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Azo4pirilua brasilense was reisolatzJ from associations with callus tissue 
cultures of sugarcane and compared with stock cultures of the inoculated bacte­
rium and related strains. Although the reisolate had a growth rate similar to stock 
cultures, it exhibited a neveralfold increa-e in maximum specific activity of 
nitrogenase. The reisolate and the parent culture had similar ultrastructure. The 
general ultrastructure ofAzospirillum is described. The bacterium was capsulated
when grown on nitrogen-free nutrient agar plates and on callus, but was not 
capsulated when growing in a subsurface zone in N-free semisolid nutrient agar, 
except rarely in aging cultures. Capsulation may be a protective mcchznism 
against unfavorable pO2 under dinitrogen-fixing conditions. Pleomorphisml oc­
curred in capsulated forms, and the ultrastructure of these forms is described. 

Azospirium brasi/ense (Spirl/m lxipo-
fenon, 29) was originally isolated from the rhi-
zoaphere of the tropical gram Diitariadec-n. 
bens (12) and has been suggested as a potential 
source of bogically fixed nitrogen for some 
nordeguminous agronomic crops (13, 26, 27). 
There is no consistent evidence that this bacte-
rium contributep significant amounts of nitrogen 
to plants with which it is associated (1, 9, 30),
despite some reports of enhanced plant growthdepie eldres of, e).A hn r-~thnthc pl
in field trials (8, 26). A more thorough under-
standing of the interaction between " bacte-
rium and higher plants under associative condi-
tions could provide information on how and 
whether it may be used more effectively in re-
ducing fertilizer demands for cetain crops. 

Stimulation of nitrogenase activity in Azo-
spiril/um grown in asociation with plant callus 
tissue cultures has been ;-,orted, and it hrts 
been suggested that the callus tissue provided 
organic acids that were utilized by the bacterium 
(10). We have recently described the establish. 
ment of long-term associations of Azospiriilum
with sugarcane tissue cultures and have dem-
onstrated considerable nitr3genaae activity in 
the associ2ted culttues (33). An ultrastructural 
study of the associetFons revealed luxuriant 
growth of the bacteria on the surface and in the 
intercellular spaces of the callus tissue (41. The 
present paper describes the growth, nitrogenase
activity (ARA), and the ultrastructure of the 
bacteria resolated from the associated cultures 
ofAzospirilum-sugarcane. Nitrogenase activity
of the reisolated bacterium was shown to be 
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appreciably, albeit temporarily, higher than that 
of the parent strain. 

MATERIALS AND METHODS 
Abbreviation.. The abbreviations used in this pa. 

per are as follows: ARA, acetylene reducing activity, 
LPS, lipopolysaccheride; PASH, periodic acid-silver 
hexamin.; PHB, poly-,O-hydroxybutyrete; and SNF. 
succinatenfnitroge e. 

Acetylene reduction. Sugarcane callus tissues were inoculated with A. brasi/ena rtrain 7 (ATCC
2914b), aW such asociated callus cultures were main­
tained for over 18 months by subculture e previously 
described (33). Two experiments were perforned to 
compare callus-associated bacteria with stock strains. 
In the first, bacteria were washed from callus pieces 
by shaking in sterile deionized water. This inoculum 
and that prepared to approximately equal optical den­
sity from stock Trypticaso any agar (BBL Microbiol­
ogy Systems) slants ofA. brasilensestrains 7and 13t 
. ere each implanted by loop into 12 screw-capped
tubes (13 by 100 mm) containing 3 ml of SDIF medium(0.05. ags, for formulation, see 31) and incubated at 
35C for 6 days. The screw ctipm on the tubes were 
replaced with serum stoppers, and 10% of the gas
volume was replaced with pure acetylene. Ethylene 
prt 4uction wea meamed 24 h later with a Varian 2400 
pas chromatopraph (31). The 12 tubes of each culture 
were then poold, and the brcterial cells were concen. 
trated and washed twice by centrifugation in sterile 
deioidzed water. The protein content of the pooled
Wl' was measured by the fluoreecamine methol (5)."',I-e use of 0.05% agar in culturea used for measuring

ARA was required to permit concentration of cells 
from multiple tubes for protein measurement. Com­
parative studies in SNF -nth either 0.3. 0.05. or 0.01% 
agr showed that growth and ARA in the 0.05% con. 
centration was equal or nuperior to the other concen. 
trations for all cultures ,ed in this study (unpublished 
data). 
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The second experiment was performed with A. 
brasilense reisolated trom asaociated callus cultures 
and maintained in SNF medium. Its growth and ARA 
were compared with.the parent stock strain 7 and to 
strain JMI25A2 (31)..Each of27 tubes containing 3 ml 
of SNF (0.05% agar) was inoculated with one 2-mm 
looptul of washed cell su.pension (10' to l0 nd-') for 
each culture. Cultures were incubated at 35*C, sets of 
9 being removed after 2, 3.and 4 days. The removed 
cultures were placed under 10% acetylene (see above), 
and three tubes each were incubated for 6, 121and 24 
h. Ethylene production was measured as above, and 
then the three tubes were pooled, centrifuged, and 
frezen at -20"C. Proteir. was determined on the 
pooled cells by the fluoreecAmine method. 

Growth studies, These were performed by a stag-
nant culture technique (20) in replicate 40-ml vaccine 
vials containing 5ml of medium (the high phosphate 
medium of Okon et aL [20]. containing L-malate, 2 g 
liter; KNO. 50 mg liter' rs sta-ter N; mAd lonagar 
no. 2,0.06%, was used). The 0.05% agar produces an 
oxygen gradient in which the nitrogen-fixing Azospi. 
rifum isolates grow, at reduced oxygen tension, just 
below the surface ol the medium. Inoculum was pre-
pared from 24-h cultures (30C) in Trypticase soy 
broth wit.out dextrose (BBL Microbiology Systems) 
by washlug twice, with centrifugation and resuspen-
&ionin phosphate buffer (66mM, pH 6.8). Cells were 
resuspended to give a density of ca. 0.8 optical density 
units, and 0.1 ml was added to each vial with miin-. 
Vials were incubated statically ina aterbathat30C, 
At each of several incubation intervals (see Results), 
three replicate vials were removed, cotton stoppers 
were replaced with seunm stoppers, and 10%of the gas 
volume was reglaced with acetylene. Great care was 
taken to avoid disturbing the zones of subsurface 
growth, since mixing caused cessation of ARA. After 
I h of incubation (30°C), the vials were shaken, and 
samples of gas were withdrawn and assayed for eth-
ylene. Growth was followed by measuring the absorb­
ance at 560 nm of each viaL After determining the pH, 
the vials were frozen at -20"C. Two of the three 
replicate frozen vials from each set were later thawed, 
pooled, and assayed for nitrogen by the micro-Kjc;,aM 
method. 

Electron microscopy. Plate cultures were exposed 
to fumes from a stock solution of osmium tetroxide 
(4%aqueous solution) for 5min, after which they were 
gently flooded with half-strength Karnovsky (17) fix­
&tive at room temperature and buffered in 0.1 M 
sodium cacodylate (pH 7.3). After 1.5 h, the plates 
were rinsed in the buffer, and colonies were gently 
removed from plates with a spatula and placed in a 
solution of 2% osmium tetroxide in the same buffer. 
After 1.5 h. the postfixative was carefully removed, 
and colonies were rinsed thoroughly in distilled water 
and then embedded in 2% agar. Bacteria in N-free 
culture tubes were pelloted and resuspended in the 
same fixative used for plate cultures. After the post-
osmium rinse, the pellets were embedded in 2% agar 
and processed, as were the agar-embedded whole col-
onies. Dehydration in a graded ethanol-acetone series 
included 15 h in 76% ethanol containing 2% uranyl 
acetate. The tissue was embedded in Spurr (28) plastic. 
Sections were postatained in uranyl and lead salts (25) 
and viewed in a Hitachi HU-1IE,HU-I1C, or Jeolco 

JEM IOOCX transmission electron microscope. 
The PASH stain for polysaccharide was performed 

on thin sections essentially a-. -cornmended by Pick­
ett-Heape (23). Light gold sections were cut, picked up 
on 300-mesh nickel grids, and oxidized in 1%periodic 
acid for 10 min at room temperature. After washing, 
sections were stained at 60*C for 20 to 30 min with 
silver hexamine reagent (11) and then treated with 1% 
Kodak finer for 0.5 to 1.0 min to remove nonspecific 
staining. Sections were stained for 1 rin with lead 
citrate or viewed without poststaining. A fine-grained 
silver deposit %as obtained over polysaccharide-con­
taining region,. For freeze-fracture studies, selected 
colonies from the plates used for standard fixations 
were removed, after rinsing off the primary fixative, 
and soaked in 20% glycerol for 20 to 30 min.They were 
frozen in liquid Freon.22 and then in liquid nitrogen, 
arA freeze-fractured in a Balers BA 360M freeze-etch 
device (18). 

RESULTS
 

ARA. Comparison of the ARA of bacteria 
isolated from callus tissue with the parent A. 
brasilensestrain 7 and with strain 13t (Table 1) 
showed appreciably higher values for the callus 
reisolates than for either of the stock strains. 
Callus-associated bacteria before maintenance 
on artificial medium had three- to fivefold highi­

-specific activity (nanomoles of C2H, hour mil­
ligrm of protein - ') than stock strains. WhMis 
callus-associated bacteria were (sola ed and cal­
tured in 3-nl SNF tubes, similar compar.ioas 
with A. brasilensestrains 7 and JM125A2 were 
obtained (Table 2). The specific ARA of the 
reisolate was three- to eightfold higher than that 
for the other two strains. Standard deviations 
demonstrate high ARA variability for a given
 

isolate (Tables Iand 2). This is probably due to 

difficulty in keeping the subsurface growth band 
intact during processing for the acetylene reduc­
tion assay. Disturbance of the band exposes the 

TABLE 1. Specific acetylene reduction activities of 

Azospirillum: sgarcane callus iolate compared to 

Culture Mean runal of 
C1% h"(tube) -' 

Mgof
protein/ 

tube 

C1H, 
(mol 

protein"o 
_ _ _ _ _ _ _ 

13t 12.79 (+2.78)' 0.060W" 211 
7 

Callus isolate 
8.61 g±2.05) 

38.71 (±10.13) 
0.0727 
0.0637 

118 
608 

*Incubated 6 days in SNF culture tubes (0.05% 
agar), 35°C. Inoculum: stock cultures of str-ins 7 and 
13t and cells washed from callus pieces. 

"Average (and unbiased standard deviation) of 12 
3-nd SNF culture tubes after 24 h under 10%acetylene 
in air. 

'Determined with cells pooled by centrifugation 
from 12 SNF culture tubes, by the fluorescamine 
method (5). 
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TABLE 2. Specific acetylene reduction activities of 
Azospirillum strains 7and JMi125A2 and callus 

isolate with standardized inocula" 

CH, h-'Mean nmol of 
Culture CIL.h-' (Avg Prten(m ImoofCuhu Proein nolC H h-'(av mg

of 3 tubes) tube- ofpmtein') 

JM12A 8.29 (±6.54)' 0.0544 (±0.0172)' 153 
­

7 2.89 (±2.45) 0.0490 (±0.0165) 59 
Callus mo. 37.39 (±5.42) 0.0797 (:0.0172) 469 

*One 2-mm loopful of auspmsion (10' to l0e ml') inocu. 
Iated into each 3 ml of SNF apr (0.05% agar). 

6 D are averagesof three SNF cultun tubee each ancu­
bated fo 2. 3, and 4 days at 350C, nd expos to 10% 
acetylen in air ftc 6. V2. and 24 h (standard deviation based 
an nine data pointb for CH, reduction). Hourly rates of CH. 
production did not vary conaistcrtly with incubation ages and 
hours exposed to CHt. 

'Determinations by fluorescamine method made on cells 
pooled by centriuation from three replicate tubes. 

oxygen-sensitive nitrogenase enzyme to subop-
timal concentrations of oxygen. The bacteria 
isolated from callus, whether at the vibrioid or 
C-form stage, were pure and identical to strain 
7 microscopically and in colony form and devel-
opment. 

Growth studies. Growth rate as followed by 
changes in optical density at 560 nm was very 
similar for the callus reisolate and A. brasilense 
strain 7 (Fig. 1). The much larger increase in 
fixed nitrogen recorded for the callus reisolate 
between 10 and 36 h (Fig. 1) compared with that 
ofA. brasilense strain 7 correlates well with the 
higher nitrogenase activity (ARA) of the callus 
reisolate at 22 and 36 h of growth (Fig. 2). The 
fact that this higher nitrogenase activity is not 
reflected in a higher growth rate for the callus 
reisolate would indicate that some factor other 
than nitrogen, perhaps oxygen, is limiting 
growth. The callus reisolate slowed a peak ARA 
(at 22 h) about threefold that of strain 7 (at 36 
h). The alkalinity in broth cultures increased 
steadily over te 60-h incubation period, from 
pH 6.95 at 10 h to pH 7.8 at about 60 h. Two 
additional experiments gave similar results. 

Ultrastructure. Ultrastructural studies of 
whole colonies fixed in vitro to allow q'iantita­
tive assessment of bacterial growth forms failed 
to indicate that the enhanced ARA of the reiso-
late was based on structural differences as com-
pared with stock cultures. The structural fea-
tures described below are similar for the reiso-
late and stock cultures. 

When grown on plates with SNF medium, i.e., 
when fixing nitrogen in the presence of atmos-
phric p0 2, the bacterium produced a capsule
(Fig. 3), giving a cellular morphology referred to 
here as C-forms. Capsulation was heaviest in 
cells near the surface of the colonies. This was 
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Fia. 1. Growth ofAzospirillum strain 7 and callu. 
isolate in stagnant culture (20) containing 50 mg of 
"starter" KNO, per liter. Each point on optical den. 
sity curve is average of three cultures; vertical bars 
represent sendard deviation ofthemean. Each value 
on N curve is one-half that determined on two pooled 
cultures. Symbols: 0, OD of strain 7; 0, GD of callus 
isolate; A, nitrogen content of strain 7; A, nitrogen 
content of callus isolate. 
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Fia. 2. Acetylene reduction byAzospirillum strain 

7(0) and callus isolate (0) in stagnant culture CI)
containing 50 mg of starter KNO., per liter. Each 
point is average of determinations on three cultures;
vertical bars represent standard deviation of the 
mean. 

especially obvious as cultures on N-free media 
aged, and it resulted in a nearly continuous layer 
of C-forms across the surface of the colonies 
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FIG. 3. Thin section ofAzosqpirillum strain7 colony grown on a SNFplate or 48 h. Bacteriaar'ecapsulated 

(C.[orms)and contain PHB.Markerrepresents5 g. 
FIG. 4. Thin section of Azospirillum strain 7 colony grown on a plate containingSNF plus 0.25% NHsCI. 

Only a portion of this 48-h colony is shown. The bacteria are noncapsulated (V.forms) and lack APHB. Marker 

represents 2 jun. 
Fir- 5. Thin section of heavily capsulated risolate cells at the .surfaceof an 8.da.v-old colony grown ,lna 

SNF platr. Marker represents 2 gro, 
FIG. 6. Azospirillum strain 7 cells grown in SNF culture tubes for 60 h. No capsule is formedi. Marker 

represents I pm. 
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(Fig. 5). After this, cells in the interior of colonies 

also became more heavily capsulated. Size and 

shape changes in the C-forms are described later. 

Cells grown in culture tubes containing 3 ml of 

SNF did not produce a capsule during active 

growth %Fig.6). The cells &rewin a zone located 

below the surface of agar, presumably at the p02 

optimal for growth under nitrogen-fixing condi-

tions. 
PASH staining for polysaccharides 	revealed 

materialthe extensive nature of the capsular 
(Fig. 7). The cell wall of Azospirillum is known 

to be gram negative. This was also true for C-

forms (Fig. 8), where the capsule was shown to 

be external to ti e LPS layer. That the LPS layer 

was intimately associated with the capsule was 

e,"lent in plasmolyzed cells where it remained 

tigitly aLtached to the capsule (Fig. 9). 
On SNF plates supplemented with combined 

nitrogen (0.25% NILCI), rapid growth occurred 

of highly modle vibrioid cells which .lacked a 

capsule ("V-forms," Fig. 4). The lack of capsu-
verified with PASH staining. Thelation was 

cytoplasm of C-forms contained large amounts 

of PHB, but cells grown en combined nitrogen 

appeared to have less (Fig. 4). The bacterium 

was found to be highly aerobic when grown on 

combined iiitrogen, and smooth, round, white 

colonies dev eloped rapidly. When fidng N2, the 

bacterium was microaerophilic, and its growth 

was slow, resulting in smaller, inegular white 

colonies. Older colonies developed pink pigmen-

tation. 
The ability of C-forsfi, of Azospirillum to fix 

has not been shown. This is because theyN, 
were always found mixed with other forms of 

the bacterium and were difficult to separate. 

Also, they were most abundant in old cultures 

'grownon N-free media where conditions such as 

pH were no longer conducive to nitrogen fixa-
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tion. Thus, C-forms found in older (greater than 

2 to 3 days) cultures may differ from simpler C­

forms in respect to N2 fixation. 
When A. brasilense was grown on solidified 

SNF or other N-free medium, initial growth 

appeared as motile V-forms, approximately 1 by 

3 pin in wet mounts. However, thin sections (Fig. 

3) showed some of these to be capsulated (C­

forms). As these cultures aged, C-forms ap­

peared in a variety of shapes and sizes: from 

enlarged vibrioids (1.5 by 3.0 pm to 3 by 4.5 pm) 

to spheres (2- to 4-pm diameter). This was ac­

companied by a gradual loss of motility. Thin 

sections of the intermediary stages showed them 

to contain progressively fewer flagella and more 

cells per C-form, be it vibrioid or sphere. Some 

of the described forms are illustrated in Fig. 10 

(wet mount). Refractile PHB granules were 

found in abundant quantity in pleomorphic 

forms (Fig. 10). 
Spherical formn (C-forms) of a large diameter 

(5 to 8 pm) predominated in week-old cultures, 

and at this stage many pleomorphic 	cells could 

be found in each sphere. Heavy capsulation gave 

the C-forms a particularly adhesive nature, caus­

ing the formation of large, macroscopic clumps 

of cells (Fig. 11). Aging of cultures in N-free 

culture tubes was accompanied by the formation 

of large numbers of pleomorphic forms, some of 

which were capsulated. 
Wet mounts of young A. brasiliensecultures 

grown on N-rich media showed virtually a pure 

culture of highly motil2 V-forms (general dimen­

sions, 1 by 3 pm). As these cultures aged, com­

bined nitrogen was depleted, the pH increased, 

and growth was slowed. At this stage most of the 

cells in the colony died. However, a small num­

ber of the advanced (i.e., large, multicelled, and 

spherical) pleomorphic forms were found in 

these cultures. 

FIG. 7. PASH stainingof a reisolateC-form showing the extent ofthe capsule.Finegranularityrepresents 

silverdepositedoerpolysaccharide-containing regions. Ten-minute period.c acidplus 30-min silverreagent. 

Tangentialsection.Markerrepresents 0.5 jm. 
FIG. 8. Gram-negativecell wallstructureof two adjacentreisolateC-forms.The cellmembrane (whitestar) 

isobscuredby peptidoglycan. The LPS (blackstar)hasa nonstainingregionon its outersurface.The capsule 

(C) is externnl to the LPS. Markerrepresents0.1 pm. 
FIG. 9. Degeneratingreis late C-form. The plasmolyzed cell membranehas separatedfrom the LI'S which 

remainsattachedto the capsule.Marker represents0.1 pm. 
FIG. 10. Wet mount of a4-day-old Azospirillum strain 7 culturegrown on a SNFplate.As cultures age C­

lbrms become less motile and vary in size and shape as shown here. Oil immersion, bright field. Marker 

represents 6pm. 
Wet mouhts of cultureof Fig.10 at 7 days of age.At this stage, C-forms become largeandrounded

FIG. 11. 
andcontainseveralcells. Heavy capsulationcausesthese cells to adhereinto largeaggregates.Oil immersio,., 

brightfield.Marker represents6pm. 
FIG. 12. The extracellularanastomosingtubules shown here (embedded in the capsule)were found in an 

occasionalC-form. Marker represents0.5 pm. 
FIG. 13. Highermagnificationof Fig.12 showing the tubules to be extracellutar to the intactLPS. Marker 

represents0.1 pmn. 
FIG. 14. Freeze.fracturereplicaof tubules asfound in Fig.12. Marker represents0.1 pm. 
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In some C-forms an array of anastomosing 
tubules was found embedded in the capsule (Fig. 
12 to 14). With the LPS in transverse section 
(Fig. 12 to 13) the tubules were in transverse 
section and were external to the intact LPS, 
indicating they were nol a fixation artefact of 
the LPS. These tubules were never found clearly 
attached to the LPS. When the section was 
oblique to the LPS, the spatial distribution of 
the tubules was evident (Fig. 12). In this case, 
they appeared both in transverse and longitudi-
nal section and also appeared to merge with the 
cytoplasm. The tubules stained similar to the 
LPS, which stained positive with the PASH 
stain (Fig. 7). With normal staining there was a 
nonstaining area immediately external to the 
LPS (Fig. 8, 13). The tubules also had a similar 
nonstaining region. The tubules are further il-
lustrated in a freeze-fracture replica (Fig. 14). 

DISCUSSION 
The enhanced nitrogenase activity (ARA) of 

an A. brasilensestrain cultured in association 
with sugarcanc callus, although transient, may 
have material significance for energy conserva-
tion. Previcus studies have shown only sporadic 
improvements in crop yield offorage grasses and 
cereals due to the presence of free-living N2­
fixing bacteria such as Azotobacterpaspali(13) 
and Aospirillum (13, 26, 27). Furthermore, for 
both genera, phytchormones produced by the 
bacteria have been implicated as growth stimu-
lants (2,6,30). Despite these cautionary findings, 
the proven, stable capacity of Azospirillum to 
fix nitrogen in pure culture and its wide occur-
rence in the rhizospheres of a variety of grass 
genera (15, 31) make it an attractive candidate 
for supplementing nitrogen nutrition in nonle-
guminous crops. The finding that Azospirillum 
can grow and persist on callus tissue cultures in 
N-free medium for many months offers an open-
ing for research on potential improvement of 
bacterium-plant aseociation. The elevated nitro-
genase activity of the bacteria suggests a selec-
tion related to plant tissue effects. It remains to 
be shown that the bacterial persistence and en-
hanced activity seen in associated tissue cultures 
can be translated or manipulated to improve 
plant growth. 

The ARA of strain 7 recorded herein lower 
than those noted by Okoit et al. (22) and by 
Nelson and Knowles (19) may be attributed to 
differences in technique or changes during stock 
culture maintenance. Recent batch and contin-
u us liquid cultures maintained under strictly 
controlled conditions in our laboratory have 
given results comparable to those of the cited 
workers. In any case, the significantly higher 
rates of ARA by the callus-associated strain 

APPL. ENVIRON. MICROBIOL. 

were obtained under identical conditions for test 
and stock cultures. 

It is not evident how callus association im­
proved the ARA of A. brasilense.The bacterial 
activity involves a dilemma: 02 is an absolute 
requirement as a terminal electron acceptor in 
providing adenosine triphosphate for both 
growth and for nitrogenase activity in N-free 
medium. At the same time, the nitrogenase is 
highly sensitive to inactivation by 02. This ge­
nus, unlike Azotobacter, appears to have no 
innate anatomical protection of the enzyme 
against 02. The sugarcane callus obviously pro­
vides adequate nutrition and oxidizable sub­
strate for the bacterium. However, the bacteria 
grew exclusively in the intercellular spaces and 
on the surface of the callus, such that the plant 
tissue by itself did not evidently provide 02 
limitation. The formation of capsulated, bacte­
roid-like structures surrounded by a thick layer 
of carbohydrate-like polymer, here reported for 
the first time, suggests an adaptation wi-ich 
could control 02 flow to the adenosine triphos­
phate-generating system and protect nitrogen­
ase. Capsulated bacteria were rarely observed in 
liquid or deep agar cultures, and then only as 
aberrant forms in old cultures in N-free medium. 
However, C-forms were found to develop on 
surface-spread, N-free nutrient plates, whereas 
in tube cultures of N-free medium they occurred, 
if at all, only in very old cultures. Even mild 
disturbance of cultures in soft agar deeps de­
stroyed ARA. In contrast, shaking cultures at a 
suitably low PO2 enhanced ARA (21). These 
observations are consistent with the hypothesis 
that capsulation regulates 02 flow to N-fixing 
cells. 

It is conceivable that the callus may provide 
nutritional conditions which also enhance nitro­
genase activity. Similar effects have been sug­
gested for Rhizobium on soybean callus (3) and 
for Azospirillum on several callus tissues (10). 
The latter, however, occurred only when the 
cult-re medium was supplemented with a pen­
tose. Our earlier work (4, 32, 33) has demon­
strated prolific growth of Azospirillum and ac­
tive ARA without pentose supplement. The en­
hanced ARA of callus-associated bacteria re­
ported herein did not involve addition of pen­
toses to the medium. 

Pleomorphic forms of Azospirillumhave been 
previously reported (14, 16, 29; Tyler et al., 
Abstr. Int. Symp. N2 Fixatio-a, Brasilia, Brasil, 
p. 349-350, 1977). Generall:,, the forms have 
been described as helices, chains of vibrios, swol­
len rods, and medium to large ovoids, which 
developed in old cultures, notably in N-free me­
dium. The suggestion that the ovoid forms may 
be equated with the cysts of Azotobacter and 
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related genera (16) was not confirmed by ourstudy. The C-forms differ from Azotobactercst .(logical 
cysts (24) morphogenically and morphclogically. 
We have no evidence that the C-forms are rest-
ing or dormant forms of Azospirillum. Further 
elucidation of the genesis and the potential role 
of the C-form is being investigated. 
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