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ABSTRACT

The aim of the present work was to evaluate the inoculation effects of Azospirillum sp. RAM-7 strain, in seeds of
wheat, barley and oats cultures onyield and total nitrogen content of the grains in greenhouse experiments. Seeds
inoculation with Azospirillum sp. RAM-7 strain enhanced grain yields, even so, the resporses vary among the
evaluated cultures. For wheat, significant increases were obtained when the inoculation was associated to 100% of
the recommrended nitrogen, althouch the treatment that received only inoculation produced 7.4% above the control,
honeve this difference wasn't significant. For barley, the presence of the inoculant substituted 20% the
recommended ritrogen 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 o cultures. This element (N,) is found in the
gaseous form, constituting approximately 78% of
the gases that form the atmospheric air, even so,
plants and animals dont get to use it in this
form for their metabolism (D6bereiner, 1997
Gyurjan et al., 1995

The plants abtain the nitrogen, mainly by the
application o nitrogen fertilizers, industrially
synthesized from the atmospheric dinitrogen (Ny).
This element, becomes also available for the plants
by the biological fixation of nitrogen (BFN),
realized by some bacteia denominated
diazotrophic, which possesses an enzymatic

"Author for correspondence

apparatus capable to break the triple bound
between two nitrogen atoms from the atmospheric
nitrogen, forming ammonia that is smilar to the
industrial process but without the expense of non
renewable energetic sources (Dobereing and
Baldani, 1998 Okon and Vanderleyden, 1998
Victoriaet al., 1992.

The nitrogen, which is one of the essentia
elements, is absorbed in geat quantities by the
plants, neealing to be avalable a high
concentration in the soil (Pottker, 2000. The
nitrogen rate utilized for cultures vary according to
the organic matter content of the soail, the previous
culture and the utilized 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 gecific
associations with cereals and various Graminae are
standing out (Dobereiner, 1992.

The knowledge of nitrogen biological fixation in
non-leguminous plants, mainly in Graminae,
among them several cereals, became one of the
largest chall enges, since these represent the more
important alimentary base of the population,
mainly in developing countries (Boddey and
Dobereiner, 19%; Dobereiner, 1992.

The individual nitrogen nead o the six hillion
inhabitants on earth is the average of 11 g.day™,
which is equivalent to 70 g of protein, or
approximately 24 million tons of nitrogen a
year. Nowadays, the biological fixation o nitrogen
contributes with approximately 35% of the human
diet of the necessry protein for everyone
(Vance, 1999. The great importance of the
nitrogen resides in the fact that it is an essential
congtituent of the proteins, nucleic acids and ather
compounds of nitrogen bases, essential to the vital
processes of all live beings (Payne € al., 1981).
Microorganisms capable of fixing nitrogen in free
life, in spite of important in number, in general
contribute a little with fixed nitrogen. The dfeds
of those bacterias are mainly in the promotion o
plants roat growth, as they produce growth-
promoting substances. The great interest in the
biological fixation o nitrogen in Graminea is
related to the better utilization o water by these
cultures, in reation to the leguminous plants and
aso by showing  better  photosynthetic
effediveness by its great mgjority. Being the
Graminea broadly used as food by the man, even
if, a part of the nitrogen was just supgied by the
asociation with bacterias, the utilization of
nitrogen fertilizers would save the same amount or
it would be superior as the verified for leguminous
plants, which can be sdf-sufficient in nitrogen
(Dobereiner, 1992.

The genera  Azospirillum,  Herbaspirillum,
Azobacter and Acdobacter show generalized
occurrence in econamically important cultures
such as corn, wheat, rice, sorghum and sugar cane,
like this being with frequency, in experiments
seeking the agronamic utilization as biofertilizers
(Dobereiner, 1997 Reinhold and Hurek, 1988
Sundaram & 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 Dadla Santa et al., 2004

Fani et al., 19%; Katupitiya et al., 1995 Machado
e al., 1998; Sumner, 1990.

Azospirillum bacterias form different types of
asciation in dverse vegetables pecies. Initially it
was beieved that they were found ory at the
rhizosphere, but later onthey were isolated from the
soil and also certain endgphytic strains, which are
cgpable to colonize internally the plant, supplying
the nitrogen with more dficiency (Asarnus, et al.,
1995; Bashan and Levanony, 1990; Dobereiner et
al., 1995; Fischer, et al., 2003; Hauwaerts, et al.,
2002; Hecht-Buchhdz, 1998; James, 2000;
Kirchhd et al. 1997; Ramos, €t al., 2002).

The promotion o plants growth inoculated with
Azospirillum has been dbtained in fidd condtions
and geemhouse periments, resulting in
significant changes in several characteristics of the
plants. The inoculation can cause increase in the
dry weight and in the accumulation o total
nitrogen o the plant, in the grain yields and in the
weight of the grains, in the germination rate of the
sedals and in changes in the duration o the plants
growth stages (Boddey and Dobereiner, 1988
Fages, 1994 Fallik and Okon, 1996 Nur et al.,
198Q Pandey et al 1998; Summer, 1990.

The beneficial effects caused by the inoculation
with Azospirillum are not only due to FBN in the
rhizosphere, but mainly, for the best efficiency in
the absorption of water and rutrients, 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 sibstances of plants
(Bashan and Holguin, 1997 Boddey « al., 1986
Dobereiner, 199; Fdlik and Okon, 1996
Kucey, 1988 Reis et al., 2000

The Azospirillum 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 o the soil, physiological state of
the bacteria, improper strain, plant genotype,
presence of high number of native microorganisms
and pesticides influence. (Bashan & al., 1995;
Fages, 1994 Itzigsohn et al. 1995).

The present work had as aobjedive to verify the
Azospirillum sp. RAM-7 inoculation effed in
sedls of wheat, barley and aats on gain yied 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

I noculant production

The strain o Azospirillum sp. RAM-7 was
obtained from Instituto Cubano de Investigadones
de los Derivados de la Cafia de Azlcar (ICIDCA).
This grain present goad biomass production, and
in preliminary tests with aher cultures increased
de yield. The biomass of Azospirillum utilized as
inoculant was produced in a MDL Marubishi
fermenter, at Biotechndogical Processes
Laboratory of Federal University of Parand The
fermentation conditions and the utilized
composition o the culture media were the same as
described by Fernandez e al. (1999. The fina
concentration d Azospirillum sp. RAM-7 strain in
the fermentation broth was of 10" CFU.mL™, this
broth was maintained at 4° C until utilization as
inoculant.

Greenhouse experiment

The &peiments with wheat cultivars OR-1,
barley BR-2 utilized for beer production and cats
FAPA-1, were implemented in geenhouse at the
Agronamic Sector of Federal University of Parana
Different nitrogen fertilization levels associated or
not with the inoculation o Azospirill um sp. RAM-
7 strain were evaluated. The assay was composed
of the following treatments. control (without
nitrogen and uninoculated); inoculated (IN); IN
asciated 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 fertilization
with nitrogen was 84 mg/dm® of soil, for barley
and ats 56 mg/dm® of soil. The nitrogen
fertilization with urea as N source was applied in
portions during inoculation, and at the sed
coating at the beginning o the sowing. The
fertilization with phosphorus (P,Os) and potassum
(K20) were the same for all the treatments of the
three cultures, being 350 and 80 mg/dm?® of soil,
respectively at planting.

The inoculation with Azospirillum sp. RAM-7 was
dore immediately before planting by the method
of seads coating contamination by utilizing the
fermentation broth with concentration of 10°
CFU.mL™. For the three cultures, the inoculation

potential with Azospirillum sp. RAM-7 was 10°
CFU.g* of sedl.

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

Analysis

The treatments effeds on the assays with wheat,
barley and cats 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 DISCUSS ON

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 seads inoculated
with Azospirillum sp. RAM-7 strain enhanced
grain yield.

The treatment that receved 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 gains 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 Azospirillum with mineral
nitrogen fertilization are described in literature.
Although, normally the greatest enhances on
grain yield caused by Azospirillum sp. inoculation
are obtained in assciation to doses of
nitrogen inferior to greatest dose (Didonet e al.,
1996 Millet e al., 1984 Rai and Guar, 1988
Sumner, 1990.
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Table 1 - Grain yield and tota nitrogen content of wheat grains, cultivar OR-1, inoculated with Azospirillum sp.

RAM-7 gtrain.
Treatments Grain yidd (grams/pot) Grain total nitrogen (%)
Control (C) 3.24¢" 1.75a
Inoculated (IN) 348¢g 173a
IN +20% of N 5.21f nd
IN +40% of N 7.8le nd
IN + 60% of N 9.36d nd
IN +80% of N 1166¢ nd
IN +100% of N 1528 b 172a
100% of N 14.02 a 1.70a

*Means followed by the different letters in the same @lumn are dtatistically different acoording to Tukey's multiple range tests

(P<0.05).
nd - not determined

These grain yidd increases, caused by the
inoculation with Azospirillum are na just related
with the capacity that these bacterias present in fix
the atmospheric nitrogen but also, due to the
production o plant growth promoting substances.
These phytohormones promote the root growth o
the plants, consequently increasing nutrients and
water absorption areas (Barbieri et al., 1986 Creus
e a., 199%; Kucey, 1988 Res e al., 2000,
Steenhoudt and Vanderleyden, 2000.

In relation to the accumulation d total nitrogen in
the wheat grains, significant differences were nat
observed by the inoculation o Azospirillum sp.
RAM-7 strain between the evaluated treatments

(p<0.05).

Azospirillum sp. RAM-7 inoculation in barley

seals, cultivar BR-2 utilized for beer
production
For barley, Azospirilum sp. RAM-7 strain

provided an increase on gain yield. The averages
of yield and total nitrogen content of the grains are
demonstrated in Table 2. In spite of beng
statistically similar, the treatment that received
only the inoculum (IN) had a superior productivity
in relation to the control (C).

The positive effed caused by the bacteria
inoculation on gain yield was also doserved by
comparing the treatments that received the ideal
guantity of the recommended nitrogen fertilization
for the epeiment. The grain yiedd o 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 o the treatments inoculated and
asciated to 80% of N and with 100% of N

without inoculation were dtatistically 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 supgy
was essential for a larger accumulation in the
evaluated tissues. However, the inoculation with
Azospirillum sp. RAM-7 didn't provide larger
accumulation o nitrogen in the grains (Table 2).
The greater accumulation o nitrogen in the grains,
caused by the inoculation of bacterias of the
genera Azospirillum, 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
alarger soil area (Baldani et al., 1983, Boddey and
Dobereiner, 1983; Boddey e a., 1936
Christiansen-Weniger and Van Veen, 1991
Didoret e al., 199; Dobereiner, 1992 Fages,
1994 Fearera et al., 1987 Kapunik et al., 1981,
Rai and Guar, 1988.

Few data of inoculant application with
Azospirillumin barley is found. The inoculation o
barley seals with Azospirillum brasilense
increased dy matter and barley grains yidd, even
so, this increase was nat significant. Significant
increases happened when the inoculation o the
bacteria was associated to different endophytic
fung (Rao, 1981).
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Table 2 - Yield and total nitrogen content of barley grains, cultivar BR-2, inoculated with Azospirillum sp. RAM-7
strain.

Treatments Grain yidd (grams/pot) Grain total nitrogen (%)
Control (C) 4.16f" 1.30 b
Inoculated (IN) 5.01f 1.32b
IN +20% of N 6.32e nd
IN +40% of N 8.61d nd
IN +60% of N 11.00c nd
IN +80% of N 1312 b nd
IN +100% of N 1552a 1.39a
100% of N 1464 b 1.36ab
*Means followed by the different letters in the same @lumn are tatistically different acoording to Tukey's multiple range tests

(P<0.05).
nd - not determined

Azospirillum sp. RAM-7 strain inoculation in
oats sedls, cultivar FAPA-1

For the oats, growing increases in yield were
observed by the eevation o applied nitrogen
doses, even so, the inoculation with Azospirill um
sp. RAM-7, didn’t provide a significant increasein

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 aswociated to 100% of mineral
nitrogen fertilization, recommended for this assay.

Table3 - Yidd and total nitrogen content of oats grains, cultivar FAPA-1, inoculated with Azospirillum sp. RAM-7

strain.
Treatments Grain yidd (grams/pot) Grain total nitrogen (%)
Control (C) 394¢ 1.30 b
Inoculated (IN) 3.9%5e 1.32b
IN +20% of N 5.59 de nd
IN + 40% of N 7.04d nd
IN +60% of N 9.37c nd
IN + 80% of N 11.38b nd
IN + 100% of N 1464 a 139a
100% of N 14.17a 1.36ab

1 Means followed by the different letters in the same @lumn are statistically different acoording to Tukey’s multiple range tests

(P<0.05).
nd - not determined

The df ects of Azospirillum sp. RAM-7 inoculation
were different in the three evaluated cultures. The
specificity in the association o the plant and
bacteria strain was obsarved in  severa
experiments accomplished with dfferent cultivars,
as well as, among the different cultures (Mill et et
al., 1984. In this way, for the intensive use of
inoculants with asciative bacterias, it is needed a
wide isolation, to sedled inside of the great existent
diversity, the best combination between genotype
of the plant and bacteria strain, as well as, the
seledion 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 agronamic use of Azospirillum is beng
extensively tested, and the results about the
cultures yield are inconsistent. This inconsistency
can be related with the not controlled field
condtions, 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 rumber of native
microorganisms and pesticides influence (Bashan
e al., 19%; Chate @ al., 2002 Itzigsohn et al.,
1995 Ramos €t al., 2002. More consistent results
are necessry, for the commercial development of
inoculants with Azospirillum (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 Levanory, 1990.

RESUMO

O presente trabalho teve por objetivo avaliar os
efeitos da inoculagdo de Azospirillum sp. RAM-7,
em sementes das culturas de trigo, cevada e avela
sobre a produtividade eteor de nitrogénio total dos
graos, em experimentos implantados em de casa-
de-vegetacdo. A inoculacdo das ementes 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 inoculagéo
foi associada a 100% do ritrogénio recomendado,
j& o tratamento que recebeu somente inoculagdo
produziu 7,4% acima do controle, porém, esta
diferenca ndo foi significativa. Para a cevada, a
presenca do inoculante substituiu 20% da
adubacdo recomendada de nitrogénio. Para a
aveia, a inoculagdo com Azospirillum sp. RAM-7
nao proporcionou aumento significativo M
produtividade. Em relacdo ao teor de nitrogénio
total dos graos, para & trés culturas, ndo foram
observadas diferencas dgnificativas entre os
tratamentos avaliados (p<0,05).
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