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 Summary
The use of composted organic materials is a rou-

tine and essential feature of Organic horticultural 
crop production. Their contribution to soil struc-
ture, fertility and the provision of nutrients for plant 
growth and development are reasonably well under-
stood. Additionally, their ability to suppress plant 
pests and more usually disease is also known; how-
ever, this characteristic is highly complex and not ful-
ly elucidated. After decades of research, on the sup-
pressive effects of composts, the ability to routinely 
predict their efficacy in controlling plant pests or 
diseases has not been achieved. The use of modern 
molecular and advanced data analytics techniques of-
fers the prospect of significant advancements in our 
understanding of this complex issue. However, the 
search for the single biotic organism or abiotic active 
substance is perhaps not an appropriate approach for 
research in Organic horticulture? This strategy con-
flicts with the holistic character of Organic farming in 
Europe. The application of these advanced techniques 
could be more beneficial if used to identify and pro-
duce protocols for effective composting of organic 
materials. To produce effective composts that aid soil 
fertility, enhance plant growth and diminish the dam-
aged cause by plant pests and diseases, whilst avoid-
ing plant toxicity or risks to human health is more 
achievable. A key objective for future research on 
suppressive composts must be to create information 
that will ensure composts that are safe and effective 
to use, and that such knowledge should encourage an 
increase in formal composting on Organic production 
units.

Keywords
biodiversity, microorganisms, organic matter, pathogens, 
plant nutrients, soil

Significance of this study
What is already known on this subject?
• Composted organic material is an essential element in 

Organic horticulture production; along with fertility 
benefits they have potential to suppress plant patho-
gens.

What are the new findings?
• New molecular and data analytics offer potential to 

identify the source(s) of this suppressiveness. But is 
searching for a single chemical or biological cause ap-
propriate?

What is the expected impact on horticulture?
• Advanced techniques could be used to identify effec-

tive composting techniques that aid fertility, plant 
nutrition, disease reduction and avoid risks to human 
health.

Within the European Union (EU) the horticulture fruit and 
vegetable production sector accounts for 18% of the total 
value of agricultural production and is valued at c. € 50 bil-
lion, and the supply chain for these products has a value of 
more than € 120 billion with approximately 550,000 em-
ployees (Anonymous, 2014a).

Globally, horticulture fresh products are key components 
of the human diet which provide critical vitamins, miner-
als, fibre and phytochemicals which enhance human health 
and well-being (Slavin and Lloyd, 2012; Rodriguez-Casado, 
2016). And the increased consumption of fresh horticultur-
al produce is advocated by many governments in countries 
throughout the world, as part of programmes to combat 
malnutrition and the increase in human obesity, such as the 
Fresh Fruit and Vegetable Programme (FFVP) in the USA 
(Bartlett et al., 2013).

While the Organic fruit and vegetable sector is a compo-
nent of the overall fresh horticulture retail produce market 
it is the fastest growing sector within any EU market, valued 
at € 19.7 billion in 2011 and with a growth rate of 9% be-
tween 2010 and 2011 (Anonymous, 2014a). This followed 
a decade-long trend of annual growth of between 5–10%; 
whereas in terms of area planted, the share of Organic fruit 
increased by 18.2% and that of Organic vegetables by 3.5% 
between 2010 and 2011 (Anonymous, 2014a), although 
from a relatively low base. Organic crop production is di-
vided into three main crop types: arable land crops (mainly 
cereals, fresh vegetables, green fodder and industrial crops), 
permanent crops (fruit trees and berries, olive groves and 
vineyards) and permanent grassland (Anonymous, 2016) 
and also semi-permanent and annual crops under protection 
in greenhouses (polythene and glass clad structures of vary-
ing size). The European market for Organic food and drink 
grew to more than € 26 billion in 2014, land area under or-

Introduction
Horticulture is the art, science, business and technology 

of cultivating and using plants to improve human life. It in-
volves both the production of food and non-food products 
and services. Horticulturists create global solutions for safe, 
sustainable, nutritious food and plan, develop and construct 
healthy, restorative and beautiful environments. The Euro-
pean horticulture industry includes the production, process-
ing, distribution and sale of fruit, vegetables, potatoes, sal-
ad crops (lettuce, salad leaves, greenhouse protected cops), 
herb and ornamental plants, and also incorporates nurseries, 
perennial nurseries, gardening services, cemetery garden-
ing, gardening supplies, retailers, garden centres, florists and 
landscape design, construction and maintenance providers. 
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ganic management was 11.6 million ha (an annual increase 
of 2%) and consumers spent € 23.9 billion on organic food 
(Shota, 2016). The area under organic management has in-
creased to 6.2% of the c. 180 million ha of utilized agricultur-
al area within the EU 28 and is continuing to expand in most 
EU countries (Anonymous, 2016).

Within the European Union, Organic farming is regulat-
ed by a number of directives including Directives 834/2007 
(Anonymous, 2007) and 889/2008 (Anonymous, 2008), 
which set out the criteria for organic production of both an-
imals and plants. Directive 834/2007 (Anonymous, 2007) 
defines organic production as an overall system of farm 
management and food production that combines best envi-
ronmental practices with a high level of biodiversity, while 
preserving natural resources. The International Federation 
of Organic Agriculture Movements (IFOAM) defines Organic 
farming as “a production system which sustains the health 
of soils, ecosystems and people” (Anonymous, 2014). The 
essence of Organic horticulture is the production of food 
and non-food plants using an environmentally friendly and 
ecologically based system which prohibits the use of any 
chemical fertilisers to provide plant nutrition, or chemically 
synthesised plant protection products, the latter used to con-
trol pests and diseases of crops (Anonymous, 2012). A key 
principle of Organic crop production is the maintenance of 
soil fertility through the recovery, recycling and reuse of 
organic (carbon-based) materials. These materials can be 
derived from either animal or plant production or combi-
nations of both. In essence Organic crop production could 
be summarised as a strategy for maintaining soil fertility 
through nurturing the soil, by the addition of plant nutrients 
and complex organic compounds including humic substanc-
es (humic acid, fulvic acid and humin) which contribute to 
the recycling of carbon from plants and animals through 
soil back into the living plant. The application of highly sol-
uble fertilisers to soil is a feature of crop nutrition in con-
ventional commercial production; however, such materials 
are prohibited under the EU Organic legislation 834/2007 
(Anonymous, 2007). Furthermore, this directive states that 
Organic farming should primarily rely on renewable resourc-
es within locally organised agricultural systems and in order 
to minimise the use of non-renewable resources; wastes and 
by-products of plant and animal origin should be recycled to 
return nutrients to the land. Within Europe the loss of soil 
fertility due to erosion, decreased input of organic matter 
leading to poor soil crumb structure and reduced humus lev-
els, decreased nutrient and water retention, and a reduction 
in ecological processes is recognised as a significant cost to 
both farmers and the public budget (Anonymous, 2014a). In 
contrast to Organic arable farming, intensive commercial Or-
ganic horticulture production systems usually have few ani-
mals on their holdings or in the case of protected greenhouse 
horticultural production usually no animals are present. 
Therefore the addition of organic (carbon) rich materials to 
soil or growing media is essential to ensure fertility in such 
production systems. In order to reach a balanced organic 
matter level in soil, the addition of a specific amount (at least 
to replenished the amount of nutrients removed by harvest-
ed produce) of manure or compost is necessary. In Organ-
ic greenhouse systems, composts are important sources of 
plant nutrients (Cuijpers et al., 2016) and essential to the 
maintenance of soil fertility. And given the intensive nature 
of horticultural crop production in such systems, with limit-
ed possibilities for crop rotation and an absence of chemical 
pest and disease control, the addition of organic materials ei-

ther un-composted or composted can provide alternatives to 
chemical soil sterilisation to limit or inhibit soil borne pests 
and diseases (Gamliel and Van Bruggen, 2016).

Plant growing media
The principal medium used for growing plants in Organic 

production is natural soil. Soil has been defined as “a natural 
body comprised of solids (minerals and organic matter), liq-
uid, and gases that occurs on the land surface, occupies space, 
and is characterized by one or both of the following: horizons, 
or layers, that are distinguishable from the initial material as 
a result of additions, losses, transfers, and transformations 
of energy and matter or the ability to support rooted plants 
in a natural environment” (Anonymous, 2014c). The EU Or-
ganic regulations require that plants produced outdoors and 
under protection (within greenhouses), with the exception 
of plants produced in pots, must be grown in living soil (min-
eral soil mixed and/or fertilised with materials or products 
included in Annex I of Regulation 889/2008, (Anonymous, 
2008). Such soil must be in contact with its native sub-soil 
and bedrock. Production in inorganic growing media and 
hydroponic systems are not allowed in Organic greenhouse 
cropping in Europe (Anonymous, 2013b). While, growing 
media , as defined by the European Committee for Standard-
isation (Anonymous, 1999) is a material, other than soil in 
situ (in its original place), in which plants are grown, plant 
cultivation in substrates composed of peat, compost, various 
peat alternatives and their mixtures can be authorised under 
the Organic regulations (Anonymous, 2014b). Such grow-
ing media can be used for seed germination and the subse-
quent growth of plant seedlings. In some Northern European 
countries (Finland, Sweden, Norway and Denmark) Organic 
crop production in a substrate without direct connection to 
the soil, in raised or demarcated beds, is permitted (Anony-
mous, 2013a). This method of production is also permitted 
in North America (Dorais et al., 2016). In Denmark this type 
of production is approved as long as the substrates are com-
parable with Organic soil and premixed substrate contains 
only peat, clay, stonemeal, lime, Organic soil or Organic pro-
duced manure (Anonymous, 2014b). However, the types of 
permitted ingredients as designated in directive 889/2008 
(Anonymous, 2008) are very restricted in comparison with 
the vast array of materials used in the production of plant 
growing media available to conventional commercial hor-
ticulture operations (Carlile et al., 2015). A feature of the 
growing media permitted in Organic production, to raise 
seedlings or transplants, is that they may contain non-com-
posted or composted plant and or animal manures. Peat is 
a common ingredient and is permitted in such propagation 
materials but restricted to Organic horticulture operations 
(Anonymous, 2012) and alternatives to the use of peat are 
desired within the Organic industry. The use of peat in con-
ventional horticulture has come under severe scrutiny in 
recent years from environmental and government agencies. 
The government within England and Wales has committed 
itself to reducing peat usage with a target to eliminate the 
use of peat in horticulture by 2030 (Anonymous, 2011a). 
In addition, public awareness of peat bog conservation and 
the availability of peat free or peat reduced retail products is 
increasing (Alexander et al., 2008). Consequently, the horti-
culture industry is developing sustainable raw materials as 
peat alternatives, particularly composted materials (Carlile, 
2008; Doyle et al., 2013). While peat reduced and peat free 
plant growing media are available for the retail gardening 
market at present many such products do not have the con-
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sistency required to be used in professional horticulture (Or-
ganic or conventional).

The use of composted organic materials is an example of 
an environmentally friendly agricultural and horticultural 
practice. And given that compost feedstock or raw materials 
are primarily waste materials or by-products of agriculture or 
green municipal wastes their recovery and re-use is of direct 
benefit to the environment and to society. Compost replac-
es inorganic fertilizers, improves soil structure and provides 
plant nutrients in the case of field or greenhouse applications 
or replaces peat, a non-renewable or slowly renewable re-
source, in the case of container plant growing media.

Fertility and compost
An essential part of Organic horticultural crop produc-

tion is the addition of organic matter (carbon-rich materi-
als) to soil (Smith, 2002). A very wide range of permitted 
materials or products are included in Annex I of Regulation 
889/2008 (Anonymous, 2008), but in particular manures 
originating, ideally, from the individual or other certified Or-
ganic animal and or plant production units/farms. However, 
manures from non-Organic extensive production systems are 
also permitted, although usually by derogation. The primary 
reason to add such materials to soil is to improve its fertility. 
That is its capacity to support biological life and in Organic 
horticultural production this means the successful cultiva-
tion of plants. The basis of soil fertility maintenance within 
an Organic production system involves the use of crop rota-
tions, the use of plants for green manure production and the 
application of Organic manures (Anonymous, 2013a). The 
use of annual legumes and green manure mulches (Dorais, et 
al., 2016) or harvested green manure crops (Sorensena and 
Grevsen, 2015), which are an important element of outdoor 
field crop rotations are explicitly mentioned in article 12(b) 
of Regulation 834/2007 (Anonymous, 2007). Crop rotations 
can include green manures such as clover grass leys (Pimen-
tel et al., 2005) which are mainly for outdoor field production 
or pea (Pisum sativum L.), Italian rye-grass (Lolium multiflo-
rum) and common vetch (Vicia sativa) (Tüzel et al., 2013); 
soybean (Gylcine max), cowpea (Vigna sinensis) and maize 
(Zea mays) have been evaluated (Duyar, 2013) for green-
house soils. Similarly the use of green manures and compost 
in Organic orchard production as a sustainable practice has 
been proposed (Millan et al., 2015). This complex system of 
fertility maintenance is a core element of Organic production 
(Gattinger et al., 2012). The main principle of plant fertility 
in Organic production is enshrined in Regulation 834/2007 
Article 5(a) (Anonymous, 2007), which states that “nourish-
ing of plants works primarily through the soil ecosystem”, in 
simple terms this means feeding the soil and not the plant. 
High levels of biodiversity, fostered through the application 
of composts, can support soil ecosystems by enhancing or-
ganic matter storage and transformation, nutrient storage 
and mineralisation, and by improving aggregate stability 
leading to improved soil structure, water transport and water 
holding capacity (Cuijpers et al., 2016). Microorganisms form 
mucilaginous materials which bind soil aggregates together 
into stable sub-structures, and both the soil microorganisms 
and organic matter attract meso- and macrofauna including 
springtails, nematodes and earthworms which may further 
improve soil structure (Blok, 2016). Microorganisms aid soil 
fertility by breaking down organic materials, releasing mineral 
nutrients and forming fulvic and humic acids which mobilise 
trace elements such as iron, manganese, zinc and copper mak-
ing these elements more plant available (Blok, 2016).

If cultural methods are insufficient to maintain soil fer-
tility (a common feature of Organic greenhouse production), 
a very diverse range of materials and products listed in annex 
1 of Regulation 889/2008 (Anonymous, 2008) may also be 
used. However, rapidly soluble fertility amendments should 
be allowed only as a last resort when other fertilisation tech-
niques have proved insufficient (Anonymous, 2013a). Conse-
quently, with the prohibition on the use of mineral fertilisers, 
the use of organic manure fertilisers is essential and funda-
mental to the maintenance and development of soil fertility 
in Organic systems (Mäder et al., 2002). These manures are 
typically slow release organic fertiliser materials such as 
composted materials and animal manures, ideally from certi-
fied Organic sources.

As products of recycling processes composts can be a very 
appropriate input material for Organic farming, provided the 
composting process is managed to ensure that the material 
produced is free of contaminants, and is applied according 
to the system’s ecological needs (Cuijpers et al., 2016). Com-
posting is a process of transforming fresh organic materials, 
by a vast array of micro-organisms, into stable humus-like 
substances (Streminska and Raviv, 2016). The composting 
process requires careful management of temperature, mois-
ture content and oxygen concentration. The use of correct 
composting procedures can ensure the availability of plant 
nutrients, the avoidance of high salinity levels, with the ab-
sence of plant toxicity, pathogen and weed free material and 
high levels of heavy metals that can pose a risk to plants, an-
imals and humans (Fuchs et al., 2016). Smith (2002) inter-
viewed a range of UK Organic farmers, inspectors and certifi-
cation officers in order to establish current practice relating 
to the preparation and use of non-composted materials, ma-
nures, composts and compost extracts. However, Smith found 
that while non-composted manures (e.g., green manures) 
and manures are widely used on UK Organic farms, true com-
posts and compost teas/extracts are rarely used and Organic 
farmers were not using composting to any significant extent.

Permitted organic materials may arise from fresh crop 
residues, animal or crop residues or manures (manures, be-
ing the excrements and/or urine of farmed animals, with or 
without litter/bedding) which have been composted. Such 
composted carbon rich materials will have undergone a com-
posting process which is characterised by an autothermic, 
thermophilic and essentially aerobic biological decomposi-
tion. This process involves three phases (Xiao et al., 2011) 
or four phases (Streminska and Raviv, 2016; Alsanius et al., 
2016a): mesophilic (25–40°C), thermophilic (40–65°C), a 
cooling phase (< 40°C) and a maturation/curing phase (char-
acterised by a stable temperature). A cascade of different 
organisms is involved in the decomposition of the feedstock 
material (Streminska and Raviv, 2016), in particular bacte-
ria and fungi which play a major role, while protozoa, worms 
and insects have a more minor function (Insam et al., 2002). 
These microbial metabolic processes degrade complex car-
bon and nitrogen-containing polymers such as cellulose, 
hemicelluloses and proteins in the feedstock material (Par-
tanen et al., 2010), resulting in a product which can be used 
as a plant growing medium ingredient or soil conditioner/
amendment (Storey et al., 2015). The composting process 
may be undertaken outdoors with or without the feedstock 
material being covered, or it may take place within an en-
closed structure or container (Fuchs and Cuijpers, 2016). 
For most Organic horticulture producers, composting, where 
used, would be more commonly undertaken outdoors in piles 
or windrows (Peigné and Girardin, 2004) on unpaved sur-
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faces (Stolze et al., 2000). It should also be noted that while 
on-farm composting is an efficient means of recycling agri-
cultural waste it can pose environmental risks particularly in 
relation to water and air pollution, unless properly managed 
(Peigné and Girardin, 2004). In addition, it is essential to en-
sure that plant pathogens are eliminated from the end prod-
uct, to avoid contamination of new crops; a task that can be 
achieved by effective composting (Bollen et al., 1989; Noble 
and Roberts, 2004; Termorshuizen et al., 2005).

The end product of the compositing process is referred 
to as “compost”. However, in some regions in Europe, notably 
in Ireland and Great Britain, the word compost, in a horti-
cultural context, is a term which is often used by gardeners 
and some professional horticulturists to refer to any growing 
medium used to produce plants, particularly to grow con-
tainerised plants. A simple definition of the word compost 
is, decayed organic material used for the growing of plants 
or used to fertilise soil. However, a more complete definition 
is that it is a solid particulate organic matter, which has been 
sanitised and stabilised through the actions of micro-organ-
isms and macro-organisms, resulting from the composting of 
biodegradable material that has undergone predominantly 
aerobic decomposition (Anonymous, 2011b). This is in com-
parison to the use of raw or un-composted organic materials 
that also aid soil structure and fertility.

In Organic production the principal substrate for grow-
ing Organic horticultural crops is soil and more usually soil 
amended with permitted organic materials. Such additives 
may be described as ‘soil conditioners’ or ‘soil improvers’. 

The CEN 223 Technical Committee on Soil Improvers and 
Growing Media has defined soil improvers as materials, 
which may be added to the soil in situ, primarily to main-
tain or improve its physical properties, and which may im-
prove its chemical and/or biological properties or activities 
(Anonymous, 1999). In the present Regulations 834/2007 
(Anonymous, 2007) and 889/2008 (Anonymous, 2008) ‘soil 
conditioner’ is used instead of ‘soil improver’ and only those 
materials listed in Annex I of Regulation 889/2008 (Anony-
mous, 2008) are permitted in Organic production. In Organic 
production, the fertiliser used for plant production needs to 
be of certified Organic origin (Sorensena and Grevsen, 2015). 
However, when the nutritional needs of plants cannot be met 
by fertilizers of Organic origin, some fertilizers of non-Organ-
ic origin may be used (Anonymous, 2008). Particularly, in an-
imal free Organic horticultural production the use of organic 
materials, such as animal excrements, poultry manure and 
farmyard manure from non-Organic units (with the excep-
tion of factory farming production units) is permitted under 
derogation (Table 1). Dejecta of worms (vermicompost, a 
biooxidative process) and insects, composted or fermented 
mixtures of vegetable matter which have been submitted 
to composting or to anaerobic fermentation for biogas pro-
duction and composted bark from wood, which has not been 
chemically treated after felling, may also be permitted in Or-
ganic horticulture production.

In relation to the production of seedlings and transplants 
produced in modules, such modules may contain a substrate 
which must be made up of, at least 50% by fresh weight, of 

Table 1.  Organic materials permitted in organic farming in Ireland (Anonymous, 2012).

Compound products or products 
containing only materials listed 
hereunder

Description, compositional requirements,
conditions for use

Documentary evidence required to 
substantiate use (information to be 
retained in operator’s Record Book)

Farmyard manure. Product comprising a mixture of animal excrements 
and vegetable matter (animal bedding).
Factory farming origin forbidden.

Reason for use; source; quantity; 
status; storage arrangements.

Dried farmyard manure and dehydrated 
poultry manure.

Factory farming origin forbidden. Reason for use; source; quantity; 
status; storage arrangements.

Composted animal excrements, 
including poultry manure and 
composted farmyard manure included.

Factory farming origin forbidden. Reason for use; source; quantity; 
status; storage arrangements.

Liquid animal excrements. Use after controlled fermentation and/or appropriate 
dilution.
Factory farming origin forbidden.

Reason for use; source; quantity; 
status; storage arrangements.

Composted or fermented household 
waste.
*Explanatory Note
No system for composting or 
fermenting household waste has been 
approved to date in Ireland to permit 
the end-product to be used in organic 
production in Ireland.

Product obtained from source separated household 
waste, which has been submitted to composting or to 
anaerobic fermentation for biogas production.
Only vegetable and animal household waste.
Only when produced in a closed and monitored 
collection system, accepted by the Member State.*
Maximum concentrations in mg kg-1 of dry matter:
cadmium: 0.7; copper: 70; nickel: 25; lead: 45; zinc: 200; 
mercury: 0.4; chromium (total): 70; chromium (VI): 0

No system for composting or 
fermenting household waste has been 
approved to date in Ireland to permit 
the end-product to be used in organic 
production in Ireland.

Peat. Use limited to horticulture (market gardening, 
floriculture, arboriculture, nursery).

Reason for use; source; quantity; 
status.

Mushroom culture wastes. The initial composition of the substrate shall be limited 
to products of Tables 2.08.02 and 2.10.01 (operators to 
note that this requirement disqualifies the use of most 
conventional mushroom culture wastes in Ireland due 
to the inclusion of ineligible poultry manures in the 
substrate used to grow the mushrooms).

Reason for use; source; quantity; 
status; storage arrangements.



V o l u m e  8 2  |  I s s u e  6  |  D e c e m b e r  2 0 1 7 267

Doyle  |  Suppressive composts in Organic horticulture: fact or fiction?

materials from Organic farming, such as permitted compost-
ed materials or soil. Also, such compost amended plant grow-
ing media can have the added ability of reducing the effect of 
fungal pathogens on plant seedlings (Scheuerell et al., 2005).

Compost originating from the organic fraction of a very 
wide range of different materials is increasingly being used 
in conventional agriculture as a soil conditioner as well as 
fertiliser, in order to meet crop nutrition, organic matter 
requirements and compliance with environmental regu-
lations. While almost 50% of the compost produced in Eu-
rope is used in agriculture (Sayen and Eder, 2014), there is 
an absence of uniform quality standards throughout Europe, 
particularly in relation to compost stability and maturity 
(Cesaro et al., 2015). While in the USA attempts have been 
made to standardised compost for use in Organic production 
(Anonymous, 2009), there remains considerable variation in 
the type of compost used in Organic production. Compost is 
characterised by the feedstock material used, the compost-
ing process undertaken and the degree of maturity/stability 
which the compost achieves. This variability is also increased 
as the feedstock materials will differ greatly in carbon, nu-
trient, moisture and salinity content. A vast array of organic 
materials is used to produce composts in Organic systems, 
either on large scale production units or on single produc-
tion units (Termorshuizen and Alsanius, 2016). In addition, 
a wide range of composting methods are employed which 
may involve passive or forced aeration within either an open 
or closed system (Fuchs and Cuijpers, 2016), adding further 
to the variability in composition and utility of composts.

Plant pathogen suppression
Soil suppressive is defined as the capacity of a soil to con-

trol disease initiation and development in a susceptible host, 
even in the presence of a significant pathogen inoculum load 
and under environmental conditions that favour the patho-
gen (Cook and Baker, 1983). The concept of suppressiveness 
is also applicable to plant growing media/substrates (Baker 
and Cook, 1974) where composted materials can support 
this effect (Hoitink and Boehm, 1999).

The use of organic matter and more specifically com-
posited organic materials has been proposed, for both con-
ventional and sustainable, biological/Organic agriculture 
systems, to decrease the incidence of plant diseases caused 
by soil-borne pathogens (Bonanomi et al., 2007; Pane and 
Zaccardelli, 2014). This biological control of soil-borne plant 
pathogens with suppressive composts is now an established 
horticultural approach (Hadar, 2011), particularly in relation 
to plants grown in containers/pots. For more than three de-
cades extensive research has identified that suppression of 
soil-borne pathogens across a wide array of pathosystems 
using different compost is a global phenomenon and accord-
ing to Hadar (2001) is related to the nature of the compost-
ing process.

Crop plants are exposed to a vast array of pest and dis-
eases which attack plant roots and shoots. While in conven-
tional horticultural crop production synthetic plant protec-
tion products are permitted as mechanisms to control such 
plant pathogens, in Organic production systems such mate-
rials are prohibited and growers of Organic crops have very 
limited options for pest and disease control (Anonymous, 
2012). While the addition of organic materials provide major, 
minor and trace nutrients for plants and affect the biochem-
istry of the soil, particularly specific conductivity and pH lev-
els, they may also influence the presence or pathogenicity of 
soil-borne plant pests and diseases. Consequently, growers 

of Organic crops look to the use of such materials, particu-
larly composted materials (Hoitink et al., 1997), as aids to 
control soil-borne pests but more usually diseases. This con-
trasts with the use of raw or un-composted animal or plant 
wastes that can also be used to control soil-borne pests and 
diseases. Agro-industrial waste materials (fresh potato peels, 
steamed potato peels or leek leaves mixed with calcium sul-
phate) have influenced potato cyst nematode survival (Ebra-
himi et al., 2016) and anaerobic soil disinfestation (a biolog-
ical alternative to soil fumigation) has been used to control 
a range of soil-borne pathogens and nematodes in numerous 
crop production systems, in particular Organic strawberry 
crops (Shennan et al., 2016), using various sources of carbon 
(for example, rice bran, grape pomace, molasses).

Such pest and disease control may be achieved through 
the addition of compost to soil imparting a degree of sup-
pression which impacts on the growth, development, patho-
genicity or fecundity of plant disease causing organisms or 
reduce the severity (Tilston et al., 2002) of the diseases they 
cause. Soil-borne pathogens include viruses, bacteria, fungi 
and nematodes. The addition of composts to soil can influ-
ence the growth and development of these pathogens. Soil 
conditions such as nutrient supply, microbial community 
diversity and physical/structural characteristics can influ-
ence plant growth and the occurrence and severity of plant 
diseases. All of these factors can be influenced, directly or 
indirectly, by composts added to soil (França and Van der 
Wurff, 2016). The addition of compost increases the level 
of microbial activity and biological diversity through micro 
shelters, carbon and nutrients provided by the added organ-
ic matter and this provides “resistance” against soil-borne 
plant pathogens (Blok, 2016).

Natural soil suppressiveness is well documented (Chan-
drashekara et al., 2012) and this suppressiveness may be me-
diated by biotic (microorganisms and/or their metabolites) 
or abiotic mechanisms (Löbmann et al., 2016). Biotic factors 
may induce general pathogen suppressiveness, where soil 
microbial biodiversity suppresses pathogens through com-
plex ecological interactions, or it may be specific, where one 
or a number of antagonist organisms act against a single 
pathogen (Cook and Baker, 1983). Giné et al. (2016) char-
acterised soil suppressiveness to root-knot nematodes in 
Organic greenhouse crops in north-eastern Spain and estab-
lished from their work that both bacterial and fungal genetic 
patterns differentiated suppressive from non-suppressive 
soils. However, it is not just biotic factors that influence soil 
suppressiveness. Abiotic factors such as soil cultivation or ro-
tational cropping also have an effect. Löbmann et al. (2016) 
concluded from their study of Organic and conventionally 
managed soils that suppressive properties of soils from sites 
with permanent soil cover were related to the presence of 
live soil biota, while soils from sites with interrupted soil 
cover had suppressive or conducive effects unrelated to live 
soil biota. In soils with biologically conducive effects, soils 
had high or low cation nutrient content, while biologically 
suppressive soils had intermediate nutrient levels. Abiot-
ic soil conditions include physical, chemical and structural 
properties which have a direct effect on the growth and de-
velopment of crop plants. Improving these conditions, such 
that plant growth is enhanced, is likely to minimise the ef-
fect of plant pathogens. Similarly, soil microbial biodiversity 
may contribute to suppressiveness indirectly by creating a 
physical or chemical soil environment more suited to plant 
growth and less favourable to pathogens or by supporting 
organisms antagonistic to plant pathogens. Composts, on 
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the other hand, can serve as an ideal food base for biocontrol 
agents and offer an opportunity to introduce and establish 
specific biocontrol agents into soils, which in turn leads to 
sustained biological control based on the activities of micro-
bial communities (Hoitink and Boehm, 1999). The compost 
materials may themselves contain active microbes which 
have a direct impact on plant pathogens or the physical or 
biochemical nature of the composted materials may cause 
such suppression. The microbiological life within a compost 
or compost amended soil may hinder the development and 
action of plant pathogenic microorganisms through sheer 
abundance, competition for nutrients or specific interactions 
(Blok, 2016). The use of compost, particularly when applied 
immediately after soil disinfestations or steaming, is one of 
the most frequently recommended practices for increasing 
suppressiveness to diseases and avoiding re-infestation of 
soil by plant pathogens (França and Van der Wurff, 2016).

Compost is often reported as a material that is able to 
suppress soilborne plant pathogens, but suppression var-
ies according to the type of compost and pathosystem. In a 
European-wide study to evaluate the disease suppression 
ability of a wide range of composts against a range of plant 
pathogens Termorshuizen et al. (2006) found that composts 
originating from different countries and source materials 
including green and yard waste, straw, bark, biowaste and 
municipal sewage (some of which would not be permitted 
in Organic production) found significant disease suppres-
sion in 54% of the 120 bioassays involving 18 composts 
and 7 pathosystems. They concluded, from their pot-based 
trial, that the pathogens assess were affected differently by 
the different composts. Using regression analyses of disease 
suppression of the individual pathogens with parameters of 
compost-amended peat-based mixtures, Termorshuizen et 
al. (2006) placed the pathogens assessed into four group-
ings: (1) competition-sensitive: F. oxysporum and R. solani on 
cauliflower; (2) rhizosphere-affected: V. dahliae; (3) pH-re-
lated: P. nicotianae; and (4) specific/unknown: R. solani on 
pine, P. cinnamomi and C. spathiphylli. They stated that in 
general, prediction of disease suppression was better when 
parameters derived from the compost mixes were used rath-
er than those derived from the pure composts. They further 
concluded that application of compost has in general a pos-
itive or no effect on disease suppression. In their review of 
soil-borne pathogen suppression by composts, Noble and 
Coventry (2005) stated that numerous container-based stud-
ies in greenhouses or growth rooms had consistently demon-
strated a suppressive effect on soil-borne diseases such as 
damping-off and root rots (Pythium ultimum, Rhizoctonia so-
lani, Phytophthora spp.), and wilts (Fusarium oxysporum and 
Verticillium dahliae), amongst other plant pathogens. They 
further concluded from their extensive review that compost-
ed materials (derived from green waste, animal manures and 
vegetable waste) while having been shown to suppress sev-
eral diseases in the field, that these effects had been general-
ly smaller and more variable than in container experiments. 
They further cited results with a compost that suppressed 
Phytophthora nicotianae in citrus plants in pot experiments 
but which had no effect in the field with the same soil. They 
also reported that the levels of disease suppression was vari-
able, even using similar composted materials at the same 
rates. In assessing twelve commercially produced Dutch 
green waste composts (made with wood chip, animal ma-
nure or green waste) for their suitability to replace peat in 
potting substrates for plants, Van der Gaag et al. (2007) also 
assessed the suppressive effects of these composts using 

three bioassays: Phytophthora cinnamomi, Cylindrocladium 
spathiphylli and Rhizoctonia solani. They reported that these 
composts induced variable suppressiveness against these 
three pathogens. All composts suppressed P. cinnamomi, 
while nine composts significantly induced suppressiveness 
in R. solani, and only three suppressed C. spathiphylli. They 
also evaluated the suppressive effect of three selected green 
waste composts in two experiments against Fusarium wilt in 
Cyclamen persicum (caused by F. oxysporum f. sp. cyclamini) 
and Begonia eliator (caused by F. foetens) under near-com-
mercial conditions. None of the composts had a significant 
effect on Fusarium wilt in Cyclamen. However, they had more 
success in inducing suppressiveness against Fusarium wilt in 
Begonia. The effect of different organic composts or waste 
materials (from a variety of feedstocks including, wheat 
bran, sawdust, coffee grounds, chicken manure, and crab 
shell powder) on the suppression of wilt disease of spinach 
caused by Fusarium oxysporum f. sp. spinaciae was evaluated 
in a continuous cropping system in both containers and in 
microplot field trials (Escuadra and Amemiya, 2008). They 
found that in their container trials, the soil amended with 
composts became suppressive to disease development on 
the second and third cropping. Compost, made with coffee 
waste became suppressive to disease after the soil pH was 
reduced on the third cropping. In contrast, Van der Gaag et 
al. (2007) studied the effect of pH (pH 4–6) on suppression 
of R. solani and P. cinnamomi in non-amended peat and found 
that disease suppression of R. solani in cauliflower decreased 
with increasing pH in two different kinds of peat, whereas 
there was no effect on P. cinnamomi. In their field trial, us-
ing a mixture of the different composts gave stable disease 
control and promoted plant growth. They also noted that 
after compost amendment, populations of fungi, bacteria 
and actinomycetes as measured by dilution plate counting 
and the total microbial activity as evaluated by fluoresce-
in diacetate hydrolysis increased and the population of the 
pathogen gradually decreased. They concluded that diversity 
in the organic materials promoted higher microbial activity 
and population in the soil, thereby enhancing disease sup-
pressiveness.

Bonanomi et al. (2007) reviewed a total of 250 articles 
with 2,423 experimental case studies which had focused on 
the application of organic amendments (including composts) 
and their suppressive capacity on a wide range of different 
soil-borne pathogens. They found that the effect of organic 
matter amendments was suppressive in 45% and not signif-
icant in 35% of the cases. In 20% of the cases, a significant 
increase in disease incidence was observed. They identified 
that compost was the most suppressive material, with more 
than 50% of cases showing effective disease control. The ef-
fect of crop residues was more variable: it was suppressive in 
45% of the cases, but enhanced disease in 28%. The ability of 
organic matter to suppress disease varied largely with differ-
ent pathogens: it was observed in more than 50% of the cases 
for Verticillium, Thielaviopsis, Fusarium and Phytophthora. In 
contrast, effective control of Rhizoctonia solani was achieved 
only in 26% of the cases. They concluded that organic matter 
amendment has great potential. However, there were some 
inconsistencies in the application of these organic materi-
als, their effect on pathogens and sometimes they increased 
disease severity and phytotoxicity (Bonanomi et al., 2007). 
A large variation in suppressiveness to diseases caused by 
Pythium and root-knot nematodes was recorded in an evalu-
ation of greenhouse soils from Organic and conventional pro-
duction units (tomato, sweet peppers and ornamental crops) 
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in the Netherlands (Van der Wurff et al., 2010a, 2010b) they 
concluded that suppressiveness is at least partly pathogen 
dependent.

It is very difficult to identify specific predictors of dis-
ease suppression due to the numerous interactions of con-
tributing factors such as the characteristics of the raw ma-
terials, the quality of organic matter, microbial community 
composition, pathogen assessed and decomposition time 
(Bonanomi et al., 2010) not to mention the variation caused 
by different rates and timing of application, different culti-
vation methods, fertiliser additions and irrigation methods 
for individual crops. They (Bonanomi et al., 2010) analysed 
81 parameters, however, only some of the 643 correlations 
identified showed a consistent relationship with disease sup-
pression. The response of pathogen populations to organic 
matter amendments was a reliable feature only for some or-
ganic matter types, such as crop residues and organic wastes 
with low C-to-N ratio and for pathogens with a limited sap-
rophytic ability, such as Thielaviopsis basicola and Verticil-
lium dahliae was there a reliable evidence of suppressive-
ness. In contrast they reported that, population responses 
of pathogenic fungi, for example, Phytophthora spp., Rhizoc-
tonia solani and Pythium spp. appeared unrelated to disease 
suppression. They concluded that overall, enzymatic and 
microbiological parameters, rather than chemical features, 
were better predictors of suppressiveness. The most useful 
features were non-specific enzyme activity, substrate respi-
ration, microbial biomass, total culturable bacteria, fluores-
cent pseudomonads and Trichoderma populations (the latter 
also noted by others, including McGee et al., 2016). Hoitink 
and Fahy (1986) also identified that microbial activity in 
composts plays a major role in the suppression of soilborne 
plant pathogens as disease suppressive is usually lost follow-
ing sterilisation or pasteurisation. While the mechanisms 
involved in disease suppression are not fully understood, 
however, results indicate that such suppression is often, if 
not predominantly, biological (St. Martin, 2012, 2015; Noble 
and Coventry, 2005), although physiochemical factors (Pang 
et al., 2009; Kim et al., 2010; Noble and Coventry, 2005) have 
also been implicated. While suppressiveness is often at-
tributed to the activity of soil microorganisms or microbial 
metabolites, the physiochemical properties of soil, including 
pH, organic matter content and clay content, can also be con-
tributed to the suppression of plant diseases directly or in-
directly due to the influence of soil microbial activity (Megh-
vansi and Varma, 2015). Also, the presence of natural ene-
mies may cause a decline in the pest or disease, for example 
the bacterium Pasteuria penetrans and the nematode-trap-
ping fungi Arthrobotrys spp. and Dactylella (Van der Wurff et 
al., 2010) or the various species of soil and compost inhabit-
ing fungal genus Trichoderma which can produce antibiotics 
(McGee et al., 2016), and some are important mycoparasites. 
Some members of this genus are fast growing fungi which 
competed for nutrients. There may also be competition for 
food in the rhizosphere of host plants, such as competition 
for biologically available iron between plant-parasitic Pythi-
um root rot and fluorescent pseudomonads (França and Van 
der Wurff, 2016). Faster growing fungi, such as Trichoderma, 
may play an important role in competition for resources, or 
the competition for carbon produced in the rhizosphere be-
tween plant-parasitic Fusarium species and non-pathogenic 
Fusarium species (Alabouvette, 1999), the latter can have a 
fungistatic effect on pathogenic F. oxysporum strains, inhibit-
ing the germination of their spores in the soil amended with 
compost (Larkin et al., 1996).

Hadar (2011) summarised the suggested complex and in-
teracting biological mechanisms of disease control from the 
use of compost: direct parasitism of pathogens (perhaps via 
chemical, biochemical or enzymatic action); antibiosis; com-
petition for nutrients such as carbon or iron; compost pop-
ulation activating induced systemic resistance in the plant; 
and improved plant nutrition with subsequent healthy and 
more disease resistant plant growth. He also highlighted that 
while there was a considerable amount of research record-
ing compost suppression of fungal diseases including the im-
portant fungal disease corky root in soil-based cultivation of 
tomato caused by the fungus Pyrenochaeta lycopersici (Giotis 
et al., 2009) and clubroot disease of brassicas caused by the 
eukaryotic Plasmodiophora brassicae (Myers and Campbell, 
1985) there was limited evidence of the suppression of plant 
pathogenic bacteria.

Minz et al. (2010), in their review of compost microbial 
populations and their interactions with plants, highlighted 
the need to investigate the plant rhizosphere as well as seed 
surfaces of plants grown in the presence of compost, these 
being the sites of greatest interaction between pathogens 
and plants. Growth promotion and induced resistance can 
be involved in the suppression of pests and diseases. Many 
fungi (in particular several Trichoderma species) and bacte-
ria that live in the rhizosphere or inside plants can also pro-
tect plants by these mechanisms (França and Van der Wurff, 
2016). Composts by their nature consist of complex organic 
elements which provide a rich and diverse habitat for micro-
organisms and when added to different substrates or soils 
they encounter different plant species at various stages of 
growth and development. Investigating the impact on native 
soil microbial communities as a result of the addition of vari-
ous compost materials is a highly complex task, requiring the 
most advanced molecular population ecological techniques 
to elucidate these interactions (Minz et al., 2010). Techniques 
that can illuminate the fate of these amended microbial com-
munities and their potential for disease suppression.

St. Martin et al. (2015) proposed that research on sup-
pressive compost should establish if the suppressiveness is 
general or specific as results suggest that the presence and 
activity of specific groups of microorganisms, within each 
compost type, rather than total microbial population may in-
fluence the suppressive effect. He also further suggested that 
research should focus on the ecology of plant-associated mi-
crobes, and the application of antagonistic microbial strains/
inoculant strategies, with the intention of identifying novel 
suppressive strains and their mechanisms of action. This 
information could form the basis of effective and consistent 
bio- control of plant diseases. Also, that the long-term effects 
of the addition of compost to soils and the possible interac-
tion with rates of application, crop rotation, green manures 
and tillage operations should be studied. França and Van der 
Wurff (2016) noted that the suppressive effect of compost 
is influenced by the degree of composting undergone with 
young or immature compost being more effective in sup-
pressing Pythium, while mature compost was more effective 
against Rhizoctonia. Also, the addition of lignin-rich feed-
stock enhanced the suppressive effect of compost through 
providing a food source for beneficial microorganisms. They 
further summarised that the frequency of compost applica-
tion is important and recommend continuous additions to 
soil of low to moderate amounts of compost (10–20 t ha-1 yr-1) 
and for plant growing media, a single application of a high 
amount of compost (20–30% v:v) with a low EC. The phys-
ical structure of soil or growing media also influences the 
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population of microorganisms present, with plant growing 
media having c. 100 times larger microbial populations than 
that found in mineral soils (Blok, 2016) and beneficial effects 
are evident with the addition of compost to sandy soils or 
those low in organic matter resulting from changes in soil 
structure and increased microbiological activity due the ad-
ditional organic matter and plant nutrients (França and Van 
der Wurff, 2016). While it should be noted that the addition 
of compost to a soil rarely results in a decrease of disease 
suppressiveness, the effect of compost is short lived (França 
and Van der Wurff, 2016).

The addition of compost to soil and the addition to plant 
growing media require different considerations. Whereas 
the soil properties of importance are dry bulk density, or-
ganic matter content, nutrient content and water holding ca-
pacity; in plant growing media (such as that used in demar-
cated beds, in container/pot culture or in modules to raise 
seedlings) the properties of importance are pH, EC, water 
retention, water uptake rate, porosity, stability, shrinkage 
and nitrogen fixation (Blok, 2016). The compost properties 
such as density, total pore space, organic matter content, wa-
ter permeability, water holding capacity, compaction and air 
content are more relevant to mineral soils than growing me-
dia as the levels of these properties are already considerably 
higher in potting “soils”, to the extent that compost can add 
little in respect of those properties (Blok, 2016).

Organic production is characterised by a well-defined 
system which ensures soil productivity by managing inputs 
and environmental conditions to produce yields of specific 
crops without compromising the fertility of a soil to pro-
vide all essential plant nutrients in balanced and available 
forms. Because of the reliance by Organic growers on the use 
of composts for soil fertility and plant nutrients, with the 
possibility of a suppressive potential of composted organic 
materials, the ultimate aim of an Organic producer would be 
to obtain such compost materials which provides sufficient 
nutrients to support the growth of crop plants, aid soil fertili-
ty and provide a measure of consistent suppressiveness, that 
will give a significant reduction in the impact of soilborne 
pests and diseases in Organic horticultural crops. Provided 
such materials do not transmit zoonotic diseases.

The potential spread of human pathogens from com-
posted materials to fruits and vegetables produced under 
an Organic system is a recognised concern (Van der Wurff, 
2016). The main entry for human pathogens into compost 
feedstock material occurs, primarily, through the addition of 
animal wastes, from cattle, pigs, poultry and sheep (Termors- 
huizen and Alsanius, 2016). The range of pathogens from 
such sources include, diarrheagenic E. coli (including E. coli 
O157:H7), Listeria monocytogenes, Salmonella spp., Campy-
lobacter spp., and Yersinia enterocolitica, among others. In 
addition, extended spectrum betalactamase-producing bac-
teria that generated enzymes which confer antibiotic resis-
tance may also be of concern (Termorshuizen and Alsanius, 
2016). Of greater concern would be the use of human excreta 
from dry toilets as a plant fertiliser (Peasey, 2000; Krause et 
al., 2015) or a compost feedstock in horticulture, a practice 
advocated in developing countries (Heinonen-Tanski and 
Van Wijk-Sijbesma, 2005). In Sweden, human urine from 
communal storage tanks is used as a liquid fertiliser (Cordell 
et al., 2009) and solid faecal matter can also be used as a soil 
conditioner (Mara and Cairncross, 1989). While it is known 
that bacterial indicator organisms (E. coli, and Enterococcus 
faecalis), seeded into compost made with human excreta, 
died after only a few days under mesophilic composting 

conditions, other more resistant pathogens, such as enteric 
viruses and parasitic helminth eggs may survive composting 
(Holmqvist and Stenström, 2001). The handling, processing 
and application of such materials could in themselves pose 
a health risk to human health. The use of composting toilets 
was a goal during organic farming’s pioneer period (Vogt, 
2007). However, the extent of its use in modern Organic pro-
duction is unknown.

Ineffective composting techniques for animal or crop 
residues may also contribute to a failure to inactivate human 
pathogens and while large-scale composting facilities are 
characterised by higher composting standards, the mate-
rial they handle generally contains more pathogen species. 
In contrast, small-scale composting (which is more likely 
to take place in individual organic production units) varies 
from low to high standards and generally contain less patho-
gen species; but poses a higher risk of introducing human 
pathogens into Organic crops (Termorshuizen and Alsanius, 
2016). While compost incorporated into soil or used as a sur-
face dressing could pose a risk to food safety an even greater 
potential risk to human health could occur if a liquid com-
post extract is applied directly to the shoot of the growing 
plant. Liquid extracts of composted materials are used to re-
duce the effect of or to control foliar plant diseases (Islam et 
al., 2016) by the direct application of liquid compost extracts 
to plant shoots.

Compost tea
In addition to the use of composted materials, liquid 

compost extracts have been used in horticulture for both 
the addition of nutrients, for disease control (El-Masry et al., 
2002; Islam et al., 2016) , to improve the suppressiveness of 
soils (St. Martin, 2015) and also for their beneficial effect on 
seed germination and root growth (St. Martin et al., 2012). 
These are potentially low-cost and environmentally friendly 
alternatives to chemical fungicides. In their review of the use 
of fermented compost extracts, otherwise called compost 
tea, Mahaffee and Scheuerell (2006) described the various 
materials such as non-aerated compost teas (NCT) and aer-
ated compost teas (ACT) and their use as fertilisers and more 
specifically their potential for foliar and soil plant pathogen 
disease control, a strategy that has been suggested for some 
time (Weltzien, 1990). More recently, purified compost tea 
extracts or lixiviates of fulvic acid as a foliar treatment have 
been used in greenhouse trials to control mildews on cucum-
ber plants (Kamel et al., 2014).

A compost tea is a water extract of compost produced to 
transfer microbial biomass, fine particulate organic matter, 
and soluble chemical components into an aqueous phase, 
intending to maintain or increase the living, beneficial mi-
croorganisms extracted from the compost (Anonymous, 
2009) for application to the soil or crop canopy. Their use 
in Organic production has been proposed as a “simple” dis-
ease control solution (Litterick et al., 2004). While acknowl-
edging the limitations and variability of the efficacy of these 
materials to control disease, Scheuerell and Mahaffee (2006) 
concluded that the use of these materials could be an import-
ant part of an integrated disease management programme 
in Organic production. They advocated that research in this 
area should focus on the identification of individual suppres-
sive microbes or active substances within compost teas. Re-
search on the use of compost teas has continued with a focus 
on the integration of cultural and biological controls to re-
duce or eliminate the need for synthetic chemicals, through 
the development of this type of biological control. Which it 
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is claimed has potential to suppress a broad range of plant 
pathogens. This research has focused on the evaluation of 
their efficacy. Variations in disease suppression between 
sites, between growing seasons and as a result of variability 
in composition of compost tea batches have been identified 
(Evans and Percy, 2014). However, numerous studies have 
demonstrated that compost tea and compost-water extract 
can suppress phytopathogens and plant diseases (St. Mar-
tin, 2014; St. Martin and Ramsubhag, 2014). For example, 
aerated compost tea (ACT) has been evaluated to assess its 
potential for suppressing two important diseases of grape-
vines (Vitis vinifera): botrytis bunch rot, caused by Botrytis 
cinerea, and powdery mildew, caused by Erysiphe necator. 
When applied to vine leaves, in successive applications and 
over different growing seasons on two grape varieties, the 
ACT used in this study reduced the severity of powdery mil-
dew and growth of botrytis. Suppression by ACTs of two fruit 
and foliar pathogens of grapevine with different biology and 
epidemiology indicates the potential for their use as a tactic 
in integrated disease management (Evans et al., 2014). In a 
recent review, of the potential of compost tea for suppress-
ing plant diseases, St. Martin (2014) concluded that while 
compost tea is considered inadequate for use as a biocon-
trol agent in conventional cropping systems, it is however, an 
important option for Organic producers as they have more 
limited disease control options. However, Stone et al. (2004) 
concluded that the addition of compost or compost tea to 
soils to induce general or specific suppression might not be 
sufficient to achieve commercially viable disease control in 
many disease and cropping systems. The major impediments 
to the use of compost teas and inconsistent levels of plant 
disease suppression have been identified, in particular, due 
to the various methods used to produce compost teas such 
as leachate or lixiviate obtained by draining water through 
composts, extracts achieved by pressure, distillation or evap-
orations from compost, brewing of hydrated compost or 
fermented materials which combine leachate with specific 
nutrients or microorganisms before their use (Islam et al., 
2016; Pant et al., 2012; St. Martin et al., 2012) and different 
application methods in terms of application rate and fre-
quency. Despite these shortcomings, St. Martin (2014) rec-
ommended that compost teas be used as part of an integrat-
ed disease management system. Similarly, Palmer (2009) 
concluded that the use of aerobic compost extracts once the 
production had been standardised, could be integrated with 
other measures to reduce the severity of diseases of grape-
vines and in other horticultural crops. The success of the 
use of aerated compost tea in Organic production has been 
reported, by Shim et al. (2014) for example. They recorded 
a significant reduction in both powdery mildew and downy 
mildew on the leaves of Organic cucumbers following the fo-
liar application of a compost tea, of unspecified composition. 
Furthermore they reported that the average field crop cu-
cumber yield was increased significantly compared to a con-
ventional farm. Kim et al. (2014) identified 26 bacterial iso-
lates from an aerated compost tea showing significant inhi-
bition of the mycelial growth in vitro of six plant pathogenic 
fungi, Botrytis cinerea, Colletotrichum gloeosporioides, Fusar-
ium oxysporum, Phytophthora capsici, Rhizoctonia solani, and 
Sclerotium sclerotinia. Using biochemical, physiological, and 
16S rDNA characteristics, these suppressive bacteria were 
identified as Bacillus amyloliquefaciens, Bacillus pumilus, 
Paenibacillus terrae, and Sphingobacetrium composti. These 
authors concluded that these microbes could be promising 
biological control agents for controlling plant disease in Or-

ganic vegetable cultivation (Kim et al., 2014). However, safe-
ty concerns have been raised in relation to the growth and 
development of human pathogens in compost teas (Duffy 
et al., 2004). These authors established in their in vitro ex-
periments that a compost tea (derived from two composts; 
dairy manure and chicken manure plus green waste) supple-
mented with molasses (the addition of supplemental constit-
uents, particularly molasses, is a common practice used to 
stimulate plant-beneficial microbial populations) sustained 
the regrowth of Salmonella enterica serovar Thompson and 
Escherichia coli O157:H7. The composition, particularly the 
addition of nutrient supplements and production technique 
significantly effects the growth and development of putative 
human pathogens in compost teas (Kannangara et al., 2006). 
While Palmer et al. (2010) confirmed the growth of Esche-
richia coli in artificially inoculated supplemented Aerobic 
Compost Extract (ACE), they did not isolate Escherichia coli, 
Listeria monocytogenes or Bacillus cereus from the original 
commercial compost produced in open windrows during 
the cooling phase of composting when the internal windrow 
temperature was approximately 50°C.

Future research
It is evident from the research to date that compost sup-

pressiveness is affected through a diverse microbial commu-
nity rather than a single microbial species and that these ef-
fects cannot be isolated from the chemical changes compost 
generates when added to a soil/substrate. Consequently, the 
capacity to study the composition, structure and function of 
a microbial community both in its natural environment and 
in the altered environment that occurs when compost is add-
ed to soil, is required. As our understanding of soil and com-
post microbial ecology advances and our understanding of 
the compost-soil-plant interactions improves, the consisten-
cy and efficacy of disease suppression for particular compost 
types, individual pathogens, in different soil types and under 
various environmental conditions could result in practical 
applications for Organic producers. St. Martin (2014) sug-
gested the use of metagenomics, metaproteomics, metatran-
scriptomics and metaproteogenomics to advance our under-
standing of the relationships between microbial abundance, 
diversity, functions and disease suppressive efficacy of com-
post tea. This systems biology approach has been suggest-
ed (Lazarovits, 2014) to addresses the complex interactions 
of variable microbial communities that affect plant health. 
St. Martin (2014), Mehta et al. (2014), and Mazzola (2007) 
reviewed the limited research undertaken to date using vari-
ous molecular-techniques and highlighted Pang et al. (2009) 
who demonstrated that metagenomic analysis could be used 
to identify and characterise an endoglucanase enzyme from 
compost soils. What is required are further studies using ad-
vance techniques such as metagenomic and more rapid next 
generation DNA sequencing to investigate the microbial ecol-
ogy of composts on a much greater scale, with more detail 
and at lower costs. Ultimately this could elucidate the micro-
bial and metabolic dynamics associated with suppressive-
ness of compost (Hadar, 2011; St. Martin, 2015) and provide 
more precise practical recommendations for compost use, 
for example the replacement of peat with composted mate-
rials at the earliest stage of Organic plant production during 
seed sowing and propagation. These comprehensive inves-
tigations are crucial to developing protocols for optimising 
compost production and compost tea processes, where feed-
stock composition and brewing time are critical factors in the 
preparation of compost teas (St. Martin, 2012). This must be 
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achieved while ensuring effective disease suppression with-
out exposing the manufacturer or user to the risk of human 
pathogens (St. Martin, 2014). Such recommendations have 
been made for organic production in the USA (Anonymous, 
2009). These more advanced molecular techniques for such 
investigations have been suggested (Hadar, 2011; St. Martin, 
2015; among others) and have begun to be employed, partic-
ularly to study population changes during composting (Sto-
rey et al., 2015). This new knowledge will assist in develop-
ing a better understanding of compost microbiology, which 
is one of the key objectives for understanding mechanisms of 
disease suppression and population dynamics (Hadar, 2011). 
And such techniques could overcome the severe limitations 
associated with studies that have used culturing techniques. 
The combination of these modern techniques with advances 
in data analytics that can incorporate data for soil chemistry, 
soil structure and microbial/plant interactions may result 
in significant advances in our knowledge of these complex 
environments. This knowledge could result in the develop-
ment of methodology by which disease suppression can be 
predicted for an individual pile derived from compost mixes 
(Termorshuizen et al., 2006). It could also be used to devel-
op quality standards for suppressive composts, as suggested 
by Hadar (2011) and to acquire the ability to predict disease 
suppression on the basis of the characteristics of individual 
compost and to make recommendations for its use against 
specific disease, while aiding soil fertility and structure and 
avoiding phytotoxicity problems.

Conclusions
There is a need to identify sustainable strategies for the 

control of soilborne diseases, for both conventional (particu-
larly due to the decline in the number of permitted plant pro-
tection products) and more importantly Organic production 
systems where disease control options are severely limited. 
Despite extensive research over the last 80 years on the ef-
fect of organic materials (both un-composted and compost-
ed) on the control of plant diseases, and while these materi-
als offer a promising, low cost and environmentally friendly 
alternative to fungicides, they have proven inconsistent and 
sometimes have increased disease severity and occasionally 
caused phytotoxicity (if not properly composted), all factors 
which limit their use. There is no doubt that the benefits of 
organic matter amendments far outweigh their drawbacks 
(Bonanomi et al., 2007) but while the impact of the addition 
of compost on pathogen populations and disease suppres-
sion remains unpredictable, growers (more particularly con-
ventional growers) are perhaps justified in ignoring it as a 
definitive tool for controlling soil-borne pathogens. Similarly, 
the potential food safety risks associated with the use of or-
ganic wastes pose additional management requirements (Al-
sanius et al., 2016b) which are not present with the use of in-
organic conventional fertilisers or plant protection products. 
Horizon scanning, by national and European organisations 
(European Food Safety Authority, EFSA) for emerging risks, 
as defined in article 23F and 34 of Regulation 178/2002 
(Anonymous, 2002), will include emerging risks relevant to 
the use of composted materials in Organic horticulture fo-
cused on microbial, microbial toxins, chemical contaminants 
and food hygiene risks, particularly on those emanating from 
the handling of feedstock/raw materials and composts in Or-
ganic production systems.

Producers of Organic horticultural crops will continue to 
add recovered and recycled organic materials, in particular 
non-compost fresh crop residues (including green manures) 

and composted animal and plant wastes that are permitted 
under the Organic regulations. The possibility of the provi-
sion of a measure of soil-borne pest or disease control or 
inhibition would be an additional bonus. Similarly, the appli-
cation of compost teas could likewise aid in the control of 
foliar diseases, provide they do not pose a risk to food safety. 
However, the variability in the characteristics of the feed-
stock material that is used for composted organic materials 
and the considerable variation in relation to their microflora, 
physical and biochemical properties means that a reliance 
solely on these methods of disease control is unwise. Also, 
this variability will continue to limit the use of composted 
materials as a peat replacement in the propagation of Organ-
ic plants. Where suppressiveness has been identified in spe-
cific composted materials, which have been produced from 
fully characterised feedstock inputs, the continued search for 
an individual component(s), either biological or non-biolog-
ical is perhaps inconsistent with the philosophy of Organic 
horticultural crop production, one which espouses a holistic 
ecological system approach. This search for the identification 
of particular active substances or individual organisms in 
composted materials is ongoing (McGee et al., 2016; Pugliese 
et al., 2010; Scheuerell and Mahaffee, 2006) and is often a 
feature of commercial conventional plant protection product 
development (usually by large agrochemical companies). 
Perhaps this strategy is not a suitable research avenue to 
pursue for the Organic industry?

The use of modern molecular and data analytic tech-
niques offer the promise of a greater future understanding 
of this complex issue and the possibility of practical applica-
tions for both conventional and organic producers. However, 
Smith (2002) concluded that Organic producers rarely used 
true composts (composted organic materials rather than 
raw or partly treated materials) in their production systems. 
It could therefore be surmised that the pathogen control 
benefits of “suppressive” composts in Organic horticulture is 
a practice characterised more by hope than reality and the 
goal of consistent disease control is more fiction than fact. 
Given that the use of composts can ensure maintenance of 
soil structure and fertility and that they make a beneficial 
contribution to plant nutrition, any additional benefits, in 
terms of disease suppression is a bonus and their use, reflects 
the holistic nature of Organic horticulture production; an im-
portant feature that was originally intended in the descrip-
tion of this production system. The extent to which formal 
active composting is used on Organic production units is un-
known. Consequently, a European-wide survey of the actual 
use of composting on Organic horticulture production units 
is warranted. Perhaps the objectives of future research, using 
advance molecular and data analytical techniques, should be 
focused on developing protocols to ensure effective compost-
ing of organic materials. Protocols which would encourage 
an increase in effective active composting on Organic horti-
culture holdings that would ensure stable composts which 
would provide plant nutrients, improve soil structure, pro-
mote plant growth and provide a measure of pest or disease 
suppression without phytotoxicity or any risks to human 
health and food safety.
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