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Bacteria that can increase plant growth and
productivity have been known for over a century
(Brown, 1974). Prominent among these organisms
are species of the genus Rhizobium (Dejordjevic et
al., 1987) whose potential and practical use in
agriculture is beyond doubt (O'Gara et al., 1995).
Although other bacterial species associated with
plants, but, without creating symbiosis like
Rhizobium. were discovered early in this century
(Beijerinck. 1925), the fact that many of them were
able to promote plant growth was not widely
recognized. The breakthrough in this field occurred
in the mid 1970s with (i) the discovery that some
bacteria, mainly pseudomonads, are capable of
controlling soil-borne pathogens to indirectly
enhance plant growth (Kloepper and Schroth, 1978,
Kloepper et al., 1980), and (ii) the re-discovery
(Döbereiner and Day, 1976) of Azospirillum spp.
(Beijerinck, 1925) which directly affect plant
metabolism and consequent growth. These findings
established two research approaches to bacterial
inoculation (i) the biocontrol of plant pathogens
(Kloepper et al., 1989), and (ii) Azospirillum-related
organisms (Bashan and Levanony, 1990). Most
bacteria in both groups are root associated, free
living in soil or the phyllosphere and unlike
Rhizobium or Agrobacterium form no apparent
structural association with plant roots (Kloepper et
al., 1989; Bashan and Levanony, 1990). Curiously,
the two fields have developed almost independently
of one another, yielding only few cross-citations
(Glick, 1995; Institute for Scientific Information
(Philadelphia) citation search, 1996 done by the
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authors) in papers with subjects in common such as
migration towards the plant, survival in soil and effects
on plant growth. The primary barriers between these
two fields have been of both taxonomic and functional
nature.
When Kloepper and Schroth (1978) and Kloepper et
al. (1980) coined the term Plant Growth-Promoting
Rhizobacteria (PGPR), it was originally used to
describe the biocontrol group. This term is used
appropriately by many scientists, and is almost
universally accepted to describe this research field. The
other bacterial group has no particular name and is
vaguely referred to by different terms depending on the
research group.
During the last decade, close to 4000 publications
have appeared in the field of Plant GrowthPromoting
Bacteria (Life Science data base; Cambridge Scientific
abstracts). Many of these studies characterized new
bacterial strains which had not belonged to any
previously defined group, thus contributing to the
confusion in classification and terminology. The
numerous terms currently being used to describe plant
growth-enhancing bacteria (Table 1 and Appendix)
foster incorrect and confusing communication between
scientists and unnecessary hardship in extracting data
from databases. We believe that an accurate, accepted
terminology is fundamental for biological precision,
scientific cooperation, and understanding between
various researchers.
We propose two new terms for general scientific use;
"biocontrol
plant
growth-promoting
bacteria"
(Biocontrol-PGPB) and "plant growth-promoting
bacteria" (PGPB). These terms would seem to
encompass all the plant beneficial bacteria according to
their particular role as understood today.
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A classification scheme for plant enhancing
bacteria should: (i) accurately describe its primary
nature: capacity to increase plant growth or yield.
(ü) cover as many of the bacteria as possible that
are known at the time. (iii) allow for accumulating
data afterwards with only minor modification, (iv)
be clear and encompassing, (v) describe each
group of bacteria by their unique features and not
by their lack of features, and (vi) if more than one
term is used, they should not be contradictory.
We therefore propose that the common
descriptor Plant Growth-Promoting Rhizobacteria
(Kloepper et al., 1980) be updated to
accommodate new knowledge in the field. We
believe that this term best describes the nature of
many beneficial bacteria and is already widely
accepted by the scientific community. Since many
beneficial bacteria are not rhizosphere bacteria, we
propose replacing "rhizobacteria" with "bacteria",
creating the modified term Plant Growthpromoting Bacteria (PGPB). When this term is
used to describe bacteria that suppress a plant
pathogen (by either producing inhibitory
substances or by increasing the natural resistance
of the plant), the word "Biocontrol" will combine
to produce the new term Biocontrol PGPB.The
term PGPB is applicable where the bacteria affect
plants by means other than the suppression of
other microorganisms. They can do this through
their own metabolism [phosphate solubilization,
hormone production. N2 -fixation (Dejordjevic et
al., 1987; Leinhos. 1994; Strzelczyk et al, 1994),
directly affect the plant metabolism [enhance

water and mineral uptake (Bashan et al.. 1990), improve
root development (Okon and Kapulnik, 1986), enhance
plant enzyme activity (Ferreira et al., 1987)] or affect the
plant by "helping" another beneficial microorganism to
function better [e.g. Azospirillum increasing modulation
of legumes by rhizobia (Yahalom et al., 1987), or
enhancing mycorrhizal phosphate solubilization (Barea et
al., 1983) or mycorrhizal infection (Li et al.. 1992;
Garbaye, 1994)].
These terms could be used regardless of the bacterial
genus or species. However, in some cases different strains
of the same species might be biocontrol PGPB or PGPB.
In rare cases, these different functional features could be
found in the same strain (Oberhänsli et al., 1991). The
new terms proposed include, to the best of our
knowledge, all the plant growth-enhancing bacteria
known today, including rhizobia. Adoption of these terms
would allow scientists to communicate more accurately
on a global basis, and will standardize this field of
biology. At the same time, the old terms should be
abandoned.
Acknowledgements----This essay was written in memory
of the late Mr Avner Bashan from Israel. It was supported
by Consejo Nacional de Cíencia y Tecnologia contract #
26262-B (CONACyT), Mexico. We thank Dr Bernard
Click. University of Waterloo, Canada. Dr Ching Li,
USDA Oregon. U.S.A.. Dr Chris Chanway, University of
British Columbia. Canada for many helpful and
encouraging comments during manuscript preparation, the
three anonymous referees for constructive comments, Dr
Roy Bowers and Dr Ellis Glazier for crystallizing the
English and Mr Joseph Gabon, Ohio State University
Library for archival computer search.

News and views

1227

REFERENCES
Barea J. M.. Bonis A. F. and Olivares A. (1983) Interactions
between Azospirillum and VA mycorrhiza and their effects
on growth and nutrition of maize and ryegrass. Soil
Biology & Biochemistry 15, 705-709.
Bashan Y. (1993) Potential use of Azospirillum as
biofertilizer. Turrialba 43, 286-291.
Bashan Y.. Harrison S. K. and Whitmoyer R. E. (1990)
Enhanced growth of wheat and soybean plants inoculated
with Azospirillum brasilense is not necessarily due to
general enhancement of mineral uptake. Applied and
Environmental Microbiology 56, 769-775.
Bashan Y. and Holguin G. (1994) Root-to-root travel of the
beneficial bacterium Azospirillum brasilense. Applied and
Environmental Microbiology 60, 2120-2131.
Bashan Y. (1995) Azospirillum and other non-biocontrol
PGPR: do they have a place in the agricultural future of
developed countries? Key-note lecture in Biotechnology of
Rhizosphere Enhancing Microorganisms. Vancouver,
Canada.
Bashan Y., Holguin G. and Lifshitz R. (1993) Isolation and
characterization of plant growth-promoting rhizobacteria.
In Methods in Plant Molecular Biology and Biotechnology,
eds B. R. Glick and J. E. Thompson, pp. 331- 345. CRC
Press, USA.
Bashan Y. and Levanony H. (1990) Current status of
Azospirillum inoculation technology: Azospirillum as a
challenge for agriculture. Canadian Journal of
Microbiology 36, 591-608.
Bazin M. J.. Markham P., Scott E. M. and Lynch J. M.
(1990) Population dynamics and rhizosphere interactions.
In The Rhizosphere. ed. J. M. Lynch, pp. 99137. John
Wiley. Chichester.
Beijerinck M. W. (1925) Über ein Spirillum welches freien
Stickstof binden kann? Zentralblatt für Bakteriologie.
Parasitenkunde, Infektionskrankheiten and Hygiene
Naturewissenschaftliche Abteilung 2. 63, 353-359.
Brown G., Khan Z. and Lifshitz R. (1990) Plant growth
promoting rhizobacteria: strain identification by restriction
fragment length polymorphism. Canadian Journal of
Microbiology 36, 242-248.
Brown M. E. (1974) Seed and root bacterization. Annual
Review of Phytopathology 12, 181-197.
Casida L. E. Jr. and Lukezic F. L. (1992) Control of leaf spot
diseases of alfalfa and tomato with applications of the
bacterial predator Pseudomonas strain 679-2. Plant
Disease 76, 1217-1220.
Chanway C. P. and Holt F. B. (1994a) Growth of outplanted
lodgepole pine seedlings one year after inoculation with
plant growth-promoting rhizobacteria. Forest Science 40,
238-246.
Chanway C. P. and Holt F. B. (1994b) Ecological growth
response specificity of two Douglas -fir ecotypes inoculated
with coexistent beneficial rhizosphere bacteria. Canadian
Journal of Botany 72, 582-586.
de Freitas J. R. and Germida J. J. (1990) A root tissue culture
system to study winter wheat-rhizobacteria interactions.
Applied Microbiology and Biotechnology 33, 589-595.
Dejordjevic M. A.. Gabriel D. W. and Rolfe B. G. (1987)
Rhizobium-the refined parasite of legumes. Annual Review
o/' Phytopathology 25, 145-168.
Del Gallo M. and Fendrik I. (ed) (1992) Azospirillum and
Related Microorganisms V. Genetics. Physiology, Ecology.
Balaban Publishers. Philadelphia.
D&bereiner J. and Day J. M. (1976) Associative symbioses
in tropical grasses: characterization of microorganisms and
dinitrogen fixing sites. In Proceedings of the First
International Symposium on Nitrogen F ixation. eds W. E.
Newton and C. J. Nyman, Vol. 2, pp. 518-538. Washington
State University Press. Pullmann.

Dupler M. and Baker R. (1984) Survival of Pseudomonas
pulida, a biological control agent, in soil. Phytopathology
74, 195-200.
Fendrik L, Del Gallo M., Vanderleyden J. and de Zamaroczy
M. (ed) (1995) Azospirillum VI and Related Microorganisms,
Genetics-Physiology-Ecoloqy. NATO Advance Science
Institutes Series. Vol. G37. SpringerVerlag, Berlin.
Ferreira M. C. B.. Fernandes M. S. and Döbereiner J. (1987)
Role of Azospirillum brasilense nitrate reductase in nitrate
assimilation by wheat plants. Biology and Fertility of Soils
4, 47-53.
Gaind S. and Gaur A. C. (1991) Thermotolerant phosphate
solubilizing microorganisms and their interaction with mung
bean. Plant and ,Soil 133, 141-149.
Garbaye J. (1994) Helper bacteria: a new dimension to the
mycorrhizal symbiosis. New Plytologist 128, 197-210.
Glick B. R. (1995) The enhancement of plant growth by freeliving bacteria. Canadian Journal of Microbiology 41, 109-1
17.
Glick B. R.. Jacobson C. B.. Schwarze M. M. K. and Pasternak
J. J. (1994) 1-aminocyclopropane-1-carboxylic acid
deaminase mutants of the plant growth-promoting
rhizobacterium Pseudomonas putida GR12-2 do not
stimulate canola root elongation. Canadian Journal of
Microbiology 40, 911-915.
Grayston S. J. and Germida J. J. (1991) Sulfur-oxidizing
bacteria as plant growth promoting rhizobacteria for canola.
Canadian Journal of Microbiology 37, 521-529.
James E. K.. Reis V. M.. Olivares F. L.. Bald ani J. I. and
Döbereiner J. (1994) Infection of sugar cane by the nitrogenfixing bacterium Acetohacter diazotrophicus. Journal of
Experimental Botanv 45, 757-766.
Kanvinde U. and Sastry G. R. R. (1990) Agrobacterium
tumefaciens is a diazotrophic bacterium. Applied and
Environmental Microbiology 56, 2087-2092.
Keel C., Koller B. and Défago G. (ed) (1991) Plant GrowthPromoting Rhizohacteria-Progress and Prospects.
International Organization for Biological and Integrated
Control of Noxious Animals and Plants , Bulletin 1991'
XIV/8, Zurich, Switzerland.
Kloepper J. W., Lifshitz R. and Zablotowicz R. M. (1989)
Free-living bacterial inocula for enhancing crop
productivity. Trends in Biotechnology 7, 39-43.
Kloepper J. W.. Leong J., Teintze M. and Schroth M. N.
(1980) Enhanced plant growth by siderophores produced by
plant growth-promoting rhizobacteria. Nature 286, 885-886.
Kloepper J. W., Schippers B. and Bakker P. A. H. M. (1992)
Proposed elimination of the term endorhizosphere.
Phytopalholoqy 82, 726-727.
Kloepper J. W. and Schroth M. N. (1978) Plant growth
promoting rhizobacteria on radishes. In Proceedings of the
4th International Conference on Plant Pathogenic Bacteria.
ed. Station de Pathologic Vegetal et Phytobacteriologic. Vol.
2, pp. 879-882. Angers, France.
Ladha J. K. and So R. B. (1994) Numerical taxonomy of
photosynthetic rhizobia nodulating Aeschynomene species.
International Journal of Systematic Bacteriology 44, 62-73.
Leinhos V, (1994) Effects of pH and glucose on auxin
production of phosphate-solu bilizing rhizobacteria in vitro.
Microbiological Research 149, 135-138.
Li C. Y., Massicote H. B. and Moore L. V. H. (1992) Nitrogenfixing Bacillus sp. associated with Douglas -fir tuberculate
ectomycorrhizae. Plant and Soil 140, 35-40.
Lindow S. E. (1987) Competitive exclusion of epiphytic
bacteria by Ice' Pseudomonas syringae mutants. Applied and
Environmental Microbiology 53, 2520-2527.
Lynch J. M. (1982) Interactions between bacteria and plants in
the root environment. In Bacteria and Plants,

1228

Y. Bashan and G. Holguin

gds M. E. Rhodes -Roberts and F. A. Skinner, pp. 123. Academic Press, New York.
Mclnroy J. A. and Kloepper J. W. (1991) Analysis of
population densities and identification of endophytic
bacteria of maize and cotton in the field. In Plant
Growth-Promoting Rhizobacteria-Progress and
Prospects, gds C. Keel, B. Koller and G. Défago, pp.
328-331. International Organization for Biological
and Integrated Control of Noxious Animals and
Plants, Bulletin 1991 J XIV/8, Zürich, Switzerland.
Misaghi 1. J. and Donndelinger C. R: (1990)
Endophytic bacteria in symptom-free cotton plants.
Phytopathology 80, 808- 811.
Oberhänsli T., Défago G. and Haas D. (1991) Indole -3acetic acid (IAA) synthesis in the biocontrol strain
CHAD of Pseudomonas -fluorescens: role of
tryptophan side chain oxidase. Journal of General
Microbiology 137, 2273-2279.
O'Gara F., Moenne-Loccoz Y., Dowling D. N. and Nuti
M. P. (1995) Recent developments in biotechnology
and the potential impact of nitrogen-fixation in the
field. In Nitrogen Fixation: Fundamentals and
Applications, gds 1. A. Tikhonovich, N. A. Provorov.
V. I. Romanov, W. E. Newton, pp. 623-628. Kluwer
Academic Publishers, Dordrecht.
Okon Y. and Kapulnik Y. (1986) Development and
function of Azospirillum-inoculated roots. Plant and
Soil 90, 3-16.
Puente M.-E. and Bashan Y. (1993) Effect of
inoculation with Azospirillum brasilense strains on
the germination and seedlings growth of the giant
columnar cardon cactus (Pachycereus pringlei).
Symbiosis 15, 49-60.
Ryder M. H., Stephens P. M. and Bowen G. D. (1994).
Preface. In Improving Plant Productivity with
Rhizosphere Bacteria. CSIRO Division of Soils, Glen
Osmond.
Strzelczyk E., Kampert M. and Li C. Y. (1994)
Cytokinin -like substances and ethylene production by
Azospirillum in media with different carbon sources.
Microbiological Research 149, 55-60.
Tang W.-H. (1994) Yield-increasing bacteria (YIB) and
biocontrol of sheath blight of rice. In Improving Plant
Productivity with Rhizosphere Bacteria. gds M. H.
Ryder. P. M. Stephens and G. D. Bowen, pp. 267-273.
CSIRO Division of Soils, Glen Osmond.
Toledo G., Bashan Y. and Soeldner A. (1995)
Cyanobacteria and black mangroves in Northwestern
Mexico: colonization, and diurnal and seasonal
nitrogen fixation on aerial roots. Canadian Jo urnal of
Microbiology 41, 999-1011.
Tuzun S. and Kloepper J. (1994) Induced systemic
resistance by plant growth-promoting rhizobacteria.
In Improving Plant Productivity with Rhizosphere
Bacteria. gds M. H. Ryder, P. M. Stephens and G. D.
Bowen, pp. 104-109. CSIRO Division of Soils, Glen
Osmond.
van Peer R., Punte H. L. M.. de Weger L. A. and
Schippers B. (1990) Characterization of root surface
and endorhizosphere pseudomonads in relation to
their colonization on roots. Applied and
Environmental Microbiology 56, 2462-2470.
Yahalom E., Okon Y. and Dovrat A. (1987)
Azospirillum effects on susceptibility to Rhizobium
nodulation and on nitrogen fixation of several forage
legumes. Canadian Journal of Microbiology 33, 510514.
You C. and Zhou F. (1989) Non-nodular
endorhizospheric nitrogen fixation in wetland rice.
Canadian Journal of Microbiology 35, 403-408.

APPENDIX
Terms In Use Describing Habitat
Root associative bacteria. The original term for the
Azospirillum-like organisms. This term covers all
bacteria which live in the rhizosphere and rhizoplane.
Major drawbacks: (1) Not appropriate for endophytic
organisms such as Acetobacter diazotrophycus, rhizobia
living in stem and leave nodules, phyllosphere bacteria
and many other endophytic bacteria whether root
residents or introduced biocontrol agents. (2) The term is
too general to be meaningfully related to the nature of
the bacteria. (Döbereiner and Day, 1976; Lindow, 1987;
Misaghi and Donndelinger, 1990; McInroy and
Kloepper. 1991; James et al., 1994; Ladha and So.
1994).
Rhizosphere bacteria (rhizobacteria). Like the term
"root associative bacteria", it covers all bacteria living in
the rhizosphere. These include numerous species and
strains, either pathogenic or saprophytic. Major
drawback: the term refers to t he location from which the
bacteria were isolated rather than the effect these
bacteria have on plants (Bazin et al., 1990; de Freitas and
Germida, 1990; Chanway and Holl, 1994b).
Endorhizosphere bacteria. This term is supposed to
describe bacteria living in the "inner" parts of the
rhizosphere (Lynch, 1982: You and Zhou, 1989: van
Peer et al., 1990). Major drawback: a semantically
incorrect term that should not be used for the arguments
presented by Kloepper et al. (1992).
Special Use Terms (Sub-division Of' PGPB)
Biofertilizer. The term is favored by the inoculation
industry. !t is believed that the term "biofertilizer"
facilitates the registration process of new bacterial
products in industrialized countries. In developing
countries. it is also easier to sell a product with a name
that reminds the farmer of "fertilizer" rather than
"bacteria", which connotates human and animal
diseases. Major drawback: Despite its popularity, this
term is inappropriate because it excludes all bacterial
strains which do not contribute to plant growth via
mineral uptake and microbial extraction of minerals
from rocks like Biocontrol-PGPB (Bashan, 1993).
Yield increasing bacteria. The term was originated in
China and is exclusively being used there. Major
drawback: the term is incomplete. It wrongly assumes
that all PGPB increase plant yield. This is not true in
plants which have no defined yield like cactus. There,
the entire plant simply grows more vigorously (Puente
and Bashan, 1993: Tang, 1994).
Azospirillum-related microorganisms. Currently in
use in the non-biocontrol field. Major drawbacks: it has
a limited scope (referring only to Azospirillum-type
bacteria) and does not properly define which are the
"related microorganisms" and by what criteria a
bacterium should be considered " Azospirillum-related"
(Del Gallo and Fendrik, 1992; Fendrik et al., 1995).
Non-biocontrol PGPR. The term has been used to
define non-biocontrol PGPB. Major drawback: it is
inappropriate to define an organism by what it does not
do rather than by what it does (Bashan, 1995)
Other Used Term
Biocontrol Agent. Used solely in the biocontrol field.
Major drawback: the term does not differentiate
between bacteria, fungi, and other organisms that have
biological control capacity over pathogens and thus. it is
non-specific (Dupler and Baker, 1984).

