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Abstract

The aim of this study has been to evaluate the infl uence of inoculation 
with Azospirillum sp. RAM-7 in wheat, barley and oats on yields, 
density and N total of grains. The experiments were conducted under 
fi eld conditions. The treatments involved bacterial inoculation with or 
without different levels of nitrogen fertilization and absolute control. The 
inoculation was carried out by the seed coating method with bacterial 
suspension containing 1010 CFU.mL-1. Statistically signifi cant effects on 
grain yield in wheat were obtained at the inoculated treatment without any 
nitrogen fertilizer, increasing the yield by 23.9% over de control (p<0.05). 
In the inoculated treatment associated with 48 kg of N.ha-1, the yield was 
similar to that obtained at 60 kg of N.ha-1 with or without inoculation. 
In barley, the grain yields of the inoculated treatment associated with 
32 kg of N.ha-1 was statistically equivalent to that obtained with 40 kg 
de N.ha-1 with or without inoculation (p<0,05). In oats, there was no 
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signifi cant difference between treatments and their respective controls 
for yields, density and N total of grains. The results of the present 
investigations showed the possibility of the partial substitution of the 
inorganic nitrogen fertilizer with the Azospirillum sp. RAM-7 inoculation 
in wheat, barley and oats.

Key words: wheat; barley; oats; nitrogen fi xation; Azospirillum.

Resumo

O objetivo deste estudo foi avaliar a infl uência da inoculação com 
Azospirillum sp. RAM-7 em trigo, cevada e aveia no rendimento, 
densidade e nitrogênio total nos grãos. Os experimentos foram 
conduzidos em condições de campo. Os tratamentos envolveram a 
inoculação de bactérias, com a presença ou não de diferentes doses de 
fertilização nitrogenada e o controle absoluto. A inoculação foi feita pelo 
método de contaminação das sementes com uma suspensão de bactérias 
contendo 1010 UFC.mL-1. Efeitos estatisticamente signifi cativos sobre 
a produtividade de grãos de trigo foram obtidos no tratamento inoculado 
e sem a adição de fertilização nitrogenada, aumentando o rendimento 
em 23,9% em relação ao controle (p<0,05). No tratamento inoculado 
associado a 48 kg de N.ha-1, a produtividade foi similar à obtida no 
tratamento com 60 kg de N.ha-1 com ou sem inoculação. Na cevada, 
o rendimento de grãos do tratamento inoculado associado a 32 kg de 
N.ha-1 foi semelhante ao que recebeu 40 kg de N.ha-1 com ou sem 
inoculação (p<0,05). Na aveia, os tratamentos não diferiram de seus 
controles em relação ao rendimento, densidade e nitrogênio total dos 
grãos. Os resultados obtidos nesta pesquisa indicam a possibilidade da 
substituição parcial da fertilização nitrogenada inorgânica pela inoculação 
de Azospirillum sp. RAM-7 nas culturas de trigo, cevada e aveia.

Palavras-chave: trigo; cevada; aveia; fixação de nitrogênio; 
Azospirillum.

Introduction

Many diazotrophic bacteria were 
isolated from rhizosphere soil or the 
rhizoplane of a big variety of non-
leguminous plants. The fi rst species of 
Azospirillum was isolated by Beijerinck 
in 1925 from N-poor sandy soil and was 
originally named Spirillum lipoferum. 

This bacterium was later isolated from 
soil and from rhizosphere of roots of 
a variety of grasses (TARRAND et 
al., 1978; SUNDARAM et al., 1987; 
KIRCHHOF et al., 1997; PANDEY et 
al., 1998). Nitrogen-fi xing bacteria of 
the genus Azospirillum colonize the 
rhizosphere of economically important 
crops exerting beneficial effects on 
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plant growth, although the mechanism 
of colonization by Azospirillum species 
is not clear (STEENHOUDT and 
VANDERLEYDEN, 2000; RAMOS 
et al., 2002). At present, fi ve species 
have been described: Azospirillum 
lipoferum, A. brasilense, A. amazonense, 
A. halopraeferens and A. irakense 
(DÖBEREINER and PEDROSA, 
1987; FANI et al., 1995; BASHAN and 
HOLGUIN, 1997; ALEXANDRE et al., 
1999; HAUWAERTS et al., 2002).

Inocula t ion  of  p lants  wi th 
Azospirillum can result in significant 
change in various plant  growth 
parameters, which may or may not affect 
yield. Increases in the amount of N total, 
grains weight, germination rates, plant 
dry weight, increase in the density and 
length of root hairs, number of spikes 
and grains per spike were reported 
(KAPULNIK et al., 1981; BASHAN 
and LEVANONY, 1990; OKON and 
VANDERLEYDEN, 1998; JOFRÉ et al., 
1998; DALLA SANTA et al., 2004a).

Plant  growth promotion by 
Azospirillum has been demonstrated 
in field and greenhouse experiments 
(SUMNER, 1990). Success in crop 
yield enhancement by microorganisms, 
depends the ability of Azospirillum to 
survive and to colonize germinated seeds 
successfully in the presence of a large 
number of other indigenous rhizosphere 
microorganisms. The abundance and the 
activity of theses microorganisms depend 
yet on the soil properties (JACOUD et 
al., 1998; PEREG-GERK et al., 1998; 
ALEXANDRE et al., 1999; JAMES, 2000; 
CHOTTE et al., 2002). The successful 
colonization of the plant root surface by 
the bacterium is thought to be dependent 

on active motility and chemotaxis 
toward root exudates (BASHAN and 
LEVANONY, 1990; CREUS et al., 
1996; BASHAN and HOLGUIN, 
1997; HAUWAERTS et al., 2002).

Yield increases have been attributed 
to mechanisms such as nitrogen fi xation, 
nitrate reduction, protection from 
pathogenic plant microorganisms and 
production of plant-growth promoting 
substances (BARBIERI et al., 1986; 
FULLCHIERI and FRIONI, 1994; REIS 
et al., 2000; FISCHER et al., 2003). In 
several fi eld experiments, with different 
cultures, found increases of the grains 
yield after inoculation with different 
bacteria strain of Azospirillum. (RAO, 
1981; SUMNER, 1990; DIDONET et 
al., 1996).The effect on the total yield 
increase of fi eld-grow plants generally 
ranged from 5 to 30%. However, 
the reported effects on yield, due to 
bacterial inoculations, have not always 
been positive, many negative or no-
effect results of inoculation were rarely 
reported (BASHAN and LEVANONY, 
1990; SUMNER, 1990; BASHAN and 
HOLGUIN, 1997).

In this work, three experiments 
were carried out in fi eld conditions, with 
the aim to evaluate the contribution of 
inoculation with Azospirillum sp. RAM-7 
in wheat, barley and oats on grain yield 
and grain quality.

Material and methods

Bacterial strain, media and 
growth conditions: Azospirillum sp. 
RAM-7 isolated from roots of sugar cane, 
was obtained from Instituto Cubaño de 
Investigaciones de los Derivados de la 
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Canã de Azúcar (ICIDCA). Azospirillum 
were grown in medium containing (g.L-1) 
fructose: 12; yeast extract: 1.0; Na2PO4: 
4.2; (NH4)2HPO4: 3.5; MgSO4.7H2O: 0.2; 
KCl: 0.02; CaCl2: 0.01; NaMoO4.2H2O: 
0.01; FeCl3: 0.015. The initial pH was 
adjusted to 7.3. After autoclaving the 
medium at 121 °C for 20 min the culture 
was added in the medium and incubated 
for 18 h at 37 °C, 250 rpm at 0.9 vvm 
(volume of air/volume of media by 
minute) of aeration in a fermenter MDL 
Marubishi (FERNÁNDEZ et al., 1999). 
Final cells concentration in the fermenter 
was the 1010 CFU.mL-1. The bacterial 
suspension was stored at 4 °C and used 
as seeds inoculation.

Treatments: For the experiments 
of wheat the treatments were: (1) control 
(uninoculated and no N), (2) Azospirillum 
sp. RAM-7 inoculation (IN) and no N, (3) 
IN plus 12 kg of N.ha-1, (4) IN plus 24 
kg of N.ha-1, (5) IN plus 36 kg of N.ha-1, 
(6) IN plus 48 kg of N.ha-1, (7) IN plus 
60 kg of N.ha-1, and (8) 60 kg of N.ha-1 
and uninoculated. For the experiments 
of barley and oats the treatments were: 
(1) control (uninoculated and no N), (2) 
Azospirillum sp. RAM-7 inoculation (IN) 
and no N, (3) IN plus 8 kg of N.ha-1, (4) 
IN plus 16 kg of N.ha-1, (5) IN plus 24 
kg of N.ha-1, (6) IN plus 32 kg of N.ha-1, 
(7) IN plus 40 kg of N.ha-1, and (8) 40 kg 
of N.ha-1 and uninoculated.

Inorganic nitrogen was applied 
during sowing and as cover fertilizer; 
phosphorous (70 Kg.ha-1) and potassium 
(40 Kg ha-1) were similar for all treatments. 
The inoculation was carried out by the 
seed coating method with bacterial 
suspension (1010 CFU. mL-1). The fi nal 
bacterial count in seeds was 106 CFU.g-1.

Experimental  designs and 
analysis: The treatments were distributed 
in complete randomized blocks with 
four replicate blocks per treatment. The 
individual replicated plot size was 1.0 
per 5.0 m with six plant rows. For the 
evaluation, two external rows and 0.5 m in 
each extremity were considered borders. 
The effect of the Azospirillum sp. RAM-7 
inoculation in wheat, barley and oats was 
analyzed on grain yield, grain density 
and total nitrogen grain by Kjeldahl 
methods (AOAC, 1990). The yield 
plot measurements for each treatment 
were transformed to kg.ha-1. The data 
were statistically analyzed using Tukey 
multiple test at signifi cance P = 0.05.

Results and discussion

Effect of Azospirillum sp. RAM-
7 inoculation in wheat OR-1: The 
response of Azospirillum sp. RAM-7 
inoculation in wheat OR-1 at different 
levels of nitrogen is presented in table 1. In 
this trial, signifi cant differences on grain 
yield were obtained by the inoculation 
or by the nitrogen level. On the other 
hand, the infl uence of the treatment on 
grain density and the total nitrogen in 
grains were not statistically signifi cant.

The simple seeds inoculation 
without any nitrogen additions increased 
in 23.9% wheat grain yield, over the 
corresponding control. Increase on 
crops yield derived from Azospirillum 
inoculation have been previously also 
obtained in fi eld conditions at low levels 
of nitrogen fertilization or without any 
nitrogen additions (MILLET et al., 
1984; BODDEY and DÖBEREINER, 
1988; DIDONET et al., 1996). In this 
experiment, signifi cant positive response 
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due to inoculation on grain yield, were 
observed even at the higher level of 
nitrogen. The inoculated treatment 
associated with 60 kg of N.ha-1 increased 
the grain yield by 7.8% over the control 
with 60 kg of N.ha-1 without inoculation, 
but no statistical difference was observed. 
The yield in the inoculated treatment 
associated with 48 kg of N.ha-1 was 
statistically equivalent to that obtained 
with 60 kg of N.ha-1 with or without 
inoculation. In this case, the inoculation 
with Azospirillum sp. RAM-7 replaced 
about 20% of the inorganic nitrogen 
recommended for this experiment.

The present results, together with 
previous reports (RAO, 1981; BODDEY 
et al., 1986; RAI and GUAR, 1988; 
SUMNER, 1990) clearly indicated that 
wheat inoculation with Azospirillum sp. 
increased the grain yield. That increase 
on grain yield has been explained 
through Azospirillum sp. enhancing 
root branching and root hair formation 
and, therefore, increased root uptake 
capacity. This effect on the root systems 

was probably due to growth hormones 
secreted by bacteria (KAPULNIK et al., 
1981, KUCEY, 1988; KENNEDY et al., 
1997; HECHT-BUCHHOLZ, 1998).

Effect of Azospirillum sp. RAM-7 
inoculation in barley BR-2: The results 
on grain yield, grain density and grain 
nitrogen total of barley in the experiment 
with Azospirillum sp. RAM-7 were 
shown in table 2. In this experiment, 
the seed inoculation increased the grain 
yield. The yield obtained in the treatment 
inoculated by Azospirillum sp. without 
any nitrogen level was 19% higher as 
compared to the control uninoculated 
and without nitrogen. The beneficial 
effect of inoculation with Azospirillum 
sp. on grain yield was yet observed when 
combined with inorganic nitrogen level. 
The inoculated treatment associated 
with 40 kg of N.ha-1 increased the grain 
yield in 8% above that with 40 kg of 
N. ha-1, without inoculation, but the 
yield differences were not statistically 
significant. However, the effects of 
inoculation, in general were signifi cantly 

Table 1. Effects of Azospirillum sp. RAM-7 inoculation at different nitrogen level 
in wheat OR-1 on grain yield, grain density and grain nitrogen total

Treatments Grain yield
(kg.ha-1)

Grain density
(kg.hl-1)

Grain nitrogen 
total (%)

Control 1.058 d 69.1 a 1.77 a
Inoculated (IN) 1.311 c 70.6 a 1.76 a
IN plus 12 kg N.ha-1 1.472 c 70.4 a nd
IN plus 24 kg N.ha-1 1.793 b 70.1 a nd
IN plus 36 kg N.ha-1 1.955 b 70.3 a nd
IN plus 48 kg N.ha-1 2.262 a 71.0 a nd
IN plus 60 kg N.ha-1 2.420 a 71.1 a 1.71 a
60 kg N.ha-1 2.245 a 69.6 a 1.70 a

1Means followed by the different letters, in de same column are statistically different (P<0,05) 
according Tukey’s multiple range test.
IN - inoculated
nd – not determined.
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higher to that of control. Similar benefi cial 
responses of yield were observed by 
other authors (RAI and GUAR, 1988; 
BASHAN and LEVANONY, 1990; 
FALLIK and OKON, 1996; REIS et al., 
2000; DALLA SANTA, et al., 2004b).

The increased amount of nitrogen 
application resulted in significantly 
higher yield than the preceding amount. 
In this experiment, the yield of the 
inoculated treatment associated with 
32 kg of N.ha-1 and those with 40 kg of 
N.ha-1, were statistically equivalent, this 
result show that the inoculation replace 
20% of inorganic nitrogen fertilization 
recommended for this experiment, 
without any negative effects on yield.

T h e  b e n e f i c i a l  e f f e c t s  o f 
inoculation with Azospirillum sp. were 
also manifested in the grain density. 
The grain density in the inoculated 
treatment without any nitrogen was 
higher than compared to the control 
(P<0.05). Azospirillum sp. inoculation 
can increase nitrogen contents in grain. 

These responses have been attributed to 
the capacity of Azospirillum in nitrogen 
fi xation, nitrate reduction and production 
of plant growth substances (BODDEY et 
al., 1986; BODDEY and DÖBEREINER, 
1988; SUMNER, 1990; BASHAN, 
1998). In this experiment, no difference 
was observed in the concentration of 
nitrogen when compared the treatments 
inoculated and the respective control. 
However, the concentration of nitrogen 
in grain was higher in the inoculated 
treatment associated with 40 kg N.ha-1 
above the treatments without nitrogen.

Effect of Azospirillum sp. RAM-
7 inoculation in oats FAPA-1: The 
response of Azospirillum sp. RAM-7 
inoculation in oats FAPA-1 at different 
levels of inorganic nitrogen is presented 
in table 3. In general, simple seed 
inoculation with Azospirillum increased 
yields of crops, although such responses 
varied depending on the chemical and 
physical factors of the soil, the bacterial 
strain, the environmental conditions, 

Table 2. Effects of Azospirillum sp. RAM-7 inoculation at different nitrogen level 
in barley BR-2 on grain yield, grain density and grain nitrogen total

Treatments Grain yield
(kg.ha-1)

Grain density
(kg.hl-1)

Grain nitrogen 
total (%)

Control 1.178 e 58.9 b 1.31 b
Inoculated (IN) 1.401 de 60.7 a 1.32 b
IN plus 8 kg N.ha-1 1.372 e 60.4 ab nd
IN plus 16 kg N.ha-1 1.713 cd 60.2 ab nd
IN plus 24 kg N.ha-1 1.839 bc 59.8 ab nd
IN plus 32 kg N.ha-1 2.158 ab 59.9 ab nd
IN plus 40 kg N.ha-1 2.355 a 60.1 ab 1.39 a
40 kg N.ha-1 2.184 a 60.1 ab 1.36 ab

1Means followed by the different letters in de same column are statistically different (P<0,05) according 
Tukey’s multiple range test.
IN - inoculated
nd – not determined.
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the variety planted and the initial 
inorganic N status of the soil (RAO, 
1981; PANDEY et al., 1998; RAMOS 
et al., 2002). In the experiment with 
oats, increases in grain yield were 
obtained by inoculation associated with 
40 kg of N.ha-1 over the corresponding 
control, but these were not statistically 
significant.  For the simple seed 
inoculation, no effects on grain yield 
were detected. The grain yield in the 
treatment inoculated associated with 
32 kg of N.ha-1 was approximately 
equivalent to those obtained by 40 kg 
of N.ha-1, in this case the inoculation 
replaced 20% of the inorganic nitrogen 
recommended for this experiment.

The inoculation of Azospirillum 
sp. RAM-7 in wheat, barley and oats 
increased grain yield, but did not replace 
the total inorganic nitrogen fertilizer 
recommended for each culture. Different 
responses were observed among the 
three cultures by the inoculation with 

Azospirillum sp. RAM-7, indicating 
some specifi city between the bacteria and 
the culture genotype. This specifi city has 
been previously demonstrated (MILLET 
et al., 1984; FALLIK and OKON, 1996; 
PANDEY et al., 1998).

Many reports have shown positive 
interaction between nitrogen-fixing 
rhizosphere bacteria with grasses and 
grain crops roots. Yield improvement 
by inoculation with associative bacteria 
requires on effi cient screening system 
aiming at selecting constantly the most 
successful combinations between the 
plant genotype and a particular bacterial 
strain (MILLET et al., 1984; FAGES, 
1994; SUMNER, 1990; OKON and 
VANDERLEYDEN, 1998; PANDEY 
et al.,1998). The results of the present 
investigations showed the possibility of 
the partial substitution of the inorganic 
nitrogen fertilizer with the Azospirillum 
sp. RAM-7 inoculation in wheat, barley 
and oats.

Table 3. Effects of Azospirillum sp. RAM-7 inoculation with different nitrogen level 
in oats FAPA-1 on grain yield, grain density and gain nitrogen total

Treatments Grain yield
(kg.ha-1)

Grain density
(kg.hl-1)

Grain nitrogen 
total (%)

Control 1.711 d 46.3 a 1.27 a
Inoculated (IN) 1.688 d 45.9 a 1.28 a
IN plus 8 kg N.ha-1 1.762 d 46.3 a nd
IN plus 16 kg N.ha-1 2.039 cd 46.2 a nd
IN plus 24 kg N.ha-1 2.189 bc 45.7 a nd
IN plus 32 kg N.ha-1 2.443 ab 45.7 a nd
IN plus 40 kg N.ha-1 2.796 a 46.7 a 1.27 a
40 kg N.ha-1 2.668 a 46.9 a 1.24 a

1Means followed by the different letters in de same column are statistically different (P<0,05) according 
Tukey’s multiple range test.
IN - inoculated
nd – not determined 
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