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Abstract
While conventional agriculture relies on synthetic
fertiliser, chemical pesticides or other technological

inputs for crop production, organic agriculture aims to
make optimal use of the natural capital of the soil and its
microbial population through methods such as the
selection of indigenous crop varieties, and the production
of crops appropriate to soil conditions. A number of
different soil microorganisms are involved in these
processes. Many show potential biocontrol activities
against weeds, crop diseases and pests, while Rhizo-
bacteria and mycorrhizal species can play an important
role in sustainable fertility management. Microorganisms
are currently being used as a replacement for synthetic
pesticides and fertilizers for many different crops.

Introduction

A more holistic concept of farming in terms of agro-ecology
has begun to challenge the traditional reductionism
approach to the study of agriculture. As a result we have
become more aware of the importance of microorganisms in
such processes as soil formation, plant nutrition, and the
suppression of plant pathogens, pests and weeds. Moreovet,
it has become clear that many farming practices — intensive
tillage, pesticide use, fertiliser use and monocropping in
particular — are directly or indirectly harmful to soil
microbes and therefore to the processes mediated by them.
It is concern that since much industrialised agriculture now
relies heavily on manufactured inputs rather than using
natural resources, the sustainability of agriculture is
threatened and a move towards resource conserving
agriculture is essential. Farming practices must be designed
to optimise soil microbial life as part of a wider strategy
aimed at conserving and replenishing natural resources. The
practical application of this technology and the role of
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naturally occurring populations of microorganisms in
agroecosystems form the basis of this article.

Soil microbial biomass is composed of eukaryotic (fungi,
yeasts, protozoa and algae), and prokaryotic (eubacteria,
actinomycetes and archaea) organisms, whose populations
vary from soil to soil (Shannon et al., 2002). Many microor-
ganisms possess urease enzymes which play a role in soil
enrichment through the degradation or hydrolysis of organic
nitrogen (Hasan, 2000). Soil microbial biomass is dictated by
a variety of soil and environmental parameters including soil
texture and structure, pH, air/moisture content, and soil
temperature (Campbell et al., 1999). One of the prime factors
that determine soil microbial status is the type and amount of
organic material that enters the soil ecosystem. The vast
majority of soil microorganisms are heterotrophic and
require organic materials as both carbon and energy sources
(Shannon et al., 2002). Management practices in particular,
the manipulation of the quality and quantity of organic
inputs might, therefore, be predicted to modify soil microbial
populations, the soil food web, and the biological processes
involved in nutrient transformation (Stockdale et al., 2002).

Microorganisms play a fundamental role in soil creation
and stability through the binding of soil aggregates by
hyphae and by the secretion of exudates (Andrade et al.,
1998). There are many examples of the ways in which soil
microbial systems help ecosystem health and stability. In a
study examining the influence of the microbial community
of a Senegalese Sahel soil on the interactions between root
knot nematodes and Pasteuria. penetrans, a parasite of
plant-parasitic nematodes, the actinomycete was associated
with a larger soil microbial population, including
mycorrhizal and nematophagous fungi, which together
stimulated the attachment of P. penetrans to the nematodes
to reduce nematode infection (Dupponois & Ba, 1998).

Antagonistic and antibiotic microorganisms

There are many reports that soil organisms might be antag-
onistic to plant pathogens, pests and weeds. For example,
over 100 species of fungi trap and prey on nematodes
(Jatala, 1986), and many fungi are hyperparasites of other
fungi (Adams, 1990). These activities not only influence the
general nutrition, health, and vigour of higher plants (which
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also affects disease susceptibility), but they also determine the
competitive behaviour of root-infecting fungi and their micro-
bial antagonists (Curl, 1988). Streptomycetes, filamentous
bacteria that are effective and persistent soil saprophytes often
associated with plant roots, are well-known producers of
antibiotics and extracellular hydrolytic enzymes. Samac et al.
(2003) reported that they have the potential to contribute
significantly to an integrated disease management system that
includes alfalfa and other crops such as potato, maize and
soybeans due to their ability to colonize plants and decrease
damage from a broad range of pathogens.

Mechanisms by which endophytes can act as biocontrol
agents include production of antibiotic agents (Lambert et
al., 1987), siderophore production, nutrient competition
(Kloepper et al., 1980), niche exclusion and induction of
systemic acquired host resistance. Bacterial endophytes can
thus play a role in pathogen suppression and complemen-
tary crop sequences can encourage beneficial allelopathy.
Rhizobacteria, particularly the so-called plant growth-
promoting rhizobacteria (PGPR), can directly suppress plant
pathogens by the production of antibiotics and hormones,
and by competition with pathogens for resources. Some of
these bacteria also promote root and shoot growth, nodule
formation by Rhizobium (when they are known as nodule
promoting rhizobacteria, NPR), and mycorrhiza establish-
ment (as mycorrhiza helper bacteria, MHB).

Mycorrhizal microorganisms
Mycorrhizal fungi (microbial associations with mycorrhizal
fungi and bacteria that live on and near the roots) offer
several benefits to the host plant, including faster growth
(Thompson et al., 1994), improved nutrition, greater
drought resistance (Parke et al., 1983), and protection from
pathogens (Cooper and Grandison, 1986). Plant protection
arises from the formation of a physical barrier to the
invading pathogen, secretion of antagonistic chemicals,
competition with the pathogen, increases in the nutrient-
uptake ability of plant roots, and by changing the amount
and type of plant root exudates (Sullivan, 2001).
Mycorrhizal fungi can be broadly categorised into two
groups: vesicular arbuscular mycorrhizas (VAM or AM) and
ecto-mycorrhizas (EM), which vary widely in structure and
function (Harrier, 2001). The former are microscopic
obligate symbionts that can only be cultured with a host
plant and constitute the largest proportion of fungal
biomass in the soil. VAM produce structures known as
arbuscules and vesicles within the root cell that are involved
in the nutrient transfer process. This symbiosis confers
benefits directly to the host plants through the acquisition
of phosphate and other mineral nutrients from the soil by
the fungus while the fungus receives a carbon source from
the host. In addition, the symbiosis may also enhance the
plants resistance to biotic and abiotic stresses. Ectomycor-
rhizas (EM), regularly produce large above-ground fruiting
bodies (the familiar mushroom and toadstool) as well as a
hyphal net around the plant root. Vesicles and arbuscules
are absent and hyphal penetration of the root is limited. EM
fungi are amenable to axenic culture. Potential inoculum
can also be produced in the field from mycelium.
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It is generally agreed that in agriculture and forestry, the
most significant function of both EM and VAM fungi is in
optimising phosphate uptake by the plant. Since P uptake
by plants occurs at a faster rate than the movement of P in
the soil, a P depletion zone can develop at the root surface
(Mosse, 1986). Mycorrhizal hyphae can cross this depletion
zone and access P (and other minerals) in the bulk soil,
thereby making them available to the plant (Mosse, 1986).
This is most significant in low P soils, as would be the case
in many organic, low input or subsistence farming systems.
The addition of P fertiliser to ostensibly low-P soils has the
effect of increasing P availability to plants but it suppresses
mycorrhiza. It follows that the long term use of fertilisers,
as is usually the case in modern agriculture, will have the
effect of creating fertiliser dependency since the natural
resources represented by soil organisms and the soil itself
may be systematically depleted.

Mycorrhizal fungi are also believed to control root
pathogens by one or more of: (1) improving nutrient
acquisition by host plant; (2) excluding pathogens at root
infection sites and within the rhizosphere; (3) inducing
anatomical and structural changes in the root thereby
creating physical barriers to pathogen entry; (4) producing
substances antagonistic to root pathogens; and (5) activation
of plant defence mechanisms. The role of mycorrhizal fungi,
as well as other microorganisms, in stimulating induced
resistance to soil-borne plant pathogens in a range of crops
has received much attention over the past 25 years (Azcon-
Aguilar & Barea, 1996) and it is worth considering its signifi-
cance to organic farming. Interactions between plants,
mycorrhizal fungi and soil bacteria are not random but
appear to occur in an ordered manner between compatible
species. The presence in the soil of given mycorrhizal species
can influence the persistence and activities of native bacteria
and vice versa (Andrade et al., 1998).

Combinations of a range of beneficial bacteria and fungi
have also been used not only to improve plant growth and
health but also to achieve concomitant improvements in
soil. In experiments to assess the effectiveness of combined
mycorrhizal inoculation and compost application for
afforestation with Olea europaea, significant improvements
in soil structure (increased aggregate stability and decreased
bulk density) were reported (Caravaca et al., 2002). The
growth of O.europaea was significantly enhanced by both
composted organic residues and mycorrhizal inoculation
treatments. The increase in mycorrhizal O. europaea
seedling growth was attributed to the positive influence of
mycorrhizal fungi on soil aggregate stability. In addition,
the positive interaction between composting and VAM
inoculation that led to increased growth of tree seedlings
was related to the ability of the mycorrhiza to enhance plant
nutrient uptake from the compost. The possibilities for
exploiting these types of synergism have been investigated
in many cases (Srivastava et al., 2002).

Heavy metal pollution of soils (along with severe
compaction) is common on metalliferous mine spoils and
on modern brown-field sites following industrial activities.
Polluted soils such as these are slow to support new
vegetation and so remain prone to further damage from
erosion. One of the ways in which plants benefit from ecto-
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Table 1. Application of VAM inoculum in agriculture, horticulture and forestry.

Crop VAM Fungus Outcome Source

Banana Acaulospora sp Improved growth & nutritional status Yano-Melo et al 1999
Mulberry Glomus sp Reduced P requirements, Improved growth Setua et al 1999
Douglas fir Laccaria bicolor 60% increase in wood volume Selosse et al 2000
Cyclamen Glomus sp Increased survival in nursery Vosatka et al 1999
Acacia Terminalia sp Improved growth & survival Munro et al 1999
Douglas fir Melanogaster sp Improved growth Pera 1999

Rhizopogon sp

Black spruce Paxillus sp

Protection against Cylindrocladium root rot

Morin et al 1999

mycorrhizal infection in nature is through an increased
tolerance to heavy metals in the soil. Mycorrhizal fungi
confer protection to the plant against uptake of heavy
metals by adsorption on hyphae and through various forms
of fungal metabolism (Gadd, 1983).

Organic agriculture and microorganisms

Soil management practices that change the soil carbon content
also influence the size and structure of the soil biomass.
Application of organic amendments and/or cover crops
increases carbon availability to microorganisms. Schjonning et
al. (2002) found that, after more than 40 years, microbial
biomass C was higher in organic than in conventionally
managed dairy farm soils. Carbon released from crop residues
contributes to increasing soil microbial activity and so
increases the likelihood of competition effects in the soil. The
placement of the residue in soil can lead to the displacement of
a pathogen from its preferred niche, diminishing the
pathogen’s ability to survive (Bailey & Lazarovits, 2003).
Therefore, soil microbial biomass changes as a consequence of
switching to organic land management (Shannon et al., 2002).
Application of organic matter and all treatments that increase
the total microbial activity in the soil might enhance the
general suppression of pathogens by increasing competition
for nutrients. Crop rotation may also yield microbial benefits
beyond those normally associated with pathogen host range
and saprophytic survival. Rotation is most successful in
limiting the impact of biotrophic pathogens that require living
host tissues, or those pathogens with low saprophytic survival
capability (Bailey & Duczek, 1996).

Agricultural practices can have major short- or long-term
impacts on mycorrhizal fungi, as well as on other soil
microorganisms. Scullion et al. (1998) studied the effective-
ness of VAM spores from organically and conventionally
managed soils and found that white clover only benefited
from mycorrhizal infection in a low-fertility (organically-
managed) soil. Furthermore, inocula from organic soils
were more effective in both achieving mycorrhizal infection
and in allowing more efficient P uptake by the crop.
Application of composts may enhance beneficial soil
microorganisms. As the active microbial biomass increases,
the capacity to utilize carbon, nutrients and energy in the
soil is increased and thus these resources might be limited
for soil-borne pathogens (Sullivan, 2001).

Conclusion

It is clear that soil microorganisms play a fundamental role
in soil health and sustainability. Microbial population
density and diversity are affected by the level of organic
matter indirectly by providing energy for soil microorgan-
isms, improving soil structure and stability, soil moisture
and plant nutrient availability and by preventing soil-borne
disease incidence. Crop and soil management practices
designed to support soil microorganisms i.e. minimum
tillage, cover cropping, composting, eliminating pesticide
and fertilizer use, and maintaining biodiversity, will
inevitably lead to soil improvements and stability. The need
for replenishing organic matter in the soil after harvesting is
thus of great importance. In ecological farming systems,
organic matter is maintained by mixed farming, rotations,
recycling, compost and farm yard and green manures and
bought-in organic sources. Including legumes and cover
crops in the rotation should help balanced soil fertility,
disease management, and avoid leaching nutrients and soil
pollution. Crop and soil management practices designed to
support soil microorganisms have been shown to lead to
improvements in soil structure and stability. Although the
great diversity of soil microorganisms is now well appre-
ciated, studies over the past twenty years have established
that a number of other soil organisms, apart from
mycorrhizal fungi, not only play an active role in suppressing
pathogens but also mediate the activity of a range of
beneficial organisms. Apart from farming in ways that
support indigenous microbes, the use of proprietary cultures
of beneficial microorganisms as soil and compost amend-
ments, root dips, feed additives or sprays in order to
supplement or reinforce the indigenous micro-flora are being
considered.

References

Adams, P.B., 1990. The potential of mycoparasites for biological
control of plant diseases. Ann. Rev. Phytopathology, 28, 59-72.

Andrade, G., Linderman, R.G., and Bethlenfalvay, G.J., 1998.
Bacterial associations with the mycorrhizosphere and
hyphosphere of the arbuscular mycorrhizal fungus Glomus
mosseae. Plant Soil, 202, 79-87.

Azcon-Aguilar, C., and Barea, J.M., 1996. Arbuscular mycorrhizas
and biological control of soil-borne plant pathogens — an
overview of the mechanisms involved. Mycorrhiza, 6, 457-464.

Outlooks on Pest Management — April 2005 3



ORGANIC FARMING

Bailey, K. L., and Duczek, L. J., 1996. Managing cereal diseases
under reduced tillage. Can. J. Plant Pathol., 18, 159-67.

Bailey, K.L., and Lazarovits, G., 2003. Suppressing soil-borne
diseases with residue management and organic amendments.
Soil Till Res., 72, 169-80.

Campbell, C.A., Lafond, G.P., Biederbeck, V.O., Wen, N.G.,
Schoenau, J., and Hahn, D., 1999. Seasonal trends in soil
biochemical attributes: Effects of crop management on a black
chernozem. Can. J. Soil Sci., 79, 85-97.

Caravaca, F,, Barea, J.M., Figueroa, D., and Roldan, A., 2002.
Assessing the effectiveness of mycorrhizal inoculation and soil
compost addition for enhancing re-afforestation with Olea
europaea subsp. sylvestris through changes in soil biological
and physical parameters. Appl. Soil Ecol., 20, 107-18.

Cooper, K.M., and Grandison, G.S., 1986. Interaction of VAM
fungi and root knor nematode on cultivars of tomato and white
clover susceptible to Meliodogyne hapla. Annal. Appl. Biol.,
108, 555-65.

Curl, E.A., 1988. The role of soil microfauna in plant-disease

suppression. CRC Critical Reviews in Plant Sciences, 7, 175-96.

Duponnois, R., and Ba, A.M., 1998. Influence of the microbial
community of a Sahel soil on the interactions between
Meloidogyne javanica and Pasteuria penetrans. Nematologica,
44, 331-43.

Gadd, G.M., 1983. Interactions of fungi with toxic metals. New
Phytol., 124, 25-60.

Harrier, L.A., 2001. The arbuscular mycorrhizal symbiosis: A
molecular review of the fungal dimension. J. Exp. Bot., 52,
469-78.

Hasan, H.A.H., 2000. Ureolytic microorganisms and soil fertility.
Communications in Soil Science and Plant Analysis, 31 (15-16),
2565-89.

Jatala, P., 1986. Biological control of plant-parasitic nematodes.
Ann. Rev. Phytopathology, 24, 452-89.

Kloepper, J.W., Leong, J., Tientze, M., and Schroth, M.N., 1980.
Enhanced plant growth by siderophores produced by plant
growth promoting rhizobacteria. Nature, 286, 885-6.

Morin, C., Samson, J., and Dessureault, M., 1999. Protection of
black spruce seedlings against Cylindrocladium root rot with
ectomycorrhizal fungi. Can. J. Bot., 77, 169-74.

Mosse, B., 1986. Mycorrhiza in a sustainable agriculture. Biol.
Agric. Hortic., 3, 191-209.

Munro, R.C., Wilson, J., Jefwa, J., and Mbuthia, K.W., 1999. A
low-cost method of mycorrhizal inoculation improves growth
of Acacia tortilis seedlings in the nursery. Forest Ecol. Manage.,
113, 51-6.

Parke, J.F, Linderman, R.G., and Black, C.H., 1983. The role of
ectomycorrhizas in drought tolerance of Douglas fir seedlings.
New Phytol., 95, 83-95.

Pera, J., Alvarez, |.F, Rincon, A., and Parlade, J., 1999. Field
performance in northern Spain of Douglas-fir seedlings
inoculated with ectomycorrhizal fungi. Mycorrhiza, 9, 77-84.

Samac, D.A., Willert, A.M., McBride, M.J., and Kinkel, L.L.,
2003. Effects of antibiotic-producing Streptomyces on
nodulation and leaf spot in alfalfa. Appl. Soil Ecol., 22, 55-66.

Schjonning, P., EImholt, S., Munkholm, L. J., Debosz, K., 2002.
Soil quality aspects of humid sandy loams as influenced by
organic and conventional long-term management. Agric.
Ecosyst. Environ., 88, 195-214.

Scullion, J., Eason, W.R., and Scott, E.P., 1998. The effectivity of
arbuscular mycorrhizal fungi from high input conventional and
organic grassland and grass-arable rotations. Plant Soil, 204,
243-54.

Selosse, M.A., Bouchard, D., Martin, F.,, and Tacon, F., 2000.
Effect of Laccaria bicolor strains inoculated on Douglas-fir

4 Outlooks on Pest Management — April 2005

(Pseudotsuga menziesii) several years after nursery inoculation.
Can. J. Forestry Res., 30, 360-71.

Setua, G.C., Kar, R., Satpathy, B., Ghosh, J.K., and Saratchandra,
B., 1999. Effect of vesicular arbuscular mycorrhiza on growth,
leaf yield and phosphorous uptake in mulberry (Morus alba)
under irrigated, alluvial soil conditions. Indian J. Agric. Sci., 69,
833-6.

Shannon, D., Sen., A.M., and Johnson, D.B., 2002. A comparative
study of the microbiology of soils managed under organic and
conventional regimes. Soil Use Manage., 18, 274-83.

Srivastava, A.K., Singh S., and Marathe, R.A., 2002. Organic citrus:
soil fertility and plant nutrition. J. Sustainable Agric., 19, 5-29.

Stockdale, E.A., Shepherd, M.A., Fortune, S., and Cuttle, S.P.,
2002. Soil fertility in organic farming systems - fundamentally
different? Soil Use Manage., 18, 301-8.

Sullivan, P., 2001. Sustainable management of soil-born plant
diseases. ATTRA, USDA's Rural Business Cooperative Service.
www. attra.org.

Thompson BD, Grove TS, Malajczuk N, StJ-Hardy GE. 1994. The
effectiveness of ecotomycorrhizal fungi in increasing the growth
of Eucalyptus globus Labill. In relation to root colonisation and
hyphal development in soil. New Phytologist, 126, 517-24.

Vosatka, M., Jansa, J., Regvar, M., Sramek, F., and Malcova, R.,
1999. Inoculation with mycorrhizal fungi — a feasible biotech-
nology for horticulture. Phyton (Austria), 39, 219-24.

Yano-Melo, A.M., Saggin, O.J., Lima-Filho, J.M., Melo, N.F,, and
Maia, L.C., 1999. Effect of arbuscular mycorrhizal fungi on the
acclimatization of micropropagated banana plants. Mycorrhiza,
9, 119-23.

Dr John Zarb is an independent agricultural consultant, specializing on
organic and low input farming systems. He has been an agronomy
project manager at the Nafferton Ecological farming group between
2001 and 2003 managing part of the EU-Blight MOP project. He has
since worked extensively in the development and evaluation of
alternative weed control systems with Lazy Dog Tools Ltd.

Dr. Reza Ghorbani is a Research Scientist in organic crop protection
and weed sciences in Ecological Farming Group in the School of
Agriculture, Food and Rural Development, University of Newcastle
upon Tyne. He is currently working on non-chemical strategies for
plant disease management in organic potato. He has focused on
environmentally-safe strategies especially using biological control
agents, compost and plant extracts and also agronomic practices in
crop protection and weeds management in organic agriculture.

Dr. Alireza Koocheki is a professor at the faculty of Agriculture,
Ferdowsi University of Mashhad, Iran. His scientific interests have
been on Ecological Agriculture and sustainable food production
under arid conditions with main emphasize on dry-land agriculture.
He has been involved in teaching and research on these topics for 30
years and currently he is establishing a research center on ecological
and sustainable agriculture in Iran.

Dr. Carlo Leifert was appointed as Professor for Ecological
Agriculture at Newcastle University in 2000 and as Director of the
Stockbridge Technology Centre (STC) in 2002. He has since
established a research group which focuses on (a) applied agronomic
R&D to improve quality and safety and reduce costs in organic food
production systems, (b) interactions between food production
methods and food quality (especially nutritional and sensory quality)
and safety characteristics and (c) the selection/breeding of crop
varieties suitable for “low input” production systems. He has also
been involved in the development of the BSc Program in “Organic
Food production Science”.



