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Abstract: Winter cover plants and diastrophic bacteria inoculation are indicated as alternatives for nitrogen
supply  (N)  and  increase  in  maizegrowth.  The  objective  of the present study was to study associated
rhizobia  and  diastrophic  bacteria  in maize growth promotion in succession to crops of annual ryegrass
(Lolium multiflorum) and white clover (Trifolium repens). The experiment was carried out on the UFRGS
Agronomic Experimental Stationin the 2010/2011 and 2011/2012 growing seasons. White clover and ryegrass
were cropped in the winter and maize in succession to these crops. The plants were inoculated with the UFRGS
Vp16 and SEMIA 222 rhizobia and a mix of three Azospirillum isolates, UFRGS LG-R, UFRGS EL-S and UFRGS
MS, intwo N doses, 70 and 140 kg ha . Inoculation with UFRGS Vp16rhizobium and the mixture of three1

Azospirillum isolates increased growth of the maize plants cropped in succession to ryegrass and white clover.
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INTRODUCTION regulator production [7], antagonism against plant

Nitrogen (N) is the nutrient that has the greatest phosphorus availability [9].
effect on yield increase in maize crops, but less  than  50% The capacity of maize to establish plant growth
N applied by fertilizer is used by the plants[1]. The result promoting rhizospheric and/or endophytic relationships
of this low efficiency is soil and underground water with several bacteria genera is well documented [10].
contamination that harms health and endangers Lately there has been great interest in studying and using
agricultural sustainability [2]. rhizobia isolated from legume nodules as growth

Instead of increasing themaize yield by using higher promoters in many grasses. Positive results using this
doses of mineral nitrogen, cover plants can be used technique have already been obtained in rice[11] and
during the winter as an alternative to supply N to maize maize plants [12, 13].
cropped in succession. These crops improve the physical The object of the present study was to assess
and chemical properties of the soil, especially when efficiency  of  inoculating  symbiotic rhizobia  in  legumes
leguminous plants are cropped in these areas [3]. and associative diazotrophic bacteria in maize growth

A second alternative to supply N to the maize crop is promotion in succession to winter crops such as ryegrass
by biological fixing by associative bacteria[4] or increase and white clover.
in its absorption by the plant [5]. Several growth
promoting bacteria can  significantly  increase  growth MATERIALS AND METHODS
and grain yield of various cereals when these are used as
inoculants [6]. Growth promotion by these bacteria  can Experimental  details  and treatments: The experiment
be a consequence of biological nitrogen fixing [4] plant was carried   out   in  the field in an area at the Agronomic

pathogens by siderophore production[8] or increased
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Experimental Station of the Federal University of Rio Bacterial Inoculant Preparation: To produce the bacterial
Grande do Sul, located in the municipality of Eldorado do inoculant, the UFRGS Vp16 and SEMIA 222 rhizobia were
Sul, RS, Brazil (latitude 30°39'S, longitude 51°06'W and inoculated in liquid YM medium[17] and the Azospirillum
altitude 46 m). The soil is classified as typical dystrophic isolates inoculated in Dygs liquid medium[18] placed in an
Ultisol and presented at implantation the following orbital incubator at 28°C and shaken at 120 rpm for six
characteristics (0-20 cm depth): 5.6 pH H O, 24 g kg OM, days. The bacterial broths were mixed in sterilized water2

1

12.5 mg dm P, 76 mg dm  K, 2.6 cmol  dm Ca, 1.1 cmol and applied by hand with a watering can over the row3 3 3
c c

dm  Mg, 0.5 cmol  dm  Al. shortly after sowing. For the UFRGS Vp16 and SEMIA 2223 3
c

The experiment was set up in 2010 and conducted for treatments,5 mL broth were mixed with 8x10 cells mL in
two years, in the 2010/2011 and 2011/2012 growing 8 L water and 3.3x10 cells were applied per m . For the
seasons.In the winter white clover (Trifolium repens) and treatments that received the mixture of the three
annual ryegrass (Lolium multiflorum) were cropped. Azospirillum  isolates, 5 mL broth with 7.5x10 cells mL
Maize was cultivated between the 2010 winter crop and
after the 2011 winter crop during the summer. The plants
were inoculated with the following rhizobia: UFRGS Vp16,
belonging to the Rhizobia Culture Collection at UFRGS,
that was isolated from white clover nodules and selected
because of its high nitrogen fixing efficiency [14]; SEMIA
222, a strain released for inoculant production for
Trifolium repens; and the mixture of three Azospirillum
sp. isolates,UFRGS El-S UFRGS Lg1-R and UFRGS M-S,
belonging to the Rhizobia Culture Collection at UFRGS
that were selected because of their high nitrogen fixing
efficiency  in  maize  cropped  in  Rio  Grande do Sul and
in vitro indoleacetic acid (IAA) production [15].

Two N doses were tested in addition to inoculating
the bacterial isolates: 140 kg ha  that corresponded to1

the  complete  nitrogen  dose for maize and half the dose
(70 kg ha N).1

The maize hybrid Pioneer 30F53 was sown in
December in the two growing seasons after desiccating
thewinter crops with 1.5 L glyphosate. In the plots with
white clover, 1.5 L glyphosate was re-applied 15 days after
the first application. Maize was sown by hand in the no
tillage system. Five rows of maize were sown with 0.6 m
between row spacing, for a final population of 65,000
plants ha . In the treatments with 140 kg ha , in addition1 1

to the 15 kg ha N applied via formulated fertilizer in the1

sowing, 15 kg ha  was applied on the soil surface after1

sowing and 110 kg ha N in cover when the plants were1

at the V  stage[16]. In the treatments with 70 kg ha , 554-5
1

kg ha N was applied on soil surface when the plants1

were at the V  stage.4-5

In the two years of experimenting weeds were
controlled after emergence with herbicide application
when the maize plants were at the V  stage. Spray3

irrigation was applied in water shortage periods. A
randomized block design was used with four replications
and the plots were 7 m long and 3 m wide.

8 1

8 -2

8 1

of each isolate were mixed in 8 L water and 9x10 cells were8

applied perm . The cell concentration was counted in a2

Neubauer chamber.

Assessments: The relative leaf chlorophyll contents were
assessed by reading the values of the Falker Chlorophyll
Index (FCI) at the V  stage in 10 plants randomly chosen6-7

and identified from the three central rows of the plot,
excluding 0.5 m from the ends. These values were
determined on the last fully opened leaf blade. Three
readings were taken on the middle third of each leaf blade
to obtain a mean value. At the R  stage the 10 plants6

identified previously were cut and after drying in a
chamber at 65°C were weighed and ground to determine
the canopy dry matter. The grain yield was obtained by
manual harvest of the ears of the plants on the three
central rows of the plots, excluding 0.5 m from the ends
and corrected to 130 g kg  moisture. The nitrogen1

content was determined from the collected grains
according to [19].

The Relative Efficiency Index (REI) was also
determined in the canopy dry matter production and the
grain yield of maize in succession to winter crops. For this
the equation  below  was  used,  were TRAT1 corresponds
to the value of the variable of the treatments inoculated
with addition of N equivalent 100% of the complete N
doses, CONT corresponds to the value of the variable ofN/2

the control treatments with the addition of N equivalent to
50% of the complete N dose and CONT  corresponds toN

the  value of  the  variable  of  the  control  treatments
with addition of N equivalent to 100% of the complete N
doses.
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Taxonomic Identification of the Isolates: To identify the RESULTS
isolates, the total DNA of the bacteria was extracted using
the Wizard kit (Promega) and the 16S DNArgene was Field Experiments: Regarding the control treatment with
amplified using the F515 and R806 universal primers. The 70 kg ha N, inoculating the three Azospirillum isolates
PCR reactions were made in a 20 µl volume containing 1 promoted growth in the maize plants. This was observed
µL DNA, 1x PCR buffer, 2 mM MgCl , 200 µM of in the 2011/2012 growing season in the increase of the2

eachdNTP, 0.2 µM of the primers and 1U Platinum Taq CDM yield in the succession to ryegrass using 70 kg
DNA polymerase (Invitrogen). The cycles used for ha N and  succession  to  clover with 140 kg ha N
amplification were: an initial denaturationcycle at 94°C for (Table 1) and in the Relative Efficiency Index (REI) values
2 min, 25 cycles including denaturation for 45 seconds at (Table  2).  Inoculating the Azospirillum isolates
94°C, annealing for 45 seconds at 55°C and extension for presented the highest REI in the CDM (64.0%) that was
1 min  at  72°C  followed  by  a  final  6 min extension obtained in the 2011/2012 growing season in succession
phase at 72°C.  The  fragments  were  sequenced  using to clover.
the ABI-PRISM 3100 Genetic Analyzer equipment Inoculation with the UFRGS Vp16 rhizobium,
(Applied Biosystems). The sequences of the DNAr region compared to the treatment control, also promoted growth
of the isolates were researched in the GenBank using the in the maize plants. This was observed in the increase in
BLAST 2.0 program. CDM production in the succession to white clover in the

Statistical Analysis: The results were submitted to maize  plant  grain  yield  in  succession  to  ryegrass  with
analysis of variance using the ASSYSTAT statistical 70 kg ha N in the 2010/2011 growing season that was
program [20] and the means compared by the Tukey test equivalent to a grain increase of 13.9% or 1.1 Mg ha .
(P<0.05). Higher  values  were  also  observed  with   the   bacteria

1

1 1

2011/2012 growing season with 140 kg ha N and the1

1

1

Table 1: Canopy dry matter (CDM) production, Falker chlorophyll index(FCI), grain nitrogen content and grain yield of maize inoculated with diazotrophic
bacteria in the 2010/2011 and 2011/202 growing seasons with 70 and 140 kg ha  nitrogen1

Nitrogen (kg ha ) ---------------------------------70 ------------------------------ ---------------------------------140 -----------------------------------1

------------------------------------- ------------------------------------------------------------------ CDM (Mg ha ) --------------------------------------------------------------1

Growing season Previous crop Control Azospirillum SEMIA 222 UFRGS Vp16 Control Azospirillum SEMIA 222 UFRGS Vp16
2010/2011 Ryegrass 18.8 Aa 20.9 Aa 19.1 Ba 20.6 Aa 24.3 Aa 25.2 Aa 25.5 Aa  24.0 Aa

White clover 16.9 Ba 17.9 Ba 16.9 Ca 17.9 Ba 18.3 Ca 18.6 Ba 18.8 Ba  19.0 Ba
2011/2012 Ryegrass 17.3 Bb 19.2 Aa 17.9 Aab 18.9 Bab 22.3 Aa 22.1 Ba 23.4 Aa  23.0 Aa

White clover 19.2 Aa 20.2 Aa 19.9 Aa 21.9 Aa 22.3 Ab 24.3 Aa 22.4 Aab  24.0 Aa
CV = 8,4%

----------------------------------------------------------------- FCI in V  --------------------------------------------------------------------5-6

2010/2011 Ryegrass 45.0 ABa 48.2 Aa 46.0 Aa 48.0 ABa 49.9 Aa 50.4 Aa 51.0 Aa 49.2 Aa
White clover 41.6 Ba 43.9 Ba 40.2 Ba 45.1 Ba 42.9 Ba 44.5 Ba 43.3 Ba 44.6 Ba

2011/2012 Ryegrass 44.7 Aa 44.3 Ba 47.2 Aa 46.5 Ba 50.1 Aa 50.9 Aa 49.6 ABa 51.2 Ba
White clover 47.7 Aa 48.3 Aa 48.2 Aa 51.0 Aa 55.1 Aa 53.2 Aa 53.2 Aa 54.2 ABa

CV = 4,6%
-------------------------------------------------------- Grain nitrogen content (g kg ) ------------------------------------------------1

2010/2011 Ryegrass 13.8 Aa 13.3 Aa 13.9 Aa 13.6 Aa 14.8 Aa 14.0 Aa  14.0 Aa 14.5 ABa
White clover 11.6 Ba 11.4 Ba 11.8 Ba 11.3 Ba 11.0 Ba 11.4 Ba  11.0 Ba 11.8 Ba

2011/2012 Ryegrass  12.8 Aa 13.6 Aa 12.4 Aa 14.5 Aa 15.5 Aa 12.5 Aa  14.8 Aa 15.5 Aa
White clover  13.1 Aa 14.1 Aa 13.1 Aa 14.3 Aa 14.8 Aa 15.3 Aa  14.5 Aa 15.0 Aa

CV = 8,4%
----------------------------------------------------------- Grain yield (Mg kg ) -----------------------------------------------------------1

2010/2011 Ryegrass 7.9 Ab 8.5 Aab 8.2 Aab 9.0 Aa  9.9 Aa  9.5 Aa  9.4 Aa  9.9 Aa
White clover 6.2 Ba 6.3 Ba 6.3 Ba 6.1 Ba  7.2 Ba  7.1 Ba  7.3 Ba  7.1 Ba

2011/2012 Ryegrass 7.6 Ba 7.6 Ba 8.0 Ba 8.5 Ba  9.5 Ba  9.7 Aa  9.6 Ba  9.9 Ba
White clover 9.4 Aa 10.0 Aa 9.7 Aa 9.9 Aa 11.3 Aa 11.1 Aa 11.2 Aa 11.5 Aa

CV = 12,1%
Treatment means followed by the same lowercase letter on the line, in each nitrogen dose and uppercase letter in the column for each growing season, did not
differ (Tukey (P<0.05) CV = coefficient of variation
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Table 2: Relative efficiency index (REI) (%) of inoculation of the treatments
with diazotrophic bacteria on the canopy dry matter growth
(CDM) and grain yield of maize cropped in succession to ryegrass
and white clover in the2010/2011 and 2011/202 growing seasons
with 70 and 140 kg ha  nitrogen1

    2010/2011     2011/2012
------------------------ -------------------------

Previous crop Treatment CDM Grain yield CDM Grain Yield

Ryegrass Azospirillum 15.7 -18.6 15.9 11.7
SEMIA 222 22.3 -24.1 22.3  4.6
UFRGS Vp16 -5.6  3.1 13.8 19.3

White clover Azospirillum 21.6  -6.9  64.0 -10.8
SEMIA 222 33.1 10.7 -28.1  -2.7
UFRGS Vp16 44.5  -5.6  55.1  12.3

Positive REI values of the inoculated treatment refer to the increase in the
value of the variable in relation to the control treatments with half of the N
dose (70 kg ha  N) and the complete N dose (140 kg ha  N). Negative1 1

values refer to lower values of the variable compared to the control treatments

inoculation in this treatment (Table 2) as observed in the
2011/2012 growing season for grain yield of the plants
cropped in succession to ryegrass (19.3%) and CDM
production of the plants cropped in succession to white
clover (44.5%).

Taxonomic Identification of the Isolates: The genetic
sequencing of the 16S rDNA of the isolates used in the
present study identified the rhizobium UFRGS Vp16 as
belonging to Burkholderia sp. with 100% similarity with
the accession JN975051.1. The diazotrophic bacteria were
identified as belonging to Azospirillumbrasilense, with
99% similarity of the UFRGS El-S isolate to accession
GU256438.1, 100% similarity to the UFRGS Lg1-R isolate
with accession FN813475.1 and 99% similarity to the
UFRGS M-S isolate with accession JF700491.1.

DISCUSSION

Inoculating bacteria of the Azospirillum genus to
promote growth in maize has shown positive results in
several studies [21, 5, 22]. The three Azospirillum cultures
used in the present experiment were isolated by [15] from
maize plants collected in the state of Rio Grande do Sul,
Brazil. These isolates performed best among 30 plants for
indoleacetic acid production (IAA), a plant regulator from
the group of auxines and for N fixing ability. In the present
study, growth promotion in maize plants was probably
due to different growth promotion mechanisms, such as
plant regulator production [7], increased nutrient
absorption [5], N fixing [4] or increased phosphorus
availability [9].

It is pointed out that in the 2010/2011 growing
season, with 70 kg ha N and in succession to the two1

winter crops, inoculating with the Azospirillum isolates
stimulated increase in grain yield compared to the control
treatment without inoculation that was equivalent to a
14% increase or 1.100kg ha  in grain. However, as in the1

inoculation treatment with the Azospirillum isolates that
are capable of biological nitrogen fixing (BNF) in grasses,
differences were not observed regarding the treatments
inoculated with the SEMIA 222 and UFRGS Vp16 rhizobia,
that are not nitrogen fixers in non-leguminous plants, that
may infer that these results were due to the existence of
other growth promotion mechanisms and not to BNF. A
greater nutrient absorption capacity of the soil is
suggested [5], nitric oxide production [23] and 1-
aminocyclopropane-1-carboxylatedesaminase (ACC
desaminase) activity [24] and especially plant hormone
production such as auxines [7]. 

There are few studies on inoculating maize crops
with bacteria of the Burkholderia genus to which the
UFRGS Vp16 rhizobium belongs [25, 26]. The UFRGS Vp16
rhizobium was isolated from a white clover nodule and
selected because of its high nitrogen fixing efficiency [13].
Inoculating symbiont rhizobia in leguminous plants has
been carried out in several cereals especially rice [11], but
there are few studies on inoculation in maize [12, 13].

Maize cropped in succession to white clover in the
2010/2011 growing system presented lower values for the
variables tested compared to maize cultivated in
succession to ryegrass (Table 1). The smaller maize plant
growth was probably due to competition for water, light
and nutrients in the maize plantvegetative period with the
white clover plants remaining from the winter that did not
desiccate prior to sowing the maize. The maize growth
period that extends from stage V  (emergence) to V0 7

(seven opened leaves) is considered the most critical for
competition with other plants [27]. Unlike the 2010/2011
growing season, in the 2011/2012 growing season there
were higher values for the variables in the maize cropped
in succession to clover compared to the maize cropped in
succession to ryegrass succession. In the 2011/2012
growing season the clover plants were totally controlled
before the maize was sown and there was no competition
with the maize plants as had happened in the 2010/2011
growing season. The greater growth of the maize plants
obtained in succession to white clover in the 2011/2012
growing season can be explained by the N supply from
the clover plants [28-31].
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CONCLUSION 9. Sessitsch, A., J.G. Howieson, X. Perret, H. Antoun

The results of the present study indicated that there
is great potential to increase maize production by
inoculating diazotrophic bacteria efficient in growth
promotion together with the use of winter cover plants
that could result in lower production costs and less
potential environmental impact from nitrogen fertilizers.

It can be concluded that inoculating the UFRGS Vp16
rhizobium and the mixture of the three Azospirillum
isolates, UFRGS LG-R, UFRGS EL-S and UFRGS MS
increased growth in maize plants cropped in succession
to ryegrass and white clover.
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