resistance and plant growth 
promotion (Harman 2006; Vinale et al. 2008). This has led to our view that the 
Trichoderma genus possesses isolates with such broad ranging biological 
attributes that there is a high likelihood of finding one or more isolates active 
against all of the key target plant pathogens of interest. This is further supported by 
repeated observations showing that isolates of Trichoderma obtained from the soil 
can perform equally well as biocontrol agents on foliage/flowers and other above
ground environments. 

On the basis of these observations, a decision was made to focus the group's 
biocontrol research primarily on the selection of bioactive Trichoderma spp. A 
large-scale isolation programme was established in 2003 to collect Trichoderma 
isolates from different regions, soil types and cropping systems from throughout NZ. 
The Trichobank™ culture collection currently houses> 1000 isolates representing 
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21 species and provides the underlying microbial resource for the research group's 
screening programmes. Over the past decade, the group has progressively 
characterised the isolates held in the culture collection based upon growth 
characteristics (temp, pH range) and biological characteristics (competition, 
antibiosis, parasitism, rhizosphere competence, induced resistance capability). 
This is an on-going process with the ultimate goal of creating a database of fully 
characterised isolates that can be searched for targeted bioactivity. 

Biocontrol blueprint 
When a biocontrol programme commences at the Bio-Protection Research Centre, 
a set of draft technical specifications for the potential BCA, a blueprint, is 
developed based upon knowledge of the pathogen's lifecycle, environmental niche, 
optimum models of action and likely formulation/application strategy. The blueprint 
is then compared with information known on the isolates held in the Trichobank™ 
collection and the best 20-30 matches identified. These 'best bet' test microbes are 
then put through a series of standardised bioassays developed by the research 
group to further identify bioactivity. Tests include a necrotic leaf disc assay to 
identify competitive saprophytic behaviour, a dual culture assay to identify antibiotic 
production by the test microbe, a plant growth promotion assay, a mycoparasitism 
assay and a spore production assay. Threshold levels of activity are set for each of 
these assays and the comparative performance of test microbes assessed. The 10 
best-performing isolates are then selected for further testing in glasshouse/growth 
room pathogen challenge trials. These trials are repeated several times under 
variable pathogen challenge and/or BCA inoculum density, different environmental 
conditions and with different basic BCA formulations. 

At this stage in the biocontrol programme, a commercial business partner is 
identified and technical specifications for a prototype product are developed that 
set thresholds for field performance, compatibility with current crop management 
practices, spore production capability and quality assurance parameters, e.g. 
viability, shelf life. The best performing isolates (3-5) from the glasshouse trials 
undergo intensive field testing for 2 years and then the top candidate is selected for 
commercial development. 

Biocontrol successes 
This targeted screening strategy was used successfully by the research group to 
develop a biocontrol agent for Sclerotinia disease of lettuce. Fifteen isolates were 
selected from the Trichobank™ collection based upon relevant biological attributes 
and tested in laboratory and glasshouse trials over a 3-year period (Rabeendran et 
al. 2006). Three isolates were selected for field testing in collaboration with our 
business partners, Agrimm Technologies Ltd, and one isolate Trichoderma 
hamatum 6SR4 was selected for commercial development. This isolate was shown 
to be highly competitive in the soil environment and was an effective mycelial and 
sclerotial parasite of Sc/erotinia minor. When applied as a solid substrate (flake 
formulation) into the nursery potting mix at the rate of 2 kg/m3 followed by a 
seedling drench prior to transplanting at the rate of 100 g/50 litres, the biocontrol 
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agent gave 50-75% control of Sclerotinia disease, which was equal to or better 
than the standard fungicide treatment (Rabeendran et al. 2006). Two products 
Lettucemate ™ Flake and Lettucemate ™ WP were commercialised in 2005 for use 
in lettuce nurseries in NZ and Australia (www.vinevax.com). 

A similar strategy was used to develop Trichoderma atroviride LU132 as a 
botryticide on grapes. This isolate had been initially developed as a biocontrol 
agent for use against onion white rot disease. The biological attributes of the 
biocontrol agent identified in this system (nutrient competition , localised antibiosis 
(Stewart & McLean 2007)) were recognised as having value for application in other 
systems, in particular grapevines where the environmental conditions (pH, 
temperature) on the leaf surface were a good match for this isolate. Intensive field 
testing of the isolate validated this proposition and the product Sentinel@ was 
commercialised in 2006 for use against Botrytis on grapevines in NZ and an 
extension of the application to include tomatoes was approved in 2007 
(www.vinevax.com). Current programmes that are utilising this targeted selection 
and screening strategy include Rhizoctonia diseases of potato and Sclerotinia 
disease of brassicas. 

Conclusion 
It is impractical and uneconomic for small biocontrol research groups to be able to 
implement intensive high throughput screening systems to identify microbes with 
specified bioactivity. The use of a targeted approach to selection and screening 
allows researchers to effectively rationalise the use of limited resources and make 
rapid progress in the identification of microbes with commercial potential. This has 
reduced the average length of time taken from initial screening to identification of 
the prototype product from 8-10 years down to 5-6 years, thereby allowing greater 
investment of time and money in the development of improved formulations and 
extensive field testing. 

References 
Andrews JH 1992. Biological control in the phyllosphere. Annual Review of 

Phytopathology 30: 603-635. 
Berdy J 2005. Bioactive microbial metabolites - A personal view. Journal of 

Antibiotics 58(1): 1-26. 
Campbell R 1989. Biological control of microbial plant pathogens. New York, 

Cambridge University Press. 218 pp. 
Campbell R 1994. Biological control of soil-borne diseases - some present 

problems and different approaches. Crop Protection 13(1): 4-13. 
Carnero A 2006. High throughput screening in drug discovery. Clinical and 

Translational Oncology 8(7) : 482-490. 
Clarkson JP, Payne T, Mead A, Whipps JM 2002. Selection of fungal biological 

control agents of Sclerotium cepivorum for control of white rot by sclerotial 
degradation in a UK soil. Plant Pathology 51 (6): 735-745. 

Cook RJ, Baker KF 1989. The Nature and Practice of Biological Control of Plant 
Pathogens. St. Paul, Minnesota, The American Phytopathological Society. 

- 16 -

f 
Targ 

539 pp. 
Demain AL 2006. From 

story. Journal of 
DiMasi JA, Hansen 

estimates of dr 
151-185. 

Fravel DR 2005. Co 
Review of 

Fuller R 1989. I-'rl"',,", ;,.,,+;1 

66(5) : 365-378. 
Harman GE 2006. 

Phytopathology 
Harvey AL 2002. N 

Wootton JC ed. 
Elsevier Science 

Harvey AL 2007. 
Chemical Bio 

Hertzberg RP, Pope 
21 st century. 

Howell CR 2003. M 
control of plant 
Plant Disease 

Idris HA, Labuschaghe 
control of 
Control 40( 1) : 

Janisiewicz WJ, Korste 
Annual Review 

Janzen WP 1996. 
pharmaceutical i 

Jones EE, Stewart A 
sclerotiorum iso 
and Horticultural 

Kesarcodi-Watson A, 
aquaculture: 
processes. 

Klein 0, Eveleigh DE 
ed. 1",.,., ' hf,,1a 

Commercial 
Knight SC, Anthony V 

KA, Schulz MA, 
perspectives 0 
Phytopathology 

Koehn FE, Carter GT 
Nature Reviews 

Lam KS 2007. New 
Microbiology 1 

McDougall P 2003. T 



ble plant production 

as equal to or better 
2006). Two products 
3.lised in 2005 for use 

'oviride LU 132 as a 
::>ped as a biocontrol 
lical attributes of the 
n, localised antibiosis 
or application in other 
ntal conditions (pH, 
isolate. Intensive field 
roduct Sentinel® was 
lvines in NZ and an 

approved in 2007 
his targeted selection 
otato and Sclerotinia 

1 groups to be able to 
identify microbes with 
lection and screening 
j resources and make 
;ial potential. This has 
ling to identification of 
ereby allowing greater 
JVed formulations and 

e. Annual Review of 

onal view. Journal of 

.athogens. New York, 

lses - some present 
3(1): 4-13. 
iscovery. Clinical and 

on of fungal biological 
white rot by sclerotial 

45. 
ogical Control of Plant 
topathological Society. 

Targeted screening for microbial bioactivity 

539 pp. 
Demain AL 2006. From natural products discovery to commercialization: a success 

story. Journal of Industrial Microbiology and Biotechnology 33(7): 486-495. 
DiMasi JA, Hansen RW, Grabowski HG 2003. The price of innovation: new 

estimates of drug development costs. Journal of Health Economics 22(2): 
151-185. 

Fravel DR 2005. Commercialization and implementation of biocontrol. Annual 
Review of Phytopathology 43: 337-359. 

Fuller R 1989. Probiotics in man and animals. Journal of Applied Bacteriology 
66(5): 365-378. 

Harman GE 2006. Overview of mechanisms and uses of Trichoderma spp. 
Phytopathology 96(2): 190-194. 

Harvey AL 2002. Natural products for high-throughput screening. In: Iwu MM, 
Wootton JC ed. Ethnomedicine and drug discovery. 1 st ed. Amsterdam, 
Elsevier Science Pp. 39-44. 

Harvey AL 2007. Natural products as a screening resource. Current Opinion in 
Chemical Biology 11 (5): 480-484. 

Hertzberg RP, Pope AJ 2000. High-throughput screening: new technology for the 
21st century. Current Opinion in Chemical Biology 4(4): 445-451. 

Howell CR 2003. Mechanisms employed by Trichoderma species in the biological 
control of plant diseases: The history and evolution of current concepts. 
Plant Disease 87(1): 4-10. 

Idris HA, Labuschaghe N, Korsten L 2007. Screening rhizobacteria for biological 
control of Fusarium root and crown rot of sorghum in Ethiopia. Biological 
Control 40(1): 97-106. 

Janisiewicz WJ, Korsten L 2002. Biological control of postharvest diseases of fruits. 
Annual Review of Phytopathology 40: 411-441. 

Janzen WP 1996. High throughput screening as a discovery tool in the 
pharmaceutical industry. Laboratory Robotics and Automation 8(5): 261-265. 

Jones EE, Stewart A 2000. Selection of mycoparasites of sclerotia of Sclerotinia 
sclerotiorum isolated from New Zealand soils. New Zealand Journal of Crop 
and Horticultural Science 28(2): 105-114. 

Kesarcodi-Watson A, Kaspar H, Lategan MJ, Gibson L 2008. Probiotics in 
aquaculture: The need, principles and mechanisms of action and screening 
processes. Aquaculture 274( 1): 1-14. 

Klein D, Eveleigh DE 1998. Ecology of Trichoderma. In: Harman GE, Kubicek CP 
ed. Trichoderma and Gliocladium; Enzymes, Biological Control and 
Commercial Applications. London, Taylor & Francis. Pp. 57-74. 

Knight SC, Anthony VM, Brady AM, Greenland AJ, Heaney SP, Murray DC, Powell 
KA, Schulz MA, Spinks CA, Worthington PA and others 1997. Rationale and 
perspectives on the development of fungicides. Annual Review of 
Phytopathology 35: 349-372. 

Koehn FE, Carter GT 2005. The evolving role of natural products in drug discovery. 
Nature Reviews Drug Discovery 4(3): 206-220. 

Lam KS 2007. New aspects of natural products in drug discovery. Trends in 
Microbiology 15(6): 279-289. 

McDougall P 2003. The cost of new agrochemical product discovery, development 

- 17 -



Microbial Products: Exploiting microbial diversity for sustainable plant production 

and registration in 1995 and 2000. Final Report. The European Crop 
Protection Association and Crop Life America. 24 pp. 

Mishra KP, Ganju L, Sairam M, Banerjee PK, Sawhney RC 2008. A review of high 
throughput technology for the screening of natural products. Biomedicine & 
Pharmacotherapy 62(2): 94-98. 

Missotten JAM, Goris J, Michiels J, Van Coillie E, Herman L, De Smet S, Dierick 
NA, Heyndrickx M 2009. Screening of isolated lactic acid bacteria as 
potential beneficial strains for fermented liquid pig feed production. Animal 
Feed Science and Technology 150(1-2): 122-138. 

Montesinos E 2003. Development, registration and commercialization of microbial 
pesticides for plant protection. International Microbiology 6(4): 245-252. 

O'Sullivan DJ 2001. Screening of intestinal microflora for effective probiotic 
bacteria. Journal of Agricultural and Food Chemistry 49(4): 1751-1760. 

Pereira DA, Williams JA 2007. Origin and evolution of high throughput screening. 
British Journal of Pharmacology 152(1): 53-61. 

Rabeendran N, Jones EE, Moot DJ, Stewart A 2006. Biocontrol of Sc/erotinia 
lettuce drop by Coniothyrium minitans and Trichoderma hamatum. Biological 
Control 39(3): 352-362. 

Ridley SM, Elliott AC, Yeung M, You Ie D 1998. High-throughput screening as a tool 
for agrochemical discovery: Automated synthesis, compound input, assay 
design and process management. Pesticide Science 54(4): 327-337. 

Roberts DP, Lohrke SM 2003. United States Department of Agriculture -
Agricultural Research Service research programs in biological control of 
plant diseases. Pest Management Science 59(6-7): 654-664. 

Rollinger JM, Stuppner H, Langer T 2008. Virtual screening for the discovery of 
bioactive natural products. Progress in Drug Research 211: 213-249. 

Steinrucken HCM, Hermann D 2000. Speeding the search for crop chemicals. 
Chemistry and Industry April 3 2000: 246-249. 

Stewart A 2001. Commercial biocontrol - reality or fantasy? Australasian Plant 
Pathology 30(2): 127-131. 

Stewart A, McLean KL 2007. Biological control of onion white rot. In: Chincholkar 
SB, Mukerji KG ed. Biological control of plant diseases. New York, The 
Haworth Press, Inc. Pp. 123-149. 

Taqarort N, Echairi A, Chaussod R, Nouaim R, Boubaker H, Benaoumar AA, 
Boudyach E 2008. Screening and identification of epiphytic yeasts with 
potential for biological control of green mold of citrus fruits. World Journal of 
Microbiology & Biotechnology 24(12): 3031-3038. 

Tietjen K, Drewes M, Stenzel K 2005. High throughput screening in agrochemical 
research. Combinatorial Chemistry & High Throughput Screening 8(7): 589-
594. 

Verkman AS 2004. Drug discovery in academia. American Journal of Physiology
Cell Physiology 286(3): 465-474. 

Vinale F, Sivasithamparam K, Ghisalberti EL, Marra R, Woo SL, Lorito M 2008. 
Trichoderma-plant-pathogen interactions. Soil Biology & Biochemistry 40(1): 
1-10. 

Vinderola G, Capellini B, Villarreal F, Suarez V, Quiberoni A, Reinheimer J 2008. 
Usefulness of a set of simple in vitro tests for the screening and identification 

- 18 -

Targ 

of probiotic can I 

Technology 41 (9) 
Walter M, Zydenbos S 

selection of Bot I 

discs. New Zeala 
Ward E, Bernasconi P 1 

Nature Biotechnol 



able plant production 

The European Crop 

2008. A review of high 
oducts. Biomedicine & 

L, De Smet S, Dierick 
Ictic acid bacteria as 
·ed production. Animal 

'Cialization of microbial 
gy 6(4): 245-252. 
for effective probiotic 
9(4): 1751 -1760. 
throughput screening. 

ocontrol of Sc/erotinia 
1a hamatum. Biological 

put screening as a tool 
Dmpound input, assay 
i4(4): 327-337. 
nent of Agriculture -
1 biological control of 
i4-664. 
19 for the discovery of 
I 211: 213-249. 
:h for crop chemicals. 

;y? Australasian Plant 

lite rot. In: Chincholkar 
!ases. New York, The 

3r H, Benaoumar AA, 
epiphytic yeasts with 

fruits. World Journal of 

~ening in agrochemical 
Jt Screening 8(7) : 589-

Journal of Physiology-

00 SL, Lorito M 2008. 
, & Biochemistry 40( 1): 

A, Reinheimer J 2008. 
ening and identification 

Targeted screening for microbial bioactivity 

of probiotic candidate strains for dairy use. LWT-Food Science and 
Technology 41 (9): 1678-1688. 

Walter M, Zydenbos SM, Jaspers MV, Stewart A 2006. Laboratory assays for 
selection of Botrytis suppressive micro-organisms on necrotic grape leaf 
discs. New Zealand Plant Protection 59: 348-354. 

Ward E, Bernasconi P 1999. Target-based discovery of crop protection chemicals. 
Nature Biotechnology 17(7): 618-619. 

- 19 -


