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In recent years, the term endorhizosphere has been used in however, this process takes time (4), thereby providing a
studies of root-zone microflora. We propose that endorhizosphere temporary apoplastic (intercellular space) pathway between the
is a semantically incorrect term that means different things to cortex and stele at sites of lateral root eruption (6). Peterson
different people. et al (21) used fluorescent dyes to trace apoplastic pathways to

Hiltner, in 1904, originally used Rhizosphaire to describe the the stele in corn and broad bean roots at various stages of
zone of soil under the influence of legume roots (12). Expansion development. Tracer dyes were not found in the stele of healthy,
of the rhizosphere concept to other plants soon followed; however, nonwounded primary roots, but they were found in the stele when
the term was still used to describe a niche within soil. Herein a secondary root had just emerged from the epidermis of the
lies the semantical problem with the term endorhizosphere. With main root. In such cases, dyes moved through the pericycle, moved
the base word, rhizosphere, referring to a soil niche, the addition into the root xylem, and were detected in the xylem of stems.
of endo would make the word literally refer to an interior zone Peterson et al (21) concluded "that a continuous apoplastic
of the same soil niche. In other words, endorhizosphere describes pathway of transport from the root epidermis to the shoot existed
soil, rather than a niche within the host plant. Semantically correct in both corn and broad bean roots." The occurrence of even
terms to describe the interior of roots would be endoroot, endo- temporary continua in the intercellular space between the cortex
rhiza, hypoepidermis, or hyporhizoplane. However, as we propose and xylem would be sufficient for movement of microorganisms
later, we do not believe that any specialized term is necessary. into the xylem and may account for recent observations of

The first use of the term endorhizosphere by Balandreau and saprophytic bacteria in stems after their application to seeds or
Knowles in 1978 (1) reflected reports in the early 1970s that the roots. Misaghi and Donndelinger (17) reisolated a rifampicin-
interior of roots contained bacteria. In their discussion, resistant mutant of one Erwinia sp. strain from cotton stems,
Balandreau and Knowles cited work of Old and Nicholson (19,20), flowers, and bolls stems after inoculation by vacuum infiltration
which in turn cited reports by Darbyshire and Greaves (5,11). of emerged radicles.
In 1973, Darbyshire and Greaves (5) stated, "as microbes inside Second, even as there is a continuum of root-associated
plant roots can probably affect the metabolism and particularly microorganisms from the rhizosphere to rhizoplane to epidermis
the exudation of the host plant, it would seem reasonable in and cortex, so is there a continuum from the endodermis to the
the future to consider them as part of the rhizosphere community." root xylem and to the stem. Campbell and Greaves (3) reflected
Old and Nicholson (19) reported internal populations of bacteria a commonly held view when they stated, "microorganisms in the
in a study using electron microscopy, and, based on their finding stele are almost invariably pathogens." However, saprophytic
of bacteria in root cortical tissues and in pits of the endodermis, bacteria are also found in the stele and can move to different
they supported modification of the rhizosphere concept to include plant organs. Bacteria have been isolated from the interior of
soil microorganisms that penetrate plant roots. healthy plants, including ovules (18), seed pieces, and stems of

The first published usage of the term endorhizosphere occurred potato (13); taproot of clover (22); roots of sugarbeet (14); and
as a section heading in a review on the rhizosphere (1); however, roots of alfalfa (7,8). With alfalfa, Pseudomonas spp., Erwinia-
no definition of endorhizosphere was proposed in this section, like spp., gram-positive strains, and other unidentified gram-
which discussed general bacterial and fungal invasion of root negative bacteria were consistently isolated from root xylem (7)
tissues. The first review that cited endorhizosphere was by Lynch at populations of logl0 3-4 cfu/g. The effects of 33 of these vascular
(15), who stated, "the root-epidermis-cortex zone, when colonized endophytes on plant growth were investigated in a separate study
by pathogens or non-pathogens, has been termed the 'endorhizo- (8). One strain induced a significant reduction in root development
sphere' by Balandreau and Knowles." As previously indicated, and yield, whereas another significantly increased both param-
Balandreau and Knowles did not define the term. Therefore, it eters. Hence, bacteria within the root stele, and therefore not
is unclear who should be cited as the original source of the term included in the current definition of endorhizosphere, may have
endorhizosphere and what the original definition is. In any case, the same positive effects on plants as rhizosphere bacteria.
the original idea of Darbyshire and Greaves (5) to consider The most extensive work with population dynamics of xylem-
microorganisms inside roots as part of the rhizosphere community inhabiting bacteria is found in the reports from Gardner and
was somehow transformed to consider only the microorganisms colleagues in 1982 (10) and 1985 (9) with citrus trees. Thirteen
specifically in the root epidermis and cortex. genera were represented among 556 strains, the most frequent

In addition to the semantical problem and historical confusion, being Pseudomonas (40%); Enterobacter (18%); and Bacillus,
we believe that the term endorhizosphere should not be used Corynebacterium, and other gram-positive bacteria (40%). Inocu-
for the following four reasons. lation of pruned roots with 19 randomly selected strains resulted

First, the proposed limitation of the endorhizosphere to the in significant growth inhibition of shoots by seven strains. Two
cell layers between the epidermis and endodermis is apparently strains induced a significant increase in shoot growth. These results
based on the premise that the endodermis forms an impenetrable further demonstrate that xylem-inhabiting bacteria may also be
barrier to bacteria. Several lines of evidence suggest that this beneficial to the plant and, therefore, are not always pathogens.
is not the case. In the process of lateral root growth from the In the past few years, several reports have been published on
pericycle to the epidermis of the primary root, the endodermis bacterial endophytes. Sunyun and Yanxi at Beijing Agricultural
and its Casparian strips are disrupted (4). Redifferentiation of University (24) reported that Bacillus spp., Xanthomonas spp.,
endodermal cells occurs between the parent and lateral roots; and Erwinia spp. were common endophytes of cotton infested

with the Fusarium wilt pathogen. At another university in China,
© 1992 The American Phytopathological Society Xiao et al (27) reported that endophytic bacteria could be isolated
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from stems and roots of cotton seedlings and that two endophytic and Plants. Y. R. Dommergues and S. V. Krupa, eds. Elsevier,
strains of Pseudomonas spp. provided biological control of Amsterdam.
Colletotrichum gossypii on cotton seedlings. Misaghi and 2. Bazin, M. J., Markham, P., Scott, E. M., and Lynch, J. M. 1990.
Donndelinger (17) isolated Erwinia sp., Bacillus spp., Clavibacter Population dynamics and rhizosphere interactions. Pages 99-128 in:

The Rhizosphere. J. M. Lynch, ed. John Wiley & Sons, New York.sp., and Xanthomonas sp. from surface-sterilized radicles, roots, 3. Campbell, R., and Greaves, M. P. 1990. Anatomy and community
and stems of cotton. Mclnroy and Kloepper (16) isolated 29 genera structure of the rhizosphere. Pages 11-34 in: The Rhizosphere. J. M.
of bacteria from inside surface-disinfested cotton and sweet corn Lynch, ed. John Wiley & Sons, New York.
roots and stems of field-grown plants. Bacterial diversity generally 4. Charlton, W. A. 1991. Lateral root initiation. Pages 103-128 in: Plant
declined during the growing season, and Bacillus spp. and Pseudo- Roots, the Hidden Half. Y. Waisel, A. Eshel, and U. Kafkafi, eds.
monas spp. predominated in mature roots and stems. Van Peer Marcel Dekker, New York.
and Schippers (25) demonstrated that growth reduction of tomato 5. Darbyshire, J. F., and Greaves, M. P. 1973. Bacteria and protozoa
seedlings in hydroponic cultures correlated with the extent of in the rhizosphere. Pestic. Sci. 4:349-360.
internal root colonization by endophytic fluorescent pseudo- 6. Dumbroff, E. B., and Peirson, D. R. 1971. Probable sites for passive

movement of ions across the endodermis. Can. J. Bot. 49:35-38.monads. Bacterization with plant-growth-promoting Pseudo- 7. Gagn6, S., Richard, C., and Antoun, H. 1989. Effet des bact6ries
monas sp. strain WCS417r counteracted this plant growth endoracinaires glaqog6 sur la r6sistance de la luzerne au gel. Phyto-
reduction and was accompanied by dense colonization of root protection 70:63-73.
interiors by WCS417r and a displacement of the indigenous endo- 8. Gagn6, S., Richard, C., and Antoun, H. 1989. Pourvoir pathog~ne des
phytic pseudomonads. Lipopolysaccharide patterns, cell envelope bact~ries endoracinaires de la luzerne. Can. J. Plant Pathol. 11:22-27.
protein patterns, and certain biochemical characteristics indicated 9. Gardner, J. M., Chandler, J. L., and Feldman, A. W. 1985. Growth
that endophytic Pseudomonas strains were distinct from responses and vascular plugging of citrus inoculated with rhizobacteria
Pseudomonas strains obtained from the root surface. Endophytic and xylem-resident bacteria. Plant Soil 86:333-345.
strains especially were able to recolonize the interior of roots 10. Gardner, J. M., Feldman, A. W., and Zablotowicz, R. M. 1982.
(26). Collectively, these reports suggest that bacterial colonization Identity and behavior of xylem-residing bacteria in rough lemon rootsof Florida citrus trees. Appl. Environ. Microbiol. 43:1335-1342.
of internal regions of the plant, including the vascular system, 11. Greaves, M. P., and Darbyshire, J. F. 1972. The ultrastructure of
is a common phenomenon. the mucilaginous layer on plant roots. Soil Biol. Biochem. 4:443-449.

Third, because the currently used definition of endorhizosphere 12. Hiltner, L. 1904. Ober neuere Erfahrungen und Probleme auf dem
is based on root anatomical boundaries, it is impractical for Gebiet der Bodenbakteriologie und unter besonderer Berficksichti-
investigations of microbial ecology involving isolation of bacteria. gung der Grundungung und Brache. Arb. Dtsch. Landwirtsch. Ges.
Isolation of internal root bacteria involves surface disinfestation 98:59-78.
followed by grinding and dilution plating. This process would 13. Hollis, J. P. 1951. Bacteria in healthy potato tissue. Phytopathology
obviously lead to isolation of xylem-inhabiting and cortex- 41:350-366.14. Jacobs, J. J., Bugbee, W. M., and Gabrielson, D. A. 1985.inhabiting (i.e., endorhizosphere) bacteria, as it is impractical to Enumeato n, loctio, an charactriation ond bActeriadissct ut o grnd nly he ortcal isses.Enumeration, location, and characterization of endophytic bacteria
dissect out or grind only the cortical tissues. within sugar beet roots. Can. J. Bot. 63:1262-1265.

Fourth, the term endorhizosphere is currently being used in 15. Lynch, J. M. 1982. Interactions between bacteria and plants in the
different ways, which adds to the confusion regarding what precise root environment. Pages 1-23 in: Bacteria and Plants. M. E. Rhodes-
ecological niche or group of microorganisms is under investi- Roberts and F. A. Skinner, eds. Academic Press, New York.
gation. One common usage of endorhizosphere is to describe those 16. Mclnroy, J. A., and Kloepper, J. W. 1991. Analysis of population
bacteria that are isolated from surface-disinfested roots after densities and identification of endophytic bacteria of maize and cotton
grinding (23), even though the definition cited by Lynch in 1982 in the field. Pages 328-331 in: Plant Growth-Promoting Rhizobac-
(15) restricts the endorhizosphere to the epidermis and cortex. teria-Progress and Prospect. C. Keel, B. Koller, and G. D6fago,
Bazin et al (2) recently defined endorhizosphere as "the region eds. IOBC/WPRS Bull. XIV/8:332-335.

17. Misaghi, I. J., and Donndelinger, C. R. 1990. Endophytic bacteriainternal to the root, within which microorganisms other than in symptom-free cotton plants. Phytopathology 80:808-811.
pathogens or symbionts occur." This definition alters the 1982 18. Mundt, J. 0., and Hinkle, N. F. 1976. Bacteria within ovules and
definition in two ways: by not restricting to the epidermis and seeds. Appl. Environ. Microbiol. 32:694-698.
cortex and by eliminating pathogens and symbionts as legitimate 19. Old, K. M., and Nicolson, T. H. 1975. Electron microscopical studies
members of the endorhizosphere. of the microflora of roots of sand dune grasses. New Phytol. 74:51-58.

20. Old, K. M., and Nicolson, T. H. 1978. The root cortex as part ofPROPOSAL a microbial continuum. Pages 291-294 in: Microbial Ecology. M. W.
We believe that the preceeding discussion adequately demon- Loutit and J. A. R. Miles, eds. Springer-Verlag, New York.

strates that there are problems in using the term endorhizosphere 21. Peterson, C. A., Emanuel, M. E., and Humphreys, G. B. 1981.
sufficient to create confusion in reporting research results. In an Pathway of movement of apoplastic fluorescent dye tracers through
effort to bring clarity to reports of investigations with root- the endodermis at the site of secondary root formation in corn (Zea
associated microorganisms, we propose to eliminate usage of mays) and broad bean (Viciafaba). Can. J. Bot. 59:618-625.

22. Philipson, M. N., and Blair, I. D. 1957. Bacteria in clover root tissue.endorhizosphere, both as a noun describing an ecological niche Can. J. Microbiol. 3:125-129.
and as an adjective describing microorganisms living inside that 23. Ruppel, S. 1989. Isolation and characterization of dinitrogen-fixing
niche. We believe that there is no need to create a new term, bacteria from the rhizosphere of Triticum aestivum and Ammophila
as clarity can be gained using existing terms. Hence, we would arenaria. Pages 253-262 in: Interrelationships between Micro-
continue to use the terms rhizosphere and rhizoplane to describe organisms and Plants in Soil. V. Vancura and F. Kunc, eds. Elsevier,
niches and microorganisms occupying niches external to roots. Amsterdam.
Microorganisms found inside roots could be referred to generally 24. Suyun, L., and Yanxi, C. 1989. Preliminary studies on the main groups
as internal root colonists and specifically as cortical colonists of microorganisms colonizing the vascular system of cotton plant

and their population dynamics. Acta Agric. Univ. Peking 15:326-or vascular colonists. Alternatively, these microorganisms could 329.
be called endophytes or endorhizal microorganisms. When using 25. van Peer, R., and Schippers, B. 1989. Plant growth responses to
the noun form for the plant niche colonized by these micro- bacterization with selected Pseudomonas spp. strains and rhizosphere
organisms, one could refer to interior tissues, the root interior, microbial development in hydroponic cultures. Can. J. Microbiol.
or inside roots. The precise choice of terms should be left to 35:456-643.
each researcher, and the chosen terms should be clearly defined 26. van Peer, R., Punte, H. L. M., de Weger, L. A., and Schippers,
or referenced in each report. B. 1990. Characterization of root surface and endorhizosphere pseudo-

monads in relation to their colonization on roots. Appl. Eviron.
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