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ABSTRACT

There is a great interest to reduce doses and increase efficiency of inputs in agriculture. One alternative to lower
doses of N fertilizers in corn is seed inoculation with diazotrophic bacteria, which can fix atmospheric N in soil. This
study aimed to evaluate the effect of N doses — in the absence and pres&naspofllum brasilense- on plant
nutritional status at different growth stages and on seed yield of corn. The experiment was conducted during the 2011/
2012 production season on a typical cerrado soil in Uberlandia, Triangulo Mineiro. The experimental design was randomized
blocks with six repetitions. The treatments consisted of five N doses and the absence or preSeos@rfum
brasilensg100 mLha?) as a seed inoculaAtcommercial product with minimum concentration of 2aBU mL100 mL
ha'was used. Inoculation witAzospirillum brasilenselid not significantly affect corn macronutrient content and
yield, except for foliar calcium and potassium at 200 kg Natdhe V8 stage. Corn yield increased with N doses up to
150 kg N hé.
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RESUMO

Inoculacdo de sementes de milho coArospirillum brasilense em sementes e fétizacéo
nitrogenada no bioma Cerrado

Existe um grande interesse em praticas que visem a reducao na aplicagdo e aumento de eficiéncia na utilizacdo de
insumos nas areas de producao agricola. Uma das alternativas de reducao no consumo de fertilizantes nitrogenados na
cultura do milho € a inoculagéo de sementes com bactérias diazotréficas que possuem a capacidade de fixar N atmosfé-
rico no solo. Objetivou-se avaliar o efeito de doses de N na auséncia e na preseonspiddum brasilenseo teor
de macronutrientes em diferentes estadios fenoldgicos e na produtividade da cultura do milho. O experimento foi
instalado durante a safra 2011/2012 em solo caracteristico de cerrado, em Uberlandia, na mesorregido do Triangulo
Mineiro. O delineamento foi em blocos casualizados, com 6 repeti¢es. Os tratamentos consistiram de 5 doses de N, na
auséncia e na presencaAdmspirillum brasilens¢100 mL ha), no tratamento de sementes. Foi utilizado produto
comercial com concentracdo minima de 2x16C mL*100 mLha. A inoculagao comzospirillum brasilensem milho
nao promoveu efeitos significativos nos teores de macronutrientes e na produtividade do milho, com excecao dos teores
foliares de célcio e potassio, na dose de 200 Kg drabos no estadig8 da culturaAs doses crescentes de N
proporcionaram aumento na produtividade do milho, até a dose de 158 kg ha

Palavras-chaveZea mays..; fixacdo biolégica do nitrogénio; bactéria diazotréfica.
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INTRODUCTION versidade Federal de Uberlandia, according to Embrapa
011). Soil chemical characteristics were: pHI}#.7; 2,8

Corn is one of the most cultivated cereals in the worl ag kgt organic matter (OM): 51 mg dfphosphorus (P)

due to its various forms of use and yield potential. Thg\\/lehlich)' 0.52 cmaldmPof potassium (K): 1.0 cmadinT
area planted with corn reached 6.6951 million hectares un &L calcium (Ca); 0.°5 cmotim?of magnesium (Mg;; 4.40

, . 3 0 .
the f|.rst crop in 2Q14 a decrease of 1.3% reIanv:_e _to trc]:%ol dm3(H +Al): 0.2 cmol dm?® of aluminum (Al): 2.02
previous yearThis year adverse weather conditions,_ * . PR 5 .

cmol_dn®sum of bases (SB); 6.42 cmain? of cation

decreased corn seed output by 6.8%, from 34,576,700 tons, © . ] ¢ . B
: exchange capacity (CEC); and base saturation V% = 32%.

to 32,223,500 tons. This demonstrates the need for . : .

The experimental design was two randomized blocks

alternative crop management programs that Coul/gith six replications. The treatments consisted of seeds

ggnge}:éegoifld and, therefore, profit for the farmelﬁoculated — or not — with N-fixing bactede ospirillum
( ' ) brasilensg100 mL h&) and five doses of N: 0, 50, 100, 150

One of the main limitations to achieve high corn weldand 200 kg ha(urea) applied at the V4 stage.

is related to the management of nitrogen fertilization. Inoculation withA. brasiliensewas done using a

Another limiting factor responsible for low productivity IS commercial product withbV5 AbV6 strains and minimum

the availability of micronutrients. Deficiency of one of themconcentration owEaells ml.

may disrupt metabolic processes, and consequently cau- Each plot consisted of ten six-meter-long rows spaced
se a deficiency of one of the macronutrients, such asd\'l5 m apart. The harvest was carried out on four central

(Coelhoet al, 2012). . .
Nit b ilable f lant brows, discarding 1 meter at each end.
'trogen may become avariable for plant USe BY - 5 gimnle com hybrid DKB 390 VTPRO was used. This

mm_grahzatlo.n of aganic matteror b.e supplied with N hybrid is tolerant to sugarcane boriall armyworm and
fertilizers, which burdens the production system. However

- - .C{:)rn earworm. It is also characterized by early cycle with
there are currently plant varieties and efficient bac:ten%Igh grain production in the Cerrado biome

strains that can supply more than 50% of N for plant use . . .
. i . . Seedbed preparation in the experimental area consisted
(Ferreiraet al, 2013). There are various non-symbiotic

f: (i) disk h ing, (ii licati f 1 t Haof
bacterial diazotrophs (NSBD), includingzospirillum Ohog) h(;s si%oyx?ogr é':;tzgm;ﬁ :nnot(;ler heaio disk
genus, considered to be facultative diazotrophs, whi pProgyp P y '

ble t lonize. int I d externaibn-| iii) light disking. Dolomitic limestone (1 t . containing
are able to colonize, internally and extemalyn-legume ) o 25 and 1496 Mg, PRNT 100%, was applied via
plant roots and perform biological fixation of N. Thes

. . . . e'broadcast, according to recommendation of CFSEMG
biotechnological innovations improve plant developmerttlggg). Planting furrows were drawn with a rip@awing

and grain yield of cor_n. . . — 3.5 seeds per meter or 70,000 per hectare — was done
Therefore, the objective of this study was to evaluate
. . manually on December 14, 2011.
the effect of various N doses — in the absence and presenc . o . —
he following fertilizers were applied at planting: 120

of Azospirillum brasilense on grain yield and nutritional kg hat P,O, (triple superphosphate); 50 kg h&

parameters of com in the Cerrado biome. (potassium chloride) and 50 kg'hd (urea), except for the
MATERIAL AND METHODS control treatmer_ns with zgro Nopdressing with 100 _kg
ha* K,O (potassium chloride) and N rate corresponding to
The experiment was conducted during the 2011/l&ach treatment was done at the V4 stage of crop
production season on two adjacent plots (both in thievelopment.
absence and presenceAaiospirillum brasilenseon Fa- Weed control was performed at 6 stage using a
zenda Experimental Capim Branco (18°55'23"S, 48°17'19"Wwhanual knapsack sprayer with a volume of 2001 e
and 872 m altitude), which belongs to the Universidadellowing herbicides were used: atrazine (4007, lat a
Federal de Uberlandia (UFU), MG dose of 4.0 L thand tembotrione (420 g¥) at a dose of
According to Képpen classification (1928), the climate.25 L ht.
is classified agw: tropical with dry winterThe average The following foliar applications were carried out at
annual rainfall in the region is 1500 mm. Rainfall data collectetle V8 stage: molybdenum (Mo) and cobalt (Co) (22.5g L
during the experimental period are shown in Figure 1. *Co and 225 gt Mo, density = 1,58 gt) at a dose of 40.0
The soil in the experimental area was classified as Dagkha* Mo and 4.0 g hhCo; manganese (Mn) and sulfur
Red Dystrophic Latosol (Embrapa, 2013) with clayey texturs) (67.0 g £ S and 135 g £Mn, density = 1,35 gt) at 300
(580 g clay kd). g hat Mn and 147.4 g heS. In addition, two micronutrients
Soil samples were taken from 0-20 cm before theere applied to the soil: boron (B — 130§ Hensity = 2.0
experiment, according to CFSEMG (1999). Soil chemica L) at the dose of 400 g #8 and zinc (Zn - 1.000 g1,
analysis was done at the Saitalysis LaboratoryUni-  density = 1.3 g ') at a dose 2 kg Hazn.
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734 Ana Carolina Pereira déasconcelost al.

Harvest was carried out manually in May 2012. Graitevels at other plant development stages were adequate
moisture was adjusted to 13% for yield assessment. (Tables 2 and 3).

The following traits were analyzed: (i) foliar nutrient  The uptake of K is accelerated during the vegetative
content according to Embrapa (2011) at stages V8 (numlggowth with high accumulation rates during the first 30-40
of kernel rows are defined), R1 and R3 (ear leaf in thgays of plant development. Corn demonstrates two periods
reproductive phase) using the last fully developed leadf maximum absorption of N and P: during the vegetative
and (ii) grain yield after adjusting for moisture to 13%. stages and during the reproductive stage or ear formation.

The data were subjected to statistical analysis usim@w uptake occurs between tasseling and the beginning
the Sisvar and SigmaPlot software. The results for th ear formation (Olness & Benoit, 1992).
quantitative factors were submitted to polynomial Both Mg and S levels were sufficient at all development
regression analysis {@ra, 2008) due to dérent rates of stages, according to Malavolta 2006G(fles 1, 2, 3). On

N in the presence and absencédfrasilense the other hand, according to the same ayiBarlevels
were below sdicient for corn at all stages#bles 1, 2, 3).
RESULTSAND DISCUSSION There was no positive correlation between N doses,

Statistical analysis of foliar macronutrient levels at Vgthe presence or absencefofbrasilenseand foliar N, P

R1 and R3 indicate positive response to inoculation &g and S status. The levels of K and Ca showed significant
corn plants (Zbles 1, 2, 3, 4). correlation with the presence Af brasilenseat the V8

According to Malavolta (2006), foliar N levels wereStage (&ble 1).
suitable for corn (@bles 1, 2, 3), except for: (i) the control ~ Aradjoet al.(2013), evaluating nutritional status of
treatments with and without. brasilenseat R1 and R3 corn under various N applications and inoculation with
(tables 2, 3), and (ii) the 50 kg-hil treatment withouA.  diazotrophic bacteria, noted that N and P levels in leaves
brasilenseat R1 (Bble 2). were positively affected by nitrogen fertilization and
Foliar P levels at the V8 stage were below sufficierfi€ed inoculation, contrary to the results obtained in
(Table 1) Although this stage is characterized by rapid this study
uptake, its accumulation in plant vegetative parts is low There was a significant correlation between N doses,
(between 20 and 30%), as about 80 to 90% of absorbed Higzotrophic bacteria and K content. Significant response
translocated to kernels (Coelbal, 2010) As for the R1  was obtained in the treatment wah brasilenseand 200
and R3 stages éble 2), except for the control,I®vels kg ha'N (Table 1).
(Table 3) were considered appropriate in the absence andAs Figure 2b shows, K content increased with N do-
in the presence of the inoculant (Malavolta, 2006). ses up to 111 kg K&l at the V8 stage in the absencé\of
According to Malavolta (2006), K levels were abovérasilensewhereat K content was 38 gkdrrom there, K
appropriate only at th¢8 stage (@ble 1) At this stage K content decreases as N doses increased. Similar results
absorption by corn plants is rapid, higher than N gnd Rere also obtained yndradeet al.(2000), studying the
creating high demand for K (Coelabal, 2010). Potassium content of K in leaves of elephant grageifnisetum

20
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Figure 1 Rainfall data for the trial period. INMETFazenda Capim Branco, Uberlandia, N2G11/2012.
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purpureun) in combination with N and K doses, reported There was a significant correlation betweg&n
reduced foliar K content due to higher N doses. The effelstasilenseand Ca assimilated by corn, regardless of N
of N sources and doses on nutritional status of dry mat@woses (@ble 1).

of marandu grass was studied by Primaeésil. (2006) According to data presented in tables 2 and 3,
found an increase in K content, ranging from 21 to 35 g kqpacronutrient content showed no significant correlation
L with higher N doses. between N doses amszospirillum brasilensat R1 and

Potassium levels increased at doses between 50 &8 respectivelyin the same wayranciscet al.(2012)
200 kg N h& in the presence of the inoculant (Figure 2b)also did not find correlation between foliar nutritional status,
however a significant increase in K content was observel doses and inoculation witAzospirillumin corn.
in the presence &. brasilenset the dose of 200 kg ha However in a study carried out by Batista & Monteiro
N (Table 1). (2010), N fertilization positively affected the proportion of
The increase of K levels in the presence of the inocula@g and Mg and negatively the proportion of K in the shoots
(Figure 2b) may be related to synthesis of phytohormonegmarandu grass.
by these bacteria, which stimulate the growth of fine roots Regarding N fertilization, a significant correlation was
of the plants, and consequently increase water and nutriebserved between N doses and levels of: N (at V8, R1 and
absorption capacity (Oliveirt al, 2008). R3), Ca and Mg (at R1 and R3) and P (at R3).
The levels of K — in the absence and presenc® of  Regression analysis demonstrates linear increase of N
brasilense- were similar at 21 kg HaN and 178 kg haN:  levels as a function of N doses at V8 and R1 (Figure 2a).
34.66 g kg K and 36.18 g kK, respectively (Figure 2b). The uptake of N increases at the V8 stage due to high

Table 1 Foliar macronutrient content (g KgatV8 in corn as a function of various N doses and presence or abséndeasilense

Azospirillum Doses of N (kg hd)
brasilense 0 50 100 150 200 Mean
N
Absence 31 32 34 35 35 33ns
Presence 32 32 34 34 34 33 ns
DMS, , = 1.074 CV=6.20%
P
Absence 2.05 2.17 2.08 2.08 2.17 2.11ns
Presence 2.17 2.27 2.30 2.15 2.27 2.23 ns
DMS,, epiinn= 0-209 CV =18.53%
K
Absence 33.42a 35.83a 36.83a 39.08 a 33.75b 35.78
Presence 36.25a 32.50a 34.33a 36.92a 38.83a 35.77
DMS,, cpiriun= 4-059 CV =9.76%
Ca
Absence 8.25 8.62 8.38 8.22 8.40 8.37B
Presence 8.37 8.68 8.55 8.47 8.67 8.55A
DMS,, i 0-139 CV =3.16%
Mg
Absence 3.70 3.72 3.32 2.70 2.68 3.22 ns
Presence 3.95 3.97 3.23 2.87 2.92 3.39 ns
DMS,, o= 1.694 CV =17.93%
S
Absence 2.60 2.55 2.60 2.58 2.53 2.57 ns
Presence 2.47 2.57 2.65 2.55 2.52 2.55ns
DMS =0.143 CV =10.75%

Azospirillum_

Means followed by different letters in the column differ by Tukey test at 5% significance.
ns = not significant
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growth of the root system (Fancelli & Dourado Neto, 2004). Arataniet al.(2006), testing doses of N in corn under
For every kg of applied N Hathere was an increase ofno-tillage, also found linear correlation between foliar N
0.0171 g kg N at the V8 stage, with 88.57% of positivecontent and increasing N doses. Howge@dti et al, (2013)
predictive value of the model. The maximum dose — 200 lgyaluating the effect of inoculation with brasilenseand
ha! N — resulted in 31 g ki N at R1 stage (Figure 2a); various N doses, did not find significant differences
thus, each kg of applied N increased N content at the Rdgarding N levels, contrary to the results obtained in this
stage by 0.0163 g Kgwith 91.62% of positive predictive experiment. This fact demonstrates the importance of
value of the model. evaluation of meteorological data to better understanding
Weather conditions during the experiment may havée results since proper water balance plays an important
affected these results. Rainfall data during the experimewde in a given region with respect to better absorption of
(Figure 1) recorded by an automatic weather station locatedtrients, especially N, which occur almost entirety by
next to the experimental site show a good distribution ofiass flow
rain. Mass flow is an important process for the uptake of N As for the R3 stage (Figure 2a), there was a quadratic
as the amount of N that reaches the plant depends inarease in N content with N doses up to 129 kg Xa
transpiration conditions, concentration of the nutrient iwhereat N content was 29 gkdsoeset al. (2013) also
the soil solution and water content in soil. During droughlbund a quadratic response of N content to increasing
N uptake is limited by the amount of N that reaches th@ea doses in corn.
roots, which may not be enough to meet the demand of the Regression analysis demonstrates Ca increase with N
plant even under high N concentration in the soil (Ernardoses at R1 stage, up to 73 kg N,hraaching 7.47 g kg
2003). of foliar Ca.Thereafterhigher doses reduced Ca content

Table 2 Foliar micronutrient content (g Kpat R1 in corn as a function of various N doses and absence or pres&énbeasflense

Azospirillum Doses of N (kg hd)
brasilense 0 50 100 150 200 Mean
N
Absence 27 27 30 29 30 29 ns
Presence 27 29 29 30 31 29 ns
DMS, .= 0-817 CV=5.43%
P
Absence 3.17 3.25 3.10 3.15 3.13 3.16 ns
Presence 3.20 2.95 2.83 2.88 3.30 3.03 ns
DMS, i 0-255 CV=15.84%
K
Absence 23.92 25.25 23.42 24.17 24.83 24.12 ns
Presence 25.67 25.17 23.08 25.00 25.08 24.80 ns
DMS, i 1-461 CV=11.48%
Ca
Absence 6.67 7.23 7.05 7.10 5.52 6.71 ns
Presence 7.42 7.27 7.32 7.07 5.37 6.89 ns
DMS, .= 0-749 CV=21.17%
Mg
Absence 3.98 4.23 4.22 3.85 3.30 3.92 ns
Presence 4.32 4.43 4.33 3.83 3.45 4.07 ns
DMS, i 0-178 CV=10.39%
S
Absence 1.83 1.95 1.62 1.55 1.58 1.71 ns
Presence 1.75 1.63 1.63 1.55 1.67 1.65 ns
DMS =0.175 CV=20.10%

Azospirillum

ns = not significant (p> 0,05)
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(Figure 2c). In contrast, Costaal. (2008) observed that for the highest N dose applied at planting, (60 kg) ha

Ca content in ‘xaraés grass’ did not change as a functi®hese results contradict the results obtained in our study

of higher N doses. which may be due to accelerated mineralization of organic
Likewise, Ca content increased with N doses at the Ratter caused by high N levels in the planting.row

stage (Figure 2c), up to 6.65 g'ga at 96 kg haN. After Regression analysis (Figure 2d) at R1 shows that the

this point, the increase of N doses decreased Ca levetaximum level of Mg was 4.61 g kgt 55 kg ha N. After

According to Malavolta (2006), the additions of N usuallyhis point, Mg content decreased to 3.37 g &g200 kg

elevates Ca content in leaves, unless there is a shagd N. Studying ‘marandi grass’, Batista & Monteiro

increase of this element in dry matteshich causes an (2010) found the highest Mg content of 3.4 ¢ kg the

apparent decrease of Ca, as found in citrus. Still, accordisigoots after the second cutting at 266 mg3dn In

to the same authprapple trees fertilized with contrast, Costat al.(2008) studying N and P fertilization

monoammonium phosphate demonstrate lower foliar @a ‘xaraés grass’, did not observe significant effects of N

content relative to plants fertilized with ammonium sulfatedoses on Mg content in the shoots in all cuts.

This effect is partly due to pH changes of the substrate. At R3 (Figure 2d), an increase of Mg content was

Thus, foliar Ca decreases in the presence of ammomibserved as a result of higher N doses, up to 4.32 g kg

nitrogen, as observed in this studecause urea is Mg at74 kg ha N. Above that, higher N doses decreased

biologically converted to ammoniated form (Kamowagia Mg levels. In contrasTeixeiraet al, (2010) found a linear

al., 2000). response of Mg content to increasing N doses.
Teixeiraet al.(2010), evaluating thefefct of N doses Furthermore, Figure 2d shows the same 4.30'/kp

and millet mulch on bean crop, found the highest Ca contesiintent at 55.7 kg HaN at both reproductive stages.

Table 3 Foliar macronutrient content (g Kgat R3 in corn as a function of various N doses and absence or preséniomsfiense

Azospirillum Doses of N (kgha
brasilense 0 50 100 150 200 Mean
N
Absence 26 28 29 31 30 29 ns
Presence 26 29 30 30 31 30 ns
DMS, , i 0-662 CV=4.40%
P
Absence 2.35 2.58 2.55 2.72 2.20 2.58 ns
Presence 2.37 2.37 2.65 2.78 2.75 2.58 ns
DMS, . epiitn= 0-125 CV=9.33%
K
Absence 18.67 19.58 18.75 19.75 19.58 19.27 ns
Presence 19.17 18.17 18.92 20.25 18.75 19.05 ns
DMS,, i 0-483 CV=5.85%
Ca
Absence 6.20 6.78 6.42 6.65 6.38 6.49 ns
Presence 6.28 6.58 6.90 6.52 6.47 6.55 ns
DMS,, i 0-208 CV=16.13%
Mg
Absence 6.20 6.78 6.42 6.65 6.38 6.49 ns
Presence 6.28 6.58 6.90 6.52 6.47 6.55 ns
DMS, .= 0-208 CV=16.13%
S
Absence 1.72 1.88 1.72 1.72 1.62 1.73 ns
Presence 1.65 1.75 1.73 1.85 1.60 1.72 ns
DMS =0.118 CV=13.18%

Azospirillum

ns = not significant (p> 0,05)
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Regression analysis of P levels (Figure 2e) showswahere state-of-the-art technology is used, including
linear response to N doses, from 2.37 §Rat 0 kg h&N, efficient varieties of plants and bacterial strafording
to 2.75 g kg P at 200 kg h&N. There was an increase byto results obtained by Kappedt al. (2013), higher
0.002 g kg P for each kg haN, with 91.36% of positive productivity is obtained when corn seeds are inoculated
predictive value of the model. Similarl€asagrande & with A. brasilensewith a 9.4% increase in crop yield.
Fornasiere Filho (2002), evaluating nitrogen fertilization in  Cavalletet al. (2000) observed an increase of 17% in
the second corn crop, found higher P content due tioe average grain yield, from 5211 kg'ti@ 6067 kg h3a,
increasing N doses. and an increase of 6% in the mean ear length, from 13.6 cm
Corn production has gotten more technologically savmp 14 4 cm, usingAzospirilluminoculation. Morais (2012)
in recent years with high response in productivityalso observed an increase from 4% to 7% in productivity
However yields are still considered low due towithyields from7.6to 11.2 tHa
technological advances are not occurring uniformly in all However in this study no significant dérences in
regions (Peixoto, 2014). Nevertheless, there are regiogmductivity due to inoculation witi. brasilensewere

(a) (b)
B 40.00
3450 - y=0,0171x+ 31,594 il A
s R? = 88,57% A __— 39.00 - y=-0.0004x*+ 0.0893x + 32.958 ¢ 2]
' y=0,0163x+ 27,33 38.00 R? = 73,85%
= 3230 o R? = 91,62% o e
.g 3150 & 9 37.00 P - . ./ # absence
; 30.50 »//._—‘-*.’j,i";‘ f 36.00 el /e » N W presence
= 2950 N % N 4 / \
g 28.50 /,7:/”7 = v AVS -E 35.00 4
3 > 7(,’77 d E 24,00 -._n\\- . >
2750 &——~ 00002+ 00517+ 26078 g — ¢
: y =-0,0002x*+ 0,0517x + 26, , = 0.0003x? - 0.0499x + 35.577
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25.50 32.00
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7.00 %~ o o R Ay
- \ 2 T o R
=~ 675 e T 420 o o *R1
2 650 o | a0 W . mR3
265w s N D
8 6.00 % 3.80 * \ .
5 575 ‘ i 3.60 N\ "
$ 550 Rl y=-0.00005x'+0.0077x+6284 & ' 5,0 y = -0,00005x" + 0,0074x + 4,052
5.25 - R*=87,63% : R® = 97,20% *
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(e) ®
2.80 =
u]
— 11650 Tl
g e = >
9 2.50 2 11350
&8 2.40 g
- 11050
& 539 y= 2.384+0.002x 2
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® 220 £ 10750 / & Y=-0.0546x"+ 16.634x+ 10369
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Figure 2: Regressions for N doses: (a) Foliar N at V8, R1 and R3; (b) Foliar K, in the absence and présdmesiténset V8;
(c) Foliar Ca at R1 and R3; (d) Foliar Mg at R1 and R3; (e) Foliar P at R3; (f) Grain yield.

Rev CeresVicosa, v63, n.5, p. 732-740, set/out, 2016




Seed inoculation withAzospirillum brasilense and N fertilization of corn in the Cerrado biome 739

observedAn average grain yield wa4 1130 and 1,300 kg Batista K & Monteiro A (2010) Varia¢cdes nos teores de potéssio,
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There was no positive correlation between inoculation2" PR (2003) Disponibilidade de nitrogénio e adubacdo
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