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Abstract. This review focused on the beneficial effects of inoculant microorganisms on plant crops and their
application in agriculture. Particular emphasis is given to the potential and current use of sustainable agricultural
technologies to ensure food security and smart use of natural resources. The advantages of these technologies are:
i) no harmful to the environment but, support the accordant development of ecosystems and, ii) lead to obtain
healthy agricultural products. Some of the commonly promoted and used beneficial microorganisms in agriculture
worldwide include species of Rhizobium, Mycorrhizae, Azospirillum, Bacillus, Pseudomonas, Trichoderma,
Streptomyces and many more. Beneficial effects such as suppressing pathogens and improved soil structure,
nitrogen fixation, promotion of shoot and root growth, increasing nutrient availability, enhancing legume
nodulation by rhizobia, and inducing systemic disease resistance have resulted from application of specific
inoculant microorganism strains and may account for increased yields associated with their application. Several
examples of commercial agro-inoculants application are summarized. Experiments on different crops from various
regions of the world have shown encouraging prospects for practical application of these beneficial
microorganisms to improve crop yield and soil fertility, thus avoiding many biotic and abiotic environmental
factors and constraints.
Keywords: inoculants, beneficial microorganisms, rhizosphere, agriculture.

INTRODUCTION
Using naturally occurring, biotic interactions for the benefit of plants instead of
chemically synthesized compounds has caught increasing attention in the last decades. These
interactions may occur for instance between plants and microorganisms. Since then, many other
beneficial mechanisms in the relationship between plants and microorganisms have been
described. Basically, they may be assigned to three major categories: biofertilizers,
biopesticides and plant growth-promoters. Biofertilizing microorganisms increase the
availability of nutrients and include not only the aforementioned nitrogen fixers, but also
microbes which help sequestering iron or solubilize phosphate from the soil (Barea and
Richardson, 2015). Biopesticides encompass microbes which are enhancing plants’ resilience
in the face of disease attack. They may do so indirectly by triggering the plants’ defense
mechanism, known as induced systemic resistance (Pieterse & Wees, 2015), and by
outcompeting pathogens in the fight for nutrients and space. Alternatively, they may
compromise pathogens directly by producing antibiotics or cell wall degrading enzymes, a
strategy called antibiosis (Thomashow & Bakker, 2015). Plant growth-promotion is mainly
conferred by microbes’ production of phytohormones influencing the plants’ physiology. These
include for example auxins and cytokinins, which are involved in cell division and root
development (Spaepen, 2015). Furthermore, microbes may modulate the level of ethylene, a
plant stress hormone, and thereby prevent growth retardation as a negative response of plants
in face of biotic and abiotic stress (Glick, 2015). Looking at this broad range of mechanisms, it
is obvious that plants’ reactions to environmental factors are greatly influenced by the microbial
community they are associated with. This suggests the modification of the plant microbiome as
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a promising tool to improve plant performance and ultimately agricultural production. Plantassociated microorganisms are thus a non-toxic, sustainable alternative to synthetic
agrochemicals. Furthermore, microbe-based products may be convenient for the farmer in terms
of application timing, since they do not – in contrast to pesticides – impose an obligatory preharvest interval.
The beneficial influences of microorganisms on plant growth include nitrogen fixation,
acquisition and uptake of major nutrients, promotion of shoot and root growth, disease control
or suppression and improved soil structure. Some of the commonly promoted and used
beneficial microorganisms in agriculture worldwide include Rhizobia, Mycorrhizae,
Azospirillum, Bacillus, Pseudomonas, Trichoderma, Streptomyces species and many more.
Experiments on different crops from different parts of the world have shown encouraging
prospects for practical application of these beneficial microorganisms to improve crop yield
and soil fertility, thus avoiding many biotic and abiotic environmental factors and constraints.
Nitrogen fixing bacteria
Nitrogen fixation is one of the essential beneficial biological processes for the economic
and environmental sustainability of agriculture worldwide. Globally, annual inputs of fixed
nitrogen from crop legume–rhizobia symbioses are estimated as 2.95 million tonnes for pulses
and 18.5 million tonnes for oilseed legumes (Howieson et al., 2000; Reed et al., 2011). Finding
efficient rhizobia for the wide variety of legumes that are cultivated around the world and
developing efficient management of symbioses in the field to realise the ~25 kg N2 fixation for
each tonne of legume dry matter are the major challenges for the future.
"Diazotrophy", the ability to fix atmospheric nitrogen catalysed by the enzyme
nitrogenase, is distributed among diverse groups of bacteria and archaea (Reed et al., 2011).
Free-living N2 fixing bacteria like Azospirillum spp., Azotobacter spp., Acetobacter
diazotrophicus, Herbaspirillum spp., Bacillus spp., Azoarcus sp. are found in the rhizosphere
and rhizoplane environments of cereal crops. Recent evidence not only identified new genera
of N2 fixing bacteria and archaea in natural and managed ecosystems but also indicated
significant edaphic and environmental groupings in genetic diversity and functionality
(Buckley et al., 2007; Wakelin et al., 2011). Non-rhizobial N2 fixing bacteria can grow as
endophytes in a number of grasses. For example, in a recent study, Pseudomonas species
represented the dominant group of nifH bacteria in the perennial herbaceous rhizosphere (Gupta
et. al., 2014). Evidence suggests the nifH gene is present in a number of non-Frankia
actinobacteria like Agromyces, Microbacterium, Corynebacterium and Micromonospora. Thus
the challenge is to identify (i) functionally significant N2 fixing genera/species specific to
biomes and crops, and (ii) key edaphic and environmental drivers regulating the genetic
diversity and free living N2 fixation in order to maximise benefits from these beneficial
microbes both for sustainable primary production and climate change adaptation.
Mycorrhizae and phosphate solubilizing microorganisms
The symbiotic association of plants and mycorrhizal fungi (arbuscular mycorrhizal
fungi, AMF) has long been recognized for the benefits it provides with nutrient transport and
uptake; however, there is considerable uncertainty about the functional benefits in intensive
agricultural systems (Gupta et. al., 2011; Smith et al., 2008). The most common symbiosis of
this type is represented by mycorrhizae, which are associations between arbuscular mycorrhizal
fungi and most crop plants and ecto-mycorrhizae, associations only with woody species, mainly
trees and shrubs (Allen et al., 1995). The enhancement plant productivity do to mycorrhizal
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symbiosis is scientifically supported by numerous experiments of increasing yield, especially
to susceptible plants, highly dependent on these symbioses. The in planta response mostly is
due to an efficient radicular surface enhancement for water and nutrients extraction, as the
mycorrhizal hyphae functions like a natural extension of the plant root system. In symbiosis,
the plant supplies carbon to mycorrhizal fungi in exchange for a greater capacity of native soil
resources utilization. There are also many other benefits such as: increased protection against
pathogens, improved tolerance to pollution factors, greater resistance to water stress, to high
soil temperature and unfavorable pH.
Field inoculation of maize with a consortium consisting of two PGPR (Azospirillum
lipoferum CRT1 and Pseudomonas fluorescens F113) and one mycorrhizal strain (Rhizophagus
irregularis/Glomus intraradices JJ291) showed an increase of root surface, root volume and
number of roots, although data were not statistically significant compared to the single Rhizophagus inoculation (Walker et al., 2012). Modification of one member of this consortium
(three different Azospirillum strains were tested) could lead to significant modification of maize
growth (Couillerot et al., 2012). Further studies are needed to describe the synergistic effects
between beneficial microorganisms at a molecular scale and to analyse the expression of plantbeneficial functions when consortia are used. A diverse array of bacteria like Pseudomonas,
Bacillus, Serratia, Burkholderia, Rhizobium, Azobactor, Erwinia, actinomycetes and fungi as
Aspergillus and Penicillium species, are capable of solubilising and mineralising plant
unavailable forms of phosphorus in soils, and the benefits from their use as inoculants are
increasingly being recognised, especially in P-limited environments (Richardson et al., 2011;
Gyaneshwar et al., 2002). Low levels of soluble phosphate can limit plant growth. Several
enzymes, such as non-specific phosphatases, phytases, phosphonatases and C-P lyases, release
soluble phosphorus from organic compounds into the soil; lyases cleave C-P bonds in
organophosphonates. The release of phosphorus from mineral phosphate is related to the
production of organic acids such as gluconic acid (Rodriguez et al., 2006). The widespread use
of mycorrhizal inoculants in agroecosystems has been limited by the difficulty of growing
mycorrhizal fungi and the production of enough inoculum at affordable prices. Currently, the
most practical uses of mycorrhides involve efforts to restore and improve the land by
inoculating seedlings from nurseries with mycorrhizal and ecto-mycorrhizal fungi. However, it
is possible to improve naturally occurring symbiotic populations in agricultural land and,
implicitly, their potential benefits for crops, by adopting various crop management practices
that increase populations and symbiotic activity, such as low tillage, crop rotation and limited
use of N2 and P fertilizers (Abbott and Robson, 1994).
Plant Growth-Promoting Rhizobacteria (PGPR)
Bacteria colonizing the plant roots that elicit shoot and root growth, referred generally as
PGPR, are recommended and marketed to improve plant growth and disease control both
agriculture and horticulture (Kloepper et al., 2004). These useful microorganisms can promote
roots and shoots growth by producting plant hormones, secondary metabolites, enzymes,
siderophores, induction of systemic resistance, mineralization of substrate, space competition,
niche exclusion, detoxification of surrounding soil or through changing physico-chemical
interactions with plants (Figure 1).
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Figure 1. Impact of phytostimulating PGPR on root structure.
PGPR can modulate root development and growth through the production of phytohormones, secondary
metabolites and enzymes. The most commonly observed effects area reduction of the growth rate of
primary root, and an increase of the number and length of lateral roots and root hairs. PGPR also influence
plant nutrition by nitrogen fixation, solubilization of phosphorus, or siderophore production, and modify
root physiology by changing gene transcription and metabolite biosynthesis in plant cells (source:
Vacheron et al., 2013)

Bacterial inoculants applied as biofertilizers are also being explored to reduce stress
caused by abiotic factors such as drought and salinity (Dimkpa et al., 2011). More genera and
species of PGPR bacteria are used as plant growth promoters, including: Pseudomonas
fluorescens, P. putida, P. gladioli, Bacillus subtilis, B. cereus, B. circulans, Serratia
marcescens, Flavobacterium spp., Alcaligenes sp., Agrobacterium radiobacter (Mahaffee and
Kloepper, 1994). The most successful commercial application of PGPR strains is the use of
Agrobacterium radiobacter strain K84 to control crown gall on several plant families (eg.
Compositae, Rosaceae, Juglandaceae, Salicaceae), Bacillus subtilis to suprime Rhizoctonia
solani rot root to grain and various inoculants, mostly Bacillus species, generically named YIB
(yield improving bacteria), widely used in China, to vegetable crops (Chen et al., 1993). The
widespread use of these agro-inoculants is probably related to a sufficient understanding of the
rhizobacteria - host plant - indigenous soil microflora interactions. There is a certainty that
deepening these phenomena will allow for a more accurate prediction of the effects of
inoculation and its potential benefits.
Biological control microorganisms
Bacteria, fungi and actinobacteria can act as biological control agents against root
diseases (Whipps, 2001), various bacterial and fungal inoculant being available commercially
to control diseases in agricultural and horticultural crops (http://www.oardc.ohiostate.
edu/apsbcc/). Challenges related to the use of antagonist microorganisms as biological control
agents against soilborne plant pathogens include their poor survival, variable root colonization
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and lack of adaptability to the natural environment. The success of biocontrol agro-inoculants
depends to: (i) maintain the appropriate populations to ensure effective biological control; (ii)
prolongation the period during which a threshold population density is continuous in the
rhizosphere, and (iii) significant increase of biological control, provided by inoculum of
rhizobacteria. Actinobacterial endophytes can colonize plants without disturbing the “normal”
endophyte populations, can produce antifungal antibiotics and plant growth hormones, and can
also induce systemic disease resistance in plants (Conn et al., 2008). Biocontrol-inoculants are,
generally tested for their antibiosis potential due to antagonism, hyperparasitism, competition,
and predation by indigenous organisms; however, organisms that induce systemic resistance to
diseases and pests have the greatest potential to be effective under field conditions (Kloepper
et al., 2004). Some soils can suppress the severity of disease due to a relatively higher resistance
to disease expression in plants, even in the presence of a pathogen, susceptible host plant and
favourable climatic conditions for the disease, called suppressive soils (Alabouvette, 1999).
Most suppressive soils can have neutral to alkaline pH values (pH> 7), so acidification or
sloping soils effectively mitigate the severity of fungal pathogens like those who produce wilted
(Alabouvette, 1999). There are numerous examples both in Australia (Figure 2) and worldwide,
where agricultural soils have become suppressive for soilborne pathogens (Cook, 2007; Weller
et al., 2002).
Disease
Solsuppressive
supresiv soil

Disease
conducive soil
Sol conductiv

Atac de
Attack
of
Rhizoctonia
Rhizoctonia

Figure 2. Natural biological suppression of Rhizoctonia disease in cereal crops.
Insert: damaged hyphae of Rhizoctonia solani AG8 in a suppressive soil. Footnote: Intensification of
biological disease suppression mediated by different bacteria, actinomycetes and fungi, has been identified
under conservative management practices in South Australia. Uncovering the composition of such microbial
communities has the potential to identify a new set of useful microorganisms (source: Gupta V.V.S.R., 2011).

The other strategy to enhance soil suppression involves isolation and selection of effective
antagonist microorganisms for field inoculations. Experiments in this direction have indicated
the involvement of a variety of microorganisms that reducing pathogenic inoculum and
infection, promoting plant growth and inducing systemic resistance (Table 1).
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Table 1. List of beneficial organisms isolated from suppressive soil, with demonstrated abilities in
diseases suppression caused by soilborne necrotrophic pathogens (Gupta et al., 2011)

Organisms

Abilities

Bacillus spp.
Microbacteria spp.
Pseudomonas brassicacearum
Pantoea agglomerans
Exiguobacterium acetylicum
Pseudomonas fluorescens
Streptoverticillium sp.
Streptomyces spp.
Trichoderma spp.

Reduced pathogen inoculum
Competition
Parasitism
Predation
Reduced infection
General antibiosis
Disrupt growth of pathogen
Prevent access to infection site
Metabolise/disorder plant-microbe signalling

Penicilium griseofulvum
Mycophagous amoebae
Fungal trophic nematodes

General antibiosis
Induced systemic resistance
Plant growth promotion
Production of secondary roots
Improved nutrient availability

Probiotics for plant
The benefits of probiotics for human health are well known, but the concept of
managing plant health through the manipulation of probiotic organisms associated with plants
has gained a relatively recent interest (Picard et al., 2008). Plant specific stimulation of specific
microbial groups in their rhizosphere suggests that plants have evolved to strategically stimulate
and support microbial groups capable of producing antibiotics as a defence mechanism against
disease caused by soilborne pathogens (Weller et al., 2002). Soil bacteria belonging to the genus
Pseudomonas are ubiquitous in most soils and have been involved in significant processes
including plant growth promotion, disease control, nutritional cycle, nitrogen fixation and/or
bioremediation. The ability of these microorganisms to respond rapidly to changes in physical,
chemical, carbon and nutritional conditions in soil has been correlated with their functional
significance in agricultural ecosystems. Pseudomonas strains have been studied for their
biocontrol potential against fungi and oomycetes plant pathogens over two decades, and a
number of promising candidates have being identified (deSouza, 2002). Antibiotic is the most
common feature responsible for their activity against phytopathogens, with numerous
antimicrobial compounds such as 2,4-diacetyl-phloroglucinol (2,4-DAPG), phenazine (PHZ),
pyrolnitrin (PRN), pyoluteorin (PLT), hydrogen cyanide (HCN), biosurfactant antibiotics
(Picard et al., 2008). Conventional biochemical characterization is complemented by molecular
techniques such as metabolomics and transcriptomics to reveal the mechanisms of action,
interactions with pathogens and plants, genotypic and phenotypic diversity of organisms
capable to producing similar compounds and to determine their activity in natural soil
environment.
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Methods of processing antagonist microorganisms for obtaining plant protection
products
Similarly to the formulation of synthetic pesticides, microbial products include not only
the inoculant itself, but need to be combined with specific compounds to enhance their
performance at the target site and facilitate their practical use by farmers. This implies that
formulation development is an integral part of the commercialization of microbial inoculants
as an alternative to standard agrochemicals (Dinu et al., 2018). The lack of adequate
formulations of microbial products at the same time as low inoculant quality is considered one
of the major constraints to their successful widespread use (Stephens & Rask, 2000). Providing
a large number of viable cells to the plant is necessary to achieve a satisfactory colonization
rate, influencing the effect magnitude of inoculants on host crop.
A good maintenance of inoculum viability prior to application implies a long shelf life or
storage stability. Under field conditions, the viability of inoculants may be affected by factors
such as UV radiation (Zohar-Perez et al., 2003), especially if applied to the aerial parts of plant;
fluctuating soil properties such as texture, temperature and pH (Arora et al., 2011); repeated
drying/re-wetting cycles, depending on frequency of precipitation. For inoculants applied
directly to seeds, the inherent seed cortex toxicity may be detrimental (Deaker et al., 2012).
Formulations aim to provide a protective microenvironment in which the inoculant is physically
shielded and optionally supplied with protective substances, e.g. osmoprotectans or
xeroprotectans and nutrients. At the same time, the formulation must guarantee the release of
viable cells in a timely manner to colonize the plant at an early stage of development (Bashan,
1998).
A variety of technologies for the delivery of inoculum to the field crops, are in practice,
as illustrated in figure 3. The reliability of a given technique directly dependent on the state the
formulation is available in. On the other hand, the type of formulation may be developed
specifically for the desired application technology.
As in the case of standard agrochemicals, microbial products may be in solid or liquid
form. Solid formulations can be divided into powders and granules depending on the size of
their particles. Peat-based solid formulas have a long history in application of rhizobia
(Brockwell & Bottomley, 1995) and continue to be the most widely used type of formulation
(Herrmann & Lesueur, 2013). Peat flour is applied to seed as a semi-wet treatment, mostly with
the support of an adhesive to prevent detachment of microorganisms during handling (Bashan
et al., 2014). However, the survival rate of live seed inoculants may be diminished due to a
prolonged storage period prior to sowing. To avoid these issues, dry formulations have
alternately been applied, as soil amendments. For this purpose, they are often produced as
granules of about 0.5-1.5 mm size. These are less dusty compared to powders, and applied
quantitatively can easily be controlled, being places directly in furrow during sowing (Bashan
et al., 2014).
As carrier substrates for dry formulations, different materials have been tested. These
include soil derivatives (charcoal, clay, grass), organic compounds (sawdust, wheat
/soybean/oats bran, grape bagasse, vermicompost, animal manure, sewage sludge, cork
compost) and inert materials (perlite, vermiculite, bentonite, kaolin, silicates, talc, polymers).
Axenic lyophilized cultures with a cryoprotectant, can be also an option and used directly or in
combination with a solid carrier (Malusá et al., 2012).

73

Romanian Journal for Plant Protection, Vol. XI, 2018
ISSN 2248 – 129X; ISSN-L 2248 – 129X
Seed inoculant

a

Slurry inoculant
Liquid inoculant

Powder
+ water =

slurry inoculant

Liquid+carrier
+ adhesive

Pump
Mix with seeds
+ adhesive (optional)
+ lime pelleting (optional)

Spray

Air dried
Sowing

Drying (air)

Sowing

Inoculated and coated
seed before sowing

Soil inoculation

b
=

Pellets (0.5-1.5mm): peat, perlite, charcoal, soil aggregates

Furrow

Under
the seed

Above
the seed

Side of
furrow

Liquid
inoculant

Figure 3. Application techniques of agro-inoculants in the field. Seed treatment (a) or soil inoculation (b) is
possible with either liquid or solid formulations of different particles sizes (source: Bashan et al. 2014).

Liquid formulations include oil or water based suspension of cell concentrates, emulsions
or suspensions containing solid particles (Malusá et al., 2012). A range of additives may be
incorporated such as nutrients, preservatives, stabilizers or adhesives (Bashan et al., 2014). It
has been argued that liquid formulations allow for simple manipulation and application and are
thus increasing in popularity (Stephens & Rask, 2000). Sometimes, they confer a better shelflife then dry formulations (Bashan et al., 2014), but they frequently required cooling (Herrmann
& Lesueur, 2013; Stephens & Rask, 2000). The lack of a cryoprotectant can make them more
sensitive to environmental factors, once applied in the field. However, liquid formulations are
suitable for a wide range of application technologies, and they may be applied directly (together
with an adhesive) to the seed, immediately prior to sowing (Bashan et al., 2014), to the soil in
furrow during sowing or at a later stage as foliar spray (Jambhulkar et al., 2016). This may be
an option for inoculants that colonize the plant using aerial plant parts (e.g. stomata, flowers)
as entry ports, as has been observed for endophytic bacteria like Paraburkholderia
phytofirmans PsJN (formely Burkholderia phytofirmans PsJN) (Jambhulkar et al., 2016).
As an innovative formulation technology providing additional protection to
microorganisms and controlled release in the soil, encapsulate inoculant cells has been proposed
(Bashan, 1986; Dommergues et al., 1979). Essentially, all formulation techniques mentioned
above can also be applied to these beads, but are dependent on their size. Thus, microbeads may
be covered seed surface (Bashan et al., 2002) or sprayed onto aerial plant parts
(Wiwattanapatapee et al., 2013), whereas macrobeads are more suitable for soil amendments.
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Figure 4 summarizes the current formulations and applying techniques for microbial inoculants:
there are solid (powders, granules) and liquid (suspension, emulsions, slurries) formulations,
which may be applied as seed treatment (powders, liquids), delivered to soil (powders, granules,
liquids) or to above ground plant parts (liquids, powders).

Lyophilized
cultures or spores

Viable microbial
suspensions

Peat + additives

Peat
Liquid culture medium
+ water/oil + additives
(adhesive, surfactant,
and dispersal agents)

Organic inoculants
Compost and
organic waste

Inorganic inoculants

Soil
clays

Talc
Perlite,
vermiculite

Polymeric inoculants

Macrobeads

Dry
formulations

Dispersal as spray, seed
immersion or irrigation in
furrows

Microbeads

Wet
formulations

Dispersal as powder, slurry, pellets or beads

Figure 4. Formulation techniques commonly used for bacterial agroinoculants
(source: Bashan et al. 2014).

The choice of formulation and application technology depends on the available
equipment, farmer's comfort, presence or absence of additional treatments, inherent
characteristics of the plants (e.g. seed size, perennial/annual crop production, seed sensitivity
to coating), plant development stage, cost, action site and inoculum infection (Bashan et al.,
2014; Deaker et al., 2004; Malusá et al., 2012).
Experimental/commercial bioproducts
Sunflower field experiments inoculated with Azospirillum spp. strains aimed to assessing
the possibilities of bacteria using in low-risk complex agro-technologies within the sustainable
agriculture. In this regard, two strains of Azospirillum (Sp 001 and T2W) and organic standard
bioproduct based on Geolife compost extract (Bioma, Agroecology Co., Switzerland), were
used. The experiments were performed on Fundulea 328, Fundulea 350, Festiv, Select, Turbo,
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Record and HS311 cultivars, located on brown chernozem soil, in the Dobroudgea, Amzacea
area. Bioproducts based on Azospirillum strains have proven to be effective against sunflower
drought due to xylemic proliferation as well as rhizobia based bioproducts to stimulate the rape
seed resistance to frost (Oancea, 2008). Table 2 summarizes several autochthonous
experimental bioproducts.
Table 2. Experimental bioproducts obtained at Research-Development Institute for Plant Protection
Bucharest, Romania
Nr.
crt.

Commercial name

1

AGROBACTION 20
PTB

2

AZOSTIM

3

BACILIN 25 PTS

4

NITROSTIM

5

NITROFIX

6

VAMFIX

Biocontrol agent

Target crop

Agrobacterium vitis R3
strain
Azospirillum brasilense
SP001strain

Formulation

aqueous
suspension
solid peat
formulation

grapevines
sunflowers
cucumber,
tomatoes,
cabbage

Bacillus subtilis
Bradyrhizobium
japonicum SoFR10 strain
Rhizobium leguminosarum
pv. phaseoli FL 400 strain
Spores
of
Glomus
vesicular-arbuscular
mychhorhizae

alginate beads

soybean
bean
soybean

solid peat
formulation
solid peat
formulation
solid peat
formulation

As a result of many experimental studies, some of the successful plant growth promoting
rhizobacteria (PGPR) and biological control agent (BCA) strains are currently marketed and
are being extensively researched.
Table 3 resumes the current situation of commercial bioproducts available on the world
market, general presentation of the product, their specificity and success of microorganism as
a commercial biocontrol agent to promoting plant growth.
Table 3. Successful bacterial products on the world market (adapted and modified from Gardener and
Fravel, 2002)
Bioproduct name

Biocontrol agent

Target pathogen

ACTINOVATE

Streptomyces
lydicus

Soil borne
pathogens

AQ
BIOFUNGICIDE

Ampelomyces
quisqualis M-10
isolate

Powdery mildew

BIOJECT SPOTLESS

Pseudomonas
aureofaciens

Dollar spot,
antrachnose,
Pythium
aphanidermatum,
pink snow mold

BINAB-T

T. harzianum
(ATCC 20476)
and T. polysporum
(ATCC20475)

Fungal pathogens
that cause wilt,
take-all, root rot
and internal decay
of wood products

Target crop

Formulation

Greenhouse and
nursery
crop,
turf
Apple, cucurbit,
grapevine,
ornamentals,
strawberries,
tomatoes
Turf and others

Water
dispersable
granules
Water
dispersable
granules

Not applicable

Wettable
powder and
pellets

76

Liquid

Application
method
Drench

Manufacturer/
distributor
Natural
Industries Inc.

Spray

Ecogen, Inc

Overhead
irrigation; can
only be used
with
the
BIOJECT
automatic
fermentation
system
Spay,
mixing
with
potting
substrate,
mixing
with
water
and
painting on tree

Eco soil system,
Inc.

Bio-Innovation
AB
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and decay in tree
wondes

BIOFOX C

Fusarium
oxysporum
(nonpathogen)

Fusarium
oxysporum,
Fusarium
moniliforme
Sclerotinia,
Phytophthora, R.
solani, Pythium
spp., Fusarium

Not applicable

Dust
and
alginate
granules

BIO-FUNGUS

Trichoderma spp.

Not applicable

Wettable
granular
powder

Bio-save
110

Pseudomonas
syringae

Botrytis cinerea,
Penicillium spp.,
Mucor
pyroformis,
Geotrichum
candidum

Pome
citrus,
potato

Liophylised
products,
frozen cells
concentrated
pellets

BLIGHTBAN
A506

Pseudomonas
fluorescens

Frost damage,
Erwinia
amylovora, russetreducing bacteria

Wettable
powder

BLUE CIRCLE

Burkholderia
cepacia
(Pseudomonas)
cepacia type
Wisconsin
Pseudomonas
chlororaphis

Fusarium,
Pythium,
nematodes

Almond, apple,
apricot,
blueberry,
cherry, peach,
pear,
potato,
strawberries,
tomatoes
Not applicable

Leaf stripe, net
blotch, Fusarium
spp., spot blotch,
leaf spot, etc
Rhizoctonia,
Pythium,
Fusarium,
Phytophthora

10LP,

CEDOMON

COMPANION

CONTANS WG,
INTERCEPT WG

Bacillus subtilis
tulpina GB03, alte
tulpini de B.
subtilis, B.
licheniformis, B.
megaterium
Coniothyrium
minitans

wounds,
inserting pellets
in holes drilled
on woods
Seed treatment
or
soil
incorporation

S.I.A.P.A

After
fumigation;
incorporation
into
soil,
sprayed
or
injection
liquid
suspension,
pellets added to
water to produce
liquid
suspension,
postharvest
application to
fruits as drench,
dip or spray
Bloom
time
spray of the
flower and fruit

Grondortsmettin
gen Decuestern
.V.

Peat based or
liquid

Seed treatment
or drip irrigation

CTT Corp.

Barley,
oats,
potential
for
other cereals

Seed
treatment

Seed dressing

BioAgric AB

Greenhouse and
nursery crops

Liquid

Drench at time
of seedling and
transplanting or
as a spray for
turf

Growth
products

Sclerotinia
sclerotiorum

All agricultural
soil

Water
dispersable
granules

Spray

Applied to seeds
with a sticking
agent (aqueous
suspension
formulation is
for use in drip
irrigation or as a
seedling drench)
Drench and seed
treatments

PROPHYTA
Biologischer
Pflanzenschutz
GmbH
Stine Microbial
Products

fruits,
cherry,

DENY

Burkholderia
cepacia tip
Wisconsin

Rhizoctonia,
Pythium,
Fusarium and
disease caused by
lesion,
nematodes

Alfalfa, barley,
bean,
clover,
cotton,
grain,
sorghum,
vegetable crops,
wheat

Peat-based
dried biomass
from
solid
fermentation;
aqueous
suspension

ECO-T®

T. harzianum

Root diseases

Wettable
powder

EPIC

Bacillus subtilis

Fusarium,
Alternaria,
Aspergillus spp.,
R. solani

Vegetable
crops,
ornamentals,
eucalyptus
Not applicable

GALLTROL

Agrobacterium
radiobacter 84
strain

Crown gall
disease caused by
Agrobactrium
tumefaciens

Fruit, nut and
ornamental
nursery stock

Petri
plates
with
pure
culture grown
on agar
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Dry powder

Added to slurry,
mix
with
chemical
fungicide
for
commercial
seed treatment
Bacterial
suspension
applied to seeds,
seedlings,
cuttings, roots,

Village
LLC

Farms

NuFarm Inc.

Plant
Health
Products
Pty
Ltd.
Gustafson, Inc.

AgBioChem,
Inc.
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HISTICK N/T

Bacillus subtilis
MB1600

Fusarium,
Rhizoctonia,
Aspergillus

Soybean,
alfalfa, dry/snap
bean, peanuts

Not
applicable

INTERCEPT

Burkholderia
cepacia
Bacillus subtilis
GB03

Maize,
vegetables,
cotton
Legumes, cotton

Not
applicable

KODIAK
(SEVERAL
FORMULATION
S)

R. solani, Pythium
spp., Fusarium
spp.
R. solani,
Fusarium spp.,
Alternaria spp.,
Aspergillus spp.

MESSENGER

Erwinia
amylovora HrpN
harpin protein
Bacillus subtilis
QST716 strain

Many crops

Field,
ornamentals and
vegetables crops
Curcubits,
grapes,
hops,
vegetables,
peanuts, pome
fruits,
stone
fruits and others

SERENADE

Powdery and
downy mildew,
Cecospora leaf
spot, early and
late blight, brown
rot, fire blight and
others
Soil fungal
phytopathogens
that cause root rot

YIELDSHIELD

Bacillus pumilus
GB34

SOILGARD

Gliocladium
virens (a.k.a T.
virens GL-21)

Damping-off and
root rot
pathogens,
especially
Rhizoctonia
Pythium spp.

MYCOSTOP

Streptomyces
griseoviridis K61
strain

PROMOTE

T. harzianum and
T. viride

ROOTSHIELD,
PLANT SHIELD,
T-22 PLANTER
BOX

T. harzianum
KRL-AG2 (T-22)
strain

Fusarium spp.,
Alternaria
basicola,
Phomopsis spp.,
Botrytis spp.,
Phytophthora spp.
R. solani,
Pythium,
Fusarium spp.
R. solani, Pythium
Fusarium spp.

stems and as soil
drench
Slurry,
damp
and
dry
inoculation of
seeds
Not applicable

Becker
Underwood Inc.
MicroBio
Groups Ltd.
Soil
Technologies
Corp.
Gustafson, Inc.

Dry powder;
usually
applied with
chemical
fungicides
Powder

Added to a
slurry mix for
seed treatment;
hopper
box
treatment
Drench or spray

Wettable
powder

Spray

Soybean

Dry powder

Gustafson, Inc.

Ornamental and
food crop plants
grown
in
greenhouses,
nurseries,
homes
and
interiorscapes
Field,
ornamentals and
vegetable crops

Granules

Added to a
slurry mix for
seed treatment;
hopper
box
treatment
Granules
are
incorporated in
soil or soilless
growing media
prior to seeding

Powder

Drench, spray or
trough irrigation
system

Kemira
Oy.

Not applicable

Liquid
conidial
suspension
Granules or
wettable
powder

Seed treatment
or soil/potting
medium drench
Granules mixed
with soil or
potting medium;
powder mixed
with water and
added as soil
drench

JH Biotech.

Trees, shrubs,
transplant, all
ornamentals,
cabbage,
tomatoes,
cucumber

EDEN
Bioscience
Corporation
AgraQuest, Inc.

Certis, Inc.

Agro

Bioworks, Inc.

CONCLUSIONS
It is essential to intensify the use of beneficial microorganisms for plant nutrition and
disease control, and assist plants to cope with various abiotic stress conditions to sustain and
improve global food production while maintaining environmental health. Numerous
experimental studies have highlighted different types of microorganisms with agricultural
potential, but their certain use in field environments is not yet fully realised. New knowledge
about soil microbial diversity can help to discover a new generation of inoculants as well as
improve the survival and performance of beneficial organisms in situ after introducing them
into foreign environments.
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