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New and Unusual Microorganisms and Niches

Stem-Nodulating Rhizobia
B. L. DREYFUS, D. ALAZARD, anp Y. R. DOMMERGUES

1ab. de Microbiol

In symbiosis with Rhizobium sp., most legu-
minous plants form nitrogen-fixing nodules on
their roots. Only a few legume species also bear
nodules on their stems. Stem nodulation was,
first reported in Aeschynomene aspera (17), A.
paniculata (28), and Neptunia oleracea (25) and
later in A. indica (2, 30, 29), A. elaphroxylon’
(19), A. evenia, and A. filosa (4). .

Recently, Dreyfus and Dommergues (10, 11)
reported the discovery of profuse stem nodula-
tion in Sesbania rostrara, a fast-growing annual
tropical Jegume which can reach a height of 3 1o
5 m within 3 to 4 months. The stem nodules of S.
rostrata were found 1o actively fix Nj and to be
induced by a specific strain of Rhizobium sp.
able to form nodules on both stem and roots.
Stem-nodulating rhizobia have also been isolat-
ed from stem nodules of A. aspera (26), A.
indica (14; D. Md, unpublished data), A.
afraspera, A.'crassioaulis, A. elaphroxylon, A.
schimperi, A. sensitiva (D. Alazard and B. L.
Dreyfus, 5th Int. Symp. Nitrogen Fixation,
Noordwijkerhout, The Netherlands, 1983), and
Nepunia oleracea (B. Dreyfus, unpublished
data). Stem nodulation has been reported in
other Aeschynomene species, namely, A. denti-
culata, A. pratensis, A. rudis, and A. scabra
(4). )

All known stem-nodulated legumes belong to
the three genera Sesbania, Aeschynomene, and
Neptunia, and have in common the ability to
grow in waterlogged soils. In nature, the stem
nodules of these plants are often restricted to the
submerged stem and just above the flood water
level.

The aim of this paper is to review the available
information on stem nodulation, with special
emphasis on the unusual properties of the infect- .
ing rhizobia. .

STEM NODULATION SITE

The most distinctive characteristic of al} stem-
nodulating legumes is the presence of predeter-
mined nodulation sites oa the stems. The forma-
tion of these sites is independent of the
Rhizobium infection. Until recently, the nature
of the nodulation site was not clearly defined.
Some authors have proposed that it is a lenticel
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in §. rostrata (11) and A. paniculara (28). Others
have suggested that infection occurs on emerg-
ing adventitious roots appearing on submerged
stems (2, 17, 26). Recent studies show that the
infection is always initiated at the base of pre-
formed incipient primordia on the stem. These
primordia are in a dormant state, most likelyasa
result of a phytohormonal effect. Depending on
the host plant, either they remain under the
cortex or they are hidden by an external struc-
ture (lenticel or epidermal dome) or slightly
pierce this structure, showing a protruding dor-
mant apex. Anatomical stndy shows that these
dormant, protruding or hidden primordia exhibit
a typical root structure, a fact confirmed by the
ability of these primordia to develop into adven-
titious roots when stems are immersed in water
(13, 14). For that reason we call these structures
dormant root primordia or root primordia. We
shall see later that the distinction between pro-
truding and hidden root primordia is important
because this character governs the host sensitiv-
ity to rhizobial infection.

In §. rostrata (Fig. 1A) nodulation sites are
distributed evenly in three or four vertical lines
all along the stem (11, 13). The root primordium
always pierces the stem epidermis, emerging 0.1
10 0.3 cm from an epidermal dome and forming a
circular fissure (Fig. 2). Since the root primordia
are protruding, the acrial infection by Rhizobium
sp. occurs readily, producing the nitrogen-fixing
nodules. The nodulation sites of S. rostrata are
formed continuously throughout the growth of
the stem dnd remain sensilive to Rhizobium
infection during the whole life of the plant. In the
absence of Rhizobium infection, the dormancy
of the root primordia can be broken by immers-
ing the stem in water, which induces adventi-
tious roots, as indicatéd above, or by placing an
internodal stem cutting into a nutrient medium
(M. Barreto, personal communication). In the
latter case, the upper primordium of the cutting
develops into a shoot bud, indicating the triple
potential of the nodulation site.

The genus Aeschynomene includes species’
with podulation sites ranging from the Sesbania
type with protruding root primordia 1o the hid-
den root primordia type. Stem-nodulated Aes-
chynomene can be divided into three subgroups.
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S 1o51 the most evolved type. with a profusion of

FIG. 1. Different types of st dulated leg (A
dules distribited along scal lines. (B) A. afrasperd

» also an evolved type of stem-nodulated legume, with
profuse nodulation. (C) A. elaphroxylon, the least evolved Aeschyromene sp.. with a few nodules at the base of
the stem. tD) N oleracea, with nodules occurring only on developed adventitious roots formed at the level of the
stem node. In alf cases the bar represents 0.5 cm.

infection site of S.
The oot primordium always p des through the
cpidermis, forming a fissure that can be subsequently
invaded by rhizobia. The bar represents 25 um. From
Duhoux and Dreyfus (13).

Subgroup 1 comprises species with the most
evolved root primordia, as susceptible to infec-
tion as those of S. rosirata. A. afraspera is of
this type (Fig. 1B) (D. Alazard and E. Duhoux,
unpublished data). - A
Subgroup 2, which can be considered as inter-
mediate between subgroups 1 and 3, comprises
species with root primordia less developed than
those of subgroup 1. The root primordia scarcely
penctrate the epidermis and are often located in
the center of lenticels. Two typical species of
this subgroup are A. scabra (14) and A. indica
{14; Alazard and Duhoux, unpublished data).
Their root primordia are still accessible to Rhi-

. zobium infection, and these species nodulate,

though less readily than S. rostrata or A. gfra-
spera. A. paniculata and A. sensitiva (14, 28)
probably also belong to the same subgroup. Like
A. scobra and A. indica, A. paniculata was
reporied to have lenticels (28).

Subgroup 3 comprises species with the Jeast
evolved root primordia. Two typical species are
A. crassicaulis and A. elaphroxylon (Fig. 1C),
the latter species being an aquatic tree (26;
Alazard and Duhoux, unpublished data). In
these species, stem nodules dre restricted to the
lower and submerged section of the stem, where

:the conditions break the dormancy of the root
“primordia and induce their development into

adventitious roots susceptible to rhizobial infec-
tion,

In contrast 10 S. rostrota and all the Aeschy-
nomene species mentioned above, the nodula-
tion sites of N. oleracea are located only in the
vicinity of the stem nodes. When the plant grows
on drained soils, the root primordia remain
embedded in the stem cortex and no nodules are
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formed. When N. oleracea grows in waterlogged
soils, the stems float at the surface of the water,
and the root primordia pierce the stem epidermis
and develop into typical adventitious roots,
whiclyare then susceptible to infection by Rhizo-
bium sp. Nodules are usually found at the base
of these roots (Fig. 1D).

Thus, differences in the structure of the nodu-
lation site appear to explain the variations ob-

.served in the stem-nodulating ability of different

species. Stem-nodulating legumes form a contin-
unm between those with the most developed
root primordia (e.g., those of . rostrasa and A.
afraspera) and those with the least evolved ones
(those of A. elaphroxylon and N. oleracea).

STEM INFECTION BY RHIZOBIUM SP.

Root nodulation has been very well docu-
meated (e.g., in Dart’s excellent review [8]), but
it is only recently that studies on stem nodula-
tion have been initiated. Since these investiga-
tions concerned mainly S. rostraza (27) and little
is known about the infection process in Aes-
chyno and Nept P , the present
discussion will be devoted mainly 10 the devel
opment of stem nodules in S. rostrata.

Before dealing with this specific topic, it is
necessary.1o review briefly our current knowl-
edge on the initiation of root nodules. Two
different types of root infection by Rhizobium
sp. have been reported for root nodules. In most
leg pecially temperate , the in-
fection process starts in root hairs, with the
formation of an infection thread. The infection
thread containing the Rhizobium cells passes
through the root hair into the root cortex. After
the infection threads have d the meriste-
matic cells of the cortex, the rhizobia are re-
leased into the cytoplasm of the host cells (8,
22). The second type of root infection observed
in & few tropical legumes, such as Arachis
hypogaea (6), starts by direct intercellular infec-
tion. The rhizobia penetrate at the lateral root
junctions between the basal cells of root hairs
aod proliferate between these cells, forming
intercellular zones of infection. This intercellu-
lar phase is followed by an intracellular invasion
which starts with the invagination of the plant
cell wall. Infection threads are not formed. The
intracellular infection then develops by succes-
sive divisions of host cells, with each daughter
cell receiving the rhizobia (1, 6). Similar to the
Arachis type of infection is that of Stylosanthes
(7). where direct cell invasion occurs but root
hairs are not involved and rhizobia do not form
intercellular zones of infection as in A. hypo-
gaea (7). The Arachis and Stylosanthes (both in
the same tribe as Aeschynomene) types of infec-
tion thus differ from the typical temperate le-
gume infection by two characters: absence of
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root hair penciration and absence of infection distributed at random along the stem and
threads. branches. Dust seems to play a significant rolein
In S. rostrase (27) the thizobia reach the base  the nodulation of stems, as plants that grow
of root primondizm through the fissure encir-  aloag dirt rowds are generally more nodulated
cling it. This fissure provides an optimal micro-  than other plants. Other vectors that may be
environment for the appropriate specific Rhizo-  significant include insects and rain. Since only
bium sp. whicheolonizes i. Nodule genesisthen  some of the nodulation sites are spontaneously
consists of three distinct stages. infected, the number, and quently the toial
(@ Intercelivlar infectiom. The rhizobia pene-  weight, of stem nodules varies from one plant to
trate the intercelhwlar space of the root primordi-  another. Inoculating the stems greatly increases
um basal cells where they multiply in large the number and weight of stem nodules of §.
numbers, forrmmg pockets of infection (Fig. 3).  rostrata, so that nearly all the podulating sites
At the same time, differentiation of some corti-  re nodulated (Fig. 1A).
cal cells of the soot primosdium occurs through Inoculation of Aeschy sp. of subgroup
an activating mechanism which is still not 1 always results in significant improvement of

known. The resalting meristematic cells are then
infected by the rhizobia. No root hairs have
been observed cither in the fissure or on the root
primordium.

(i) Development of infection threads, The large
intercellular pockets (up to 50 Rhizobium cells
wide) progressively get narrower and narrower
in a funnel-like manner, ending in an infection
thread (one or two cells wide) which divides and
penctrates the meristematic cells.

nodulation. Repeated and heavy inoculation is
required for maximum nodulation of Aeschy-
nomene sp. of subgroups 2 and 3.

MATURE STEM NODULE AND ITS
- LEGHEMOGLOBIN CONTENT

Two days after stem inoculation, there are
structural changes in the root primordia of S.
rostrata (27). Within 1 week, one can recognize
the typical morphology of nodules and detect

(i) Intracelsiar infection. Rhizobia are re- acetylene reduction activity (11). Stem nodules
leased from the infection threads into the cell  of S. rostrata ase generally spherical, sometimes
cytoplasm and are promptly individually sur- irregular. Except for their green chloroplast-
rounded by the membrane envelope (Fig. 4). At containing coriex, they resemble typical round
this stage (4 10 § days afier inociilation), the or oval root nodules found on Glycine max or
rhizobia (then at the bacteroid stage) begin to fix  Vigna unguiculata (11). Their diameter ranges
N, symbiotically, and the nodule exhibits the from 0.3 10 0.8 cm, and they are easily detach-
red color charasteristic of Jeghemoglobin. Bac-  able from the stem. In contrast to stem nodules,
teroids which are originally alone in the mem- root nodules appear clongated, with an apical
brane envelope hater divide so that there can be  meristem. Plants of S. rostrata 3 to 4 m high can
up to 20 Rhizobiten cells per membrane enve-  bear stem nodules of up to 40 g of fresh weight (8
Iope (11). The mode of infection of S, rostrata g of dry weight), whereas the fresh weight of
stems is thus unque among the known legumes,  root nodules reaches only 2 to 4 g per plant.
as it involves both an intercellular invasion by | In Aeschynomene spp., nodules were repori-
Rhizobium sp. similar to that of Arachis kypo-*'¢d to appear within 8 days (A. scabra) or 12 days
gaea (6) and the develop of infecti (A. denticulata, A. indica, A. pratensis, A. ru-

hreads as in temperate leg . " dis, and A. evenia) after stem inoculation (14).

In several Aeschynomene species the mode of  Stem nodules of Aeschy are usually el-
infection seems to be related more to that of lipsoidal (ca. 4 by S mm) or spherical (3 to 7 mm
Stylosanthes sp.than to that of Arachis sp. since  in diameter). They form more or less prominent
neither root bairs nor infection threads are swellings under the stem epidermis and are not
found, and the thizobia are spread by cell divi- easily detached from the stems. The dry weight
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sion after direct ingercellular infection (2, 21).

In N. oleracea, according to Schaede (25),
podules are forned from infection threads initi-
ated at the base of adventitious roots, No root
hairs are found. The mode of infection in N,
oleracea could shus be similar to that of S.
rostrata. .

The question has been raised as to whether
rhizobia could reach the nodulation sites from

of stem nodules of A. scabra can reach 0.5 g per
plant (14).

Stem nodules of N. oleracea are elongated as
a result of the presence of an apical meristem
and measure up to 12 mm long. Unlike other
stem nodules, those of N. oleracea do not
harbor chloroplasts in their cortex.

In S. rostrata and Aeschynomene spp., the
green cortex with chloroplasts “surrounds the

the roots via the stem lar bundies (17).

red-pign d central Zone, As expected, the

Such an infection bas never been found.
In nature, nodukation sites of S. rostrata ase

red Kpimm of stem nodules was shown to be
leghiemoglobin (R. P, Legocki, A. R. J. Eagle-

FIG. 3. Intercellular inf

of rhizobia (Rb) in i Tl

the basal cells of the root pri :The bar. P

P_roccedings of the First International Sympo-
Stum on Molecular Genetics of the Bacteria-

plicati i
5 um. Micrograph kindly supplied by H. C. Tsien.)

press). there are two distinct molecular species
of leghemoglobin, designated Lba and Lbp.

Plant Interaction. in press: D. Bogusz. personal  Stem and root nodules of A. scabra contained

Erregularly infecied so that nodules appear tobe  sham, “‘d A, A. Szalay, in A. Publer, cd., communication). In A. scabra (Legockietal..in  the same amount of Lba. but Lbg was substan-
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FIG. 4. Insaceilolar infection in §. rostrata. Interceltular infection threads (1t)
diately enclosed in the memb

where the rhizobsa are rel d and

mno the host cells

pm. From Tska ¢t al. 127).

1
tially more abundant in stem nodules. Recently,
Bogusz (personal communication) found that the
leghemoglobin from stem nodules of 5. rostrata
was composed of four different moleculur spe-
cies, whereas that of root nodules was com-
ppsed of ond¢ three. Three root molecular spe-
€ies were commoon 10 stem and root nodules. and

the supplementary fourth molecular species ~

(called’ 111S) was specific 1o the stem nodules.
The differences in leghemoglobin composition

envelope IMe). The bar represents §

between stem and root nodules of both §. ros-
trata and A. scabra might be in relation 1o the
increased oxygen level resuling from the photo-
synthetic activity in the contical tissues of stem
nodules.

" NITROGEN FIXATION

Nitrogen fixation by stem nodudes of A. sca-
bra and . rostrata was measured by the acety-
lenc reduction method (18). The specific activity
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of stem nodules was very similar in the two
species, 259 pmol of C;H, g~ (dry weight) h™!
for 5. rostrata (11) and 270 pmol of C:H, g7’
(dry weight) h™! for A. scabra (Legocki et al., in
press). These activities are comparable to those
of root nodules of other 1 such as soy-
bean (20) or cowpea (3). When expressed on the
whole plant basis, acetylene reduction activity
was 600 and 165 pmol of C;H, per plant per h in
S. rostrata and A. scabra, respecrively. The
higher activity found in S. rostrata is easily
explained by its greater size at the time of
evaluation of acetylene reduction activity. Ni-
trogen fixation by field-grown S. rostrata was
shown to be about 200 kg ha™ for a period of 7
weeks (24), indicating that this is one of the most
powerful nitrogen-fixing legumes. Because of
this potential, S. rostrata has been successfully
used as green manure in paddy fields in Senegal,
increasing the rice grain yield two- to threefold.

Combined nitrogen is well known 10 affect
nodulation and nitrogen fixation of root-nodulat-

leg through pr that are not yet
fully understood except perhaps for infection,
which is known to be locally inhibited by NO;™
(23). When grown in the presence of combined
nitrogen (6 mM) in hydroponic solution or 200 kg
of N ba™! in soil, stem nodulation and related
nitrogen fixation were not affected, whereas root
nodulation was completely inhibited (9). Higher
concentrations of combined nitrogen (10 to 15
mM) did not reduce the number of nodules but
did affect their weight and nitrogenase activity
(G. Rinaudo, personal communication), Similar-
ly, Eaglesham and Szalay (14) found that, in A.
scabra, N concentrations of 17 mM did not alter
the number of nodules but strongly inhibited
their growth and nitrogenase activity. Other
Aeschynomene species appeared to be less toler-
ant to combined nitrogen than A, scabra, since
no nodules were found when the same concen-
tration (17 mM) was used (14).

‘The threshold of tolerance to combined nitro-
gen thus appears to be much higher in S. ros-
trata and some other stem-nodulated legumes
than in Jegumes that have only root nodules.
This characteristic confers to these stem-nodu-
lated legumes a specific agrohomic advantage.

STEM-NODULATING RHIZOBIA

Host specificity, Since we never found any
cross-inoculation between rhizobia nodulating
stems of S. rostrata, Aeschynomene spp., and
N. oleracea, we propose to classify the stem-
fodulating strains ding to their host relat-
edness. .

5. rostrata group. Rhizobia from S. restrata
Stem nodules (type strain ORSS571) are fast
growers (generation time, 3 h) but exhibit many

physiological characteristics of the cowpea
group (Garcia et al., in preparation).

Aeschkynomene group. From a study of 15
tropical strains of rhizobia isolated from stem
nodules of different Aeschynomene species, Ala-
zard and Dreyfus (5th Int. Symp. Nitrogen Fixa-
tion, 1983) suggested that the Aeschynomene
rhizobia be classified into three subgroups.

Subgroup 1 contains rhizobia isolated from A.
dfraspera, which seem to have a narrow host
range since they were found to effectively nodu-
ate only A. afraspera.

Subgroup 2 contains rhizobia from A. indica,
A. schimperi, and A. sensitiva, which form a
relatively homogeneous cross-inoculation sub-
group. Strain BTAil, isolated from stem nodules
of A, indica (Legocki et al., in press), probably
belongs to this subgroup. Swain BTAil, a fast-
growing Rhizobium strain, was shown to be an
intermediate type of Rhizobium sp. with charac-
teristics of both fast and slow growers (M. D.
Siowers and A. R. J. Eaglesham, J. Gen. Micro-
bicl., in press).

Subgroup 3 contains rhizobia from A. elaph-
roxylon and A. crassicaulis, probably related 10
the cowpea group, since they are typically slow
growers (generation time, 10 h) and effectively
nodulate the roots of Macreptilium atropurpur-
eum, the test host for the cowpea rhizobia,

This classification of Aeschynomene rhizobia
fits reasonably well with the classification of
their hosts of origin based on the structure of the
infection site.

Neptunia group. The Neprunia rhizobia are
fast growers and probably are closely related to
R. meliloti since they nodulate alfalfa, though
ineffectively, and they contain a megaplasmid of
the same size as that of R. mzeliloti (C. Rosen-
berg. personal communication).

Root-stem specificity. In S. rostrata, two types

of strains have been isolated: stem-nodulating
strains (called stem strains), capable of nodulat.
ing both stems and roots, and root-nodulating
strains {called root strains), which nodulate only
roots (Dreyfus, unpublished data). Both types
are fast growers, bot according 10 a laxonomic
study (Garcia et al., in preparation), stem strains
are closer to the cowpea rhizobia than to the
root strains. These results sugpest the involve-
ment of specific stem-nodulaging genes in the
stem strains, but to date there Is no information
on what these genes might encode for. Since
stern nodulation is dependent on the p of
roots {as dormant root primordsa), this root-stem
specificity is surprising. Furthermore, this speci-
ficity seems 10 be restricted to 3. rostrara, since
it has not been observed in other stem-nodulated

Jegumes.
Nitrogen-fixing growth of the stem-nodulating
rhizobis. For many years, it was thought that
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under optimal comdiisions of O, supply (9 pM

dissolved O), mitwmpemase activity reached
2,000 nmaol of CyH, amg™* (dry weight) h~!, and
strain ORSS71 showssd a greater tolerance for
dissolved Oy (9 u M3 San strain CB756 (1 pM)
(5). This high soleraece W O, could result from
the adaptation of e Rhizobium sp. to the
relatively high pO; i ¥he siem nodules in rela-
tion to the photosymehetic activity of chloro-
plasts in the cortex. N, fully supported the
growth of ORSS7I. Mt nicotinic acid was re-
quired as a growth fxctor at a rate about 10 times
highcrlh&nlhuﬁ."inlhey- of
combined mitrogen €C. Elmerich, B. Dreyfus,
and J) P. Asbert, FEMS Microbiol. Lett., in
. press),

Recently, we have shown (Alazard and Drey-
fus, Sth Int. Symp. Nitrogen Fixation, 1983) that
tropical Rhizodium strains isolated from stem
nodules of Aeschymomene subgroups 1 and 2
also exhibited significant nitrogenase activity in
culture in the absence of combined nitrogen at
an O, tensiom lower than for Sesbania sp. strain
ORS571 (2 pM dissolved O,). Thus, the ability
to grow on N; in culzure could be a widespread
feature among stem-nodulating rhizobia.

Genetic amlysis of pitrogen fixation in the

stem-nodulating rhizobia. Following studies
which have chucidated physiological traits of
ste dulats izobia, molecular genetics in-

vestigations bave recently been initiated in sev-
_eral laboratories.

Taking advantage of the propenty of Sesbania
sp. strain ORS571 to grow on N; as the sole
ntrogen sowrce, Dreyfus et al. (12) obtained

fix nitrogen in the nodules of S. rostrata. Con-
comitantly, by hybridizing the total DNA of
strain ORS571 with the nif KDH probe of Kleb-
siella pneumoniae, Elmerich et al. (15) couid
detect the presence of nitrogen fixation (ni
genes on a 13-kilobase BamH]| fr This
fragment was cloned in vector pRK 290 10 yield
plasmid pRS1. The pRS1 plasmid was intro-
duced into the nif mutants by conjugation, and
genetic complementation was observed in one of
the Nif - mutants in both free-living and symbi-
otic states.

By hybridization with nif KDH of X. pneumo-
niae, nif genes were located by Legocki et al. (in
press) on 28- and 6-kilobase EcoRI fragments of
A. indica strain BTAil. A 6.7-kilobase KDH
part of the 28-kilobase fragment was cloned and
used for isolation of nitrogenase structural genes
and their promoters. To the best of our knowl-
edge, Nif™ of Aesch strains
have not yet been obtained.

Up to now, attempts to detect megaplasmids
bave been unsuccessful either in strain ORS571
(C. Rosenberg, personal communication) or in
strain BTAil (A. Szalay, personal communica-
tion), which might mean that aif and possibly
nod genes are located on the chromosome of
these stem-nodulating strains, despite their be-
ing fast growers.

CONCLUSIONS

Rhizobia specific to stem-nodulated legumes
differ in two respects from other known rhizo-
bia: (@) their nitrogenase appears to be well
protected against O, which could be an adapta-
tion to their Jocation in a photosynthetic nodule,
and (i) they are able to grow in the free-living
state at the expense of N, which may confer
upon these bacteria a selective saprophytic ad-
vantage. .

In stem-nodulated legumes such as S. rostrata
and Aeschynomene sp. of group 1, nodulation
sites are well above the sof? and water level,
which circumvents the problems of competition
from indigenous rhizobia when the stems are
inoculated.

The unique characteristic of stem-nodulated
plants is the peesence of predetermined nodula-
tion sites. Each site is composed of a dormant
root primordium whose base s infected by the
rhizobia. The structure of the nodulation site
varics betweea two extreme types, forming a
continuum between the most evolved type (Ses-
bania and A. afrasperc) and the least evolved
(A, lap-\ml:a and N, olermcéa), Interesting-
1y, some soybean culivars produce dor-

Nif” mutants of strzin ORS571 by using stan—"mant peitnordia on the lower siem, and when

dard genetic methods. These mutants, unlike the
parent strain, were umable to grow on agar plates
under conditions of nitrogen fixation and did not

submerged, these primordia form adventitious
roots suscepiiie 10 rhizobiall infection at the
step—rogtbaioq(&lt.l.&:kshamand.&.
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Ayanaba, in N. S. Subba Rao, ed., Selecle'd
Jopics in Biological Nitrogen Fixation, in
press). This observation suggests that root pri-
mordia are not restricted to typical stem-nodu-
lated legumes and that, by breeding or manipn-
lating the plant genome, one could goss:b[y
induce other legumes to produce root primordia
on their stems, making them susceptible to in-
fection by rhizobia.

Such an achievement would have important

A. H. Gibson and W. E. Newton fed.), Curvent perspec.
tives in nitrogea fixation. Australian Academy of Science,
Canl

berra.
11, Dreyfus, B., sad Y. R. Dommergues. 1981. Nitrogen-fixing
/7 wodules induced by Rhizobium on the stem of the tropical
legume Sesbani FEMS Mi i Len.
18:313-317.

12. Dreyfus, B., C. Eknesich, and Y. R. Demmergwes. 1983.

Frec-living Rhizobium strain able 1o grow under Na as the
sole nitrogen source. Appl. Environ. Microbiol. 45:711-
ni.

13. Duhoux, E., snéd B. Dreyfus, 1982, Nature des sites
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implications in agriculture because stem -
tion confers upan the host several advantages.
In waterlogged soils Jow oxygen levels are well
known to reduce or inhibit root nodulation of
leg Stel dulated leg therefore
have the advantage in having functional nodules
in the air or at the surface of the water where the
oxygen tension is still satisfactory. Since the
stem nodule is a photosynthetic organ, presum-
ably less energy is drained from the leaves to the
N; fixation sites, so that stem-nodulated le-
gumes are probably more efficient than other
legumes. Besides these characteristics, stem-
nodulated leg have the ] capability
of actively fixing N3 even in the presence of high
rates of combined nitrogen in the soil, which
allows more nitrogen to be added to and less
removed from the cropping system.

i poblished studies camied out in the
o&&um::"rg auln Dakar were supported by the French
Ministry of Industry and Research, grant 83.V.0400,
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