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Plants in their natural environment must co-exist and
interact with many kinds of microorganisms. Where
phytopathogenic organisms are involved, their detri-
mental effects often can be easily recognized. Beneficial
effects also may be readily apparent as in the case of in-
teractions with symbiotic microorganisms (e.g., mycor-
rthiza, Rhizobium, etc.). However, many interactions
occur which involve neither obviously pathogenic nor
symbiotic associations. Botanists and microbiologists
are becoming increasingly aware of these less con-
spicuous associations, whose existence.is not readily
detected or measured. Gradually increasing recognition
of these inconspicuous plant-microorganism associa-
tions has led to the development of some useful con-
cepts such as “spermosphere,” “rhizosphere” and
“phyllosphere” to denote the botanical microhabitat of
particular microbial communities. The validity of these
concepts is supported by the repeated observation that
microbial communities often are characteristic for par-
ticular botanical microenvironments.

Recent reviews have dealt with various aspects of plant
root-microorganism (R-M) interactions, including their
initiation (11), escablishment (4) and manipulation (5),
and their significance in the ecosystem (10). Products of
soil microorganisms which may affect plant growth are
discussed in detail (9). The general subject of non-
pathogenic R-M interactions is discussed comprehen-
sively in a recent volume edited by Dommergues and
Krupa (8).

Cryptic Interactions and Plant Growth. The more
subile of “cryptic” R-M interactions which favorably af-
fect plant growth are of special interest because of the
possibility of manipulating the biological mechanisms.
involved to achieve consistent plant vield increases, as in
the case when a Rhizobium inoculant is used to increase
the yield of leguminous plants. However, many R-M in-
teractions differ from the classical legume-Rhizobium
N-fixing sysiems in various ways which reduce the pro-
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bability of their recognition. Their existence is not nor-
mally signalled by characteristic morphological
features, as in the case of symbiotic N-fixing nodules,
and the beneficial effects which accrue ro the plants are
reduced in magnitude. Effects often are noted as consis-
tent trends which in conventionally designed ex-
periments fail to reach statistical significance.

Despite the generally low magnitude and high
variability of measurable effects, plant yield increases
attributable to R-M associations are noted in various
types of experiments. There are at least two and prob-
ably more mechanisms whereby crvptic R-M interac-
tiuns beneficially affect plant growth. The most impor-
tant of these are kelieved to be nitrogen fixation (6) and
plant growth hormone production (5). Many common
soil microbes not only fix nitrogen, but also produce
biologically significant quantities of hormones which
affect plant growth and development. It is reasonable
therefore 1o assume that soils supporting plant growth
have an inherent, microbiologically-based potential for
the establishment of beneficial R-M associations. The
possible number of such associations may be large and
the full range of their nature and extent is completely
open to conjecture. The absence of associative microbes
which fix nitrogen and/or produce plant growth
substances, or their presence, alone or combined, in the
rhizosphere could result in a broad spectrum of plant
responses. One suspects that many such associations are
operative at a low level and such “cryptic” associations
may remain undetected until they are intentionally and
systematically sought.

Nitrogen Fixation as a Cryptic Interaction. Dobereiner
and Day (6) reviewed inftcrmation related to
“associative” nitrogen fixation by bacteria in the
rhizosphere of iropical grasses. It is generally believed
that associative nitrogen fixation is of greater
significance in the rhizosphere of grasses than of other
species, out definitive information on this point has vet
to be presented.
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This concept is supported bv recent studies of the
Azospirilium-grass association described initially by
Dobereiner and Day (6). The infection process in an ax-
enic (“without strangers”) Panicum-Azospirillum
systern has Bean studied by zleciron microscopy (13).
The bacteria readilv colonized the root surface but were
capable of only limited intercellular invasion of the root
cortex. The presence of weak bacterial pectinase activity
was implicated as a factor in the infection process. In a
subsequent study (15), root surface colonization events
were described. Selectivity in this R-M association was
observed in that azospirilla adsorbed in significantly
higher numbers to grass root surfaces in comparison
with other soil bacteria. Presence of azospirilla also
resulted in profuse root hair formation and increased
lateral root development, suggesting a hormonal
stimulus. This was verified (13) by the demonstration of
production of substantial quantities of auxin and lesser
amounts of cytokinins and gibberellins by the bacteria
and duplication of bacteria-induced root growth effects
by the addition of similar quantities of the pure com-
pounds to asepticaily grown plants.

Field inoculation experiments with several grass-
azospirilla systems have resulted in reasonably predic-
table increased yields of plant biomass (11). However,
nitrogen gains have been highly variable and usually not
statistically significant. These results are perhaps consis-
tent with what is known of colonization and infection of
grass roots by azospirilla, as outlined above. The
bacteria predominate on the root surfaces, so there is
low efficiency in the provision of an energy substrate
(photosynthate) for microbial nitrogen fixation and nc
direct mechanism for transfer of fixed nitrogen from the
bacteria to the plant. Conversely, the bacteria ara ideal-
ly situated to produce hormoile-induced root growth
enhancement, ultimately producing better plants and
higher yields. The interactions between the bacteria and
plant roots are obviously complex ard not recadily
amenable to conventional investigations.

Recent studies of this system using callus cultures
have yielded considerable information related to mor-
phological and physiological characteristics of this
rhizoplane interaction. In early studies (16), it was
shown that callus cultures of tobacco and some grasses
did not survive inoculation with Azospiriflum due to
overgrowth by the bacteria. The bacteria showed
nitrogenase activity as long as the cailus survived (about
one week) if the medium had little or no combined
nitrogen. Sugarcane callus cultures grown under simiiar
conditions were maintained with regular sub-culture for
more than 18 wmonths and showed appreciable
nitrogenase activity. Plantlets could be regenerated

from these cailus-bacteria associations. These vbserva-
tions suggest some specificity in the establishment of
this type of association which is defined by compatibili-
ty or balance of the biochemical traits of the wo
orzanisms.

Subsequent studies (3) of the sugarcane callus-
Azospirillum system have dealt with ultrastructure of
the association. The bacteria were predominantly
pleomorphic (of more than one form) on callus and
were strictly extracellular on viable callus cells. It was
speculated that callus cells occurring in tight groups and
lacking intercellular spaces may be required for
establishment of long-term associations.

In recent studies (2) it was found that Azospirillum
which had been reisolated from inoculated sugarcane
callus exhibited a severalfold increase in nitrogenase ac-
tivity. Bacteria grown aerobically (on callus surface or
on artificial N-free media) . were capsulated and
pleomorphic, leading to speculation that capsulation
might protect against unfavorable pO3 under N-fixing
conditions.

Significance and Implications of Cryptic Associa-
tions, The existence of such cryptic R-M associations
and our increasing awareness of possible beneficial ef-
fects on plant growth present some interesting prospects
for future studies. The plant-microorganism speciticity
frequently observed implies that facters influencing
their establishment and functioning are under generic
conirel. Indeed, it has been suggested that “associative”
nitrogen fixing systems are less frequent in hybrid
genotypes than in more primitive genotypes because the
former have been selected for maximum response to fer-
tilizer nitrogen. By this process, the genes controlling
unknown factors favoring the association could be lost.
Assuming the validity of this reasoning, it may be worth-
while to return to the primitive germplasm and breed
and select for genotypes showing maximum growth in
nutrient deficient natural soils.

Current efforts to obtain biological nitrogen fixation
in plants by direct genetic alteration of a specific plant
or microorganism have been discussed by Zobel and
Wallace (17). This manipulation of plant genetics to
enhance biochemical characteristics which favor the
natural colonization and functioning of beneficial or
“associative” microorganisms at the rhizoplane has a
distinct advantage. It removes the necessity to inoculate
plants with appropriare microorganisms in order to
achieve the desired growtn response.



The obstacies to achieving successful inoculation,
even in the well-defined Rhizobium-legume system, are
substantial. Recent experience indicates that informa-
tion successfully arplied to this system cannot be readily
extrapnlated to “associative” systems. where inoculation
has thus far proved unrewarding. The problem could
perhaps be solved by tailoring plants which
biochemically select for beneficial microorganisms at
the rhizoplane. The i.itial presence of such organisms
may in most cases be non-imiting due to their ubi-
quitous occurrence in agricultural soils. The primary
‘limitation may be the existence of soil conditions
generally favorable for reasonable plant growth.

Research which will define the principles and
establish the means of obtaining plant genotypes favor-
ing specific R-M associations has additional implica-
tions. The widespread occurrence and coraplexity of an-
tagonistic interactions between soil microorganisms is
well documented (1). Knowledge of such interactions
which result in the suppression of one organism by
another have been the basis for numerous attempts to
achieve biological control of phytopathogens. This ap-
proach has be=n unsuccessful in most cases, probably
due to failure of the antagonist (control agent) to
establish or function under non-controlled field condi-
tions.

It is conceivable that many plants naturally harbor
microbial communities at the rhizoplane which are
significantly protective by virtue of their ability to sup-
press potential phytopathogens. Elucidation of i.ie R-M
interactions involved in such systems could provide the
guidelines for developing plant genotypes with enhanced
ability to favor protective associations. These guidelines
would inciude identification of plant and microbial
traits which are important in establishing such interac-
tions and methods for their detection and assay in
breeding and selection programs.

The concept of developing plant genotypes having the
inherent ability to favor the establishment and function-
ing of beneficial root microflora need not be restricted
to “cryptic” R-M associations. The concept may be in
principle extended to enhancement of such obvious
classical systems as the mycorrhizal and Rhizobium-
legume associations.
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Determination of the walidity of the concept of
custom-made beneficial R-M associations (new or
enhanced) awaits the future ciose cooperative efforts of
plant physiologists and microbiologists.

REFERENCES

1. Baker KF, WC Snyder, eds, 1965 Ecology of soil-
borne plant pathogens. University of California
Press, Baerkeley

Berg RH, et al 1980 Appi Environ Microbioi
39:642-649

Berg RH, et al 1979 Protoplasma 101:143-163
Bowen GD, ID Rovira 1976 Annu Rev Phytopath
14:121-144 '

Brown ME 1974 Annu Rev Phytopath 12:181-197
Dobereiner J, JM Day 1975 In WDP Stewart, ed,
Nitrogen fixation by free-living micro-organisms.
Cambridge University Press, Cambridge pp 39-5¢
Dobereiner J, JM Day 1976 In V/E Newton, CJ
Nyman, eds, Proc Ist Intern Symp Na-fixation
interdisciplinary discussions. Washington State
Univ Press, Pullman pp 518-538

Dommergues YR, SV Krupa, eds, 1978 Interactions
Between Non-Pathogenic Microorganisms and
Plants. Developmenits in Agricultural and
Managed-Forest Ecology, Vol 4. Elsevier
Scientific Pub Co., New York

Lynch JM, LJ Audus 1975 CRC Critical Reviews
in Microbiology pp 67-107

Newman EI 1978 Biol Rev 53:511-554

Neyra C, J Dobereiner 1977 In NC Brady, ed, Ad-
vances in Agronomy Vol 29. Academic Press, New
York pp 1-38

Schmidt EL 1979 Microbiol 33:355-376

Tien TM, et al 1979 Appl Environ Microbiol
37:1016-1024

Umali-Garcia M, et al 1978 /n U Granhall, ed, En-
vironmental role of nitrogen-fixing blue-green
algae and asymbiotic bacteria. Ecol Bull, Stock-
holm 26:373-379

Umali-Garcia M, et al 1980 Appl Environ Micro-
biol 39:219-226

Vasil V, et al 1979 Zeit Pflanzenphysiol 95:141-147
Zobel RW, DH Wallace 1978 Hort Sci 13:679-682

had

bl

10.
I1.

12.

13.

14,

15.

16.
17.



Notice to Subscribers from Houston Baker. With regrets and for personal reasons I have resigned as Pubiisher of
WNPP. During my tenure I have given the publication credibility and a proressional image. its momentum shouid
carry it through the next few months as the burden shifts off my back and out of my basement.

Georgze Fritz has followed a worthwhile vision in starting and nurturing WNPP as a service 1o the community of plant
scientists. He and then we have run it at no profit for 11 volumes. :

-In years past, George offered WNPP to the Executive Committee of the American Society of Plant Physiologists to
help them meet their stated purpose of advancing the science of plant physiology. They did not accept it 2arlier
Lecause they then felt that WNPP lacked both an image adequate to their standards and a review board ro assure
quality in the articles published. As is self evident, WNPP has answered both requirements in the intervening 3 years.

In my opinion WNPP's last chance for long term survival lies with the American Society of Plant Physiologists. Since
most of you, WNPP’s subscribers, are members of ASPP, I suggest you pass your opinion on this issue to the ASPP
officers. Houston Baker, PhD.
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