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DEVELOPMENTS IN NONLEGUME N,-FIXING SYSTEMS

S. P. Wani and K. K. Lee
International Crops Research Institule for the Semi-Arid Tropics
(ICRISAT), Patancheru P.O.,, Andhra Pradesh-502 324, India

A large number of cereals and grasse$ have been shown lo suppurt
nitrogen fixation, measurable by acetylene (C;Hj;) reduction, N balance,
'*N isotope dilution and more directly, '*N; incorporation studies. The
spiralling increase in the prices of nilrogenous fertilizers during the ener-
gy crisis, allracled the worldwide altention of policy makers and resear-
chers to this area of research. However, this enthusiasm has declined
in last five years. In this paper, important developments in the field of
nitrogen fixation associaled wilh non legumes are reviewed, and the work
al ICRISAT on cereal nitrogen fixation is briefly discussed.

The distribution of nitrogen-fixing bactenia associated with non-
legumes is widespread in nature. The work on microbiology of the as-
sociation has been reviewed (1, 2). The issue of choosing the right cul-
tural conditions and the cullure media is complicated because sevenal
lypes of bacleria, that are able to fix nitrogen, proliferate in the rhizos-
phere of different plants, The population and number of colony  types
varied with the carbon source in a cullure medium and increased on ad-
dition of yeast extract (50-100 mg L ') in a medium. A clear rhizosphe-
ric effect for the number of nitrogen fixers has been observed. In our
studies, higher most probable number (MPN) counts and a number of ac-
tive isolates of nitrogen fixer$ associated with pearl millel, were observed
in a combined carbon source medium (conlaining sucrose-5 g, mannitol-
5 g, malic acid-5 g, K:HPO,-0.8 g, KHgPO4-0.2 g, NaCl-0.1 g, Na,MoO..
2H,0-0.0025 g, MnSO, 2H.0-0.01 g, yeas! extract-0.1 g, glutamic acid
0.37 g, Fe EDTA-4 ml of 1.64% aquaeous solution, 3 ml of bromothymol
blue 0.5% in ethanol, distilled water 1000 ml and pH 6.8) than in malate
medium. However, counts of heterotrophic bacteria, using planting method
were higher in a N-free malate medium. Significantly, higher MPN counts
and a number of heterotrophs able to grow on malate and combined car-
bon source media were recorded from washings of pearl millet rools
than from either the rhizosphere soil or washed root maceiale samples.
Similarly, a humber of heterotrophs and Mt counts of associal¢ ' nitio-
gen fixers were found to be higher al the iiowering stage .f th.  peasl
millet plant and to decline on maturity. T! cou.is recorded al e na~
turity stage were higher than those observe.! at .wly slages o' plaat
growth. A survey of 200 sites in the iradit nal millet grov ing  «as in
nuithwestern India indicated MPN cowi ts v - yir: fror. 106-100, .00 g
soil, in N-free malate and sucrose semi-solid .aedia.
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Among several types of nitrog:-fixers observed, th members
of the genus Az -pirillun (A, brasil- 9se, \, li: feram and \. amazon-
ense) were recently studicd.  Azospirilla are generally found  wherever
they are rought and can u<e a wide variely of ~arbon and energy sources
for their garowth on - omb: »d N or N+ 7% ope are two main physiological
types within the genv: of \zespirilluy. (O gronp has an oxidative mela-
bolism and the -ther has 'he ahility 'o f aent certain sugars, producing
acid.  These ba-teris ire very versatile in 'heir pitrogen transformations.
In addition to their mitrogen-fixing ability  certain strains deniteify under
anercbic conditions and conld <so assimil+te  NH. NOor NO: (2. 3.
Another trai! chserved in Azospirillom is the presence of Hy uptake (hy-
drogenase) activily to recycle the H, produced by nitrogenase (4). In A.
brasilense (SP7) grown aneruvbically on N0 or NOj, O3 dependent H; up-
lake was inhibiled irreversibly by NO; NO, and C;H: and reversibly by
CO (5). Serologically, A. brasilense and A. lipoferum are different and
A, lipoferum represented a more homogenous group in respect 1o fluo-
rescen! antibody (FA) reactions In contrast, A. brasilense consisted of at
least 3 subgroups (6, 7). Using the immuno diffusion test, both the spe-
cies produced al least one hea! labile precipilation band. At ICRISAT,
using enzyme-linked immunosorbent assay (ELISA), we have observed
that azospirilla are serologically distinct from other nitrogen-fixing bac-
teria. A. brasilense, A. lipoferum and A. amazonense are serologically
distinet from each other and strains of A. lipoferum [orm a homogenous
group serologically, whereas A. brasilense strains form a helerogenous
group. ELISA can be used for identification of A. lipoferum, and -also
for enumeratlion of azospirilla in pure cultures and peat inoculants.

The role of various factors, (namely plant genolype, radiation, soil
temperature, moisture, and combined N), influencing nitrogen fixation is
discussed. Seasonal and diurnal varialions in nitrogenase activily have
been cbsesved and 'he activity is higher in wet  and  warmer suil (32
35 C). ‘T'he activity is stimulated by low levels of combined N (10 ppm
or 20 kg ha-? N) and inhibited by higher N levels (8). Plant genotypes of
several crops varied for high and low nilrogenase activily (9) and high
nilrogenase activily (uplo 5800 nmol CsHq plant ' h™') over the seasons
in lines of pearl millet and sorghum have been observed (8). A large
plant to plant variability, ranging from 0-1900 nmo! C;H, plan'~" h™ in
the Ex-Bornu population, has been observed. Recently, it has been re-
ported that selfed or hybridized lines of pearl millel possessing high ni-
trogenase activily showed higher nitrogenase activily, bacterial counts and
higher loss of C from the roots than the groups obtained from low acely-
lene reduction activity (ARA) lines (10). It might be possible to develop
genotypes that stimulate more nitrogen fixers in their rhizosphere due la
genetically based eqchancement of specific biochemical characteristics.
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Such & plant breeding approach, if successful, will el'minate the need
for artificial inoculation.

Till such genotypes are available, the route of arbficial mocala:
tion of plants with nitrogen-fixing bacteria has to be adopted to oblain
increased yields, under low fertility situations, Several studies conducted
with different crops inoculated with different bacteria showed incieised
yields thal may or may not be stulistically significant, and sometime negi-
tive responses. A review of the voluminous Russian hterature on mocu-
lation with Azotobacter concluded that positive significant effects occurred
in about a third of the trials; thal some horticultural crops responded bel-
ter than cereals; and thal best resulls were obtained in soils rich in orga-
nic matter, with mineral fertilizer N added (11). In the last decade, se-
veral inoculation experunents with different crops using Azospirillum spp.
were conducted and were reviewed (2). Several experiments in Egypt,
India, Israel, and USA showed positive benefits of inoculations under ficld
conditions. The inoculation effects were more pronounced with  Lwer
levels of N ferlilizer added. However, similar benefils in the presence of
high levels of N added are also reported from Israel. During 1982-84,
5 out of 9 trials with pear! millet cultivars conducted at ICRISAT Centre
and cther locations in India, showed significantly (P== &< 0.05) increased
grain yields across the cultivars, However, significant interaction hetween
host cultivars and bacterial sirains was observed in only one trial. Several
studies suggest! that il is possible lo increase cereal crops yields by in-
oculation with nilrogen-fixing bacleria in countnies where cereals are
only partially fertilized, or not fertilized at all. We need mare precise
knowledge of the agronomic practices that help increase nitrogen fixation
under normal situations and with inoculation. Information on the role
of organic amendmenls, synergistic levels of combined N, appropriate
form and mecthod of application, c¢ifect of other plant putrien! elements
on nitrogen fixation will help derive maximum possible benefits from as-
sociative nitrogen fixation.

Synergistic host responses in lerms of increased yield due to dual
inoculation with nitrogen-fixing bacteris and vesicular arbuscular mycor-
rhizal (VAM) fungi have been reviewed (12). In studies wilth tomato,
mycorrhizal infection increased the A. chroococum population in the rhi-
zosphere that was maintained at a high level for a longer -me und A,
chroococum enhanced infection and sp» re pioduciion hy th mycorrhizal
fungus (13). In sorghum, dual inocu! tion .vith Azospirill a and VAM
resulted in increased VAM colonizalic.. anii biomass, whil. ‘he M inpat
due lo Azospirillum decreased, possibly due lo compe' ‘ion or carboly-
drates (14). Similarly, in barley, dual inoculation will: A. b asilease aud
VAM nraducsed inecreased grain and biuomass vield in ot culture sluc_lies.
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However, incr 'ation wit'y Azospirillum ‘4 pot increase mycorr'iizal root
infection (15).
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