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ABSTRACT

The symbiotic association of Rhizobium strains and two
species of legumes, Lathyrus maritimus (L.) Bigel. and
Oxytropis campestris (L.) DC found in subarctic regions of
Newfoundland were investigated. The root nodule bacteria were
isolated and routinely characterized using standard techniques
for Rhizobium species. The isolate of L. maritimus was found
to resemble fast-growing Rhizobium leguminosarum biovar vicia,
except in its ability to tolerate a wide range of pH and a
high concentration of NaCl. The isolate of 0. campestris
exhibited characteristics which resembled those of both slow-
growing and fast-growing strains. Both isolates could grow,
although slowly, at a low temperature (5°C).

Cross inoculation tests were performed using the isolates
on other legume species. The isolate of O. campestris could
not infect any of the hosts used while that of L. maritimus
couid infect Vicia cracca.

Growth patterns and external morphology of the symbiotic
root nodules were studied. The beaded structure of field-
collected nodules indicate that they resume growth after
overwintering annually. The results of laboratory-grown
specimens showed that nodules of both species attain a maximum
size after which no growth occurs. Nitrogen fixation was
assessed in the legumes using the acetylene reduction method
with nodulated root systems. The two species showed highest

nitrogenase activity at 20°C and were still capable of
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activity at low tempertures; for example, nodules of L.
maritimus and O. campestris were able to maintain 35% and 80%
of their maximum activities respectively at 5°C, showing their
adaptation to nitrogen fixation in the cold.

The anatomy of L. maritimus root nodules was studied
using light and electron microscopy. They were found to
possess a zonal differentiation from the tip to the point of
attachment to the root; i.e. the meristem, invasion zone,
early symbiotic zone, late symbiotic zone and the senescent
region. Nodules possessed lipid bodies which were more
abundant in the cortical cells. The lipid bodies may be
involved in the protection of the nitrogen-fixing tissue from
the cold environment by forming an insulating jacket around
it.

These studies indicate that the legumes and their
symbionts are adapted to function effectively at low
temperature and therefore could be of significance in land
reclamation and for other purposes in marginal northern
agricultural areas. The unique characteristics shown by the
isolates can be useful to other Rhizobium and Bradyrhizobium
strains by transferring them, using DNA recombinant

techniques.
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I. INTRODUCTION

I.1. General introduction:

Nitrogen is one of the most abundant components of living
organisms. As a constituent of essential bio-molecules such as
proteins and nucleic acids it serves an important functional
and structural role in all living systems. It is found mainly
as an inert dinitrogen gas in the atmosphere and cannot be
assimilated by living organisms. Living organisms derive their
nitrogen in a combined form from an inorganic source by uptake
and assimilation of nitrogenous compounds, through ingesting
other life forms or through biological nitrogen fixation.

Biological nitrogen fixation is a process carried out by
certain prokaryotic cells (Gallon and Chaplin 1987),
collectively called diazotrophs, which lead to the conversion
of dinitrogen gas in the atmosphere to a form that can be
assimilated by living organisms. Other phenomena, such as
lightning and ultraviolet radiation, provide nitrogen to

living systems, to a lesser extent, by combiring nitrogen and

oxygen gases in the e and ly ming
them into nitrates and nitrites which can also be assimilated
by living organisms. Table 1 gives a list of some methods of
nitrogen-fixation and their relative contribution to the world

nitrogen budget.
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Some of the useful, combined nitrogen is lost through
leaching, surface run-off and the activities of denitrifying
bacteria whose action results in the release of nitrogen gas.
In natural ecosystems there is a cycling of nitrogen through
plants, animals and microbes which is maintained in a proper
balance. An increasing human population and a higher demand
for food have led to clearing of natural ecosystems for
intensive agricultural practices. The result is a disturbance
of the balance in the nitrogen budget. Nitrogen therefore has
to be continually supplied in order to maintain or increase
productivity. It can be applied as nitrogenous chemical
fertilizers or through biological means; which one of the two
is a better alternative has been a contentious issue (Subba
Rao 1980). Although both are energy-demanding, the cost of the
industrial production of chemical fertilizers has been rising
significantly in recent times thereby favouring biological
nitrogen-fixation (Subba Rao 1988). Biological nitrogen-
fixation, requiring a relatively simple and localized
technology using largely renewable resources, will play an
increasingly important role in world agriculture in the
future.

Biological nitrogen-fixation has been estimated to
contribute about 175 x 10° metric tonnes of nitrogen to the
earth’s ecosystem annually, with nodulated legumes grown for
agricultural purposes accounting for about one quarter of that

value (Burns and Hardy 1975).



Table 1. Different modes of nitrogen-fixation and the relative

contribution of each to the worldwide nitrogen economy:

Method Rate* Reference
Biological fixation 101-175 Subba Rao, 1980
Industrial fixation 40 Subba Rao, 1980
Lightning 10 Burns and Hardy, 1975

(*) million metric tons per annum



The rest is fixed by other biological systems like free-
living bacteria and non-cultivated legumes. For instance, non-
cultivated legumes have been found to contribute significantly
to the nitrogen budget of the tundra soils of the Northwest
Territories, Canada (Karargatzides et al. 1985) and Alaska
(Alexander et al. 1978). Also, some cyanobacteria fix nitrogen
in the free-living form while others do so only when they form
symbiotic relationships with other organisms like algae,
fungi, bryophytes, pteridophytes and higher plants. Table 2
shows estimates of the amount of nitrogen fixed by some
biological systems.

Prokaryotic organisms (examples given in Table 3) fix
atmospheric nitrogen in a reaction catalysed by the enzyme
nitrogenase. This reaction can be expressed stoichiometrically

as:

N, + 8H* + 8¢ ——-———————- > 2NHy + H,

The reduction process is energetically expensive because
electrons of low redox potential and energy in the form of ATP
have to be made available to the endergonic reaction (Yates

1980) .



Table 2. Estimates of annual biological nitrogen-fixation on

earth (Data extracted from Burris, 1977).

Systems Rates*
Legumes 35
Non-legumes i 9
Permanent grassland 45
Forest and woodland 40
Unused land 10
Ocean 36

(*) million metric tons per annum



Table 3. Some biological nitrogen-fixing prokaryotes (Modified

from Gallon and Chaplin,1987; and Postgate, 1980):

Category

Genus Species

Asymbiotic diazotrophs

Strict anaerobes Clostridium C. pasteurianum
C. butyricum
Facultative anaerobes Enterobacter E. cloaceae
or microaerobes E. aerogenes
Klebsiella K. pneumoniae
Citrobacter C. freudii
Azospirillum A. lipoferum
Obligate aerobes Azotobacter A. vinelandii
Beijerinckia  B. derxii
Y ic bacteria irillum R. rubrum
Rhodopseudo-  Rp. capsula
monas
Chemoautotrophs Thiobacillus T. ferroxidans
Methylosinus M. trichosporum
er X. icu.
Symbiotic diazotrophs Rhizobium R. leguminosarum
R. meliloti, R. loti

Bradyrhizobium B.

Frankia sp.

Jjaponicum



Symbiotic associations of 1legumes and Rhizobium or
Bradyrhizobium species lead to the formation of root nodules
which are the sites of nitrogen-fixation. In these systems the
host plants supply photosynthates which are oxidized to
provide the energy requirement. These associations have
attracted considerable attention because they are very
important in food and fibre production (Evans and Berber
1977). In spite of the obvious importance to agriculture in
particular and their interest to biology in general only a
small number of legumes have been studied extensively. Allen
and Allen (1981) reported that only 16% of legume species have
been examined for nitrogen-fixing root nodules. A still lesser
proportion have had their nodules studied in detail. Moreover,
most of the knowledge of the symbiotic association and the
bacterial species involved is restricted to cultivated
legumes. Information about the biology of non-cultivated
legumes is needed as they may have some special properties.
Also the symbionts may be manipulated, because of their
special characteristics, through DNA recombinant techniques to

produce more effective strains for nitrogen-fixation.



1.3. Rhizobium taxonomy:

The taxonomy of Rhizobium has recently undergone numerous
revisions with the division of the genus Rhizobium into two
genera, the fast-growing genus Rhizobium and the s)ow-growing
genus Bradyrhizobium. Together with the genus Agrobacterium
they form the family Rhizobiaceae which has members that
excite cortical hypertrophies on plants (Jordan 1984).

The names, Rhizobium and Bradyrhizobium, were derived
from the Greek nouns rhiza meaning "root" and bios meaning
"life"; hence Rhizobium "that which lives in the root" and the
Greek adjective bradus meaning "slow" that is slow-growing
Rhizobium (Jordan 1984).

Classification of the genera, Rhizobium and
Bradyrhizobium, relies on a character which has a disputed
taxonomic value; that is their ability to nodulate certain
legumes and non-legumes like Parasponia species. The fact that
the ability to nodulate a specific host could be lost or
reduced if the bacterial strains are cultured for extended
periods (Vincent 1970) means host nodulation ability is not a
stable taxonomic character and therefore inappropriate for
classification. Jordan and Allen (1°74) have stated that the
taxonomic position of Rhizobium is controversial and that the

current classification can be regarded, at best, as tentative.
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Consequently, the taxonomy of Rhizobium is in constant dispute
and is continously undergoing changes (Sprent 1981).

At the species level Fred et al. (1932) proposed the
concept of "cross inoculation group" as the basis for
Rhizobium taxonomy. They defined a "group" as consisting of
plant species amongst which rhizobia are freely
interchangeable in terms of ability to excite nodule
formation. This concept led to the classification of Rhizobium
into the major groupings which are still in use; i.e., R.
meliloti, R. leguminosarum, R. loti, R. trifoli{ and B.
japonicum (Jordan 1984). This classification is now known to
be seriously flawed, especially with the tropical legumes
(Bergesen 1982), because each of the species that results from
this system of classification has now been shown to have
members that are cross-infective with other groups to some
degree (Graham 1976). Jordan (1984) also concludes that a

classification based on the cross-inoculation or plant

affinity pt is not sati Y of wi ead
anomalous cross-infections.

According to Jordan (1984) insufficient nodulation data
is one of the limitations to effective Rhizobium taxonomy. He
reported that of the 14,000 or so known species only 8 - 9%
have been examined for nodulation and less than 0.5% have had

their nodule bacteria studied and characterized.
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I.3.1. Characterization of Rhizobium and Bradyrhizobium:

The most acceptable basis for assigning bacterial species
or strains to the genus Rhizobium or genus Bradyrhizobium is
their ability to form nodules on the roots of legumes or the
non-legume, Parasponia species (Allen and Allen 1981). In
addition, there are certain features with which every member
of these two genera is expected to conform (Vincent 1970,
Elkan 1984, Jordan 1984, Werner 1987). These are:

a. the bacterial cells are Gram negative rods with some
strains having a cocci structure in the initial phase of
growth,

b. the most preferred medium for growth is yeast extract
mannitol (YEM) medium, producing watery or white colonies on
solidified YEM,

c. they are aerobic,

d. the bacterial cells do not produce endospores,

e. members of Rhizobium and Bradyrhizobium usually produce an
acidic reaction and an alkaline reaction, respectively, on
growth media,

f. they utilize many carbohydrates and produce a considerable
amount of extracellular slime during growth on a carbohydrate-
containing media,

g. colony size of 2-3 mm is produced by Rhizobium strains
after 3 days and Bradyrhizobium strains after 7 days,

h. the cells are motile.
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I.3.2. Utilization of some carbohydrates and organic acids:

Some carbohydrates and organic acids are utilized as
energy sources by Rhizobiur and Bradyrhizobium strains (Graham
1964, Antoun et al. 1984). Some of the strains are able to
utilize intermediate organic acids of the tricarboxylic acid
(TCA) cycle as energy sources whilst others cannot. According
to Trinick (1982), those strains that cannot metabolize these
compounds possess a complete TCA cycle and therefore fail to
actively transport them. Fast-growing Rhizobium and slow-
growing Bradyrhizobium strains have been shown to display
differences in the number and kind of carbohydrates that they
can use (Vincent 1977). These differences have been used as
criteria for characterizing root nodule bacteria. While
Rhizobium can utilize a wide range of carbohydrates and
organic acids as the only source of carbon for energy,
Bradyrhizobium has a limited range (Graham 1964). Recently
Stowers and Eaglesham (1984) used carbohydrate utilization as
one of the criteria to differentiate between slow-growing and
fast-growing strains of Bradyrhizobium japonicum.

The ability of a rhizobial or bradyrhizobial strain to
grow on an agar medium with a particular carbohydrate or
organic acid as the only source of carbon means it can utilize
that carbohydrate or organic acid as a sole source of energy.
Graham (1964) reported that carbohydrate utilization tests

were clearly valid criteria for sub-divisions in the genus
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Rhizobium. He further concluded that when used in conjunction
with other diagnostic features, substrate utilization could

permit a standard rhizobial identification.

I.3.3. Temperature effects:

The effect of temperature on rhizobial and bradyrhizobial
growth and the mechanism involved is not very well understood.
According to Jordan (1984) the temperature range for Rhizobium
and Bradyrhizobium is highly strain-dependent but generally
lies between 4-42.5°C. Optimum rhizobial growth occurs in the
range of 20-28°C (Vincent 1977).

Rhizobia are tolerant of temperatures below 4°C but very
little growth, if any at all, occurs at this temperature
(Jordan 1984) . According to Trinick (1982), symbionts of plant
species growing in cooler areas survive low temperatures
better than those of tropical or hotter regions. Prévost et
al. (1987) have reported that Rhizobium strains isolated from
some Oxytropis species collected from the Canadian arctic

region could grow very well at 5°C.
I.3.4. Intrinsic antibiotic resistance:
Intrinsic resistance is the natural or inherent

resistance of a bacterial strain to certain antimicrobial

agents. Differences in intrinsic resistance have been used as
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a basis for bacterial identification, classification and for
other taxonomic purposes (Cowan 1974).

Resistance to low concentrations of antibiotics has been

found to be a stabie property of bacteria and therefore a

useful means of characterization of Rhizobium and

Bradyrhizobium strains (Josey et al. 1979). Intrinsic

antibiotic resistance has been used for strain identification

of Rhizobium ana Bradyrhizobium strains ( 1977, Cole

and Elkan 1979, Prévost et al. 1987). However, generalizations
using this criterion cannot be made any further than the
strain level; this is because Rhizobium and Bradyrhizobium
strains are generally sensitive to a wide rarge of antibiotics
and the strain - to - strain variation within a rhizobial
grouping is large enough to make such generalization

unrealistic (Trinick 1982).

I.4. Plant species

I.4.1 Lathyrus maritimus (L.) Bigel.:

The name "lathyrus" was derived from the Greek noun
"lathyros" which means "a pea" or "pulse" There are about
130 species in the genus Lathyrus consisting of climbing and
herbaceous perennials. This genus belongs to the tribe Vicieae
of the subfamily Papilionoideae and the family Leguminosae

(Fabaceae) .
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There are both wild and cultivated species of Lathyrus.
Native species occur along seashores, lake and stream banks,
roadsides, waste lands and in thickets and meadows. Some
members are used for soil cover and green manuring.

Lathyrus belongs to the so-called pea cross-inoculation
group. The work of Carrol (1934), Conklin (1936), Bushnell
and Sarles (1937) and Wilson (1939) confirmed the mutual
relatedness of Lathyrus, Pisum, Vicia and Lens and their
rhizobia.

According to Allen and Allen (1981), comparatively few
members of the genus have been studied. The literature on the
species Lathyrus maritimus, which is used in these studies, is
very limited. Most of the work done on this genus has been
concentrated on those species that cause lathyrism. Symptoms
of lathyrism in man usually appear after eating seeds of the
plant, commonly occuring as a paralysis of the muscles below
the knee, pains in the back followed by weakness and stiffness

of the legs and progressive locomotive incoordination.

I.4.2. Oxytropis campestris (L.) DC var. johannensis Fern.:

There are about 300 species of Oxytropis which occur
throughout the north temperate, sub-arctic and arctic regions
with some species being circumpolar in distribution (Polunin
1959, B&cher et al. 1968, Allen and Allen 1981). This genus

belong to the tribe Galageae of the subfamily Papilionoideae
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and the family Leguminosae (Fabaceae).

Nodulated specimens of O. campestris were first reported
by Kharbush (1928) in the French Alps and many have been
reported since (Allen and Allen 1981). Quite recently, some
nodulated species of Oxytropis were sampled from the Canadian
arctic region and their nitrogen-fixing capacity assessed by
Schulman et al. (1988).

The preferred habitat of this species is sandy or gravely
soil; growing near glacial lakes, dry plains or in meadows up
to 4,000 meters altitude (Ingwersen 1958). It is a persistent
plant because of its deeply penetrating root system and its
ability to produce many seeds having long periods of

viability.

I.5. Nodule morphogenesis and anatomy:

Nodules develop in the cortex of roots of legumes and the
non-lequme, Parasponia, after cells of compatible strains of
Rhizobium and Bradyrhizobium attach to the root surface and
are subsequently internalized in the cortical tissue. The
initial step involved in this process is the recognition of
the correct plant host by rhizobial or bradyrhizobial cells.
Recognition is mediated by the induction of specific factors
when the host and the symbiont come together. Rhizobia have
been found te be chemotactic which may probably be due to

specific plant attractants (Bergman et al. 1988, Caetano-
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Anollés et al. 1988). Rhizobial and bradyrhizobial cells get
attached to the root surface after recognition using their
surface carbohydrates to kind with lectins produced on root
surfaces by the compatible plant hosts (Gallon and Chaplin
1987) . Lectins have been shown to determine specificity in the
legume-Rhizobium interaction (Diaz et al. 1989).

After the initial attachment to the root hairs, the
bacterial cells are transported to the root cortex. In most
legume species the bacteria cells are carried by means of a
tube-like structure called the infection thread which
originates from the root cell wall enclosing the bacteria and
grows towards the root cortex (Robertson and Lyttleton 1982).
In some species, however, internalization occurs through
cracks or wounds in the cell wall as described for Arachis
(Chandler 1978) and Stylosanthes (Sprent 1989).

Once bacteria get internalized, cells of the inner
cortical region are stimulated to divide, initiating the
nodule meristem. This process is not well understood (Dart
1977, Newcomb 1981) but it is believed to involve chemical
messages from the bacterial cells to the plant cells (Trunchet
1978) . The meristem produces vascular and cortical cells to
the outside and cells destined for the nitrogen-fixing zone to
the inside. Bacteria are finally transformed into bacteroids
which are capable of fixing atmospheric nitrogen into ammonia,
in the infected nodule cells.

The spatial disposition adopted by the dividing cells of
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the nodule meristem cause nodules of various legumes to differ
in shape and gross anatomy (Bergersen 1982). Two main types of

nodules have in effect been recognized (Sprent 1979):

a. Determinate nodul

In this type, the meristematic cells are distributed in
pockets throughout the whole nodule tissue. The bacterial
cells are released into dividing plant cells; as a result,
plant cells containing bacteroids are distributed throughout
the central mass of the developing nodule. The meristematic
cells finally cease to divide. Further increase in nodule size
occurs only through cell enlargement. This type of development
leads to nodules having a more or less spherical shape,

example, nodules of Glycine max (soybean plant).

b. Indeterminate nodules:

This type possesses persistent meristems at their apices.
Bacterial cells, carried by the infection threads, are
released into cells of the nodule tissue below the
meristematic region and are subseguently transformed into
bacteroids. Because new cells are constantly being produced at
the tip of the nodule, older cells are displaced towards the
proximal end of its attachment to the root which ultimately

senesce. This type of development leads to elongated
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structures, with tissues of graded age from the growing point
to the point of attachment to the root; i.e., there is a clear
zonal differentiation from the apex to the base of the nodule.
Examples: nodules of Pisum, Medicago and Vicia.

Another difference is that in determinate ncdules the
endodermis is closed and the cell walls are thickened to form
a prominent scleroid layer while indeterminate nodules are
open at the undifferentiated tip (Bergersen, 1982). There have
been various reports on the histology of legume root nodules
with the use of different terminologies to designate different
tissues in the symbiotic organ (Dangeard 1926, Bieberdorf
1938, Allen and Allen 1954; Libbenga and Bogers 1974, Dart
1977, Newcemb 1981, Newcomb and Wood 1986 and Dixon and
Wheeler 1986). For the indeterminate type, the nodule tissue
generally consists of the meristematic region at the tip, the
zone of cell infection and differentiation, the active
nitrogen-fixing tissue and the senescing region found at the
proximal end. However, this type of clearly designated
zonation does not apply to determinate nodules because the
meristematic tissue is distributed in pockets throughout the
organ.

The bacteroid-containing cells are the most prominent
cells in nodules and in some they comprise all the cells of
the central tissue whereas in others they may be interspersed
with smaller uninfected or interstitial cells. These

uninfected cells have been reported to provide interfaces
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where active metabolic exchanges take place (Sprent 1972,
Newcomb and Tandon 1981). The infected cells have a central
vacuole devoid of bacteroids. Nodules have amyloplasts or
starch granules concentrated on the periphery of the infected
cells near to the gas-filled intercellular spaces (Bergersen
and Goodchild 1973). Lipid bodies have also been shown to be
associated with nodules of some legume species (Newcomb and
Wood 1986, Prévost and Bal 1989, Emerson and Bal 1988, Bal et
al. 1989 and Jayaram and Bal 1991).

Pericycle cells, modified to form specialized transport
cells with a wall labyrinth of greatly increased surface
called the transfer cells (Pate and Gunning 1972, Gunning
1977) have been reported in nodules of some species (Pate et
al.,1969). Newcomb and Peterson (1979) have presented an
extensive report on the occurence and ontogeny of tranfer
cells in nodules and lateral roots of representative species
of the Leguminosae.

Although the shape and structure of effective root
nodules varies amongst various legume species, they have
significant features in common (Bergesen 1982). They all
contain, centrally, a relatively large volume of parenchyma
cells whose cytoplasm is packed with bacteroids. The infected
cells of both types of nodule are relatively enlarged and
tetraploid, and in some cases may even be of higher ploidy.
The cortical cells in the nodules however remain diploid. The

fact that infected cells are polyploid suggests that the extra



20
DNA must have some significance but this is not fully

understood (Dixon and Wheeler 1986).

I.6. Factors that affect nodulation and nitrogen-fixation:

Effective nodulation of legumes by rhizobia and
bradyrhizobia is known to depend on the persistence of the
microorganisms in the soil. The persistence of microorganisms
in the soil has been found to be greatly influenced by
environmental factors such as soil pH, soil moisture, soil
aeration, soil temperature and availability of nutrients
(Pugashetti et al 1982, Vincent 1974). Some Rhizobium and
Bradyrhizobium strains do persist and subsequently infect
their hosts in soils where environmental conditions are harsh
suggesting that these strains have successfully adapted to
those conditions.

A well-established population of a Rhizobium or
Bradyrhizobium strain in the soil is a prerequisite for the
prompt establishment of the rhizosphere and nodulation of
seedlings. Rhizosphere populations have been reported to be
influenced by such factors as pH, soil-water content, types of
cation present and the nature of organic nutrients exuded from
the root (Bergesen 1982). He also reported that soil
temperature affects rates of infection and nodule development
as well as the longetivity and rate of nitrogen-fixation of

nodules.
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Because root nodules are symbiotic organs, their
functioning is affected by all the factors that affect either
partner. Thus, environmental factors that affect plant vigour
or lead to reduction in the rate of photosynthesis also result
in low nitrogen-fixation. A decreased amount of light energy,
lower air temperatures and increased wind speeds leading to
increased rate of transpiration are some of the factors that
may adversely affect plant growth and development (Gibson
1963). Growth and development of legumes are greatly
influenced by nutrient availability. They also have increased
requirement for molybdenum, sulphur, copper and cobalt (Evans
and Russell 1971). Nitrogen-fixing legumes reguire more
inorganic phosphate than plants growing with adequate soil

nitrogen (Bergesen, 1982).

I.7. Nitrogen-fixation assay:

Many methods have been developed to directly or
indirectly measure the rate of nitrogen-fixation in plants and
other nitrogen-fixing systems (Bergersen 1980, Turner and
Gibson 1980). These include the acetylene-ethylene reduction
assay (Hardy et al. 1968), Kjeldahl analysis (Burris and
Wilson 1957), UN-enrichment assayed by mass spectrometry
(Burris and Wilson 1957), U N-incorporation assayed by
radioactive counting (Nicholas et al. 1961), micro-Conway

diffusion technique coupled with titrimetric (Mortenson 1961)
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or calorimetric analysis of NH; (Dilworth et al. 1965), and Ny
H, uptake (Mortenson 1964) or H, evolution (Bulen et al. 1965)
assayed manometrically.

The acetylene-ethylene assay is most commonly used to
estimate biological nitrogen-fixation rates, however the
Kjeldahl analysis and isotopic analysis of samples exposed to

N, have been used to some extent.

I.7.1. The acetylene-reduction assay:

The observation made by Schollhorn and Burris (1967) that
nitrogen-fixation is inhibited by acetylene, and Dilworth
(1966) reporting that the nitrogen-fixing enzyme, nitrogenase,
is capable of converting acetylene to ethylene provided the
basis for using the acetlene-ethylene method to measure
nitrogen-fixation in living systems.

The chemical steps for the enzymatic reduction of
nitrogen and acetylene are similar. They both require
nitrogenase, an energy source and a reductant. The two

reactions can be represented by the equations (Dilworth 1966):

N, + 8H* + Be mmmmmm==>  2NHy + H,

CH, + 2H* + 2 —=——-——= > CH,

The capacity of nitrogenase to convert nitrogen to ammonia is
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measured by its capacity to reduce acetylene to ethylene.
The acetylene-ethylene reduction assay has been used
successfully to estimate the amount of nitrogen fixed by
nitrogenase preparations, bacterial cell cultures, detached
nodules, nodulated root systems, whole plant systems and soil
samples (Hardy et al. 1968, Gibson et al. 1976, Schulman et
al. 1988). The advantages of this method are that the
substrate used, i.e. acetylene, and the instrumentation are
considerably cheaper than for the other methods. It is also
simple, sensitive and quick (Dixon and Wheeler 1986, Hardy et

al 1973).



I.2. Objectives.

The purpose of this study is:

1. to isolate and study the characteristics of Rhizobium or
Bradyrhizobium strains associated with two legumes, Lathyrus
maritimus and Oxytropis campestris, which occur in the

subarctic regions of Newfoundland;

2. to investigate the nitrogen-fixing capacity of the root
nodules of these legumes and make a comparative analysis

between them and other legumes;

3. to study the structural characteristics of root nodules of

these legumes;

4. to study the ability of the isolates to infect other legume

species.
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I1. MATERIALS AND METHODS

II.1. Source of plant specimens and seeds.

The plant specimens and some of the seeds used in this
investigation were collected in June and September,
respectively, from locations in Newfoundland (Figure 1).

The plant specimens were removed from the soil with a
trowel so that their roots and the soil immediately
surrounding them were kept intact. They were placed in pots

for transportation.

II.1l.1. Lathyrus maritimus (L.) Bigel.

A perennial which develops from rootstocks, it has a
rather dense, short pubescence with fleshy leaves and a
prostrate habit (Figure 2). Specimens were collected from the
coast in northern Newfoundland near Point Riche (50° 42’ N; 57°
23’ W). At the collection sites, the plants coexist with other
species on the strand and may occasionally be sprayed with
seawater. This species is distributed on coasts and shores
from Greenland to Siberia and Japan (Fernald 1950). In North
America it is mostly distributed in Labrador, Newfoundland and
Quebec (Hitchcock 1952, Lamourex and Grandtner 1977, Scoggan

1950) .
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II.1.2. Oxytropis campestris (L.) DC var. johannensis Fern.

A low, tufted perennial with a stout taproot and compound
leaves (Figure 3). The leaflets are small and have hairs with
a purplish green coloration. Specimens were collected from
arctic-alpine habitats in northern Newfoundland near Cape
Norman (51° 37/ N; 55° 5S4’ W). The collection sites were
exposed, dry and windy with a gravelly soil. Plant growth in
this area was sparse. This species occurs on calcareous rocks

and gravels from James Bay to Maine (Fernald 1950).

II.1.3. Beeds.

Seeds of L. maritimus and O. campestris were collected
from the same localities as the plant specimens. Seeds of
Vicia cracca were collected at a roadside in St. John’s,
Newfoundland while seeds of Viia faba and Pisum sativum were

purchased from Gaze Seed Company, St. John’s, Newfoundland.
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Figure 1. Map of Newfoundland showing the locations where
plant specimens and seeds were collected:

A (Cape Norman) - O. campestris

B (Point Riche) - L. maritimus

C (Sst. John’s) =~ V. cracca
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Figure 2. Photograph of L. maritimus taken at the collection

site.
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Figure 3. Photoyraph of 0. campestris taken at the collection

site.
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11.2. Rhizobium and Bradyrhizobium strains.

II.2.1. Bacterial growth media preparation.

Yeast extract mannitol (YEM) medium is preferred by

Rhizobium and Bradyrhizobium strains. The composition used was

(Vincent 1970):

Mannitol - 10.0 g
KHPO, - 0.5g
MgSO,.7HO0 - 0.2 g
Nacl - 0ag

Yeast extract - 0.5 g
made up to 1 litre with distilled water.
Solid medium was obtained by adding 1.5% weight by volume of

agar (Difco Chemicals) to the YEM broth.

Amendments:

a: 1% volume by volume of 0.25% aqueous solution of congo red.
b: 0.5% volume by volume of 0.5% alcoholic solution of
bromothymol blue.

c: 0.002% cycloheximide (Sigma Chemical Co.)

All bacterial growth media used were sterilized at 121°C for

15 minutes.

;
:
]
i
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II.2.2. BSources, isolation and maintenance of bacterial

cultures.

Root nodules were removed from the field-collected
specimens and washed thoroughly with sterile distilled water.
They were surface-sterilized by a momentary exposure to 95%
ethanol, followed by washing with 3% hydrogen peroxide for 3-6
minutes depending on the size of the nodule (Vincent 1970).
The nodules were crushed aseptically in sterile distilled
water and the resulting suspensions streaked on YEM agar
plates (amended with 0.002% cycloheximide to suppress fungal
contamination), and incubated at 25°C for 5-10 days. Single
colonies were selected and restreaked on agar plates amended
with congo red to check for contaminants. Contaminants take up
the stain and are coloured bright red while rhizobial colonies
do not and are colourless or pinkish (Vincent 1970). After 7
days single colonies were streaked on YEM agar slants,
incubated at 25°C for 7 days and stored at 4°C.

Rhizobium leguminosarum biovar vicia was obtained on agar
slants from the collection of the Department of Biology,
Memorial University of Newfoundland and maintained at 4°C.

Bradyrhizobium sp 32HI was obtained from Nitragin Co.
(Milwaukee, Wisconsin) in a lyophilized form and maintained in
the laboratory. It was reconstituted by breaking the ampoule
and washing the powder into a YEM broth, maintaining asceptic

conditions. The broth was incubated at 28°C on an Orbit
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Environs Shaker (Lab-Line Inc.) and subcultured onto agar

slants after it had developed turbidity on the fourteenth day.

The cultures were allowed to grow for 10 days before storage
at 4°c.

All the bacterial strains were subcultured every 2

months.

II.3. ization of ial strainms.

The bacterial strains from nodules of L. maritimus and O.
campestris were characterized wusing fast-growing R.
leguminosarum biovar vicia and slow-growing Bradyrhizobium

32HI as reference strains.

II.3.1 Gram stain and Cell dimensions.

To determine bacterial cell shape and estimate cell
dimensions, the Gram staining technique (Vincent 1970) was
used. Smears were first made on clean, flamed and cooled
microscopic slides from YEM broth cultures in the log phase.
They were air-dried, heat-fixed onto the microscopic slides
and stained with crystal violet solution for 1 min. This was
followed by rinsing with water, flooding with iodine solution
for 1 min and treating with 95% iodinated ethanol for 5 mins.
The smears were washed with water, counterstained with

safranin, rinsed with water and allowed to dry.
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