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ABSTRACT

The aim of the present work was to evaluate the inoculation effects of Azospiril lum sp. RAM-7 strain, in seeds of
wheat, barley and oats cultures on yield and total nitrogen content of the grains in greenhouse experiments. Seeds
inoculation with Azospirillum sp. RAM-7 strain enhanced grain yields, even so, the responses vary among the
evaluated cultures. For wheat, significant increases were obtained when the inoculation was associated to 100% of
the recommended nitrogen, although the treatment that received only inoculation produced 7.4% above the control,
however this difference wasn’ t significant. For barley, the presence of the inoculant substituted 20% the
recommended nitrogen fertilization. For oats the inoculation with Azospirillum sp. RAM-7 didn’ t provide a
significant increase in grain yields. In relation to the total nitrogen content of the grains, for all studied cultures,
significant differences were not observed among the evaluated treatments (p < 0.05).
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INTRODUCTION

In the current agriculture, nitrogen is a limitant
nutrient for growth and consequently to the
yield of cultures. This element (N2) is found in the
gaseous form, constituting approximately 78% of
the gases that form the atmospheric air, even so,
plants and animals don’ t get to use it in this
form for their metabolism (Döbereiner, 1997;
Gyurján et al., 1995).
The plants obtain the nitrogen, mainly by the
application of nitrogen fertil izers, industrially
synthesized from the atmospheric dinitrogen (N2).
This element, becomes also available for the plants
by the biological fixation of nitrogen (BFN),
realized by some bacteria denominated
diazotrophic, which possesses an enzymatic

apparatus capable to break the triple bound
between two nitrogen atoms from the atmospheric
nitrogen, forming ammonia that is similar to the
industrial process, but without the expense of non-
renewable energetic sources (Döbereiner and
Baldani, 1998; Okon and Vanderleyden, 1998;
Victoria et al., 1992).
The nitrogen, which is one of the essential
elements, is absorbed in great quantities by the
plants, needing to be available at high
concentration in the soil (Pöttker, 2000). The
nitrogen rate utilized for cultures vary according to
the organic matter content of the soil , the previous
culture and the util ized cultivar. Among the
agricultural systems that contribute to the recycle
of lost nitrogen to the atmosphere, the most
important are the symbioses of bacterias with
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leguminous plants, although, other less specific
associations with cereals and various Graminae are
standing out (Döbereiner, 1992).
The knowledge of nitrogen biological fixation in
non-leguminous plants, mainly in Graminae,
among them several cereals, became one of the
largest challenges, since these represent the more
important alimentary base of the population,
mainly in developing countries (Boddey and
Döbereiner, 1994; Döbereiner, 1992).
The individual nitrogen need of the six billion
inhabitants on earth is the average of 11 g.day-1,
which is equivalent to 70 g of protein, or
approximately 24 million tons of nitrogen a
year. Nowadays, the biological fixation of nitrogen
contributes with approximately 35% of the human
diet of the necessary protein for everyone
(Vance, 1999). The great importance of the
nitrogen resides in the fact that it is an essential
constituent of the proteins, nucleic acids and other
compounds of nitrogen bases, essential to the vital
processes of all l ive beings (Payne et al., 1981).
Microorganisms capable of fixing nitrogen in free
life, in spite of important in number, in general
contribute a li ttle with fixed nitrogen. The effects
of those bacterias are mainly in the promotion of
plants root growth, as they produce growth-
promoting substances. The great interest in the
biological fixation of nitrogen in Graminea is
related to the better util ization of water by these
cultures, in relation to the leguminous plants and
also by showing better photosynthetic
effectiveness by its great majority. Being the
Graminea broadly used as food by the man, even
if, a part of the nitrogen was just supplied by the
association with bacterias, the utilization of
nitrogen fertil izers would save the same amount or
it would be superior as the verified for leguminous
plants, which can be self-sufficient in nitrogen
(Döbereiner, 1992).
The genera Azospiril lum, Herbaspirillum,
Azobacter and Acetobacter show generalized
occurrence in economically important cultures
such as corn, wheat, rice, sorghum and sugar cane,
like this being with frequency, in experiments
seeking the agronomic utilization as biofertil izers
(Döbereiner, 1997; Reinhold and Hurek, 1988;
Sundaram et al., 1988). The bacterias of the
Azospirillum genera presents application potential
in agricultural systems, around 70% of the
experiments up to 30% in productivity (Bashan
and Holguin, 1997; Dalla Santa et al., 2004;

Fani et al., 1995; Katupitiya et al., 1995; Machado
et al., 1998; Sumner, 1990).
Azospirillum bacterias form different types of
association in diverse vegetables species. Initially it
was believed that they were found only at the
rhizosphere, but later on they were isolated from the
soil and also certain endophytic strains, which are
capable to colonize internally the plant, supplying
the nitrogen with more eff iciency (Assmus, et al.,
1995; Bashan and Levanony, 1990; Döbereiner et
al., 1995; Fischer, et al., 2003; Hauwaerts, et al.,
2002; Hecht-Buchholz, 1998; James, 2000;
Kirchhof et al. 1997; Ramos, et al., 2002).
The promotion of plants growth inoculated with
Azospirillum has been obtained in field conditions
and greenhouse experiments, resulting in
significant changes in several characteristics of the
plants. The inoculation can cause increase in the
dry weight and in the accumulation of total
nitrogen of the plant, in the grain yields and in the
weight of the grains, in the germination rate of the
seeds and in changes in the duration of the plants
growth stages (Boddey and Döbereiner, 1988;
Fages, 1994; Falli k and Okon, 1996; Nur et al.,
1980; Pandey et al 1998; Sumner, 1990).
The beneficial effects caused by the inoculation
with Azospirill um are not only due to FBN in the
rhizosphere, but mainly, for the best efficiency in
the absorption of water and nutrients, which
happens due to a more developed root system,
increasing the soil area explored by the roots. This
better development of the plants root system,
inoculated with Azospirillum, is caused by the
capacity that a lot of strains present in
producing growth promoters substances of plants
(Bashan and Holguin, 1997; Boddey et al., 1986;
Döbereiner, 1992; Fall ik and Okon, 1996;
Kucey, 1988; Reis et al., 2000)
The Azospirill um inoculation responses in non-
leguminous plants are still difficult to estimate.
The results inconsistency in inoculation
experiments is related with the inoculation
techniques, inoculation rate, low survival of
inoculated strains, physical and chemical
characterization of the soil , physiological state of
the bacteria, improper strain, plant genotype,
presence of high number of native microorganisms
and pesticides influence. (Bashan et al., 1995;
Fages,1994; Itzigsohn et al. 1995).
The present work had as objective to verify the
Azospirillum sp. RAM-7 inoculation effect in
seeds of wheat, barley and oats on grain yield and
nitrogen content of the grains by the representative
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importance of cost reduction with nitrogen
fertilization in food production.

MATERIAL AND METHODS

Inoculant production
The strain of Azospirill um sp. RAM-7 was
obtained from Instituto Cubano de Investigaciones
de los Derivados de la Caña de Azúcar (ICIDCA).
This strain present good biomass production, and
in preliminary tests with other cultures increased
de yield. The biomass of Azospirillum utili zed as
inoculant was produced in a MDL Marubishi
fermenter, at Biotechnological Processes
Laboratory of Federal University of Paraná. The
fermentation conditions and the util ized
composition of the culture media were the same as
described by Fernández et al. (1999). The final
concentration of Azospirill um sp. RAM-7 strain in
the fermentation broth was of 1010 CFU.mL -1, this
broth was maintained at 4º C until utilization as
inoculant.

Greenhouse exper iment
The experiments with wheat cultivars OR-1,
barley BR-2 utilized for beer production and oats
FAPA-1, were implemented in greenhouse at the
Agronomic Sector of Federal University of Paraná.
Different nitrogen fertilization levels associated or
not with the inoculation of Azospirill um sp. RAM-
7 strain were evaluated. The assay was composed
of the following treatments: control (without
nitrogen and uninoculated); inoculated (IN); IN
associated to 20, 40, 60, 80 e 100% of nitrogen (N)
recommended for each culture and the treatment
with 100% nitrogen and uninoculated.
For wheat, the recommended ideal fertili zation
with nitrogen was 84 mg/dm3 of soil, for barley
and oats 56 mg/dm3 of soil. The nitrogen
fertilization with urea as N source was applied in
portions during inoculation, and at the seed
coating at the beginning of the sowing. The
fertilization with phosphorus (P2O5) and potassium
(K2O) were the same for all the treatments of the
three cultures, being 350 and 80 mg/dm3 of soil,
respectively at planting.
The inoculation with Azospiril lum sp. RAM-7 was
done immediately before planting by the method
of seeds coating contamination by utilizing the
fermentation broth with concentration of 109

CFU.mL -1. For the three cultures, the inoculation

potential with Azospirill um sp. RAM-7 was 106

CFU.g-1 of seed.
The experimental unities were composed by pots
containing 5 kg of previously sieved soil, disposed
in complete randomized blocks with four
repetitions for each treatment. In each
experimental unit 10 seeds were planted, after
germination three plants for experimental unity
were aleatory selected. All the necessary
treatments for adequate development of the
cultures were realized, such as control of weeds,
fungicide application and irrigation.

Analysis
The treatments effects on the assays with wheat,
barley and oats were evaluated in relation to grain
yield (grams per pot), and total nitrogen content of
the grains was estimated by the Kjeldahl method
(AOAC, 1996). The averages were statistically
compared using Tukey multiple test at significance
P = 0.05.

RESULT S AND DISCUSSION

Azospirillum sp. RAM-7 strain inoculation in
wheat seeds, cultivar OR-1
The averages of grain yield and total nitrogen
content of the experiment with wheat cultivar OR-
1, are demonstrated in Table 1. The obtained data
permitted to verify that the wheat seeds inoculated
with Azospirill um sp. RAM-7 strain enhanced
grain yield.
The treatment that received only inoculation
produced 7.4% above the control, although this
difference wasn’ t significant (p<0.05). When the
inoculation was associated to 100% of the N
recommended for the experiment, it was verified a
significant augmentation in grains production,
being 9.0% superior in relation to the treatment
with 100% of N and uninoculated (p<0.05).
Significant enhances in wheat grains yields, in
treatments associating Azospirill um with mineral
nitrogen fertil ization are described in li terature.
Although, normally the greatest enhances on
grain yield caused by Azospirillum sp. inoculation
are obtained in association to doses of
nitrogen inferior to greatest dose (Didonet et al.,
1996; Mil let et al., 1984; Raí and Guar, 1988;
Sumner, 1990).
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Table 1 - Grain yield and total nitrogen content of wheat grains, cultivar OR-1, inoculated with Azospirillum sp.
RAM-7 strain.

Treatments Grain yield (grams/pot) Grain total nitrogen (%)
Control (C) 3.24 g1 1.75 a
Inoculated (IN) 3.48 g 1.73 a
IN + 20% of N 5.21 f nd
IN + 40% of N 7.81 e nd
IN + 60% of N 9.36 d nd
IN + 80% of N 11.66 c nd
IN + 100% of N 15.28 b 1.72 a
100% of N 14.02 a 1.70 a

1 Means followed by the different letters in the same column are statistically different according to Tukey’s multiple range tests
(P<0.05).
nd - not determined

These grain yield increases, caused by the
inoculation with Azospirill um are not just related
with the capacity that these bacterias present in fix
the atmospheric nitrogen but also, due to the
production of plant growth promoting substances.
These phytohormones promote the root growth of
the plants, consequently increasing nutrients and
water absorption areas (Barbieri et al., 1986; Creus
et al., 1996; Kucey, 1988; Reis et al., 2000;
Steenhoudt and Vanderleyden, 2000).
In relation to the accumulation of total nitrogen in
the wheat grains, significant differences were not
observed by the inoculation of Azospirill um sp.
RAM-7 strain between the evaluated treatments
(p<0.05).

Azospirillum sp. RAM-7 inoculation in bar ley
seeds, cultivar BR-2 utili zed for beer
production
For barley, Azospirill um sp. RAM-7 strain
provided an increase on grain yield. The averages
of yield and total nitrogen content of the grains are
demonstrated in Table 2. In spite of being
statistically similar, the treatment that received
only the inoculum (IN) had a superior productivity
in relation to the control (C).
The positive effect caused by the bacteria
inoculation on grain yield was also observed by
comparing the treatments that received the ideal
quantity of the recommended nitrogen fertil ization
for the experiment. The grain yield of the
treatment in which the inoculation is associated to
100% of the N fertilization, was 6% superior, in
relation to the treatment that received the same N
fertilization content without inoculation (p<0.05).
The production of the treatments inoculated and
associated to 80% of N and with 100% of N

without inoculation were statistically similar
being, demonstrated in this case that the presence
of the inoculant substituted 20% of the
recommended N fertilization for this experiment.
In relation to total nitrogen content of the grains, it
was observed that the nitrogen chemical supply
was essential for a larger accumulation in the
evaluated tissues. However, the inoculation with
Azospirillum sp. RAM-7 didn’ t provide larger
accumulation of nitrogen in the grains (Table 2).
The greater accumulation of nitrogen in the grains,
caused by the inoculation of bacterias of the
genera Azospirill um, is due to a larger nitrogen
offer for the plant. This larger offer can be
consequence of nitrogen biological fixation
process accomplished by the bacterias, or the
capacity of certain strains in reducing the nitrate,
or that the inoculated plants present a more
developed root system, allowing the exploration of
a larger soil area (Baldani et al., 1983; Boddey and
Döbereiner, 1988; Boddey et al., 1986;
Christiansen-Weniger and Van Veen, 1991;
Didonet et al., 1996; Döbereiner, 1992; Fages,
1994; Ferreira et al., 1987; Kapulnik et al., 1981;
Raí and Guar, 1988).
Few data of inoculant application with
Azospirillum in barley is found. The inoculation of
barley seeds with Azospirill um brasilense
increased dry matter and barley grains yield, even
so, this increase was not significant. Significant
increases happened when the inoculation of the
bacteria was associated to different endophytic
fungi (Rao, 1981).
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Table 2 - Yield and total nitrogen content of barley grains, cultivar BR-2, inoculated with Azospiril lum sp. RAM-7
strain.

Treatments Grain yield (grams/pot) Grain total nitrogen (%)
Control (C) 4.16 f1 1.30 b
Inoculated (IN) 5.01 f 1.32 b
IN + 20% of N 6.32 e nd
IN + 40% of N 8.61 d nd
IN + 60% of N 11.00 c nd
IN + 80% of N 13.12 b nd
IN + 100% of N 15.52 a 1.39 a
100% of N 14.64 b 1.36 ab

1 Means followed by the different letters in the same column are statistically different according to Tukey’s multiple range tests
(P<0.05).
nd - not determined

Azospirillum sp. RAM-7 strain inoculation in
oats seeds, cultivar FAPA-1
For the oats, growing increases in yield were
observed by the elevation of applied nitrogen
doses, even so, the inoculation with Azospirill um
sp. RAM-7, didn’ t provide a significant increase in

yield and total nitrogen content of the grains
(Table 3). These results were obtained even for the
treatment that received only the inoculation as for
the treatment associated to 100% of mineral
nitrogen fertil ization, recommended for this assay.

Table 3 - Yield and total nitrogen content of oats grains, culti var FAPA-1, inoculated with Azospiril lum sp. RAM-7
strain.

Treatments Grain yield (grams/pot) Grain total nitrogen (%)
Control (C) 3.94 e1 1.30 b
Inoculated (IN) 3.95 e 1.32 b
IN + 20% of N 5.59 de nd
IN + 40% of N 7.04 d nd
IN + 60% of N 9.37 c nd
IN + 80% of N 11.38 b nd
IN + 100% of N 14.64 a 1.39 a
100% of N    14.17 a    1.36 ab

1 Means followed by the different letters in the same column are statistically different according to Tukey’s multiple range tests
(P<0.05).
nd - not determined

The effects of Azospirill um sp. RAM-7 inoculation
were different in the three evaluated cultures. The
specificity in the association of the plant and
bacteria strain was observed in several
experiments accomplished with different cultivars,
as well as, among the different cultures (Mill et et
al., 1984). In this way, for the intensive use of
inoculants with associative bacterias, it is needed a
wide isolation, to select inside of the great existent
diversity, the best combination between genotype
of the plant and bacteria strain, as well as, the
selection of efficient bacterias in the colonization
of the roots, nitrate reducer, producer of
phytohormones and capable to fix significant
amounts of nitrogen (Baldani et al., 2002).

The agronomic use of Azospiril lum is being
extensively tested, and the results about the
cultures yield are inconsistent. This inconsistency
can be related with the not controlled field
conditions, technique and inoculation rate, low
survival of the inoculated strains, physical and
chemical characteristics of the soil, physiologic
state of the bacteria, inappropriate strain, plant
genotype, presence of high number of native
microorganisms and pesticides influence (Bashan
et al., 1995; Chotte et al., 2002; Itzigsohn et al.,
1995; Ramos et al., 2002). More consistent results
are necessary, for the commercial development of
inoculants with Azospirill um (Fages, 1994).
Constant responses, caused by the inoculation of
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Azospirillum resulting in yield increases above
20% are considered commercially viable, for the
current agriculture (Bashan and Levanony, 1990).

RESUMO

O presente trabalho teve por objetivo avaliar os
efeitos da inoculação de Azospirill um sp. RAM-7,
em sementes das culturas de trigo, cevada e aveia
sobre a produtividade e teor de nitrogênio total dos
grãos, em experimentos implantados em de casa-
de-vegetação. A inoculação das sementes com
Azospirillum sp. RAM-7 aumentou a
produtividade, porém, estas respostas variam entre
as culturas avaliadas. Para o trigo, aumentos
significativos foram obtidos quando a inoculação
foi associada a 100% do nitrogênio recomendado,
já o tratamento que recebeu somente inoculação
produziu 7,4% acima do controle, porém, esta
diferença não foi significativa. Para a cevada, a
presença do inoculante substituiu 20% da
adubação recomendada de nitrogênio. Para a
aveia, a inoculação com Azospirill um sp. RAM-7
não proporcionou aumento significativo na
produtividade. Em relação ao teor de nitrogênio
total dos grãos, para as três culturas, não foram
observadas diferenças significativas entre os
tratamentos avaliados (p<0,05).
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