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FOOD, ENTOMO-PHYTOPATHOGENIC AND SOIL MICRO-ORGANISMS: 

ITALIAN INPUT PAPER 

I. INTRODUCTION 

1. The Commission on Genetic Resources for Food and Agriculture, at its Tenth Regular 

Session (8-12 November 2004) requested FAO to submit a draft Multi-Year Programme of Work 

to its Eleventh Session for consideration. In preparing the draft Multi-Year Programme of Work, 

the Secretariat was asked to take into account inputs from, inter alia, the Commission’s Inter-

governmental Technical Working Group on Plant Genetic Resources. The Working Group, which 

met from 26 to 28 October 2005, identified as an important emerging issue that should be 

addressed “the biological impact of micro-organisms of agricultural importance on sustainable 

agriculture and quality food production”.1 

2. In follow-up to the meeting of the Working Group, and as a contribution to the 

consideration by the Commission of and its Multi-year Programme of Work, The Italian Ministry 

of Agriculture and Forestry (Ministero delle Politiche Agricole e Forestali), in collaboration with 

the Council of Research in Agriculture (Consiglio per la Ricerca e la Sperimentazione in 

Agricoltura), has prepared the present document to provide background information on food, 

entomopathogenic, phytopathogenetic and soil micro-organisms.
2 
 The document is not intended 

to provide an exhaustive analysis of all issues relating to micro-organisms, but to consider the 

most relevant thematic areas, in the context of sustainable agriculture. 

II. THE ROLE OF CULTURE COLLECTIONS  

3. The major task of culture collections has always been the ex situ conservation of 

microbial genetic resources. In the case of food-associated microflora, their role as repositories 

for strains as part of patent deposits, and as providers of safe and confidential services to store 

key organisms for basic and applied research and application in the food industry, have been 

equally important.  

4. Culture collections have the crucial role of providing the authenticated biological 

material upon which high quality research is based. The demand upon culture collections 

                                                 
1 CGRFA/WG-PGR-3/05/REPORT, Report of the Third Session of the Intergovernmental Technical Working Group 

on Plant Genetic Resources for Food and Agriculture (Rome, Italy, 26-28 October 2005), paragraph 43. 

2 The preparation of this document was coordinated by Mario Marino (Dipartimento delle Politiche di Sviluppo, 

Direzione Generale dello Sviluppo Rurale, Ministero delle Politiche Agricole e Forestali - Roma), on the basis of 

material prepared by the following three working groups: 

Yeast and bacteria of agricultural and food interest 

Paola Del Serrone (CRA-Istituto Sperimentale per la Zootecnia – Roma)  

Emilia Garcia Moruno (CRA-Istituto Sperimentale per l’Enologia – Asti)  

Giorgio Giraffa (CRA-Istituto Sperimentale Lattiero Caseario – Lodi)  

Vincenzo Marsilio (CRA-Istituto Sperimentale per l’Elaiotecnica – Pescara) 

Entomo-Phytopathogenic micro-organisms 

Marina Barba (C.R.A. – Istituto Sperimentale per la Patologia Vegetale - Roma) 

Alessandra Belisario (C.R.A. – Istituto Sperimentale per la Patologia Vegetale - Roma) 

Ernesto Lahoz (C.R.A. – Istituto Sperimentale per il Tabacco - Scafati) 

Pietro Rumine (C.R.A. – Istituto Sperimentale per la Zoologia Agraria – Firenze) 

Soil micro-organisms  

Group Participants:  

Anna Benedetti (C.R.A. - Istituto Sperimentale per la Nutrizione delle Piante - Roma) 

Renato Contillo (C.R.A. - Istituto Sperimentale per il Tabacco - Scafati) 

Silvia Landi (C.R.A. - Istituto Sperimentale per lo Studio e la Difesa del Suolo - Firenze) 

Luisa M. Manici (C.R.A. - Istituto Sperimentale per le Colture Industriali - Bologna) 
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changes, as new technologies and uses of organisms are discovered. Many collections are 

becoming Biological Resource Centres (BRC). The OECD BRC initiative is examining how 

collections can be networked to form a global “virtual” BRC. The World Federation for Culture 

Collections (WFCC) was founded in 1963 and is a multidisciplinary commission of the 

International Union of Biological Sciences (IUBS). 

5. Member collections of the WFCC register with the World Data Center for Micro-

organisms (WDCM), and there are currently 508 registered culture collections from 66 countries 

(updated 17 January 2006). Both national and international collections belong to WDCM (web 

site http://wdcm.nig.ac.jp/hpcc.html). 

6. The largest share of hosted strains throughout the world is in Europe (44%). The 

European Culture Collection Organization (ECCO) was established in 1982 to help produce 

practical approaches to international rules and regulation. To ECCO belong approximately 65 

members, including 57 collections that hold over 350,000 strains. Overall, Europe and the USA 

hold 56% of the collections and 71% of the micro-organisms. 

7. ATCC-American Type Culture Collection (http://www.lgcpromochem-atcc.com/) is the 

leading international collection hosting almost all the known food-associated micro-organisms. 

Moreover, the following four culture collections host micro-organisms interest belonging to the 

Common Access to Biological Resources and Information (CABRI) project 

(http://www.cabri.org): 

�  BCCM-LMG, Belgian Coordinated Collections of Micro-organisms 

(http://bccm.belspo.be/lmg.htm). Initiatives led by the BCCM have led to a code of 

practice for collections to operate in the context of the Budapest Treaty;  

� DSMZ, the German National Resource Centre for Biological Material 

(http://www.dsmz.de) 

� UKNCC, the UK National Culture Collection (http://www.ukncc.co.uk) 

� NCIMB, National Collections of Industrial, Marine and Food Bacteria in Scotland 

(http://www.ncimb.co.uk/index.php) 

8. The main micro-organisms culture collections are held by developed countries. Several 

foundations are working on the microbial diversity of biotopes of developing countries (as, for 

example, in the Amazon forest) using mostly an ecological approach. On the contrary, little is 

done for the diversity conservation of micro-organisms of agricultural interest in developing 

countries.  

9. As far as Arbuscular Mycorrhizal Fungi (AMF) are concerned, there is the Glomal Bank 

(BEG); this network wishes to provide a reliable service to the scientific community by helping 

researchers to access information on this important group of fungi in a fast and efficient manner 

(http://www.kent.ac.uk/bio/beg/englishgenearchivecontent.htm). 

10. Bacterial collections are more extensive, containing 18,000 strains from 750 genera. 

Among these are 188 Erwinia strains, 1,241 Pseudomonas strains (105 P. syringae), 165 

Rhizobium strains and 127 Agrobacterium strains. Among viruses there are 134 tobacco viruses, 

including 58 Tobacco mosaic virus isolates. Other isolates include type specimens for viruses, 

from Agropyron mosaic potyvirus to Zucchini yellow mosaic virus.  

11. In Italy, many entomopathogenic bacterial and fungal strains have been collected over the 

years in the Laboratory of Microbiological Control of the Experimental Institute for Agricultural 

Zoology (ISZA) of Florence. The aim is to create a group of isolates that can be used in 

biological and integrated control programs. The bacterial isolates mainly include strains of 

Bacillus thuringiensis, while the fungal isolates (the largest part of the ISZA Collection of 

Entomopathogenic Micro-organisms) consist of numerous strains of Beauveria bassiana, 
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Paecilomyces farinosus, P. javanicus, P. lilacinus, P. variotii, and Verticillium lecanii. Other 

isolates are currently being identified and characterized. 

12. In Spain there is a collection of micro-organisms, the Spanish Type Culture collection 

(“Coleccion Espanola de Cultivos Tipos”: CECT) that currently maintains more than 8000 

microbial strains, including bacteria, filamentous fungi and yeasts; many of the strains are of 

industrial importance; other are taxonomic type strains. The CECT joined the WFCC in 1977 and 

it is listed as collection number 412 in the WDCM. In 1983 it joined ECCO, and in 1992 was 

recognized as an International Depository Authority (IDA) under the Budapest Treaty for the 

deposit of micro-organisms for patent purposes. 

13. In Italy, the Ministry of Agricultural and Forest Policies (MiPAF) has financed a project 

“National collection of micro-organisms of agricultural and industrial interest” (CNMIAA), to 

maintain the collections present in various Italian Institutes of the  Agricultural Research Council 

(CRA). Itis possible to consult the site http://www.collezionedimicrorganismi.com/ and 

eventually request samples of the micro-organisms of the collections present in these institutes. 

SUGGESTED ROLE OF CULTURE COLLECTIONS: 

 

MAINTENANCE AND USE 

 

- EXPERTISE 

- CAPACITY-BUILDING  

- ROLE FOR DEVELOPING 

COUNTRIES 

- HOMOGENIZATION OF ISOLATION 

and TAXONOMY SCHEMES, and 

LEGISLATION  

- SAFETY ASPECTS 

- ENVIRONMENTAL IMPACTS 

MICROBIAL DIVERSITY 

 

BIOTECHNOLOGICAL DEVELOPMENT 

KEY ISSUES NEEDED 

CULTURE COLLECTIONS 

MAIN GOALS 
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14. Various aspects must been taken into account in establishing a collection. 

Expertise: the qualification and experience of the person in charge. Knowledge of 

taxonomy and key morphological characters is required.  

Preservation: micro-organisms often require special preservation procedures; for safety, 

each strain should be maintained using at least two different procedures, whenever 

practical. 

Minimizing the risk of genetic mutation : for example by reducing sub-culturing. 

Availability of suitable equipment: some pathogens must be stored in liquid nitrogen, 

which requires dedicated structures, some others (phytoplasmas, for example) must be 

maintained in live host plants, under controlled conditions (air conditioned glasshouses). 

III. YEAST AND BACTERIA OF AGRICULTURAL AND FOOD INTEREST 

III.1. Introduction: Characteristics, ecological and functional value of food-associated micro-

organisms 

15. Food production of animal and vegetal origin is the result of complex relationships 

among humans, animals, and environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. Micro-organisms play an important role in this system, where they are associated with all 

other components. A widely accepted definition of  a living organism (micro-organisms 

included), is an entity that contains at least one nucleic acid, i.e., the genetic base containing all 

the information required for the formation of new individuals with the same characteristics. 

According to this definition, the micro-organisms used or important in vegetal and animal 

production are: viruses, bacteria, yeasts, and moulds.  

17. On the basis of their effects on food, they can also be divided into processing agents (pro-

technological); agents involved in chemical-physical degradation (anti-technological or spoilage 

agents); micro-organisms favouring human and animal health (probiotic); pathogens for plants, 

animals and humans; and antagonistic (bioprotective) agents. 

Man 

Animals 

Environment 

Micro-organisms 

 

FOOD PRODUCTION 
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Micro-organisms and food 

18. For centuries, humans have taken advantage of, and been plagued by, micro-organisms 

and their activities in foods. The field of food microbiology is among the most diverse of the 

areas of study within the discipline of microbiology. Its scope encompasses: 

a) a wide variety of micro-organisms, including beneficial micro-organisms, as fermentation 

bacteria and yeasts; and spoilage and pathogenic micro-organisms, as bacteria, moulds, 

yeasts, viruses, and parasites;  

b) a diverse variety of foods;  

c) a broad spectrum of environmental factors that influence microbial survival and growth; 

and 

d) a multitude of research approaches, which range from applied studies of the survival and 

growth of both useful and foodborne micro-organisms, to basic studies of the 

biochemical mechanisms of micro-organisms. 

19. Fermentation is one of the easiest and cheapest means of food preservation, in addition to 

imparting additional nutritional and organoleptic benefits to fermented foods. Fermentation is 

carried out by the natural microbiota of raw materials, micro-organisms attached to fermentation 

equipments, and externally added starter cultures. Predominant micro-organisms in fermented 

foods are bacteria and yeasts. 

20. To ensure synergy at national and international levels, work on micro-organisms within 

the Multi Year Programme of Work of the Commission on Genetic Resources for Food and 

Agriculture should promote, common understanding on, and effective action for, the conservation 

of microbial diversity for food and agriculture, and develop  draft  guiding principles or 

guidelines to study the biological impact of micro-organisms on sustainable agriculture and 

quality food production.  

III.2 Status and trends to study and conserve microbial diversity: specific methods for food-

associated micro-organisms 

21. Classification and nomenclature systems are historically based on observable, 

morphological or physiological characteristics. However, traditional methods of micro-organisms 

enumeration and characterization are often insufficient for reliably identifying many food-

associated microbial species, and for monitoring the presence of specific strains in complex 

microbial communities. In addition, taxonomists are aware that the phenotype may not accurately 

reflect true microbial relationships. Traditional detection techniques are unable to study micro-

organisms that do not grow in culture (the so-called “non-cultivable cells”), or to help address the 

question of whether micro-organisms are cosmopolitan – found in more than one location – or 

instead tend to be endemic to only specific niches. 

22. Development of molecular biology techniques has helped improve knowledge of the 

taxonomy and ecology of micro-organisms, and has opened a new interdisciplinary field, 

molecular microbial ecology, for studying microbial communities. Nowadays, molecular 

techniques provide an outstanding tool for the detection, identification, and characterization of 

micro-organisms involved in food processes. 

III.3 Status and trends on the use of micro-organisms in the agri-food sector 

23. The examination of foods for the presence, types, and numbers of micro-organisms 

(and/or their metabolites) is of major importance to the food industry. Within the fermentation 

industry, micro-organisms are used for the production of specific metabolites, such as acids, 

alcohols, enzymes, antibiotics and carbohydrates. Micro-organisms are essential to inhibit the 

growth/survival of pathogens associated with the raw material, and/or other contaminating 
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microflora that may be introduced during harvesting, transportation and preparation of the 

product.  

24. Major fermentation micro-organisms include lactic acid bacteria (LAB), moulds and 

yeasts. In particular, LAB and yeasts are the major microflora involved in fermented dairy 

products, vegetable, and sourdough fermentation, and are part of the starter cultures used in meat 

fermentation, to produce desirable acids and flavour compounds.  

25. Industrial control of fermentation processes requires up-to-date knowledge of the 

physiology, metabolism and genetic properties of food-associated micro-organisms. Equally 

important is the knowledge of their impact on food quality, safety and shelf-life.  

26. The character of food fermentation, however, is more complex. Agricultural products of 

animal or vegetable origin are fermented by either the indigenous microflora, or an added starter 

culture, to improve shelf-life, nutritional value, health benefits, flavour, and texture. In addition, 

many strains of LAB, as well as some strains of Saccharomyces cerevisiae, have been shown to 

possess probiotic properties. Yeasts and LAB have also great potential as tools in tackling the 

problem of mycotoxins in cereal-based foods, wine, and animal feed. 

27. A better knowledge of microbial diversity related to each product and to each producing 

country would implement the design of “functional” starter cultures, and stimulate the 

development of the small and medium agro-industry enterprises, increasing  rural employment 

opportunities. Moreover, by applying multidisciplinary scientific approaches and by translating 

this knowledge into reliable and practical methodologies, it would be possible to provide the food 

industry with guidelines for the production of safer and increased shelf-life products.  

28. It is clear that micro-organisms do, and will continue to, provide solutions to a number of 

environmental, food, and health problems, produce high-value products, and have a role in 

sustainable development. Europe and the USA hold 56% of the collections and 71% of the micro-

organisms, whereas most diversity lies outside these regions. Therefore, culture collections 

should play a capacity-building role, to help biodiversity-rich countries better understand and 

utilize their microbial diversity.  

29. They can help initiate targeted isolation programs, aid in the characterization of strains, 

and establish ex situ conservation programmes to utilize preservation technologies to retain 

properties, and introduce modern methodologies to add value to strains. Introducing screening 

programmes to collections will allow biodiversity-rich countries, through partnership, to benefit 

from the microbial diversity they hold. To achieve these ends there is a need for collaboration, as 

discussed below..  

III.4 Definition of needs 

30. Common policy for compliance with legislation as needed, as there are too many rules 

and regulations that impact on the operations of culture collections.  

31. Moreover, in the case of food micro-organisms, there are supplementary problems to be 

kept in mind in an integrated exploitation approach. In European countries, a wide variety of 

bacteria and yeasts are used to produce fermented foods. In these countries, different scientific 

committees within the European Commission, and the European Food Safety Authority, are 

exploring the possibility of introducing a system, similar in concept and purpose to the GRAS 

(Generally Recognized as Safe) definition used in the USA, which could be applied to micro-

organisms (and eventually their products) that are used in feed/food production. To this end, a 

number of requirements should be met by a system which would allow a “Qualified presumption 

of safety” (QPS) of micro-organisms to be used in food. It is clear, therefore, that any sustainable 

use of food-associated microbial resources should consider the above mentioned safety aspects as 

a priority.  
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32. Another important problem in bacterial culture collection is contamination by 

bacteriophages, which are bacterial viruses. Measures should be undertaken to limit this problem 

and safeguard the integrity of the collection. 

33. Last but not least, micro-organisms used in the food sector, together with providing 

solutions to environmental problems, may present downsides. For example, in the fermentation 

industry an important load of micro-organisms is present in the waste (i.e., cheese whey) and the 

environmental impact of this high amount of biological material should be carefully evaluated 

and, possibly, minimized.  

Local collections: implementation and sustaining  

34. In addition to ex situ conservation, micro-organisms should be maintained in situ. 

However, it is difficult to assess the effectiveness of in situ conservation, as there is  still limited 

information on the extent of microbial diversity. Micro-organisms are subject to relatively rapid 

evolution, and adapt and change in response to environmental and technological inputs, which, in 

some cases, can be eliminated. For example, in the field of fermented food, the widespread use of 

selected cultures in many technologies, coupled with treatments (such as milk pasteurization) and 

changing agriculture practices, is drastically diminishing the microbial diversity associated with 

the raw material and finished products.  

35. Additionally, WDCM data show that 50% of holdings are represented in one collection 

only. It is not always possible to go back to a location and isolate the same species/strain with 

exactly the same properties. BRCs have a role to play in the ex situ conservation of organisms 

and in building the facilities required to explore the hidden diversity of those countries holding 

the majority of biodiversity.  

IV. ENTOMO-PHYTOPATHOGENIC MICRO-ORGANISMS 

IV.1 Entomo-pathogenic micro-organisms 

36. The availability of micro-organisms with entomopathogenic properties is very important 

for integrated and biological defence systems against insect phytophages. Although 

microbiological control strategies have some limitations (due to environmental conditions, type 

of vegetable crop to defend, type of product formulation, mode of administration, etc.), they are 

now a reality worldwide, in both forestry and agriculture. In the last few decades, microbiological 

control systems using pathogenic micro-organisms have increasingly been employed to control 

insect pests in Canadian forests, in corn, wheat and beet fields in Europe, in Russia, in the USA, 

in South Africa, in India, in South America and elsewhere. The current importance of 

microbiological control, within the wider field of biological control, has been recognized through 

the creation of several international organizations and study groups, including the Working 

Group of Insect Pathogens and Entomoparasitic Nematodes, part of the OILB (Organisation 

International de Lutte Biologique).  

37. Therefore, the existence of a collection of micro-organisms useful for the control of 

harmful insects is very important for the support of Italian agricultural and forestry activities. 
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IV.2 Phytopathogenic micro-organisms 

Introduction: characteristics, ecological and functional value of plant pathogenic micro-

organisms 

38. Pathogens are parasitic organisms able to cause disease in a particular host or range of 

hosts. Plants, whether cultivated or wild, can get sick. The causative agents of diseases in plants 

have properties and characteristics similar to those causing diseases in humans and animals.  

39. The removal of nutrients and water by the parasites from the host plant reduces efficiency 

in normal growth, and becomes detrimental to the further development and reproduction of the 

plant, resulting in yield and quality losses. 

40. Additional damage results from substances secreted by the parasite or produced by the 

host in response to stimuli originating from the parasite. They can also trigger diseases in 

consumers of agricultural products, due to toxin contaminations.  

41. Pathogenicity is the ability of the parasite to interfere with one or more essential 

functions of the plant, and thereby to cause disease.  

42. A plant becomes diseased, in most cases, when it is infected by a pathogen. Disease is a 

complex interaction of factors associated with the pathogen, host and environment. The practice 

of plant pathology in agriculture demands a full understanding of the influence of the host, 

pathogen and environment on disease development. Indeed, disease will not occur unless there is 

an active pathogen, a susceptible host, and suitable environmental condition for infection, 

colonization and reproduction of the pathogen. In this frame, the knowledge of pathogen 

characteristics (e.g., isolate virulence) and genetic variability assumes a strategic importance. 

43. Plant pathogens include a variety of different micro-organisms, such as viruses, viroids, 

phytoplasmas, bacteria, oomycota and fungi.  

Integrated control  

Biological control 

 

- Chemical formulations  

- Agronomic-physical interventions 

 

- Pheromones and mass capture traps 

 

- Biological control interventions 

- Predatory and parasitic insects 

 

- Entomopathogenic micro-  

   organisms  
 

Bacteria and fungi 

 

 
Control of phytophages 
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44. There are hundreds of plant viruses (classified into 14 families and 50 genera), about 30 

viroids (2 families and 7 genera), and about 35 phytoplasmas (classified into 15 groups and about 

40 subgroups) that infect economically important horticultural, field, and ornamental crops.  

45. Bacteria are prokaryotes, single-celled micro-organisms whose genetic material is not 

bound by a membrane. More than 1,600 bacterial species are known. About 100 species of 

bacteria cause diseases in plants. Most plant pathogenic bacteria are facultative saprophytes and 

can be grown on artificially nutrient media. 

46. Fungi are eukaryotic, generally, microscopic filamentous branched, spore-bearing 

organisms lacking chlorophyll. More than 10,000 species of fungi are known to cause diseases in 

plants. Some of them are known to be obligate parasites or biotrophs; they can grow and multiply 

during their entire life, in association with  live host. Others, known as non-obligate parasites, 

require host plant for part of their life, but can complete their cycle on dead organic material, and 

can be grown on artificial media. 

47. Oomycetes are fungal, like organisms recently moved from fungi to the kingdom 

Chromista. The most important plant pathogenic oomycetes cause downy mildew, root rot, 

wilting, decline and death of plants. The most relevant genus is Phytophthora, with 65 species; 

most of which are destructive on crops and forest trees worldwide. 

48. Therefore, the existence of a collection of micro-organisms useful for the control of 

harmful insects is very important for the support of Italian agricultural and forestry activities. 

49. Pathogenic micro-organisms are difficult to detect and identify. Currently, they may be 

detected by means of various techniques, ranging from morphological and biological 

characterisation, biochemical and immunological methods, to molecular biology (molecular 

hybridization, polymerase chain reaction (PCR), and/or reverse transcription RT-PCR).  

50. Monocropping with one species or cultivar carries heavy risks related to the appearance 

or introduction and rapid spread of destructive pathogens. 

51. For example in 1845, Phytophthora infestans almost totally destroyed the Irish potato 

crops, causing about two millions of victims and the emigration of Irish people worldwide 

because of the Irish potato famine. 

52. The development of transportation, and the increased mobility of propagating material 

throughout the world has been a major factor influencing the spread and occurrence of diseases in 

different parts of the world. For example, plum pox virus, the causal agent of sharka disease of 

stone fruits, was identified for the first time in Eastern Europe, Bulgaria, in 1943. Later on, it 

spread in several other European countries, mainly with the commercialization of infected 

germplasm. 

53. Many quarantine and certification programmes are in place, particularly in the developed 

countries, to prevent both the introduction of new pathogens from outside due to the international 

movement of germplasm, and their successive spreading. These programmes require a thorough 

knowledge of the pathogen. 

54. Developing countries, which have larger populations than developed countries, produce 

relatively less food, and suffer much greater losses due to plant diseases. In addition, wet and hot 

environments, typical of tropical countries, favour the occurrence and the spread of pathogenic 

fungi and bacteria. 
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Taxonomic collections of pathogenic organisms 

55. Microbial culture collections provide a wealth of materials and information that can 

accelerate the progress of research in biological sciences. Many organizations exist to manage 

and promote use of culture collections; furthermore, the increasing availability of online database 

makes access to these collections much easier. Fungi, bacteria and viruses isolates are available 

from collections all around the world, but a collection dedicated to plant pathogens does not yet 

exist, so that the information and the knowledge about plant pathogen isolates collected by 

several organizations are often not exhaustive. 

56. Most collections have a specific focus, and the long term preservation of the diversity of 

phytopathogenic microbes is an area generally overlooked. Genetic resources have certainly been 

lost over the years, and this process is continuing. For example, collections of plant pathogens 

have often been generated and maintained by individual researchers, so that when those 

individuals retire, or change their research emphasis, the collections may be neglected or 

discarded.  

IV.3 Importance of plant pathogen collections 

57. As for other micro-organisms, the main purpose of the collection is, generally speaking , 

to preserve biodiversity. It is always important to preserve, as far as possible, several isolates or 

strain of the same pathogen, to assess the variability within the population, in terms of virulence 

or metabolite and /or toxin production. 

58. Three are the main goals of a plant pathogen collection: 

Optimization of diagnostic protocols: the capability to detect different strains of the same 

pathogen is a very important requisite to identify foreign pathogens, in comparison to the 

endemic ones. The availability, in the frame of a pathogen collection, of a broad range of 

isolates of one pathogen allows researchers to set up diagnostic tool to identify and detect 

the target organism, and any eventual evolution of the same pathogen, in response to 

selection pressure.  

Production of resistant germplasm: the use of pathogenic isolates which are endemic in 

the area where the crop is cultivated should be relied on to screen sources of resistance 

against a target pathogen; the availability in the collection of isolates representative of 

national/local pathogen populations may guarantee the success in breeding for resistance 

programmes. 

Risk analysis: some pathogen populations are known to differ in their ability to cause 

economic losses, even if they do not differ morphologically; the comparison of virulence 

of isolates from different geographic origins makes it possible to obtain a correct risk 

analysis assessment.  

IV. SOIL MICRO-ORGANISMS 

V.1 Introduction: Characteristics, ecological and functional meaning of soil micro-

organisms 

Soil biodiversity 

59. Many thousands of species (or genotypes) contribute to a huge below-ground 

biodiversity. For instance, agricultural soil usually contains  living biomass in the order of 3,000 

kg (fresh weight) per hectare.  

60. Soils differ from the above-ground and aquatic ecosystems because of their immense 

biological and physicochemical diversity and complexity, the dominant heterotrophic character of 
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processes, and the size of the organisms. Soil is certainly not characterized by easily observable, 

colourful organisms, since even the larger groups of organisms in soil are included in the 

category of cryptobiota (hidden organisms), not to mention micro-organisms. In any case, the 

ecological functions of soil depend on a healthy and dynamic community of soil biota.  

61. The main functional groups of the soil food web are: earthworms, enchytraeids, mites, 

springtails, nematodes, protozoa, bacteria, and fungi. Soil micro-organisms are usually divided 

into the following five categories: bacteria, archaea, actinomycetes, fungi, and algae. Many 

studies show that the abundance of soil organisms responds to changes in soil health (see below). 

In fact, changes in microbial populations, and most importantly, in specific functional groups 

(e.g., nitrifying bacteria, nitrogen-fixing bacteria, root nodule bacteria, mycorrhizal fungi, and so 

on) can be used to determine, for instance, the impact of chemical pollution in soil. The microbial 

biomass in the soil is the driving force of most terrestrial ecosystems, because it is this biomass 

that largely controls the rates of turnover and mineralization of organic substrates. Micro-

organisms decompose organic matter and transform mineral nutrients in aquatic and terrestrial 

ecosystems. Despite the centrality of microbes, many scientists still study ecosystem functioning, 

without explicit reference to the microbial populations carrying out soil processes.  

Methods to determine soil microbial diversity 

62. A typical gramme of soil contains a billion bacteria, and there may be 5,000 different 

microbial genomes present. The absolute diversity of prokaryotes is widely held to be unknown 

and unknowable at any scale in any environment, particularly soil, where the diversity is 

extremely high. Even using gene-based assays (arguably the best current approach to microbial 

diversity), we are unable to easily quantify the richness and evenness of microbial species. 

63. Consequently, macroscale concepts of diversity are problematic, if not irrelevant, for 

microbial communities. New concepts and approaches are required to establish quantitative and 

casual links between microbial communities and ecosystem functioning. We must avoid thinking 

of micro-organisms in the same way that we think of the macroscale community. Instead, the 

broader concept of microbial community composition might be more useful than microbial 

genetic or taxonomic diversity. 

64. The traditional approach to studying soil microbes requires that organisms be cultivated 

in pure culture, and then characterized phenotypically and genotypically. But typically, less than 

1% of the total bacteria are recovered by cultivation techniques from most soils, and molecular 

approaches are becoming more and more used in soil microbial ecology.  

65. Methods of microbial community analysis can be separated into two categories: (i) those 

that generate phenotypic data such as lipid analysis (PLFA), substrate utilization profiles 

(BiologTM), and enzyme activity assays, and (ii) those that generate genotypic data, such as 

many techniques for analyzing extracted nucleic acids. Both approaches can be applied to 

demonstrate spatial and temporal variability in microbial communities. 

Soil fungi 

66. The most famous Culture Collections (ATCC, CABI org; CBS, DSMZ) each maintain 

living fungal strains, with three different conservation methods. They provide strains and offer 

services such as identification, training, Patent Depository and Culture Safe functions. Originally, 

National Culture Collections were supported by private or National foundations, but are now 

supported by governments, which, in all cases require a payment for services. 

67. When soil fungi are submitted to GenBank (the public international DNA sequence 

database) as nucleotide sequences, authors are invited to include dried fungus specimens in a 

National herbariums, together with technical reference literature and data files (example U.S. 

National Fungus Collections (BPI) in Beltsville, MD USA). This service is free,  to guarantee the 
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conservation of original fungal genetic material of isolates included in GenBank as nucleotide 

sequences.  

68. Usually researchers preserve living fungal cultures of interest to them in two to three 

conservation methods, varying according to the fungal species, and the availability of technician 

or student help.  

69. The high cost for maintaining culture collections is one of the reason why fungal strains 

may be lost. 

Culturable bacteria 

70. In the last fifteen years molecular methods have been used to improve the knowledge of 

soil interspecific and intraspecific diversity of culturable micro-organismso. Proceeding with the 

direct extraction of DNA from soil and/or isolated bacterial strains, amplification of 16S, and the 

use of particular techniques as ARDRA, TRFLP, DGGE, TGGE, cloning and the sequencing 

enable us to determine interspecific diversity. On the other hand, from pure bacterial cultures, 

using molecular methods as RADP, AFLP, DAF, rep-PCR, RISA, ARISA, we can even 

determine intra specific diversity. Furthermore, the study of the populations with functional genes 

leads us to identify bacteria that belong to diverse physiological groups, as an alternative to 

classical methods . In conclusion, molecular methods are complementary to traditional methods, 

in order to obtain more data concerning soil microbiota.  

V.2 Status and trends 

(1) SOIL HEALTH AND BIODIVERSITY: THE ECOSYSTEM APPROACH 

71. Soil health has been defined as “the continued capacity of a specific kind of soil to 

function as a vital living system, within natural or managed ecosystem boundaries, to sustain 

plant and animal productivity, to maintain and enhance the quality of air and water environments, 

and to support human health and habitation”. This definition refers only to animal and plant 

health, but the health of all groups of living organisms, including micro-organisms (an 

uncountable myriad of them), should be explicitly stated.  

72. The term “soil health” conveys the idea of soil as a living system, which contains vast 

assemblages of organisms responsible for a variety of functions, such as decomposition and 

recycling of nutrients from dead plant and animal tissues, fixation of nitrogen, maintenance of 

soil structure, regulation of the quality of air and water, detoxification of pollutants (the soil acts 

as a sink for pollutants, including global gases), and so on.  

73. A frequently ignored consideration in many of the attempts to evaluate soil health (or 

biodiversity) is the scale at which the evaluation is to be undertaken, but since soils exhibit 

complex patterns of variability, any interpretations based on the results of analyses carried out 

from soil samples must take into account  the number and nature of the samples. 

74. The assessment of microbial diversity has the potential to provide useful insight into the 

health and functioning of soil. Our inability to culture most micro-organisms present in soils has, 

until recently, impaired studies of the relationships between the structure and function of soil 

microbial communities. This shortcoming has been partly overcome by the utilization of a 

number of molecular techniques that allow detection, enumeration, and characterization of soil 

micro-organisms, but that do not depend on cultivation. 

The loss of biodiversity 

75. Although biodiversity is currently a key area of concern for sustainable development, 

providing a source of significant economic, aesthetic, health, and cultural benefits, society seems 
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unable to halt, much less reverse, the ongoing depletion of resources and degradation of the 

environment (e.g., the soil environment). Biotic impoverishment is an almost inevitable 

consequence of the ways in which humans use (or misuse) the environment. Unfortunately, we 

do not seem to remember that the well-being and prosperity of the earth’s ecological balance, as 

well as human society, depends directly on the extent and status of biological diversity. 

76. The loss of biodiversity (loss of individual species, groups of species, or decrease in 

number of organisms) is faster today than at any previous time. The decline in species richness 

that accompanies habitat loss is a non-linear process, with species extinctions becoming more and 

more frequent, as habitat continues to disappear.  

77. Soils have a central role as organizers of most terrestrial ecosystems and, so, in recent 

years, there has been substantial recognition that soil health is a central component in sustaining 

the world’s ecosystems and the myriad of natural and socioeconomic systems they support. 

78. It is important to make clear that soil ecosystem function is only one, and not the most 

important, of several reasons for maintaining soil biodiversity. The moral and ethical imperatives 

of conserving a planet and a biota created over billions of years carries tremendous weight, on its 

own. Together with the precautionary principle, ethics provide the basis for the principle of inter-

generational responsibility. 

79. In view of the unprecedented changes that are taking place in the ecosystems of the world 

(e.g., species losses through local extinctions, species additions through biological invasions, and 

wholesale changes in ecosystems that follow transformation of wild land into managed 

ecosystems), and although a number of uncertainties still remain, the importance of ecosystem 

services to human welfare requires that we adopt the prudent strategy of preserving biodiversity, 

in order to safeguard ecosystem processes vital to society. 

(2) RESEARCH 

80. Soil systems are the most important source of micro-organism used for food processing, 

industrial uses (aerobic and anaerobic treatment of row material) and bio-production (enzymes, 

biotoxic compounds such as antibiotics, pesticides, etc), beside their primary role in soil 

functioning.  

81. Soil micro-organism diversity is one of the most used indicators of soil quality.  

82. Soil micro-organisms studies to assess soil quality were classified in 1992 by Visser and 

Parkinson as it follows:  

� Population level studies: the study of the dynamic of important individual species 

(species sensitive to specific perturbation of bio-indicator species, for their role in soil 

functioning) 

� Community level studies: the estimation of species diversity and the frequency of 

occurrence of species (bacteria and fungi in particular). 

� Ecosystem level studies: the study of the processes involved in cycling organic matter, 

and nitrogen and nutrient retention efficiencies.  

83. Researchers working on soil micro-organism usually handle a wide range of micro-

organisms belonging to several kingdoms (for example: Bacteria, Chromista, Cyanobacteria, 

Fungi, etc), but , in most cases, research groups focus on few genera of the same kingdom 

(population level studies), because of the high specialization level required by these studies. 

Therefore, each microbiologist in his research activity loses a great amount of data of potential 

use for the preservation of soil biodiversity.  
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84. In community level studies, most of the activities begin with soil DNA, thanks to 

technological advances in molecular tools. These studies can give information on the status of 

soil microbial diversity, which is an indicator of soil quality, and are one of the techniques most 

applied in studies of human impact and climate changes effects on agricultural soil systems. 

Nevertheless, these studies need isolate from culture collections as standard data, which 

reinforces the need  of soil micro-organism conservation in living culture collections. 

85. Microbial diversity is one of the major environmental indicators of soil health. Molecular 

methods, starting from direct extraction of nucleic acid from soil, permits us to efficiently 

monitor this diversity; but if we want to isolate and maintain soil bacterial strains, it is necessary 

to use culture techniques, based on growth plate. The greatest limitation of this technique is that 

the culturable bacteria represent only 1-10% of the total bacterial populations. 

 

(3) GAPS AND CONSTRAINTS  

86. The use of classical methods, easily accessible even in developing countries,  means that 

the knowledge on microbial diversity of soil system is restricted to a small part of the overall 

bacterial and fungal population, and this is the main limitation of conventional tools. However, 

molecular techniques based on soil DNA are continuously improving, but still not standardised. 

This hinders transfer to developing countries of the relevant technology.  

87. That is mainly due to i) the high costs of molecular methods, ii) the lack of know-how 

and technology of relevance to micro-organismsin developing countries. In addition, the lack of 

any tradition in soil microbiology in many countries (and so the absence of culture collections, 

herbarium, and of past studies on soil microbiology), makes it difficult to start any activity in this 

field.  

88. Regulations concerning the soil microbial population are therefore very important in 

order to: 

• Promote financial support for culture collections of micro-organisms of agricultural 

interest by governments and a network of national culture collections, 

• Define guidelines for the conservation of soil genetic resources (from preserved agro- 

ecosystem to whole soil genomes). 

• Promote pilot actions on the diversity conservation of micro-organisms of agricultural 

interest, to assist developing countries (training, projects on micro-organisms 

conservation, with the participation of developed countries). 


