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Publicacoes sobre D. pentzi
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Microorganismos estimulantes de
crescimento vegetal — Breve
panorama do conhecimento atual

Mario Andrade Lira Junior
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Algumas indicacoes do
conhecimento atual
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Panorama da literatura mundial
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Plant growth-promoting bacteria as inoculants in agricultural

soils (De Souza ef al., 2015)
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m Mecanismos bioguimicos e moleculares da interacdo planta-
E microorganismo-metal: relevancia para fitorremediacdo (Ma et
al., 2016)
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Minimizacdo do cadmio em culturas alimentares por bactérias

promotoras de crescimento resistentes a cadmio (Sharma e
Archana, 2016)

® A bactéria deve serresistente ao

S
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Fig. 3. Model for molecular basis oftoxic effects of Cd on sensitive plants and its reversal by Cd resistant PGPR.
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Plant growth-promoting bacterial endophytes from sugarcane and their
== potential in promoting growth of the host under field condifions.
urrre  Chauhan et al (2012)
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Inoculation with selected strains of Azospirillum brasilense and A. lipoferum @]H'/ )
improves yields of maize and wheat in Brazil. Hungria et al (2010) %G:;ﬁ‘
UFRPE
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Grandes linhas de atuacdo estudadas
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Efeitos nutricionais
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Robust biological nitrogen fixafion in a model grass—-bacterial
g==  Qassociation. Pankievicz et al (2015)
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Figure 1. Setaria viridis, growth promotion responses to inoculation with nitrogen
fixing bacteria.
(a) Representative pictures of Setaria viridis grown under different nitrogen regimes
with or without bacterial inoculation. SmR1 and FP2 are wild-type strains of
1000 - = Uninoculated & Inoculated Herbaspirillum seropedicae and Azospirillum brasilense, respectively. SmR54 and
FP10 are mutants of the same bacteria that are unable to fix nitrogen. Strain
* % HMO53 is an ammonium-excreting mutant strain of A. brasilense. We measured a
800 - 14-fold higher level of fixation on a dry root mass basis (determined by 13N2
incorporation) with this strain providing up to 100% of the nitrogen needs of the
plant.
600 - (b) Relative percentage of growth improvement by bacterial inoculation for the S.

viridis A10.1 genotype grown without added nitrogen. In comparison to uninoculated
plants, plants inoculated with a mixture of A. brasilense and H. seropedicae showed
400 - significant growth promotion in seed number, shoot fresh weight

(shoot FW), shoot dry weight (shoot DW), total root length and total lateral root
%* number at 40 days after inoculation. Each asterisk denotes a statistically significant
200 - difference with P-value < 0.05.
(c) Growth promotion effects of bacterial inoculation on early stages of root growth of
-_\ the S. viridis A10.1 genotype. Plants were inoculated with a mixture containing
0 equal numbers of colony-forming units (cfu) of A. brasilense and H. seropedicae
Lateral root (total cfu 19 108 per plant). Inoculated plants showed an increased
number total root length a_lnd higher lateral root numbers at 17 days after inoculation (d.a.i.),
but not at 11 d.a.i.

11 d.a.i. 17 d.a.i. *P-value < 0.05; **P-value <0.01.
[ ]
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Biological nitrogen fixation in non-legume plants. Santi et al 2013

UFRPE
TaBLE 2. Association of cereals and nitrogen-fixing PGPR
Cereals Diazotroph inoculant Benefits % increase References
Rice Azoarcus 16 (total dry weight)’ Reinhold-Hurek and Hurek, 1997
) ) Engelhard et al., 2000
Burkholderia 68 (shoot biomass)” 19 (seed biomass)’ Baldani et al., 2000
B. viemamiensis 13-22 (yield)* Trin Van et al., 2000
Gluconacetobacter diazotrophicus 30 (total dry weight)’ Muthukumarasamy et al., 2005
Herbaspirillim seropedicae 37.6 (plant dry “’Eigl:l[f.. James et al., 2002
Serratia marcescens 23 (total dry weight)’ Gyaneshwar et al., 2001
Maize Burkholderia sp. 5.9-6.3 (yield)* Estrada et al., 2005
Azospirillum brasilense 13-25 (yield)’ Riggs et al., 2001
33 (grain yield)* Dobbelaere et al., 2001
Azotobacter Pandey et al., 1998
H. seropedicae 19.5 (yield)* ) Riggs et al., 2001
Pseudomonas sp. 11.7 (total biomass)’ Shahamona et al., 2006
Wheat H. seropedicae 49—-82 (total biomass)’ Riggs et al., 2001

Azospirillum sp.
Azotobacter sp.

Boddey er al., 1986
Mrkovacki and Milic, 2001

# 1 Experiments in fields (*) or in controlled conditions (7).

Adapted from Bhattacharjee et al. (2008) and Bhattacharyya and Jha (2012).

C A P E S

GCNPq

FACEPE

Fundacdo de Amparo a Ciéncia
eTecnologia do Estado de Pernambuco



“g

m Endophyftic nitrogen-fixing Klebsiella variicola strain DX120E
=z= promotessugarcane growth. Wei et al (2014)
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Inoculation of Brachiaria spp. with the plant growth-promoting
bacterium Azospirillum brasilense: An environment-friendly
component in the reclamation of degroded pastures in the

tropics. Hungria et al (2016)

®» Experimentos de campo em
2011 e 2012, com corte

» Populacdo nativa >10%/g
» NI+N=40 kg N/ha
» [+N=40 kg N/hd
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ndo FBN
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é@ inoculagdo (Yang et al., 2016)

UFRPE

» Grupo bem internacional
(Dinamarca, China e Paquistdo)

» Bactérias selecionadas por
crescimento em meio liquido
com 0 a 1400 mM NaCl e
densidade optica

» Plantas cultivadas com 0 ou 400
NaCl na irrigacado, salinidade
crescente no tempo

Colheita na maturidade, mas
casa de vegetacado

Sem efeito significativo na
producdo

pela inoculacdo

Plant Rioloav 20164

C A P E S

Aumento da foler@ncia a salinidade em Quinoa pela

Reducdo no teor de ABA na folha

YANG, A. et al. Enhancing salt T@GNPqn

O Contral O MN1T B MNS4
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ﬂ 400F 1=5:P=0.015
=

§ a00r

% 200 F T
< T .

100 F

[:I 1
Morn-saline Saline

Salt treatments

Fig. 5. Leal ABA concentrations of quinoa leaves afTected by bacterial
imoculation n non-saling (0 mb NaCl) and saline (400 mM NaCl) imigations,
MMIT and MMN54 indicate the halotolerant bacterial strams, Enternbacter
spo and Bacillus sp. respectively. 1 and 5 indicate imoculation and salinity
treatments, respectively, and 1 xS indicate the interaction. Error bars indicate
s (n=4),

alotolerant bacterial inoculo’ricomEM;Aﬁ‘ngmEE
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Inoculacdo com Serratia marcescens aumenta resisténcia
sistémica induzida e tolerdncia a sal no frigo (Singh e Jha, 2016) *

UFRPE

. . . » Effect of inoculation with isolate CDP-13 on salinity induced oxidative
- (,)S qutores oflrr.n,o.m Gl .SdllﬂldOde damages in wheat plants with respect to generation of (A) MDA
€ o estresse abiotico mais content (B) H,0, content (C) O,, and measurement of (D)
impor’rcm’re Membrane stability index. Values are mean + SD of triplicate sefs (n =

» Sqalinidade aumenta gerogéo de 15). Double qsferlsk represeni significant difference according to
Duncan multiple range test (p = 0.05) as compared to control
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A Inoculacdo rizobiana aumenta a tolerdncia de soja

a salinidade (Qu et al., 2016)

» RizObios também tém outros efeitos

além do mais tfradicional...

» Efeitos principais da salinidade

®» Estresse iOnico

» Desbalanco osmotico

» [Fstresse oxidativo como efeito

segunddrio

» Protedmica comparativa de

variedades sensiveis e tolerantes de
soja indicam mudancas na
biossintese de flavonoides

» Possiveis efeitos secunddrios na
tfroca de sinais com rizobio

QU, L. et al. Rhizobia-inoculation
soybean’s tolerance to salt stress.
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Fig. 3 Effects of rhizobia-inoculation on ROS scavenging
activity. A, C, E Scavenging activities of the superoxide anion
(O2.-) inleaves, stems and roofs, respectively. B, D, F Free
radical scavenging activities on ABTS.+ in leaves, stems and
roots, respectively. Rhizobia (+), seedling inoculated with S.
meliloti 1021; Rhizobia (=), seedling not inoculated with S.
meliloti 1021. 30 seedlings per treatment were processed for

each determination and the significant di
Rhizobia (=) and Rhizobia (+) are analy.
(P <0.05). The error bars represent the c

encesin
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Efeito de micorriza e bactérias isoladas de solos salinos na
toler@ncia do milho a salinidade (Krishnamoorthy et al., 2016)

» Possiveis mecanismos de atuacdo de bactérias promotoras de crescimento
» Producdo da enzima ACC deaminase
®» Fixacdode N
» Producdo de fitohormdnio

Producdo de sideroforo
Solubilizacdo de P
= Micorrizas atuam
» Absorcdo de nutrientes e dgua
» AcuUumulo de solutos orgdnicos

KRISHNAMOORTHY, R. et al. Arbuscular

mycorrhizal fungi and associated bacteria
isolated from salt-affected soil enhances the

tolerance of maize to salinity in coastal

reclamation soil. Agriculture, Ecosystems and

Environment,

2016.

» Aumento da populacdo de bactérias promotoras de crescimento na rizosfera
-/Bacférios e micorrizas isoladas de solo salino (solo recuperado do mar)

Table 1
Effect of Ritzophagus miraradices and Masstlia sp. RK4 co inoculation on maize shoot nutrient acoumulation under different salt concentrations.
Salt concentration Treatment Total I P Ca i }=4 [ ta
mg/plant
0 mi C 2023 B+ 161.0° JOE £ 74° 50.6 £ A.5P O3 £ E° 5407 &+ 101.8" 26+ 457
R 4RED 2+ 4308 1444 + 12F E76+£01%F 003+ 767 F95.3+991°F 352 +13%
| 46592 3+ 134 1F 1427 + 6.3F E1Z +46% 904 + 455 E27.0+ 40 7% 427 +£32.7°
R+ B167.7 + 221 1837 £5.7° 1081 + &7 122 +£4949° 92414 6597 502 +937
40 mi C 15626+ 1458F 315+23° 46.6 + 7.7° 4564 777 3103+ 452" 2216+ 22 77
R 25421+ 20287 556+ 547 554 +3.77 621+277 432 4+ 1917 2001 + 267
M 22R5 + 13957 481+ 14" 449 4 7 504 + 727 452 4 25 47 1234 + 6.EF
R+ 205594+ 25317 670+ 587 4093 +17° B2E+2° 51E.7 & 14 47 1280 + 14 3F
&0 il C B40.4 4+ E31° 163 + 157 204437 25+ 317 21224923 3241 +£56.3°
R 13076+ 195 5° 262+ 3277 416+ 5.5° 35+ 5° 2E74+421° 3312 +413°
M 1369.5+ 17577 32746597 273+657 I1LE£57F 2820+ 4247 3ER5 + £5.37
R+ 1260+ 226.7° 34645027 355+ 757 3254667 260 E+ 437 3452 + 557

Data are presented as mean + 5E {standard error) from three replications; letters shows significant differences between treatments according to DMET test (7<= 005). C ) E

Control; R Rinzephagus treeraradices, b Massilia sp. RK4; R+ Rinzophagus intraradices + MWasstita sp. RE4.
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m Bactérias promotoras de crescimento induzem toler@ncia a
=z= Salinidade por defesa anti-oxidante e efeitos na ferfilidade
UFRPE (|S|Clm et al., 201 6)

Table 3 Effect of B. cerens Pb25 inoculation on shoot fresh weight (g), shoot dry weight (g), root fresh weight (g), root dry weight (g), nodules (a)
fresh weight (mg) and nodule dry weight {mg) of mungbean plants ™'

10 2

Treatment Shoot Fw (g) Shoot Dw {g)  Leaf arca l[t'rn3 Root Fw (g) Rool Dw {g)  MNodules Fw Modules Dw

e b
plum_lj (mg) (mg) 'g " g
7 €
Control 1500 = 3.06abh 607 = 0.58b 53470 £ 1465 963 &£ 1.30ab 367 £ 0.30a 33945 £ 508b 10460 £ 1.07h é ¢
NaCl 901 £ 1.00c 313 £ 054c 44767 £ 21.53a 530 £ 044 230 £ 0316 170,00 £ 2.21c 58.50 4+ 3.25d !
B. cereus 18.07 &+ 1.52a 843 £ 0.68a 56553 & 15452 11.88 £093a 450+ 0.35a 48947 £378a 14334 £270a ’
B. cereus + NaCl 14.13 £ 1.17ab  7.23 £ 0.58ab 48843 + 12542 833 £0.72b 313 £ 0.56a 290.53 £ 1.64b  87.15 + 4.88¢ v :
B
Average + standard error from three separate replicates. Values with different letters are significantly ditferent at P < (L05 as determined by - :
Duncan’s test ?H .
NaCl, 9 dS m™'; Fw, fresh weight; Dw, dry weight g b c :
= 15
. . . . . . . ope 10
“The potential application of PGPR in agriculture is based on their ability to : I I
increase crop growth and stress amelioration without harming the environment. , °
1.5

The complex and dynamic interaction between microorganisms and plant
roots under abiofic stresses, affects not only the plant growth, but also the soil.”
“On the other hand, the identification, selection and application of suitable
beneficial microorganism can increase the opftion to deal with the growing

i
problem (Kilian et al. 2000) and also it is environmental friendly (Woitke et al. I I I I

T Control B cerews Salinity B cereus #
2004). o

Fig. 3 Effect of 8. cerens Ph23 inoculation and salinity (NaCl, 9 d5

|
ASTAM, & \et al. Plant growth promoting bacteria con t tolergpce in Vigna radiata by up- m ') on W0, (ng &' FW), MDA (nmol &' FW) and chloraphyll
. . . B R . N (mg g~ FW) contents of mungbean plants. Average & standard error
(@ afti ntioxidant defense and biological soil fegill'® t qzhon, 2016. from three separate teplicates. Valnes with different lewers aee E
— significantly different at P <= 0.05 as determined by Duncan’™s test

o —..m..buco
C A P E S
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Total chlorophyll (mg g-* FW)
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Aumento da foler@ncia de culturas a seca por rizobactérias
promotoras de crescimento (Vurukonda et al., 2016)

®» A seca é um dos estresses
abidticos mais destrutivos e tem
aumentado de intensidade

® Possiveis mecanismos de
aumento da tolerdncia a seca:

. N . Plant Tissue PhReI;a“ of 7 | Enhance lateral roots & root hairs development
Extraction ohormones S ™= which helps in increase of
Amino acids ———————————— IAA, -
» Fitohormonios il S

=z
7
7

, i’

< p, P ity by ing
< °dllcﬂ°" soil aggregration and maintains higher
water potential around the roots
i Ch the y of the
&5
o ne ¥

Cell

» ACC deaminase G i e R

ACC «— activity lowers ethylene =
Synthase levels in plants

~ 0 s H 0 i H ACC ————a= ACC
®» |[nducdo de resisténcia sistémica o
Bacterial volatiles induces rootcell membrane & improve
Stress response :’T;m::tiya r:t drought tolerance membrane stability ~
o EXO p O | I S S O C O rl d e O S PGPR secretes o(s:molyles in drought stress (‘m l " A""zg’x‘;;:’:;: ::’V"“
"hich sci a3 camoprotectants 1< car i
. ~ . . OH APX - . 3 " Y /
» Vale a pena ler arevisdo inteira... 5w

Stomatal closure mediated by
signalling pathways such as
Salicyclic acid pathway

Plant Cell

Fundacdo de Amparo a Ciéncia

nromotina rhizobacteria Microbi al Research 2014 eTecnologia do Estado de Pernambuco

VURUKONDA, S. S. K. P. etal. En TMR stress tolerance in crops by pIoerE)ACEPE



“q

i

Evidéncia de estratégia de resposta a seca induzida por rizobio
em Medicago fruncatula (Staudinger et al., 2016)

UFRPE

1.2 . a0 . : . .
@ a [ p-NN b day 0
T g -~ D-NOD({e) 3 day 8
ﬁ *- D-NOD(j) 2 eol . ,
208 e i 2l r
@ 0 . T
® 0.6 & 40} 1
5 5]
§ 0.4
=
o 207
5 0.2
Toop P oLl .

0 8 13 wilting NN NOD(e)  NOD()
Time (d)

Fig. 2. Leafl senescence symptoms in M. rruncatuln induced by water withholding, (a) Leal abscission rate, The day of wilting was ~day 15 in all conditions, (b) Leal chlorophyll index at the
start of the desiccation period (day zero, white bars) and after eight days of water withholding (gray bars). Values are means; error bars indicate 95% LSD confidence intervals, n = 5. D:
drought treated, NN: non-nodulated, NOD{e): 5 medicae nodulated.

@ STAUDINGER, C. e’roI.Evidence@@ drought stress response s’rro’regxg q&chCPE

c APES TFUHCOTU'O. JOUI'ndl of Proieomics eTecnologia do Estado de Pernambuco



Reducdo de estresse por seca e mudancas metabadlicas em plantas
colonizadas por Bacillus subtilis (Gagné-Bourque ef al., 2016)

A Harvest | & Harvest 2
Plant Biomass :

ot e
o’:anw-.

REUuSE

= FIGURE 4 |Biomass in grams dry weight

i
(DW) per pot, of shoot and root (A,B), !E‘ =
photosynthetic rate (C,D) and stomatal S
conductance (E,F) of timothy inoculated T e ™ e ™
or non-inoculated with B. subtilis B26 T, Pk ", Phowsubcs
after 4 weeks (harvest1; A,C,E) and 8 i i B P
weeks (harvest2;B,D,F) under WW or DRY I

conditions. Error bars represent the
syjandard error of the mean. (G) Roots

ww oy wa BRY

Stomatal conductunce Stomatal condectance
-

and shoots of noninoculated (NI) and o -~
inoculated () plants at harvest2 of WW ig “ 2
tfreatment; (H) Roots and shoots of non- 5 [»1 .f ¥
inoculated (NI) and inoculated (l) plants —
at harvest2 of DRY freatment. Indicates s | ’
significance at the 0.05 probability level

forn D 4.

NE-BOURQUE, F. et al. Alleviation of drought stress
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Visao gerdl

QA CNPq FACEPE

ooooooooooooooooooooooooooooooo



C A P E S

Uso de microorganismos promotores de
crescimento

» [Excelente potencial

» Comprovado em experimentacdo de campo para varias culturas
» Mecanismos de atuacdo discutiveis
» Potfencialmente muito importante
®» Parficularmente em condicdes de baixo uso de insumos
» Aumento da sustentabilidade dos sistemas
®» [ imitacdoes principais
» Alta demanda de conhecimento especifico

» |nteracdo com meio ambiente, gendtipo vegetal e manejo tornam
conhecimento altamente localizado

» Dificuldades experimentais na definicdo de mecanismo de atuacdo
» Transformar de ciéncia em técnica € passo crucial

®» Em algunssentidos, o “como” € menos importante do que o “quanto” do ponto
de vista tecnoldgico

» Mas o “como” € crucial para permitir a repetibilidade

QA CNPq FACEPE

eTecnologia do Estado de Pernambuco



O projeto em linhas gerais
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Logica por trds

» O pangoldo (Digitaria pentzii Stent) tem importGncia econdomica em
algumas dreas do estado

» HJ dreas cultivadas hd 30 anos sem historico conhecido de adubacdo na
Estacdo Experimental de Araripina

» A espécie apresenta adaptacdo em outras dreas do estado

» HJ pouquissima literatura sobre a espécie

®» E nada foi enconfrado sobre microorganismos promotores de crescimento

CN‘ Fundacdo de Amparo a Ciéncia
eTecnologia do Estado de Pernambuco
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Objetivos

UFRPE

» |. |[solar, Identificar e avaliar a colonizacdo por bactérias diazotroficas
na rizosfera e rizoplanobactérias endofiticas fixadoras de N em capim
pangoldo em diferentes ambientes;

» 2.  Avaliar e comparar a diversidade destas bactérias nos diferentes
ambientes

» 3. Quantificar por meio de técnica isotopica o potencial de obtencdo
de nifrogénio oriundo de fixacdo bioldgica;

» 4. Avadliar influencia de fatores abidticos na absorcdo e acumulo de
nutrientes em fracoes da plantag;

» 3. Avaliar a capacidade de fixacdo bioldgica de nitfrogénio de isolados
bacterianos sob condicoes estéreis

@ CN‘ Fundacdo de Amparo a Ciéncia
eTecnologia do Estado de Pernambuco
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Sintese de metodos

®» Amostragens nas trés mesorregioes de Pernambuco
®» [Estacoes seca e chuvosa

®» Amostras compostas separadas em cada coleta
= Solo
» Raizes
» Colmo

» [olha

®» [solamento com base em diluicdo sequencial
» Crescimento em meios sem N (NFb, JNFb, JMV)
» Caracterizacdo fenotipica
» Colbéniaisolada

» Caracteristicas de promocdo de crescimento in vitro

QA CNPq FACEPE

eTecnologia do Estado de Pernambuco
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Sintese de métodos (cont.)

UFRPE

®» Agrupamento
» Sequenciamento de genes para identificacdo ao nivel espécie
= Avaliacdo da diversidade

» Avaliacdo da eficiéncia na promocdo de crescimento

®» cm vaso de Hoagland
» Diferentes niveis de N

» Experimentos desenhados para testar outros possiveis efeitos benéficos

» Em fase de detalhamento
» Em substrato estéril
» Fm solo

®» Fm campo

> QAcnNPq FACEPE

eTecnologia do Estado de Pernambuco
C A P E S



Distribuicdo das amostragens

—

FAraripina e’ s N
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Amostragens ja realizadas em Araripina nas estacdes seca e chuvosa.

Amostragem sendo planejada para Gravatd, estacdo seca, e para Araripina, quando o capim for

cortado para feno.
(NCNPq FACEPE

eTecnologia do Estado de Pernambuco
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Resultados preliminares

» Amostragem realizadaem 13/12/16
» Fric Carvalho e José de Paula Oliveira
» Araripina, estacdo seca
®» Duas amostras de 10 plantas e solo cada
» Solo coletado para andlise de ferfilidade
» (0-20 e 20-40
» |solados ainda ndo caracterizados

___Meio | Colmo | _Folha | Raiz__| _Solo &
NFo / 8 8 13

JNFb 10 38 / 12
JMV 3 2 4 8

QA CNPq FACEPE
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Segunda coleta | ¢ 21den
Araripina, 15/03/2017, estacdo
chuvosa

Metade da drea amostral recebeu
calagem

Amostragem dividida em duas areas
Sem calagem
Com calagem

Cada drea amostral representada por
10 amostras simples

Plantas com solo ligado
Formacdo de amostra composta

Coleta de amostras compostas de
solo

Cada sub-drea amostral
0-20, 20-40, rizosfera

R CNPq

) 7 .l 50% & 20:51

FACEPE

Fundacdo de Amparo a Ciéncia
eTecnologia do Estado de Pernambuco
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UFRPE

Gravatd

« Area particular em Gravatd

« Contfato sendo estabelecido com " \Qeter
. 8713127.7:5135733153.1'W O ‘
o proprietdrio c ) *,

« Area visualmente idenfificada
como pastagem de pangoldo hd
alguns anos, mas historico
detalhado serd obtido com o
proprietdrio

« Coleta de final de estacdo seca
serd realizada assim que o contato
seja estabelecido com o
proprietdrio

QAcnNPq FACEPE

eTecnologia do Estado de Pernambuco
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» Qual o efeito da estocagem do material amostral na populacdo
endofifica?

» Estamos planejando um experimento para acompanhar as populacdo de
endofiticos ao longo de seis meses

» Determinacdo da populacdo a cada més de estocagem em freezer
convencional

» Quatro amostras de solo rizosférico, raizes, folhas e colmo.

» Avaliacdo de curvas de densidade populacional para definicdo de periodo
maximo de estocagem segura do material, e assim permitir o aumento do
numero de amostras coletadas

» Qual o efeito do corte do pangoldo para feno na populacdo endofitica?
» Deferminacdo da populacdo endofitica a intervalos pds-corte

®» Quatro amostras dos mesmos materiais das outras determinacoes

» Avaliacdo de curvas de densidade populacional de forma similar  do outro
experimento adicional

» Provavel avaliacdo de diversidade utilizando métodos ndo dependentes de

cultivo
Q CN‘ q Fundacdo de Amparo a Ciéncia
eTecnologia do Estado de Pernambuco
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Horizonte temporal

» Bolsa pesquisador visitante
» Um ano

» Bolsa mestrado ja obtida na FACEPE (dois anos iniciando em Marco)
» Co-orientacdo ja designada para IPA

» Bolsa Iniciacdo Cientifica a ser solicitada (um ano renovavel, iniciando em
AQOsto)

» FACEPE
» P[BIC CNPq/UFRPE

» Aluno de doutorado (quatro anos)

» Bolsa PNPD solicitada (cinco anos)

» Aguardando resultado

QA CNPq FACEPE
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BE THE PERSON
TOUR DOG THINKS

Obrigado de novo W“ ARE

pela paciéncia

Mario.alirajr@ufrpe.br
Mariolirajunior@gmail.com
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