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Initial growth of maize in response to application of rock phosphate,
vermicompost and endophytic bacteria

Lilian Estela Boges Baldottd"; Luiz Gonzaga JrSantos Silvg Luciano Pasqualoto Canellgs
Fabio Lopes Olivare Marihus Altoé Baldottd

ABSTRACT

Due to the high energy requirement and demand for non-renewable resources for the production of chemical
fertilizers, added also to the environmental impact caused by the use of such products, it is important to intensify
research on bio-based agricultural inputs. The use of nitrogen-fixing endophytic and phosphate solubilizing bacteria
can provide these nutrients to the plants from the air and poorly soluble phosphorus sources, such as phosphate rock.
The objective of this study was to evaluate the nutrition and initial growth of nZaaenfayd..) in response to the
inoculation of nitrogen-fixing and rock phosphate solubilizing endophytic bacteria, in single or mixed formulation,
applied with vermicompost. The treatments containing bacteria, both diazotrophic and phosphate solubilizing, when
compared to controls, showed higher levels of leaf nitrogen and phosphorus in maize, as well as higher growth
characteristics. The application of vermicompost showed synergistic effect when combined with endophytic bacteria.
Thus, the innovation of the combination of the studied factors may contribute to the early development of maize.

Key words: Zea mayd.., plant growth-promoting bacteria, biological nitrogen fixation, phosphate solubilizing
bacteria, biological inputs.

RESUMO

Crescimento inicial do milho em resposta a aplicacdo de fosfato de rocha, vermicomposto e
bactérias endofiticas

Devido a alta exigéncia energética e demanda por recursos nédo renovaveis para a producéo de fertilizantes quimi-
cos, somadas, ainda, ao impacto ambiental provocado pelo uso de tais produtos, é importante a intensificacdo de
pesquisas com insumos agricolas de base biologica. O uso de bactérias endofiticas fixadoras de nitrogénio e
solubilizadoras de fosfatos pode disponibilizar esses nutrientes para as plantas a partir do ar e de fontes fosfatadas
pouco soltveis, como fosfatos de rochas. O objetivo deste trabalho foi avaliar a nutricdo e o crescimento inicial de
milho (Zea mayd..) em resposta a inoculacéo de bactérias endofiticas fixadoras de nitrogénio e solubilizadoras de
fosfato de rocha, em formulacdo simples ou mista, aplicadas com vermicorapgdémtas de milho dos tratamentos
contendo bactérias, tanto as diazotroficas quanto as solubilizadoras de fosfato, quando comparadas as do controle,
apresentaram maiores teores foliares de nitrogénio e fésforo no milho, acompanhados por caracteristicas de cresci-
mento mais elevada&.aplicacdo de vermicomposto apresentou efeitogit@guando combinada com as bactérias
endofiticas. Dessa forma, a inovagédo da combinacao dos fatores estudados pode contribuir para o desenvolvimento
inicial do milho.

Palavras-chave:Zea may4.., bactérias promotoras de crescimento de plantas, fixacdo bioldgica de nitrogénio,
bactérias solubilizadoras de fosfatos, insumos bioldgicos.

Recebido para publicacdo em 19/10/2010 e aprovado em 06/02/2012

Agronomist Engineers. Doctors Science. Universidade FederMiglesa, Campusde Florestal. Rodovia LMGB818, km 06, 35690-000 Florestal, Minas Gerais, Brazil.
lilian.estrela@ufibr; marihus@ufv *Corresponding author

2Agronomist EngineerUniversidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Laboratério de Solos do Centro de CiEsmiasogiasAgropecuarias (CCA). Av.
Alberto Lamego, 2000, 28013-602 Campos dos Goytacazes, Rio de Janeiro, Brazil. Igonzaga.agro@gmail.com

3Agronomist EngineerDoctor Science. Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Laboratério de Solos do Centro de TéénoclagiaAgropecuarias
(CCTA). Av. Alberto Lamego, 2000, 28013-602 Campos dos Goytacazes, Rio de Janeiro, Brazil. canellas@uenf.br

“Agronomist EngineerDoctor Science. Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), Laboratério de Biologia Celoidua do Centro de Biociéncias
e BiotecnologiaAv. Alberto Lamego, 2000, 28013-602 Campos dos Goytacazes, Rio de Janeiro, Brazil. fabioliv@uenf.br

Rev CeresVicosa, v59, n.2, p. 262-270, mar/al2012



Initial growth of maize in response to application of rock phosphate, vermicompost an@6.3

INTRODUCTION growth-pronoting microorganisms, directed towards the

o ) ) ) development of biofertilizers (Pooja-Sunejaal, 2007;
Under onditions of highly weathered soils, nltrogenl_iebichet al, 2007).

(N) and phosphorus (P) are the main limiting nutrients to However even if the beneficial ffcts on plant growth

Increase the pr_o_ductlwty of most qus' including MAIZ%ye to inoculation with growth-promoting bacteria are well
Th? use of fgrtlllzers dem.ands high usage of energy faéscribed, their use in the production environment still
their production, consuming non-renewable resources, < to pe accomplished. The carbon source for the
Due to the constant transformations of nitrogen in thr%icroorganism the adoption of single or mixed
soil, the criterion for nitrogen fertilization often COMES, mulations (0|’1e or more bacteria combined), the
from m_formgnon apout the plgnt_ respons_e to thgtrategies of manipulation and activation of the inoculum,
application of increasing N doses in different soils. The:;agnd the manner and time of application, as well as the use
results show that this nutrient is presentin concentrati08§ suitable vehicles, can become key aspects for the

Iowe_r. than those de_manded by crops for optimum yiel@uecess of this practice (Silva Filho&dor, 2000; Kostov
Additionally, regarding the ,Ribout 90% of the analyzes& Lynch, 1998Vargas-Garciat al, 2006)

carr_led out in the Brazilian soils show that the levels of P The present work aimed to study the initial growth
avallablgto crops are low af“?' maly be be_lowll mgbyn and mineral nutrition of maize in response to inoculation
the Mehlich-1 extractorequiring the application of high of nitrogen fixing and rock phosphate solubilizing

amounts of this nutlrle.nt (Malavolta, 1980). endophytic bacteria in single or mixed formulations, in
One way to optimize plant growth and developmergombination with venicompost

may be the application of endophytic diazotrophic and

phosphate solubilizing bacteria, due to their biofertilizegyo TERIALS AND METHODS

and biostimulant éécts (\éssey2003; Bucher & Reis,

2008; Baldotteel al., 2010a)Variations among genotypes ~1r€atments and experimental conditions

in response to N (Alfoldét al,, 1992) and plant-associated The experimeral matrix consisted of the following
bacteria are known to the maize crop (Salomone &ctors under study: the bacteriderbaspirillum
Dobereiner 1996). Knowledge on the associationseropedicaélll 206 andBurkholderiasp. UENF 114111,
between maize and phosphate-solubilizing bacteria is s#lfaxa rock phosphate, vermicompost and two control
incipient but promising, since various bacterial genermeatments: one without addition of the factors under
have demonstrated the ability to solubilize inorganistudy and the other with the application of a NPK
phosphatecompoundsn vitro, such asPseudomonas, formulation (Rble 1).

Bacillus, Rhizobium, BurkholderidAchromobacter Three seeds of maize, genotype UENF506-8, were
Agrobacterium, Microccocus, Flavobacterium, andplanted in 1.0 dfplastic pots containing a substrate
Erwinia (Rodriguez & Fraga, 1999). consisting of Plantmax Hortaligié®. This substrate was

Although positive results on growth and developmenthemically characterized (Embrapa , 1997) as presenting:
of plants have been obtained from diazotrophic bacterigi 6.9; 76.6 g dfOM; 12 mg dnt P; 14; 3; 12; 0; 0; 0.1; 15;
especially from the genuAzospirillum (Salomone & 15; 15 mmoldm? of K, Ca, Mg,Al, H+Al, Na, SB,T, t,
Dobereiner1996), in Brazil the development of inoculantgespectivelyThe vermicompost was produced from cattle
for the maize crop still requires basic studies. These studimanure and filter cake (by-product from the clarification of
must be based on the selection of species and strainswofarcane broth) in a 2:1 ratio and Red Californian worms
bacteria that promote plant growth and inoculatiofEisenia foetidd..) and chemically characterized (Embrapa,
technologies associated with plant genotypic variabilityt 997) as presenting: pH 6.5; 87.3 gdoM; 2.44 mg dmi
The use of nitrogen-fixing and/or rock phosphat®; 798; 462; 26; 0; 48; 10.8; 519; 567; 519 mumiot® of K,
solubilizing microorganisms is still a relatively unexploredCa, MgAl, H+Al, Na, SB,T, t, respectivelyl he fertilization
field and could play an important role in thewas based on the recommendations for maize genotype
complementary supply of N and P to plants in differedENF 506-8: 200 mg platibf Araxa rock phosphate, 5 g/
agricultural production systems. plant of vermicompost, 200 mg/plant of NPK (4-14-8) , and

The intensification of the use of microorganisms wilapplied onto the substrate and around of the crown of the
depend, in parts, on the knowledge of their ecqltgir maize seedlings (De-Po#t al, 1988). The pots received
interaction in soil-plant system and insulation and welldaily irrigation and were kept in a greenhouse at Universi-
conducted microbial selection programs (Okon &lade Estadual do Norte Fluminense Darcy Ribeiro, in the
Labandera-Gonzales, 1994). The N fixation andunicipality of Campos dos Goytacazes, Rio de Janeiro
solubilization of phosphates are considered the maoState, Brazil. The experiment was conducted in a completely
important attibutes in the selection process of theseandomized design witfive replicates.

Rev CeresVicosa, v59, n.2, p. 262-270, mar/al2012



264 Lilian Estrela Borges Baldottt al.

Bacterial isolates and inoculation dried in a forced ventilation oven at 60 °C, for seven days,

The bacterial isolatBurkholderiasp. UENF 114111 and weighed; and root/shoot ratio (RSR), obtained by the
was derived from the collection of growth-promotindatio between the root dry matter and aerial part dry matter
bacteria from the Laboratory of Cell Biology and Tissue 1he SRAD index, which estimates the level of
from the Universidade Estadual do Norte Fluminense Dar&plorophyll through the green color intensityas
Ribeiro and has the ability to fix atmospheric N (Santo§letermined using a 8B-502 portable chlorophyll meter
2008) and solubilize rock phosphate (Baldettal 2010b). (Minolta, Japan), also at 30 days after germination.

The isolate ofHerbaspirillum seropedica¢illl 206,
atmospheric N fixing, was kindly provided by.[Brabio

Bueno dos Reis.JEmbrapa-CRC (Brasilia-DF Brazil). _After drying, the maize leaves were ground Wity
The bacterial isolates grew in DYGS liquid mediunMill using 0.25 mm sieves (60 mesh). Then, the ground and

(Débereineet al, 1995) under agitation at 120 rpm, at 3’Osieved material was digested with sulfuric acid combined
°C, for 24 hours. The concentrations of the bacteridf!th hydrogen peroxideTotal N and Pconcentrations
suspensions were adjusted td ¢élls mL=. (9.kg") were determined according to Embrapa (1997). For
The inoculation was performed after seed germinatiohl,’ the Nessler method. was used; and for P there Wa.s chosen
and the plants had about two to three non-fully expand molecular absorption spectrophotometry (colorimetry)
leaves. The bacterial suspensions were applied to tRgthod at a wavelength of 725 nm, after reaction with
maize seedlings and on the substrate surface, at the t4{aMin C and ammonium molybdate (Braga & De Filippo,

of 2 mL per seedling, around the crown and side-dressed./4)- The N and P contents (mg/plant) were calculated by
multiplying the dry matter of the aerial part by the

Morphological Analysis concentration of the nutrient considered.

At 30 days after germination, the plants were collected Bacterial Count
to measure the following variables: number of leaves (NL); ) ] .
plant height (H) as the distance between crown and sheathBacteria present in the roots were counted using Fhe
of the first fully expanded leaf, using a graduated ruIeP{'?St P_robable Number met_hod (MPN), described in
stem diameter (SD), measured with a Starrett 727 digitBF’bere'ne'e_t al (1995). Fgr this, 1_9 of washe_d rogt was
caliper: leaf area (LA), measured using a LI-COR LI-31081acerated in 9 mL of saline solutloQ and serial dilutions
Area Meter (LI-COR, USA): root (RFM) and aerial part (SFM)VEre Performed up to Z0Then, an aliquot of 0.1 mL of
fresh matter; root area (RA), estimated from scanned ima _h dilution Wa,S added to vials coqtammg 5, mL of semi
by DeltaT Scan image analysis software obtained withSQ!ld culture media JNFb and JMVhe vials were incubated
Samsung 5.1 mega pixel digital camera with focal Iengtho.aé 30 °C, for seven days. The bacteria counting was

m in height; root (RDM) and aerial part (SDM) dry mattereStimated by referring to the McCrasiytable for three
replicates per dilution. It was considered as positive growth

dthe formation of a pellicle on the surface of the medium.
The identity of the re-isolated bacteria was confirmed by
Factors in study the characteristics of the colony on the semi-specific media

Mineral Nutrition Analysis

Table 1.Treatment arrangement combining the factors in stu

Treatments Bl B2 \4 NP NPK and the cells under the phase contrast microscope
) 0 0 0 0 0 (Dobereineet al, 1995), made from the bacterial growth
B1 1 0 0 0 0 present in the last dilutions of the semi-solid media.

B2 0 1 0 0 0

B1+B2 1 1 0 0 0 Statistical analysis

B1+V 1 0 1 0 0 The results were subjected to analysis of variance,
B2+V 0 1 1 0 0 and the effects of the treatments were unfolded in mean
Bl+B2+V 1 1 1 0 0 contrasts (@ble 2), according télvarezV. & Alvarez
BL+NP L 0 0 L 0 (2006). The application of the F test to the unfolding of
B2+NP 0 ! 0 ! 0 the factors was performed at 5 and 1% of probability
B1+B2+NP 1 1 0 1 0

B1+V+NP 1 0 1 1 0

B2+V+NP 0 1 1 1 0 RESULTS

B1+B2+V+NP 1 1 1 1 0 Tables 3 and 4 show the means for the characteristics of
NPK 0 0 0 0 1 growth and dry matter accumulation, contents of N and P
! Treatments: (-) = control; B1 Herbaspirillum seropedicatilll  and also the data on bacteria recovery from the maize plants.

206; B2 =Burkholderiasp., UENF 114111; B1 + B2 = mixed . th th trast lculated
inoculums, with both bacteria; V = vermicompost; NP = natura“JSlng ese means, the mean contrasts were calculated,

rock phosphate and NPK = 4-14-8 formula. which indicates the difference, in actual magnitude and unit,

Rev CeresVicosa, v59, n.2, p. 262-270, mar/al2012
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between the mean of the compared groups; that is, tbembination of bacteria with vermicompost and natural
effect of these comparisonsadles 5 and 6). phosphate resulted in root growth decrease and increase
In the first contrast presentedTiable 5, for example, in nutrient absorption (fifth contrast Tables 5 and 6).
the use of bacteria (alone) compared with the control Both species of bacteria used in the experiment were
treatment (non-inoculated plants) resulted in an increasempared in the sixth contrastTables 5 and 6. It was
of approximately 30% in dry matter of the aerial parttound that the application durkholderiasp. resulted
Following this procedure, still ifable 5, positive éécts in improvement in root system characteristics in
of bacteria can be observed on the variable number @imparison wittHerbaspirillumseiopedicaeHowever
leaves, plant height, stem diameteaf area, fresh matter no significant differences in the growth characteristics of
of aerial part, root fresh mattepot area and root/shootthe shoot or nutritional status were observed. The three
ratio, which were 6, 11, 9, 29, 59, 45, 128 and 22%ontrasts that followed compare these bacteria within the
respectivelySimilarly, Table 6 shows the positivefe€ts factors vermicompost and natural rock phosphate, as well
of the application of bacterial inoculums on theABP as their combination. Little difference was observed
index and contents of N and P in the maize plants of 28, Ii&tween the bacteria, but the resulting N content when
59, 103 and 41% respectively comparing these two inoculums combined with
The second contrast ifables 5 and 6 highlights the vermicompost and natural phosphate is notewortiti
comparison between the NPK fertilization and tha strong decrease in absorption and accumulation of this
application of bacterial inoculum (also used alone). Theutrient in the treatment witBurkholderiasp. compared
NPK fertilization was superior to the application of bacterisvith Herbaspirillum seopedicagTable 6).
for all variables of the aerial part and the nutritional status. The 10", 11" and 12 contrasts ofables 5 and 6 aimed
The opposite was observed for the variables of the rotmtcompare the effect of inoculum of each bacterium alone
system. with its combination; that is, with the mixed inoculum, with
The effect of vermicompost in combination withor without vermicompost and natural phosphate. Small
bacterial inoculums, in the third contrasailes 5 and 6), differences were observed in the growth data for the
was unfavorable to most of the growth characteristics abmparison in the absence of vermicompost and natural
the plants, although it resulted in an improvement of theck phosphate, and even in the presence of the last factor
nutritional status, especially in relation to N content. Thembeing studied. Howevghe mixed inoculum combined with
in the fourth contrast, it was observed that the applicatiarermicompost stood out among the treatments. Both plant
of natural rock phosphate to bacteria had little effect agrowth and nutritional status were improved significantly
the growth characteristics, even though there waghen bacteria were applied together (mixed inoculum) and
improvement in the nutritional composition. Thewith vermicompostAs it has been already shown, the use

Table 2.Coeficients for the contrasts used to unfold thieets of the treatments

Treatments* Contrasts”

Cl CZ C3 C4 C5 CB C7 CB C9 C10 Cll ClZ C13
) -12 0 0 0 0 0 0 0 0 0 0 0 0
Bl 1 1 -1 -1 -1 -1 0 0 0 -1 0 0 0
B2 1 1 -1 -1 -1 1 0 0 0 -1 0 0 0
B1+B2 1 1 -1 -1 -1 0 0 0 0 2 0 0 0
B1+V 1 1 1 0 0 0 -1 0 0 0 -1 0 0
B2+V 1 1 1 0 0 0 1 0 0 0 -1 0 0
B1+B2+V 1 1 1 0 0 0 0 0 0 0 2 0 0
B1+NP 1 1 0 1 0 0 0 -1 0 0 0 -1 0
B2+NP 1 1 0 1 0 0 0 1 0 0 0 -1 0
B1+B2+NP 1 1 0 1 0 0 0 0 0 0 0 2 0
B1+V+NP 1 1 0 0 1 0 0 0 -1 0 0 0 -1
B2+V+NP 1 1 0 0 1 0 0 0 1 0 0 0 -1
B1+B2+V+NP 1 1 0 0 1 0 0 0 0 0 0 0 2
NPK 0 -12 0 0 0 0 0 0 0 0 0 0 0

1 Treatments: (-) = control; B1 Herbaspirillum seropedicaeHlll 206; B2 =Burkholderiasp., UENF 114111; B = single inoculum, with

each bacterium used alone; B1 + B2 = mixed inoculums, with both bacteria; V = vermicompost; NP = natural rock phosphate, NPK = 4-
14-8 formula.

2Contrasts: C= (-) vs. B; C= NPK vs. B; G=B vs. B+\/ C, = B vs. B+NP; C= B vs. B+V+NP; C= Bl vs. B2; C=Blvs. B2dV,; C, =

Blvs. B2 d/NP; C=B1lvs. B2dV+NP; C =B vs. B1+B2; G = Bvs. B1+B2 dV; C,= B vs. B1+B2 d/ NRnd G, = B vs. B1+B2 dV+NP.

Rev CeresVicosa, v59, n.2, p. 262-270, mar/al2012



266 Lilian Estrela Borges Baldottt al.

of natural rock phosphate improved only slightly the effect The data on bacteria recovery from the maize plants
of the mixed inoculum on plant growth and nutrition(Table 4) showed that they harbor in their roots native
howeveyin combination with vermicompost, there was alsdiazotrophic bacteria with a population of around 2.5% 10
improvement in such effect, although it was diluted whebacteria g/root and that the inoculated bacteria were
comparing the use of vermicompost alone with the tw@covered from the different treatments based on their
bacteria combined. reisolation and identification of culture conditions. The

Table 3 Growth characteristics of maize plants (mean of five replicates) in response to application of natural rock phosphate,
vermicompost and endophytic bacteria

Growth characteristics ?

Treatments* H SD LA SFM SDM RFM RDM RA
NL . 0 R/S

cm mm cm g %
) 8 2170  7.84 43158 10.42 2.48 5.62 0.63 354 0.26
B1 8 2310 9.01 552.02 16.61 3.17 6.60 0.59 198 0.19
B2 9 2450  9.05 565.41 18.12 3.22 8.54 0.87 189 0.28
B1+B2 9 25.10 8.08 551.62 15.93 2.93 10.18  0.63 150 0.22
B1+V 8 2270 771 47475 1256 2.81 8.22 0.64 208 0.24
B2+V 8 2240 777  448.44 11.46 2.57 7.26 0.44 155 0.17
B1+B2+V 9 2690  8.88 661.95 21.22 4.06 8.24 0.62 154 0.16
B1+NP 8 2250  8.66 555.27 15.67 3.39 9.33 0.72 136 0.22
B2+NP 8 2340 851 611.07 18.18 2.86 8.96 0.70 140 0.26
B1+B2+NP 9 26.40  8.38 644.86 19.78 3.82 8.60 0.61 126 0.17
B1+V+NP 9 25.20  9.00 619.46 19.01 3.78 7.61 0.51 105 0.14
B2+V+NP 9 2280  9.00 533.78 16.64 3.02 7.63 0.53 100 0.18
B1+B2+V+NP 8 2360 807 45992 13.75 2.59 6.37 054 203 0.20
NPK 9 26.70  10.37 689.19 26.58 423 6.05 0.56 106 0.14

! Treatments: (-) = control; B1 Herbaspirillum seropedicaeHlll 206; B2 =Burkholderiasp., UENF 114111; B1 + B2 = mixed inoculum,
with both bacteria; V = vermicompost, NP = natural rock phosphate, NPK = 4-14-8 formula.

2Growth characteristics: NL= number of leaves; H = plant height; SD = stem diameter; LA = leaf area; SFM = fresh matter of aerial part;
SDM = dry matter of aerial part; RFM = root fresh matter; DRM = dry root matter; RA = root area; R/S = root/aerial part ratio.

Table 4.Nutritional characteristics (average of five replicates) of maize plants and bacterial count (average of three replicates) in
response to application of natural rock phosphate, vermicompost and endophytic bacteria.

Nutritional charcacteristics 2

Treatments® N level P level N Content P Content MPN ®
SPAD — gky mg/plant———log n° cells g of root

) 20.16 18.64 6.58 47.06 16.38 4.40 + 0.00
B1 23.00 22.17 6.81 69.38 21.62 5.03 £ 0.37
B2 24.52 23.73 7.10 76.56 23.01 4.40 £ 0.00
B1+B2 25.52 26.94 7.23 80.76 21.27 6.98 £ 0.00
B1+V 20.84 22.54 7.13 70.97 19.90 5.98 + 0.00
B2+V 22.68 24.36 7.06 64.53 18.43 5.65 + 0.00
B1+B2+V 29.60 41.55 7.28 157.76 30.27 6.40 £ 0.00
B1+NP 24.88 31.17 7.21 100.61 24.25 4.40 £ 0.00
B2+NP 28.08 37.63 7.68 108.08 21.41 4.40 £ 0.00
B1+B2+NP 28.78 32.93 7.16 128.27 27.06 6.48 £ 0.50
B1+V+NP 28.78 34.89 7.21 129.79 27.92 6.29 £ 0.11
B2+V+NP 26.46 27.98 7.36 85.81 22.13 6.19 £ 0.21
B1+B2+V+NP 25.78 29.67 7.86 75.21 20.58 6.40 £ 0.00
NPK 32.30 46.91 9.90 187.84 42.14 4.40 £ 0.00

! Treatments: (-) = control; B1 Herbaspirillum seropedicaeHlll 206; B2 =Burkholderiasp., UENF 114111; B1 + B2 = mixed inoculum,
with both bacteria; V = vermicompost, NP = natural rock phosphate, NPK = 4-14-8 formula.

2Growth characteristics: NL= number of leaves; H = plant height; SD = stem diameter; LA = leaf area; SFM = fresh matter of aerial part;
SDM = dry matter of aerial part; RFM = root fresh matter; DRM = dry root matter; RA = root area; R/S = root/aerial part ratio.

3 MPN: most probable number of diazotrophic bacteria.

Rev CeresVicosa, v59, n.2, p. 262-270, mar/al2012
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Table 5 Mean contrasts for root and aerial part growth rates of maize

Contrast

Mean Contrast$

SVt D..

LN PH SD FA SFM SDM RFM RDM RA R/S
cm mm cm? g %

C, (-)vs.B 1 0.52** 2.35%* 0.67** 124.97* 6.15%* 0.70** 2.51% -0.01 -198.20**  -0.06**
C, NPK vs. B 1 -0.68** -2.65** -1.86** -132.64**  -10.01** -1.05** 2.08** 0.05 49.17** 0.06**
C, B vs. B+V 1 -0.20 -0.23 -0.59*  -27.97 -1.81 0.04 -0.53 -0.13** -6.36 -0.04**
C, B vs. B+NP 1 0.07 0.00 0.23 73.14 2.34 0.37 -0.02 -0.04 -48.42**  -0.03
C, B vs. B+V+NP 1 -0.07 -0.37 -0.02 -18.63 -0.42 0.02 -1.24% -0.17** -42.59**  -0.05**
C, Bl vs. B2 1 0.40 1.40 0.04 13.39 151 0.04 1.95%* 0.28** -9.47 0.10**
C, Blvs.B2d/V 1 0.40 -0.30 0.06 -26.31 -1.10 -0.24 -0.96 -0.20** -53.08**  -0.07**
C, Bl vs. B2 d/ NP 1 0.20 0.90 -0.15 55.80 2.51 -0.53 -0.38 -0.03 4.63 0.04
C, Bl vs. B2 d/ V+NP 1 0.20 -2.40%* 0.00 -85.67 -2.37 -0.76* 0.01 0.03 -5.41 0.04
Co B vs. B1+B2 1 0.00 1.30 -0.95** -7.09 -1.44 -0.27 2.61** -0.11* -43.28** -0.02
C, B vs. B1+B2 d/ V 1 0.60** 4.35%* 1.14** 200.36** 9.21** 1.37** 0.51 0.08 -27.49* -0.05*
C, B vs. B1+B2 d/ NP 1 0.70** 3.45%* -0.21 61.69 2.85 0.69* -0.54 -0.10 -12.39 -0.07**
C B vs. B1+B2 d/ V+NP 1 -0.50** -0.40 -0.92** -116.70** -4.08** -0.81** -1.25 0.02 100.76** 0.04*
Residue 56 0.41 4.90 0.96 10067.51 19.77 0.73 2.96 0.02 5.01 0.003
V. C. (%) 7.48 9.20 11.37 18.01 26.39 26.65 22.06 23.06 28.66 25.21

1 Sources oiVariation: (-) = control; B1 =Herbaspirillum seopedicae HIll 206, B2 =Burkholderiasp. UENF 14111; B = single inoculum, with each bacterium used alone; B1 + B2

with both bacteria; V = vermicompost, NP = natural rock phosphate, NPK = NPK control.

2 Mean Contrasts: NL = number of leaves; H = plant height; SD = stem diameter; LA = leaf area; SFM = fresh matter of aerial part; SDM = dry matter of aerial part; RFM = root fresh matter; R
dry matter; RA= root area; R/S = root/aerial part ratio. **, * = Significant by test F at 1 and 5% of prohatafipectively

mixed inoculum

dde 01 asuodsal ul 8ziew Jo yimolb [eniuj

&uolie||

J9pue 1sodwoolwian ‘@reydsoyd o0l §

1
-
o
o
—-



268 Lilian Estrela Borges Baldottt al.

inoculation promoted increases in the population associatedmified oganic matter and noted an increase in its

with the roots varying between zero and 7% 10 population in pineapple, which showed greater
development of roots and shoots, as well as higher
DISCUSSION contents of macronutrients.

Among the plants treated with bacteria, those with

Among all the treatments, the fertilization with NPK _ . -
. - : he highest bacterial recovery also showed the best initial
resulted in the best initial development of the maize plants

. . . . rformance, with the highest growth rates, dry matter
in relation to the other factors studied. Howewbis periormance € highest gro ates, dry matte

. ) accumulation and nutrient concentration. The dual
superiority measured in absolute terms does not

. . . . . Inoculation and the vermicompost application are the
internalize environmental costs of fertilizer manufacturlngf.a ctors that most contributed to the increase in population

The f'”_‘?"“gs of this study showed the possibility of uSIng diazotrophic microorganisms in the present experiment,
blofe_rtlllzers pro.duced from_ natural ro_ck phosphate ar\ﬂith increases of up to two log units. The sole application
vermicompost with the addition of N-fixing and phosphat%f rock phosphate dBurkholderiawere the treatments
solubilizing bacteria in the initial growth of maize. Positive[hat provided the smallest populations established in the
effects of bacterial inoculation on the growth of aerigly issye, even though they were higher than the control.
parts and roots of maize have been observed, as welh@g, fact that inoculated plants enhance their population
an improvement in their nutritional status. of bacteria, especially when used together with
In a study involving the selection of diazotrophicermicompost, has been previously reported in sugarcane
bacteria, Baldottet al (2010b) found that many of them gng maize when in combination with humic acids (Mar-
also solubilized Zn and P from sources poorly available ,es Jet al, 2008; Conceicaet al, 2008).
plants and synthesized indole (auxins). They also Taken togetherdata on both growth and nutritional
observed that these bacteria increased the growth of aegighracteristics indicate the viability of the two forms
parts and roots and the levels of macronutrients ¥ bacterial inoculation (single and mixed). The viability
pineapple. In this studyhe increase in the initial growth of the mixed inoculum, i.e., the complementary and
of maize promoted biferbaspirillumandBurkholderia  synergistic interaction of these bacteria in the presence
were also associated with higher nutrient contents, of & vermicompost, confirms the hypothesis of joint use
and P because of their capacity for diazotrophy andf the studied factors in the composition of a biofertilizer
phosphate solubilization. Baldo#bal (2010a) used this with positive efects on nutrition with N and, Pesulting
same strain oBurkholderig in combination or not with in inoculated plants with superiaritial performance

Table 6.Mean contrasts for nutritional indices of maize

Means contrasts

Contrasts SVt F.D. SPAD N level P level N Content P Content
g kg* mg/ plant——
C, ()vs. B 1 558~  10.99* 068 4859~  6.78*
C, NPK vs. B 1 -6.56** -17.28** -2.64** -92.19**  -18.98**
C, B vs. B+V 1 0.03 5.20 0.11* 22.18** 0.90
C, B vs. B+NP 1 3.62** 9.51 0.19** 36.22** 2.85
C5 B vs. B+V+NP 1 2.66** 6.57 0.43** 21.37** 1.57
Cs B1 vs. B2 1 1.52 1.57 0.29 7.18 1.39
C7 Blvs.B2d/V 1 1.84 1.82 -0.08 -6.44 -1.47
C8 B1 vs. B2 d/ NP 1 3.20 6.47 0.47 7.47 -2.83
C9 B1 vs. B2 d/ V+NP 1 -2.32 -6.91 0.15 -43.98** -5.79
C,, B vs. B1+B2 1 1.76 3.99 0.27 779 -1.05
C11 B vs.B1+B2d/V 1 7.84** 18.11 0.18** 90.01** 11.11*
C, B vs. B1+B2 d/ NP 1 2.30 -1.47 -0.29 23.92 4.23
C13 B vs. B1+B2 d/ V+NP 1 -1.84 -1.76 0.57 -32.59** -4.45
Residue 56 17.95 9.8 84.23 1.211.17 63.14
C.V. (%) 16.41 13.4 30.51 35.24 33.07

1 Sources olariation: (-) = control; B1 Herbaspirillum seopedicae HIll 206, B2 =Burkholderiasp. UENF 14111, B = single inoculum,

with each bacterium used alone; B1 + B2 = mixed inoculums, with both bacteria; V = vermicompost, NP = natural rock phosphate, NPK
= 4-14-8 formula.

2 Mean Contrasts: $¥® = chlorophyll level; N level = leaf N level; Rvel = leaf Plevel; N content = leaf N content; ddntent = leaf P

content. ** * = Significant by test F at 1 and 5% of probahiligspectively
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and better capacity for subsequent growth, measurad Araxa (Baldottoet al., 2011), the use of this

as increase in reserves (dry matter), and withhosphorus source in its natural form seems to be a
consequences in capturing watbght and nutrients technical option for production of biofertilizers.
(greater growth of shoots and roots). It is inferred that Another finding verified in this study was the
the use of vermicompost, not only as a conditioner aélationship between @B index and level and content
soil fertility, but also as an appropriate vehicle t@f N (Figure 1). Other studies have shown similarities
maintain the activity of bacteria in the environmentbetween these variablégcording to Girardinet al, (1985)
constitutes an interesting and suitable strateggnd Guimaraest al (1999), it has been shown that the
especially given the difficulty of maintaining theconcentration of chlorophyll can indicate the nutritional
inoculum live long enough for its penetration into thestatus of N in maize. These authors emphasize the use of
plant. The presence of enriched vermicompost withthe SRD as an auxiliary field tool for estimating the
source of P seems to preserve the viability of theutritional status of plants. The results of this study
inoculum, favoring the colonization of the maize plantsndicated that the increases in the levels of N in maize
Because the organic matter has acidic groups, whiphants treated with growth-promoting bacteria can also
increase the solubility of calcium rock phosphates, sudie monitored by the 2 index.
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Figure 1.Linear correlation (n = 70) between the nitrogen level (§ kgd content (mg/plant) and theA&Pindex (r = 0,87<%0
and r = 0,79 <°%% respectively) from the aerial parts of maize plants.
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