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Abstract
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The rhizosphere of every plant is colonized by bacteria that
are important in supportimg overall plant growth and in stabi-
hzing plant health by protecting the root system from disease.
Under natural growing conditions. bactertal colonizations of
the rhizosphere after seed germination is extensive. The influ-
ence of theze microbial communities on root health 1s not
known. Specialized forms of rhizosphere bactena that are
dependent on the root surface interface for growth and surviv-
al have been 1dentified which have plant health promotion
attributes. These rhizobacteria are a component of the natural
antagonistic potential in soil ecosystems. Such antagonists can
be applhied as seed dressings or to planting material to protect
the root system from tungal, bactenal or nematode infection.

301l Ecosystem Pathology and Root Health

Soil-borne fungal diseases ana plant parasitic nematodes
are inportant factors affecting crop growth and yield in sub-
tropical agricultural production zenes throughout the world.
Wilt, damping-off and root-rot diseases caused by fungi and
bacteria as well as c¢yst, root-knot and lesion nematodes are
major factors limiting crop production in north Africaandwest
Asta(]13.16). Furthermore, the occurrence of complex and
often synergistic interactions between these rhizosphere
organmsms leads to serious degradation in root health and host
yield.

Control of many fungal and nematode problems has been
attained with cultural practices, crop rotation, pesticides and
10 some instances with resistant cultivars. Solarization, flood-
ing and antagonistic crop and trap cropping technologies have
been developed, but are limited to high value crops, restricted
to certain growing regions or specific seasons. Increased
pcpulation growth in most areas of the world will significantly
mcrease demand for food. With the amount of unused arable
land available for food production almost nonexistent,
attemps to increase crop production will require effective
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One class of beneficial rhizobacteria, the plant health-
promoting rhizobacteria (PHPR), are found in different
genera and have diverse modes-of-action in combating soil-
borne diseases and nematodes. Suppression of spore germina-
tion, inhibition of pathogenic and deleterious nonpathogenic
bacterial growth and/or reduction in hatching or penetration
of planft parasitic nematodes are just a few of the mechantsms
thus far detected. The present state of knowledge on PHPR as
well as some of the advantages and disadvantages of this
biotogrcal control approach will be presented.

Key Words: Rhizobacteria, Biological contrnl. Nematodes,
Fungi, Seed-dressing. Soil-borne Diseases.

control of plant pests and diseases - in both the phyllosphere
and rhizosphere.

[.osses caused by soil - borne erganisms can be severe and
must be considered when attempting to increase yield through
integrated crop production and protection technology. With
this in mind, I found it rather surprising that less than 28 of the
over M) research projects presented at the meeting involved
soil-borne problems. and that of these 28, only 3 dealt with
biolegical control approaches. This area of agrnicultural scien-
ce must be expanded upon withmn the region, to help detect
new biological control agents and to assist the grower in
2valuation and application of new systems when they become
available.

The technology responsible in large part for increased yield
In many crops in the past is being lost, hecause of adverse
eftects on the environment, Excessive irrigation, over ferts-
hzation and near monoculture cropping systems are being
criticized because of adverse effects on erosion, fertility and
water quality. The restricted use and/or loss of many fungi-
cides and nematicides will drastically limit grower ability to
effectively counter soil-borne disease and nematode
epidemics. Therefore the future mandate for soil ecosystem
pathologists and nematologist must be to increase biological



control components in integvated pest and discase manage-
ment systems. This uipproach predominates (n many pavis of
the world.

Biologicali Coutiol Alternaiives

KResearch on the biological eontiol of scul-bosne fungs aid
plant parastic nemitodes has cmphasized specific organsms
that are part of the natural antagoaistic poutential in the soil
ecosystem. The most important antagonists investigated tor
the biological control of soil-borne fungul pathogens include:
cross -proiection with nonviruient strains, application of para.
sites and pathogens, and stimulation of naturally occurimg
competitor systems e.g. endomnycorrhnzae.

Research with plant parasitic nematodes has concentrated
on: fungal egg, juvenile and females parasiies, predators
and pathogens; bacterial parasites of juveniles
and; control by competition with endomyccrrhizae. These
forms of biolugical couirol have greatly increascd our know-
ledge of interactions in the rhizosphere. but have seldom led
to commercial production and large scale acceptance ot biolo-
gical coritrol systems by gioweis. Siabilizing cfticacy and dc-
velopment of adaptable forimaladon technology aie major
constramts to commercial developmeiit.

Recent attempts to develop biologicai control systems for
soil-borne fungal diseases and plant parasitic nematodes have
been redirected toward nonpathogenic bactzria spectfic to the
rhizosphere. The importance ot these rhizosphere competent
microorganisms, or rhizobacteria, for biclogical control of
soil-borne fungal diseases and plant parasitic nematodes, will
be summarized in this article. Review articles on the subject
should be consulted for detailed coverage (8, 23, 24, 2o, 34).

Rhizobacteria

Rhizobacteria occupy the ecological niche i ihic soll-
ecosystem that 1s under the chemical nfluence ot itic root
systewn. Rhizobacteria can have cither bveneticial, deieteiious
of no affect on the plant.

Lugtenberg et al. (17) divided plani-beneficial bacieria Into
three classes 1) microbes responsibie for biofertilization €.2.
Rhizobium 2) those that stimulate plant growthi induectly
through their inhibitory effects cir plant pathogens ¢.g.
Pseudomanas spp. and 3} bactenia that are responsible tor
direct biological plant growth proiotion €. g. Azospirillum
spp. Wherher such strict lines of deinarkation can be drawn
between the three classes is doubtful, because of the complex
mteirelationships ihat exist in the rhizosphere betweenn the
bacteria, plant and other biotic and abiotic factors. The termn
plant growth promoting rhizobacteria, has been used in the
past for all forms of beneficial rhizobacteria. The term plant
health-promoting rhizobacteria (PHPR) has been suggested
for those bacteria that stimulate plant growth by limiting plant
pathogens or parasites (26).

Although the majornity of bacteria that are present 1 the
rhizosphere have no direct or indirect mfluence on plant
growth, the number of spevies that have biological control
potential is large. Sikora (25, 26) reported that approximately

9 % of the rhizobacteria isolated from the rhizosphere had
plant health promoting activity towuard plant parasitic neiia-
todes, The level of biological control varies with species pre-
sent and in turn is influenced to various degrees by microbial
competitors, plant species, cultivar and abiotic ¢environmen-

tal taciors.

Application

Biological control can be atuwied by 1) singie ocualauve
rclease of an organism ithat becomes established 1 the Coosy-
stem, 2) repeated applications as with pesticides and 3
through management of the natural soil antagonisuc poten-
nial. In this respeci. rhiizobacicila have umgue advantages as
potential biological control agents since they can be pelleied
onto sced., applied through drip-iirigation systems or directy
to transpiants. These torms of apphication place PHPR direct
ly at or in close proximity to the infection site of the disedse O«
nemacode targeted for contvol. PHPR are the domiinant sow-
roorganisms in the rhizosphere directly after treaunent. They
actively and passively colonize the rhizosphere as the root
sysicrn expands after germinanon and are iherctore ungue
agents for biologicat conirol sysiems.

The tevel and duration of control is influcnced by a ixuinbzy
of factors, especially microbial density on the rhizosphere
with time. Control can be considerable i the seedling stage or
during the early root infection period when many suil-borne
pathogens and nematodes induce the greatest asount of dam
age to the root system.

I1 addition, rhizobacieria are: 1) responsive {0 inass pro-
Jduction 2) easy to storage 3} adaptable to fornndaaoa wech
nology and 4) are not necessarily manipulated genctically
Since they are nonpathogenic, occur naturally in the sotl
ecosystem and are largeiy dependent on the rhizosphere tor
multiplication, they are considered envirommentally sater tor
use than many pesticides.

Sensitive Taigets

Soil-borne fungi, Fuagal parvogens.especially (tiose that inr
fect the plant wivhin the first few days after gerrmination or
transplantiig, are highly sensiiive to biological coiirol witk,
PIHPR technology. Pathogeis aie dependent on seed aivd yoor
exudates which direct spore germinaticii and deterniae hos.
recognition. Biological control following seed wreatrnient with
rhiuzobacteria is associated with either alteration of these ex
udates or with production of meiabolites which imeitere with
the infection process. Exampies of plant paihogenic fungi and
bracteria thai have been controlled with plant heatth promGs-
ing rhizobacteria are listed in table 1.

Biological control with rhizobacteria is not aecessaiily l-
inited to pathological problems existing carly 1n the season.
Significant controf of Rhizoctonia solani late season root rot
of peanut, for example, has been obtained following rhtzohbac-
teria seed treatment (12). In addition, a single strain of PHPR
has been shown to reduce fungal and nematode infection
simultanecusly on a single plant species (28, 29).
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Table 1. Plant health promoting rhizobacteria exhibitin g biological control activity toward fungal and bacterial plant pathogens, host

combination, mode-of-action and literature citation.

Bacteria Pathogen Plant Possible Mo A Ref.

I. Fungi
Pseudomonas Gaeumanomyces wheat antibiotics (34)
fluorescens Graminis var. tritici (siderophore)
Pseudomanas Pythium ultimum wheat siderophores (3}
fluorescens var. sporangiiferum
Pseudomonas Pythium sp. sugar beet (28.29)
Huorescens
Pseudomanas Verticillium potaio (14)
fluorescens dahliae
Serratia Sclerotium rolfsu bean, peanut (20)
marcescens chicpea
Pseudomonas Rhizoctonia solani cotton antibiotics (7)
fluorescens Thielaviopsis basicola

Alternaria sp.

Verticillium dahliae
Pseudomanas sp. Fusarium carnation induced resistance (21)

oxysporum f. sp. dianthi siderophore

antibiotics

Pseudomonas Thielaviopsis tobacco siderophore (3)
fluoresens basicola HCN
Erwinia herbicola Fusarium culmorum wheat antibiotics (9)
Bacillus subtilis Tiletia caries wheat antibiotics (2)
I1. Bacteria
Agrobacterium Agrobacterium stone fruit antibiotics (10)
radiobacter tumefaciens rose
Pseudomonas sp. Erwinia carotovora potato (11)

Plant parasitic nematodes. These obligate parasiteshavebeen
shown to be highly sensitive to rhizobacteria, because of their
total dependence on root exudates for successful completion
of themr hfe cycle (Sikora, Interlaken). The life cycle of a
typical cyst nematode, the stages of development sensitive to
root exudates and the possible mode-of-action of PHPR are
shown in Fig. 1. Similar interactions between rhizobacteria
and root system interfere with developmental biology of root-
knot nematodes Meloidogyne spp. These forms of interrela-
tionships are also important in reducing root damage caused
by fungal pathogens (33).

Mode-of-Action

The mechanisms considered responsible for increased root
health or for plant growth promotion are varied and in many
cases have not been elucidated. The major categortes of ac-
tion are shown 1n figure 2 for both forms ot rhizobactena. Itis
evident that a certain amount of duplicity exists. This is an
indication that additional basic research into mode-of-action
1s required. Three mode-of-action can be visualized 1) altera-
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tion of root exudate patterns that lead to modifications in the
behavior of the pathogen or parasite 2) production of toxic or
inhibitory metabolites by the bactena that reduce infection or
suppress development of the target organism and 3) the exist-
ence of a physical barrier at the penetration site. Known
modes-of-action for spectfic rhizobacteria plant and pathogen
combinations, are listed in table 1 and 2.

The mechanisms thought to be responsibie for rhizobacter-
ia growth promotion are given 1n table 3. The influence of
plant growth promoting rhizobacteria on plant nutrition are
significant and such substrate alterations in the tissue of plants
can indirectly influence pathogen and nematode infection be-

havoir.

Management of Antagonistic Potential

It has been suggested that biological control of nematodes
and other organisms can be attained by management or man-
ipulation of naturally occurring antagonistic potentials (27).
Whether this approach can beuscd tomanage specific PHPR
or microbial communities to maintain root health, is sull
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Figure 2. Mode-of-action associated with rhizobacterna
growth and health promotion activity.

Figure 1. Typical life-cycle of a cyst nematode with stages 1n

development sensttive to plant promoting rhizobacteria and
mode-of-action.

Table 2. Plant health promoting rhizobacteria exhibiting biological control activity plant parasitic nemadotes, host combination,
mode-of-action and literature citation.

Pathogen

Bacteria Plant possible MoA

Pseudomonas Meloidogyne tomato nematicidal (8)
fluorescens incognita cucumber components

Pseudomonas Meloidogyne torato toxic metabohites  (30)
chitinolytica javanica

Pseudomonas Heterodera sugar beet alteration of (18,19)
fluorescens schachiti root exudates
Agrobacterium Globodera pallida potato alteration of (22)
radiobacter root exudates

Bacillus subtilis Meloidogyne incognita cotton (25)

Meloidogyne arenaria
Rotylenchulus reniformis

plant production and protection influence root exudates and
could be used to manipulate naturally occurring rhizobacteria

communities or PHPR applied directly to the plant (figure 3).

unclear but considered feasible. Many components of inte-
grated crop production systems could have an influence on
rhizobacteria and could be used to prolong activity to control
soll-borne diseases. Rhizobacteria densities on the root are

influenced among others by: crop, rotation, tillage, cultivar,
fertilizer. pesticides, irrigation and organic matter. These
could be used to manage PHPR for control purposes.

Another alternative is «biological therapy» or stimulation
of the antagonistic potential of a host through controlled
manipulation of the phyllosphere or rhizosphere, to suppress
or reduce the deleterious effect of a pathogen or parasites
(27). A number of chemicals applied as foliar treatments in

Conclusion

Soil-borne plant pathogens and plant parasitic nematodes
are important limiting factors that reduce overal crop yield.
The loss of a number of important fungicides and most major
nematicides for grower use will have a major impact on food
production if acceptable alternatives are not found. Many
bacteria live in the rhizosphere and have been shown to be of
potential importance as antagonists of soil-borne pathogens
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Bacieria Pathogen Plant possible MoA Ref.
Bacillus subulis peanut (32)
Azospiritlum sp. cereals nitrogen fixation (1)

hormonat effects
improvement of
mineral uptake
Psewdomanas puiida canvla enhanced phosphate (15)
uptake
phytochormones
varioils bactena phytohormones (6)
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and nemaiode parasites. These plant health-promoting rhize
bacteria are highly dependent on the root-soil environment
tor survival and multiplicauon.

Plant health promoning rhizobaciena aie especially saitable
tor the control ot orgamsms that attack the root early in the
season. They have commercial advantages over other biolo-
gical control agents and will be unportant components of
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future ntegrated disease and nemactode managenient sys-
tems. A minimal amaount of information exists.concerning he
presence and importance of plant health promoting rhizobac
tenain tropical and subt opical soils . Research raust be genen -
ated 1in north Africaand west Asia on biological control as it
relates 1o soil-ecosystem pathology and nematology to sup-
port increased food production and a clean environment.
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