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ABSTRACT

There is a growing interest in optimizing the positive effects of the association bétaesgirillumbacteria and
corn crop in order to reduce the use of nitrogen fertilizers. This study aimed to evaluate the inoculation efficiency of an
A. brasilensébased commercial product in association with different rates of nitrogen fertilization in two corn genotypes.
The experiment was arranged in a 2 x 2 x 5 factorial randomized block design, with four replications. The treatments
consisted of two corn hybrids (30F53 and CD386); with and without inoculation with a commercial product based on
A. brasilenseand five nitrogen rates (0, 40, 80, 120 and 160 Ky ae variables plant height, basal stem diamitaf
area, shoot dry mattdeaf nitrogen content, length and diameter of the cob, weight of 100 grains and grain yield were
evaluated. Inoculation with. brasilensg@rovided increases ol and 12% in leaf area and shoot dry matéspectively
There were differences in the response of the corn hybrids for most variables and the increase in nitrogen supply
provided increments in the growth and yield of corn.
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RESUMO

Crescimento e poducao de hibridos de milho emesposta a associacdo cofyzospirillum
brasilense e adubacéo nitrogenada

Existe interesse em otimizar os efeitos positivos da associacao entre bactérias dazpipétibume a cultura
do milho, visando a reduzir o uso de fertilizantes nitrogenados. Neste trabalho, objetivou-se avaliar a eficiéncia da
inoculacéo de produto comercial a basé derasilenseem associacdo com diferentes niveis de adubacéo nitrogenada,
em dois gendtipos de milho. O delineamento experimental empregado foi de blocos ao acaso, em esquema fatorial 2 x 2
x 5, com quatro repeticdes. Os tratamentos foram constituidos por dois hibridos de milho (30F53 e CD386); inoculacéo,
ou ndo, de produto comercial a basédprasilense cinco doses de nitrogénio (0, 40, 80, 120 e 160 Kg Raram
avaliadas as variaveis altura de planta, diametro basal do colmo, areanfatiénia seca de parte aérea, teor de
nitrogénio foliar comprimento e didmetro da espiga, massa de 100 gréos e produtividade éeigodatacao cori.
brasilenseproporcionou incrementos de 11 e de 12%, para area foliar e matéria seca de parte aérea do milho, respecti-
vamente. Houve resposta diferenciada dos hibridos de milho para a maioria das variaveis analisadas e o incremento do
fornecimento de nitrogénio proporcionou incrementos no desenvolvimento e na produtividade da cultura do milho.

Palavras-chaveZea may4.., inoculacao, bactérias diazotréficas, fito-hormdnios.
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INTRODUCTION monthly average temperatures during the experiment

Th 4 h ‘ ._are shown in Figure 1.
© com crop 4ea may '). as a great €conomic ¢ 5ol was classified as clayey OxisoVéf), with
and social importance in Brazil, with the woddburth

the following chemical characteristics (0-20 cm): pH in
largest grain production, of about 15.4 million hectare& aCl= 5.50; M.O.= 34.17 g dfaP= 18.34 mg dfi K. Ca
in the 201/2012 harvest and yield of 4,265 kg'ha and M '0 20 2'92 a.mdgl 5’2 cmdﬁﬁ regs ecti\./el _
(CONAB, 2012). g P Y,

. . - H+Al=7.19 cmol dm?; Cu=7.26 mg drfy Mn= 134.00 mg
Improvements in agronomic characteristics of co

. dBrH3 Fe=37.96 mg drfy Zn=1.50 mg dry SB=4.64 cmql
genotypes and crop management practice have provi

i, CTC= 11.84 cmaldm®, Al= 5.81% and/= 49.5%.
increases in yield and good financial results for producers
The experiment was arranged in a 2 x 2 x 5 factorial
The adequate supply of nutrients to plants is essentla

andomized block design, with four replications. The first
to achieve high yields, especially nitrogen (N), since th5‘%10tor consisted of the corn hybrids 30F53 and CD386

element is one of the most limiting and required for cor, . . .

oth simple hybrids and early-maturing; the second factor
production. Good management of nitrogen fertilization is

was the inoculation or not of a liquid brasilensebased

Essvin\:lal dfor ihethco:]r: Erop E\F(:]:?as:drl il\l/?ronr?i? ommercial product and the third factor was the N rates 0,
owever due 1o the high economic and enVIroNMENtey g4 154 and 160 kghaf N.

costs of the manufacturing process of nitrogen fixation Each plot consisted of six 5 m-long rows and 0.7 m

for the production of nitrogen fertilizers, the agriculture .
sgacmg between rows. The harvest area was the two cen-
faces the challenge of enhancing crop production and_ at
tral rows, discarding 1.0 m border on each end.
the same time reducing the use of fertilizers to make :
h reultural tem mor tainabl Corn seeds were inoculated with a commercial
e:r? Cllf[ L:na tT\)//sef ] tr(: © rsu; a tia ne. ¢ nitr nproduct based on th&b-V5 andAb-V6 strains ofA.
aiternative 10 e redguction o oge brasilense(2 X 1¢ CFU mL?) in the proportion of 100
fertilizer application in corn is the combination of the
enetic potential of plants with inoculation of nitrogen ML of the product to 60,000 seeds. The inoculation was
9 P b 9 performed by adding the inoculant with an automatic

fixing bacteria, such as those from tAgospirillum . . . . .
. . _ pipette directly on the seeds, which were shaken in plastic
genus.Azospirillumbacteria are reportexs promoting
bags for uniform product distribution. The sowing was

plant growth mainly because of the production of plant
carried out about an hour after inoculation.
protection hormones (Okon & Labandera-Gonzalez,

At planting, the starter fertilization was applied using
1994). Cavalleet al.(2000) found that inoculation with the rates 40 kg Heof P.O,, 50 kg hatof K O and 30 kg ha

iié;giglg(l)lrl:]m I‘S:Ig b;;s de(ljn clc;lz}moenrc;alerzrc;dl%;of N, without the nitrogen fertilization for the treatments
9 y J 9 Without N. The remaining N rate was sidedressed,

JL_mloret al. (2008) reported the effec_t of moculatlonaCCOrdIng to the treatments, between the V4 and V6
with A. amazonensen the accumulation of root dry .
, ) stages, using urea (46% N) as N source.
matter which was diferent for the corn genotypes ,
Corn seeds were sowed with a manual seed pJanter

evaluated. . two seeds per hole, on 08/10/10, yielding five plants per
Interactions between the plant genotype and the
Meter after thinning. During the experiment, a mixture of

Azospirillum bacteria are one of the variables that

select|ve herbicides for use in corn (triazine - 5.0 £ ha
contribute most to the complexity of responses to

&nd nicosulfuron - 1, 5 L Hxwas applied 14 days after
inoculation (Salaet al., 2005), determining the

; £ th " ; ; wing (DAS) and two pesticide applications, with
importance of the association of promising genotyp Ps1|ameth0xam+ lambda-cyhalothrin as active ingredients
with nitrogen-fixing bacteria and nitrogen fertilization.

%) 25L hY), at 18 and 30 DAS.
Therefore, this study aimed to evaluate the inoculatio
At the flowering stage, leaf samples were taken from

efficiency of am. brasilensebased commercial product corn plants to determine the N content in the leaves. The

in association with different rates of nitrogen fertilization hiddle third section of the opposite leaf and below the
in two corn genotypes.
point of insertion of the main ear was collected from a
total of ten leaves per experimental unit, according to the
MATERIALS AND METHODS methodology proposed Bledesceet al. (1995) to de-
The experiment was conducted in the summer seas@mmine N contents.
of the 2010/201 harvest by direct seeding in the Plants were randomly collected at the reproductive
municipality of Marechal Candido Rondon - PR (54%tage (R3) for biometric evaluation. Still in the field, the
22' O; 24° 46’ S, 420 m altitude). The climate, in theplants were evaluated for height and basal stem diameter
Koppen system, is subtropical humid mesothermalith a ruler and a digital caliperespectively The
(Cfa). Data of rainfall and minimum, maximum andharvested plants were taken to the laborategparated
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into different parts and placed in a forced air oven at 65zospirillumbased inoculant “Graminante” in corn and
°C + 2 °C for 72 h to determine shoot dry mattexaf also found no effect of inoculation on plant height.
area was measured using the sampling method proposedThere was response of plant height to nitrogen
by Benincasa (2003). fertilization, with quadratic polynomial fit, as a function
After manual harvesting of the harvest area, the eas$ the different rates (Figure 2A), with maximum plant
were shelled to determine yield, based on the graleight (224 cm) at the rate of24.5 kg ha N. The lower
production of the harvest area, after grain moisturgeight of plants subjected to lower N doses is associated
correction to 13% (wet basigen representative ears werewith the delayed cell division in the growing points
sampled per plot to determine the production componergi&rmnon, 1975). S& (1996) evaluated the combination of
ear length, ear diameter and 100 seed weight. N rates in corn at sowing and sidedress and found reduced
Data were subjected to analysis of variance, using thant growth and leaf yellowing in the absence of nitrogen
SISVAR software (Ferreira, 2008), and means wergertilization, as it was also observed in this study
compared by thdukey test (p &< 0.05). Regression  Tnere was no effect of inoculation on basal stem
analysis was used for the responses of the differegigmetey corroborating the results obtained by Daito
variables to the N rates. al. (2010). Howeveran increasing linear adjustment of
basal stem diameter was observed as a function of N rates
RESULTSAND DISCUSSION (Figure 2B), with increase of 0.0126 mm for each kg of
The interaction among hybrids, inoculation and N ratd¥ added to the soil. It is noteworthy that a greater stem
was not significant for any variable. There was interactioameter is directly related to increased production, since
only between hybrids and N rates for yield. this structure is involved in the storage of soluble solids,
The hybrid 30F53 was superior to hybrid CD386 foWhich may subsequently be used in the formation of
plant height, leaf area, ear length and grain yield, indicatifg€ds (Fancelli & Dourado Neto, 2000).
its greater yield potential ébles 1 and 2). CD386 had  The inoculation withA. brasilenseinfluenced the
greater basal stem diametiesaf N content, ear diameter leaf area and shoot dry mattesith increases oflland
and 100 seed weight than 30F5al§les 1 and 2). Dotto 12% respectively for these variables in relation to the
et al.(2010), in a study withi. seopedicaeinoculation treatment without inoculation @ble 1). Quadros
and N rates, also found different performances of cof@009) evaluated the agronomic performance of corn
genotypes for the traits evaluated. hybrids inoculated witizospirillumin association with
No effects were found after inoculation with  nitrogen fertilization and found even greater increases,
brasilenseon plant height (@ble 1), which can be up to 53%, in shoot dry matter yield for the inoculant
attributed to the high heritability of this trait. Cammas treatment in relation to the control, showing the
al. (2000) and Cavallegt al. (2000) worked with the beneficial effect of inoculation.
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Figure 1.Rainfall accumulated and minimum, maximum and monthly average temperatufaifyjast/2010 to March/2@lin the
municipality of Marechal Candido Rondon, PR.
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Increases in shoot dry matter and leaf area in respori®ained with the rate of 87.4 kg ‘haN. The leaf
to inoculation withA. brasilenseare related to the nitrogen contents found in this study were above the
growth promoting effect oAzospirillum because of the sufficiency range considered as suitable for corn (27.5
production of plant hormones such as auxins, gibberellibg 32.5 g kg of N) by Malavolteet al.(1997), however
and indole acetic acid (IAA) (Bashan & Holguin, 1997)toxicity symptoms were not observed in corn plants
According to Okon & Labandera-Gonzalez (1994), thesduring the experiment.
micro-organisms, through the production of There was no effect of inoculation Af brasilense
phytohormones, stimulate the density and length of rooh yield components @ble 2). Howeveralthough
hairs as well as the rate of appearance of lateral rootdthout statistical difference, it is observed that with
resulting in increased root contact surface, whicoculation, grain yield achieved 7967.01 kg'ha
enhances the recovery and utilization of water anddicating that the inoculum provided an increase of 259
nutrients available in the soil (Baldagti al, 1997). kg, four more bags per hectare than the control treatment

There was increasing linear fit for leaf area of plant6r707.33 kg hd), suggesting its application in corn
as the N rate increases (Figure 2C), with of 0.171 dmultivation.
increase for each kg of N added. Nitrogen is directly Besides the production of growth-promoting
related to plant growth and essential substances for plantbstances, the positive response of plants to
development, such as proteins, enzymes, co-enzymamgculation with nitrogen-fixing bacteria can be due to
nucleic acids, phytochrome, photosynthetic pigments, etather factors, such as protection against pathogens,
(Bull, 1993). Furthermore, N favors the growth of rootsincreased stress resistance (Hueegal, 2008), the
providing the plant with conditions for enhanced uptakphosphate solubilization and the biological nitrogen
of water and nutrients (Raet al, 1992). fixation itself (Gray & Smith, 2005). Nevertheless,

The leaf nitrogen content was not influenced byespite the advantages of providing nitrogen-fixing
inoculation (Rble 1), confirming the results of Dottobacteria to the plants, their efficiency may be
et al. (2010). Because of the nitrogen fertilizationcompromised for being associated freely with the plant
there was a quadratic polynomial fit for leaf N contenand therefore more vulnerable to the environment
(Figure 2D), with a maximum N leaf (40.41 g ¥g (Gyaneshwaret al.,, 2002), because, unlike the

Table 1.Plant height (cm), basal stem diameter (mm), leaf areg,(shoot dry matter (kg Haand leaf nitrogen content (g -Kgof
corn plants as a function of hybrid and inoculation Witbrasilense

Sources of variation Plant height Sem diameter Leaf area Shoot dry matter Leaf N
(cm) (mm) (dm?) (kg ha) (9 kg?)

HYBRID

30F53 231a 24.7b 105.6 a 597.1a 37.2b

CD386 213b 25.8a 87.3b 659.4 a 39.7a

INOCULATION

Control 223 a 25.6a 91.3b 591.8 b 38.2a

A. brasilense 221a 25.0a 101.6 a 664.7 a 38.7a

C.V. (%) 3.65 7.29 22.80 23.05 10.33

Means followed by the same letter in the column are not significantly different by the F test@Dp.

Table 2.Ear length (cm), ear diameter (mm), 100 seed weight (g) and grain yield'jkgfltarn as a function of the hybrid and
inoculation withA. brasilense

Sources of variation Ear length Ear diameter 100 seed weight Yield
(cm) (mm) (9) (kg ha?)

HYBRID

30F53 18.35a 52.16 b 35.97 b 9008.13 a

CD386 16.59 b 55.07 a 40.64 a 6666.21 b

INOCULATION

Control 17.43 a 53.60 a 38.42 a 7707.33 a

A. brasilense 1752 a 53.63 a 38.20 a 7967.01 a

C.V. (%) 5.36 2.04 5.75 12.20

Means followed by the same letter in the column are not significantly different by the F test @Dp.
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symbiotic interaction between rhizobium and legumes The ear length fit to a quadratic polynomial model,
in which nodules are formed, no macroscopic structuies a function of the N rates (Figure 3A), with maximum
has been described in the association nitrogen fixingngth (18.1 cm) at the rate 150 kg'h
bacteria-grasses (Lopes, 2007). There was increasing linear fit for ear diameter and
Although it was not possible to associate th&00 seed weight as a function of N rates (Figures 3B
inoculation ofA. brasilensavith the N rates in this study and 3C), with increase of 0.018 mm in ear diameter and
positive effects of this association are frequentl$.025 g in 100 seed weight for each kg of N added.
reported in the literature. Machaeo al. (1998) tested According to Fancelli & Dourado Neto (2000), the seed
10 and 100 kg haof N associated with inoculation with weight is an important grain yield component, since the
a mixture of nitrogen-fixing bacteria and reportedccurrence of any kind of stress, biotic or abiotic, after
increase in the production from 4830 kgttta 5790 kg flowering, can dect it significantly
ha', depending on the inoculum, for the rate of 100 kg The interaction between hybrid and N rates was
ha!N. Dobbelaereet al. (2002) found that the positive significant for yield. Figure 3D shows a cubic model fit for
effect of inoculation withA. brasilensestrain Sp 245, hybrid 30F53, with high grain yield at 160 kg*af N.
and A. irakense strain KBC1, was greater whenThere was increasing linear fit for yield of hybrid CD386
associated with N. Quadros (2009) reported that thes a function of the N rate, with increase of 14.6 k§ ha
addition of 50 kg h& of N in association withA. crop yield for each kg of N added to the soil.
brasilensegave a performance for grain yield equivalent The significant interaction between genotype x N
to the application of 130 kg AaN. rates was also reported by Ferreadtaal. (2009), who
However inoculation withAzospirillumspp not found that increasing N rates led to a direct impact on
always give positive responses, which has been attributgdhin yield of three corn genotypes. The increase in yield
mainly to the host plant genotype (Inigusizal, 2004) provided by N can be attributed to the effect of the
and soil characteristics (Dobbelaegt al., 2002), nutrient on cell division and expansion, providing
confirming the importance of selecting strains suitablimcreased photosynthetically active plant leaf area (Bdill,
for the growing conditions and cultivars used in each993) and, consequentlgiry matter productionThus,

region (Cavalleet al, 2000). photosynthate translocation to grain is enhanced,
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Figure 2.Height (A), basal stem diameter (B), leaf area (C) and leaf nitrogen content (D) of corn plants as a function of the application
of different N rates.
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Figure 3. Ear length (A), ear diameter (B), 100 seed weight (C) and yield (D) as a function of different nitrogen rates.
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