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ABSTRACT 

The study was carried out during the 2021/2022 agricultural year by the 

companyPCAThe researchsite is locatedat 18°68' south 

latitude,38°31'westlongitude,andisapproximately865metersabovesealevel.Theobjectiveo

fthisstudywastoevaluatethe technical variables of the "phytobioassay" and the 

properties, using biologicals,aminoacidsandmicronutrientsincorncultivationin 

southwest Goiás. The cropstudied was corn, variety AG 8700 PRO3, and the treatment 

composition is T1: 0.0 ha-1(absolutecontrol);T2: 100gha-1(SP)plantingfurrow+ 

100gha-

1(RV4B)reinforcementatstageV4viaapplicationbarwiththebacteriaAzospirillumbaldanior

um,Bacillusamyloliquefaciens;Bacillusproteolyticusand 

Pseudomonasaeruginosa;T3:Farmstandard(TS):SeedtreatmentwithPonchoand 

Acorde(Cropfield). The technological variables “Plant Biometrics” evaluated include 

PlantPopulation (PP) (DAP) carried out 30 days after germination, Plant Biometric 

Studies(aerial parts) at harvest, plant population, plant height, stem diameter, seed 

insertionheight first ear, number of ears per plant, number of rows per ear, number of 

grains perrow, number of grains per ear, ear diameter, cob diameter, grain length, ear 

lengthwithout chaff, thousand grain weight and productivity kilogram per hectare. The 

datawere analyzed using the Sisvar procedure. The data obtained were subjected 

toanalysis of variance, using the Tukey test to compare means, when significance of 

theanalysis of variance was detected at p=0.05% probability for comparing 

means.Analyzingtheresults,wecanconcludethattherearenosignificantdifferencesinallthe

technicalvariablesstudied,withtheexceptionofproductivityinkilogramsperhectare,whicho

btainedthebestresult,thereforewecanstatethattheuseofbacteriaishighlyviableincornculti

vation. 
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INTRODUCTION 
 

Corn (Zea mays L.) cultivation plays 

afundamental role in global 

agriculture,being one of the main 

sources of food,animal feed and raw 

materials for 

variousindustries.Thegrowingdemandfor

cornposesasignificantchallengetoagricult

uralproduction,whichfacespressure to 

increase productivity in 

asustainablemanner.Inthiscontext,biolo

gical control approaches emerge asa 

promising strategy to combat 

pests,diseases and improve the health 

of cornplants. Corn is a crop of great 

globalrelevance, both for human food 

securityand for the production of animal 

feed.andbiofuels(FAO,2020).Maizeprodu

ction faces significant 

challenges,includingpressurefrompestsa

nddiseases, as well as the need to 

reducedependenceonchemicalpesticides

(Oerke, 2006). Biological control 

involvesthe use of living organisms, 

such 

aspredators,parasitoidsandbeneficialmic

roorganisms,tocontrolpestsanddiseasesi

nasustainablemanner(Barbosaetal.,199

8).Theuseofbiologicalcontrolagentscanre

duceenvironmentalimpact,minimizethed

evelopment of resistance in pests 

andmaintainhealthofecosystems(VanLen

teren,2012).Predatorssuchasladybugs,p

arasitoidssuchaswaspsandmicroorganis

ms such

 asentomopatho

genicnematodesareexamples of agents 

used in biologicalcontrol (Pedigo et al., 

2006), which alignswith principles of 

sustainable 

agriculture,reducingtheneedofchemicalpe

sticidesand promoting biodiversity (Gurr 

et 

al.,2017).Theeffectivenessofbiologicalcon

trolmayvaryaccordingtoregionandconditi

onslocal areas, requiring specific strategies 

tooptimize their use (Pedigo et al., 

2006).Effectiveincorporationofbiologicalc

ontrolcanleadtoincreasesincornproductivi

tywhilereducingrisksassociated with 

pesticides (Gurr et 

al.,2017)andrepresentsapromisingapproa

ch to addressing corn 

productionchallengesasagricultureseeks

moresustainable and effective solutions. 

Aminoacids are essential building blocks 

forproteins,buttheyalsoplaycriticalrolesinpl

antphysiology,fromsynthesisofhormonest

otheresponsetostress(Ravenet al., 2005). 

The application of aminoacids can 

improve the nutrition of 

cornplants,contributingtotheirgrowth,dise

aseresistanceandproductivity(Sharma;Die

tz,2009).Aminoacidsplayakey role in the 

ability of maize plants tocope with 

environmental stresses such 

asdrought,salinityandextremetemperatur

es (Hayat et al., 2012). 

Itsstrategicapplicationcanimprovethequal

ity of corn grain, increasing 

proteinlevelsandotheressentialnutrients(

AbdEl-Monem et al., 2010). The use of 

aminoacidsinagriculturealignswiththeprin

ciplesofsustainableagriculture,reducingde

pendenceonchemicalfertilizersandminimizi

ngenvironmentalimpact(Dietzetal.,2010). 
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The application of amino acids must 

beadaptedtolocalconditionsandthespecifi

c needs of corn plants (Rouphaelet al., 

2017). Amino acids represent 

apromisingtoolinthesearchforsolutions

sustainable and effective solutions for 

thechallengesofcornproduction,contribut

ing to grain quality and foodsecurity. 

Micronutrientsaremineralnutrientsneces

sary in very small quantities, butthey 

play a fundamental role in planthealth 

and grain quality, with iron 

(Fe),zinc(Zn),manganese(Mn),copper(C

u)being essential for corn. ), 

molybdenum(Mo)andboron(B)(Lindsay,

1975),deficiency of which can lead to a 

seriesofgrowthdisorders,decreasedprod

uctivity and lower quality of 

corngrains(Marschner,2012). 

Balancedmicronutrientnutritionisessenti

al for the growth, 

development,andresistanceofcornplants

.Therefore,effectivemicronutrientfertiliza

tionstrategies are essential to ensure 

thatmaize plants have adequate access 

tothesenutrients(Cakmak,2008). 

Theadequatepresenceofmicronutrientsal

so affects the quality of corn 

grains,which is essential for their use in 

food andfeed(Welch;Graham,2004). 

Anin-

depthunderstandingofmicronutrients in 

maize crops and 

thedevelopmentofappropriatemanagem

entstrategiesareessentialto 

 

 
 

 
 

 

MATERIAL&METHODOLOGY 

Thestudy2

021/2022 

company 

wascarriedoutduringthe 

agricultural year by the 

PCA -Agricultural Research 

andConsulting.Theexperimentalareaisloc

atedat18°68'southlatitude,38°31' 

westlongitude,approximately865meters 

above 

Köppen 

sea level. According to 

classification (2013), 

the 

the 

predominantclimateintheregionistypeAw

, with a humid tropical climate, 

rainysummers, and dry winters. The 

averageannualprecipitationis1680-

1920mm,theaverageannualtemperaturei

s26°Candthe average relative humidity 

is 68%(Figure1). 

TherainsaremainlyconcentratedinOctobe

r,November,December,January,Februar

yand 

March.JunetoAugustarethethreemonths 

with the highest drought rate, 

withaveragerainfallof27mm,andDecembe

r to February. The three 

monthswiththegreatestdroughtindex,ma

kingthemthethreewettestmonthsofthe 

year(Figure1). 

meetinggrowingdemandinasustainable 

manner and ensuring 

globalfoodsecurity. 

In view of the above, the objective of 

thisstudywastoevaluatethetechnicalvaria

blesofthe"phytobioassay"andtheproperti

es,usingbiologicals,aminoacids,and 

micronutrients in corn cultivation 

insouthwestGoiás. 
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Figura 1. Temperaturamáxima, mínima e média (°C), umidaderelativa (%) e 
precipitação (mm) no mês da safra 2021/2022 naÁrea Experimental da empresa PCA 
-Pesquisa e ConsultoriaAgronômica, Mineiros, Goiás. 2022. 

 

Fonte:AGRITEMPO–SistemadeMonitoramentoAgrometeorológico 

Mineiro/INMET.PrefeituraMunicipaldeMineiros,EstadodeGoiás.2022. 

 

The soil is of the QuartzarenoNeossolo 

type with a sandy texture, according to 

the Brazilian Soil Classification System 

(Embrapa, 2013), cultivated for several 

years with annual crops.The 

experimental design used was a 3x1 

scheme with randomized blocks and 

four replications. Each experimental 

plot consisted of four lines of four 

meters in length, with an effective area 

of two lines of two meters in length, 

spacing between lines of 50 cm and 

spacing between blocks of 2.0 m in 

length.The technological variables 

“Plant Biometrics” evaluated include 

Plant Population (PP) (DAP) carried out 

30 days after germination, Plant 

Biometric Studies (aerial parts) at 

harvest, PP - Plant population; AP - 

Plant height; DC – Collection diameter; 

AIPE – Height of insertion of the first 

ear; NEPP – Number of ears per plant; 

NFE: Number of row per ear; NGF – 

Number of grains per row; NGPE: 

Number of grains per ear; DE: Tang 

diameter; DS: Cob diameter; CG: 

Grainlength; CESP: Ear length without 

straw; PMG: Weight thousand grains; P 

Kg ha-1: Productivity kilogram per 

hectare.To evaluate productivity, ears 

of 10 plants were collected in the useful 

areas of each plot and manually 

threshed, and the seeds from each plot 

were weighed. The weight of the 

thousand grains is measured on a pallet 

and weighed on a precision scale. 
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Weighing is carried out at a standard 

humidity of 14%. Soil properties were 

evaluated before implementing 

theresearch project to understandThe 

chemical characteristics of the 

experimental plot. The chemical 

properties of the soil (pH, P, K, Ca, Mg, 

H+Al, Al, SB, V (%) and MO) were 

determined in the layers from 0.0 to 

0.20 and 0.20 to 0. 40 m deep 

following the method proposed by Raij 

et al (2001). The analyzes were carried 

out at the UniFIMES Soil Fertility 

Laboratory and presented results 

reported in Table 1. 

 

Tabela 1.Resultados das análisesquímicas do solo, amostrascoletadasnaárea 
experimental da empresaPesquisa e ConsultoriaAgronômica, colhidas antes do plantio 
da cultura do milho, variedade AG 8700 PRO3. Implantada pela empresaPesquisa e 

ConsultoriaAgronômica, com uso de diferentesbiológicos, aminoácidos e 
micronutrientes. Cidade de Mineiros. Estado de Goiás, 2022.  

Prof (cm) pH P (Mel) K+ Ca Mg Al H+Al S.B. CTC V M.O. 

CaCl2 mg dm-3 mmolc dm-3 % g dm-3 

0 – 20 4,6 7,0 0,4 17 6 1 21 23,4 44,4 52,74 16 

20 – 40  4,6 2,0 0,2 15 8 1 25 23,2 48,2 48,17 11 

Fonte: Dados da pesquisa, 2017. 

 

Corn, variety AG 8700 PRO3, was used 
with the following treatments: T1: 0.0 

ha-1 (absolute control); T2: 100 g ha-1 
(SP) planting furrow + 100 g ha-1 

(RV4B) reinforcement 

atstageV4viaapplicationbarwiththebacter
iaAzospirillum baldaniorum, Bacillus 

amyloliquefaciens; Bacillus 
proteolyticusand Pseudomonas 

aeruginosa; T3: Farm standard (TS): 

Seed treatment with Poncho andAcorde 
(Cropfield).Thedatawereanalyzedusingth

eSisvar program proposed by Ferreira 
(2015) and the data obtained were 

subjected to analysis of variance, using 

the Tukey test to compare means, when 
significance ofthe analysis of variance 

was detected 
atp=0.05%probabilityforcomparisonof 

means. 
 

RESULTS AND DISCUSSION 

 
In the summary of the variance analysis 
of technical variables for evaluating the 

“Plant Biometrics” for the cultivation 

ofcorn, variety AG 8700 PRO3, it is 
notedthatnoneoftheblockparameters 

reached significance, and for the 
treatments, only the productivity in 

kilograms per hectare showed a 
significant difference between the 

treatments tested (Table 2).It is worth 
highlighting that the coefficient 

ofvariation(CV)wassatisfactory,indicating 
that the data collected for theagronomic 

parameter “Plant Biometrics”were 

obtained accurately according tothe 
classification proposed by Carvalho et al. 

(2003). The results of the 
presentworkaresimilartothoseofNakayam

aetal.(2013),wherethecoefficientofvariati
oniswithintheaveragerangeanddispersion 

is low (Table 2). 
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Tabela 2. Resumoanálise de variância das variáveistécnicas para cultivo“Biometria 
Vegetal”. Implantada pela empresaPesquisa e ConsultoriaAgronômica, com uso de 

diferentesbiológicos, aminoácidos e micronutrientesnacultura do milho, variedade AG 
8700 PRO3. Cidade de Mineiros. Estado de Goiás, 2022. 

FV  PP AP DC AIPE NEPP NFE NGF 

Bloco  ns ns ns ns ns ns ns 

Tratamentos  ns ns ns ns ns ns ns 
Resíduo  - - - - - - - 

CV (%) - 10,15 11,95 37,80 26,65 20,18 3,02 12,73 

DMS - 0,59 0,62 0,95 0,62 0,82 1,08 9,32 

FV  NGRE DE DS CG CESP PMG P kg ha-1 

Bloco  ns ns ns ns ns ns ns 

Tratamentos  ns ns ns ns ns ns * 
Resíduo  - - - - - - - 

CV (%) - 12,27 8,69 2,22 17,83 4,56 7,69 12,19 

DMS - 149,25 9,77 1,49 8,66 1,65 61,89 2.499 
Ossímbolos “** e *” indicam o nível de significância, ouseja: ** é significativoaonível de 1% de 

probabilidade (p<0,01); * é significativoaonível de 5% de probabilidade (0,01=<0,05); ns: passoupelo 

teste Tukey de médianãofoisignificativo (p<0,05).  
Fonte: Dados da pesquisa, 2017. 

 

Note in Table 3, the data for the 

technical variables “Plant Biometrics”, 

with the use 

ofdifferentbiologicals,aminoacidsandmicr

onutrientsincorncultivation,plantpopulati

on(PP),plantheight(AP),collectiondiamet

er(DC),wasnotpossibletoverifyasignifican

tdifferencebetweenthetreatmentstested. 

 

Tabela 3 - Avaliação dos valoresmédios das variáveistécnicas para cultivo “Biometria 
Vegetal”. Implantada pela empresaPesquisa e ConsultoriaAgronômica, com uso de 

diferentesbiológicos, aminoácidos e micronutrientesnacultura do milho, variedade AG 
8700 PRO3. Cidade de Mineiros. Estado de Goiás, 2022. 

TRAT Doses utilizadas PP AP (m) DC (cm) 

T1 Zero (controleabsoluto) 3,10 2,25 1,25 

T2 100 g ha-1 (SP) + 100 g ha-1 (RV4B) 2,75 2,50 1,25 

T3 Padrão Fazenda (TS) 3,15 2,50 1,00 

 CV (%) 10,15 11,95 37,80 

 DMS 0,59 0,62 0,95 
PP - População de plantas; AP - Altura de planta; DC – Diâmetro de coleto. SP: Sulco de plantio; (RV4B): 

reforçoestádio V4 nabarra de pulverização;100 g ha-1 (SP e RV4B): Azospirillum baldaniorum, Bacillus 

amyloliquefaciens; Bacillus proteolyticus e Pseudomonas aeruginosa;Padrão fazenda (TS): 

Tratamentosemente com Poncho e Acorde (Cropfield). Usando um teste Tukey, as 

médiassemletrasnascolunasnãosãosignificativamentediferentes a 5% de probabilidade.  

Fonte: Dados da pesquisa, 2022. 

 

Table 4 shows the data for the various 

"Plant Biometry" techniques:first spike 

insertion height (AIPE), spike number 

per plant (NEPP), number of shoots per 

spike (NFE), in an experiment conducted 

using different biologicals, amino acids 
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and micronutrients in the culture of 

millet, in which it was not possible to 

verify significant differences between 

the treatments tested. 

 

 

 
 

 
 

 
Tabela 4 - Avaliação dos valoresmédios das variáveistécnicas para cultivo“Biometria 

Vegetal”. Implantada pela empresaPesquisa e ConsultoriaAgronômica, com uso de 
diferentesbiológicos, aminoácidos e micronutrientesnacultura do milho, variedade AG 

8700 PRO3. Cidade de Mineiros. Estado de Goiás, 2022. 

TRAT Doses utilizadas AIPE (m) NEPP NFE 

T1 Zero (controleabsoluto) 1,00 1,10 17,00 

T2 100 g ha-1 (SP) + 100 g ha-1 (RV4B) 1,00 1,05 16,50 

T3 Padrão Fazenda (TS) 1,25 1,00 16,25 

 CV (%) 26,65 20,18 3,02 

 DMS 0,62 0,82 1,08 

AIPE – Altura de inserção da primeiraespiga; NEPP – Número de espiga por planta; NFE: Número de fileira 

por espiga; 100 g ha-1 (SP e RV4B): Azospirillum baldaniorum, Bacillus amyloliquefaciens; Bacillus 

proteolyticus e Pseudomonas aeruginosa;Padrão fazenda (TS): Tratamentosemente com Poncho e Acorde 

(Cropfield). Usando um teste Tukey, as médiassemletrasnascolunasnãosãosignificativamentediferentes a 

5% de probabilidade.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



J.Bio.Innov13(3),pp:329-341,2024|ISSN2277-8330(Electronic) Almeidaetal., 

2024,JulyEdition|www.jbino.com |InnovativeAssociation 

 

 

Table 5 records the data for the various 

“Plant Biometry” techniques,number of 

grains per row (NGF), number of grains 

per spike (NGE) and spike diameter 

(DE), in the experiment conducted with 

the use of different biologicals, amino 

acidsand micronutrients in the culture of 

millet, in which it was not possible to 

verify significant differences between 

the treatments tested. 

 

Tabela 5 - Avaliação dos valoresmédios das variáveistécnicas para cultivo“Biometria 

Vegetal”. Implantada pela empresaPesquisa e ConsultoriaAgronômica, com uso de 
diferentesbiológicos, aminoácidos e micronutrientesnacultura do milho, variedade AG 

8700 PRO3. Cidade de Mineiros. Estado de Goiás, 2022. 
TRAT Doses utilizadas NGF NGPE DE (mm) 

T1 Zero (controleabsoluto) 32,50 548,50 52,00 

T2 100 g ha-1 (SP) + 100 g ha-1 (RV4B) 33,00 554,00 50,75 

T3 Padrão Fazenda (TS) 35,75 579,75 52,75 

 CV (%) 12,73 12,27 8,69 

 DMS 9,32 149,25 9,77 
NGF – Number of grains per row; NGPE: Number of grains per spike; DE: Shank diameter; 100 g ha-1 

(SP and RV4B): Azospirillum baldaniorum, Bacillus amyloliquefaciens; Bacillus proteolyticus and 

Pseudomonas aeruginosa; Farm Standard (TS): Seed treatment with Poncho and Chord (Cropfield). The 

letter- less means in the columns are not significantly different at 5% probability with Tukey's application. 

Source: Research data, 2022. 

 

See Table 6 for the data for the various 

“Plant Biometry” techniques,elderberry 

compression (CS), seed compression 

(CG) and spike compression without 

blade (CESP), in experiment conducted 

using different biologicals, amino acids 

and micronutrients inmillet culture, in 

which it was not possible to verify 

significant differences between the 

treatments tested. 
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Tabela 6 - Avaliação dos valoresmédios das variáveistécnicas para cultivo“Biometria 

Vegetal”. Implantada pela empresaPesquisa e ConsultoriaAgronômica, com uso de 
diferentesbiológicos, aminoácidos e micronutrientesnacultura do milho, variedade AG 

8700 PRO3. Cidade de Mineiros. Estado de Goiás, 2022. 

TRAT Doses utilizadas DS (mm) CG (mm) CESP (cm) 

T1 Zero (controleabsoluto) 29,75 22,25 16,75 

T2 100 g ha-1 (SP) + 100 g ha-1 (RV4B) 29,25 21,50 16,50 

T3 Padrão Fazenda (TS) 29,50 23,50 17,00 

 CV (%) 2,22 17,83 4,56 

 DMS 1,49 8,66 1,65 
DS:Elderberry diameter; CG:Grain compression; CESP:Stemless spike compression; 100 g ha-1 (SP and 

RV4B): Azospirillum baldaniorum, Bacillus amyloliquefaciens; Bacillus proteolyticus and Pseudomonas 

aeruginosa; Farm Standard (TS): Treatmentsimply with Poncho and Chord (Cropfield). The letter- less 

means in the columns are not significantly different at 5% probability with Tukey's application. 

Source: Research data, 2022. 

  

Table 7 shows the analysis for the 

variable techniques "Plant Biometry", 

inan experiment conducted with the use 

of different biologicals, amino acids and 

micronutrients in the culture of millet, in 

which the variable weight of a thousand 

grains (PMG) did not present any 

significant difference between the 

treatments tested. For the 

variabletechnique “Plant Biometry”, 

productivity in kilograms per hectare (P 

Kg ha-1), it was possible to verify a 

significant difference between the 

treatments, being that the best result 

was obtained for the T2 treatment which 

presented an average of 10.609 Kg 

hectare and the treatment with the 

lowest result obtained, was found for the 

T1 dose zero treatment (absolute 

control) with an average of 7.687 Kg 

hectare, which shows a robust difference 

of 2.922 Kg hectare, compared to the 

absolute control. In comparison with the 

standard for seed treatment, a 

difference of 541 kg/hectare was found, 

or 9.0 bags/hectare, which covers the 

cost of treatment with microorganisms 

and has excellent profitability. 
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Tabela 7 - Avaliação dos valoresmédios das variáveistécnicas para cultivo“Biometria 
Vegetal”. Implantada pela empresaPesquisa e ConsultoriaAgronômica, com uso de 

diferentesbiológicos, aminoácidos e micronutrientesnacultura do milho, variedade AG 
8700 PRO3. Cidade de Mineiros. Estado de Goiás, 2022. 
TRAT Doses utilizadas PMG (g) P Kg ha-1 

T1 Zero (controleabsoluto) 346 7.687 b 

T2 100 g ha-1 (SP) + 100 g ha-1 (RV4B) 388 10.609 a 

T3 Padrão Fazenda (TS) 379 10.068 ab 

 CV (%) 7,69 12,19 

 DMS 61,89 2.499 

PMG: Peso mil grãos; P Kg ha-1: Produtividadequilograma por hectare; 100 g ha-1 (SP e RV4B): 

Azospirillum baldaniorum, Bacillus amyloliquefaciens; Bacillus proteolyticus e Pseudomonas aeruginosa; 

Padrão fazenda (TS): Tratamentosemente com Poncho e Acorde (Cropfield). Usando um teste Tukey, as 

médiassemletrasnascolunasnãosãosignificativamentediferentes a 5% de probabilidade.  

Fonte: Dados da pesquisa, 2022. 
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CONCLUSION 

 

Whenanalyzingtheresultsproduced,it 
canbeconcludedthatthereareno 

differences significant in all technical 
variablesstudied,withtheexceptionof 

productivityinkilogramsperhectare, 
which allows us to affirm that the use of 

bacteria is highly viable in corn 
cultivation. 
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