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Diversidade fenotipica de bactérias em nodulos de raizes de
Dalbergia ecastaphyllum (L.) Taub. (Fabaceae)
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Abstract: Many species belonging to family Fabaceae are able to establish symbiotic relationships
with nitrogen-fixing bacteria. Studies developed with Dalbergia ecastaphyllum (L.) Taub., for
example, have demonstrated the symbiotic potential of this species. In this sense, this study aimed
to analyze the phenotypic characteristics of rhizobia isolated from D. ecastaphyllum and to identify
whether these bacterial isolates are capable of establishing symbiotic relationships with Vigna
unguiculata (L.) Walp. D. ecastaphyllum seeds were sown in soil samples collected in Japaratinga,
Alagoas, Brazil, in three zones located at different distances from the high tide line. At 60 days
after the emergence of the plants, nodulation in the roots of D. ecastaphyllum was analyzed and the
bacteria were isolated. Subsequently, the phenotypic characterization of the bacteria was carried
out based on some criteria (growth time, type of pH, colony color, type of mucus and amount of
mucus). For the nodulation test, the species V. unguiculata was used. In total, 17 phenotypic types
of bacterial isolates were identified, of which 8 are fast-growing and 9 are intermediate-growth.
Regarding the type of pH, 7 phenotypes are acidic pH, 8 are neutral pH and 2 are alkaline pH. As
for the coloring of the bacterial colonies, 5 are yellow, 7 white and 5 pink. It was also observed
the presence of consistent and agueous mucus in colonies from the three different areas. Only
7 bacterial phenotypic types and the commercial inoculant were efficient in the nodulation of V.
unguiculata.
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Resumo: Muitas espécies pertencentes a familia Fabaceae sdo capazes de estabelecer relacdes
simbidticas com bactérias fixadoras de nitrogénio. Estudos desenvolvidos com Dalbergia ecastaphyllum
(L.) Taub., por exemplo, tém demonstrado o potencial simbiético desta espécie. Neste sentido, objetivou-
se analisar as caracteristicas fenotipicas de rizdébios isolados de D. ecastaphyllum e identificar se
estes isolados bacterianos sédo capazes de estabelecer relagdes simbidticas com Vigna unguiculata
(L.) Walp. As sementes de D. ecastaphyllum foram semeadas em amostras de solos coletadas em
Japaratinga, Alagoas, Brasil, em trés zonas situadas a diferentes distancias da linha de maré alta. Aos
60 dias ap6s a emergéncia das plantas, foi analisada a nodulagao nas raizes de D. ecastaphyllum e
realizado o isolamento das bactérias. Posteriormente, foi realizada a caracterizagdo fenotipica das
bactérias com base em alguns critérios (tempo de crescimento, pH, coloragdo das coldnias, muco e
quantidade de muco). Para o teste de nodulacéo, foi utilizada a espécie V. unguiculata. No total, foram
identificados 17 tipos fenotipicos dos isolados bacterianos, dos quais oito s&o de crescimento rapido
e nove de crescimento intermediario. Em relacdo ao pH, sete fendtipos sdo de pH acido, oito de pH
neutro e duas de pH alcalino. Quanto a coloragao das colbnias bacterianas, cinco sdo de coloragao
amarela, sete de colorag&o branca e cinco de coloragéo rosa. Foi observada ainda a preseng¢a de muco
consistente e aquoso em coldnias das trés areas diferentes. Apenas sete tipos fenotipicos bacterianos
e o inoculante comercial foram eficientes na nodulag&o de V. unguiculatal.

Palavras-chave: Leguminosas. Relag&o simbidtica. Rizobios.
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INTRODUCTION

The Fabaceae family is one of the most diversified
among the angiosperms encompassing 19,500 species
distributed in about 730 genera and three subfamilies:
Caesalpinioideae, Mimosoideae, and Faboideae
(LEWIS et al., 2005). In general, this family is
characterized by presenting representatives of the
most diverse types of habit: trees such as pau-brasil
(Paubrasilia echinata (Lam.) Gagnon, H.C.Lima &
G.P.Lewis.) and jacaranda-da-Bahia Dalbergia nigra
(Vell.) Allemao ex Benth., bushes such as topete-de-
cardeal (Calliandra tweediei Benth), lianas such as
estojo-de-luneta (Dioclea violacea Mart. ex Benth),
and even aquatic plants such as Neptunia pubescens
Benth (SILVEIRA; MIOTTO, 2013).

The genus Dalbergia is included in the subfamily
Faboideae (Papolionoideae), consisting of small to
medium-sized trees, shrubs, vines, and lianas with
leathery, alternate, and compound leaves (SAHA et
al., 2013). Dalbergia belongs to the Dalbergicae
clade and has approximately 300 species with
very wide distribution in the tropical regions of
Central and South America, Africa, Madagascar,
and Southern Asia (VATANPARAST et al., 2013).
The diversity of bacteria present in root nodules of
species of this genus is little known. Nodulation
has been recorded and studied in about 50 of these
300 species that have aeschynomenoid root nodules
(SPRENT et al., 2013).

The species Dalbergia ecastaphyllum (L.) Taub.
is popularly known as rabo-de-bugio, marmeleiro-
da-praia, among several other popular names
(BONALDI; RODERJAN, 2017; MORAIS et al.,
2019). In Brazil, it is found from the north coast
of the country to the municipality of Palhoga in
Santa Catarina (CAMARGO, 2005). This species
has a shrubby habit and presents characteristics
of the liana/ twining/ climbing type (FILARDI et
al., 2020).

In general, the symbiotic relationships between
soil bacteria, collectively known as rhizobia (which
includes the genera Rhizobium, Bradyrhizobium,
Mesorhizobium, and Sinorhizobium), and the roots
of legumes generate nodules (a new differentiated
organ), in which all organisms are benefited
(DICENZO et al., 2019; SCHWEMBER et al., 2019).
However, this process depends on the compatible
interaction between plant and bacteria (GOURION
et al., 2015). Nitrogen-fixing microorganisms are
extremely important for agriculture and this has
encouraged studies on the diversity and description
of a large number of rhizobia species (RIBEIRO e¢
al., 2012).

INTRODUCAO

A familia Fabaceae ¢ uma das mais diversificadas
entre as angiospermas, agrupando cerca de 730 géneros
e 19.500 espécies distribuidas em trés subfamilias:
Caesalpinioideae, Mimosoideae e Faboideae (LEWIS e?
al., 2005). De forma geral, esta familia ¢ caracterizada
por apresentar representantes dos mais diversos tipos
de habito: arvores conhecidas como o pau-brasil
(Paubrasilia echinata (Lam.) Gagnon, H.C.Lima &
G.P.Lewis.) e o jacaranda-da-Bahia (Dalbergia nigra
(Vell.) Allemao ex Benth., arbustos, como topete-de-
cardeal (Calliandra tweediei Benth), lianas, como a
estojo-de-luneta (Dioclea violacea Mart. ex Benth), e
até plantas aquaticas, como Neptunia pubescens Benth
(SILVEIRA; MIOTTO, 2013).

O género Dalbergia esta incluido na subfamilia
Faboideae (Papolionoideae), sendo constituido
por arvores de pequeno a médio porte, arbustos,
trepadeiras e lianas com folhas coriaceas, alternadas
e compostas (SAHA et al., 2013). Dalbergia conta
com aproximadamente 300 espécies e pertence ao
clado Dalbergieae, sua distribui¢do é muito ampla nas
regides tropicais da América Central e do Sul, Africa,
Madagascar ¢ Sul da Asia (VATANPARAST et al.,
2013). Para esse género, a diversidade de bactérias
presentes nos nodulos radiculares é pouco conhecida.
Foi registrada e estudada a nodulagéo em cerca de 50
dessas 300 espécies que tém nodulos radiculares do
tipo esquisinomenoides (SPRENT et al., 2013).

A espécie Dalbergia ecastaphyllum (L.) Taub.
¢ popularmente conhecida como rabo-de-bugio,
marmeleiro-da-praia, entre varios outros nomes
populares (BONALDI; RODERJAN, 2017; MORAIS
et al., 2019). No Brasil, Dalbergia ecastophyllum é
encontrada desde o litoral Norte até o municipio de
Palhoga, em Santa Catarina (CAMARGO, 2005).
Esta espécie possui um porte arbustivo e apresenta
caracteristicas do tipo liana/voluvel/trepadeira
(FILARDI et al., 2020).

De forma geral, as relagdes simbioticas entre
as bactérias do solo, coletivamente conhecidas
como rizobios (que inclui os géneros Rhizobium,
Bradyrhizobium, Mesorhizobium e Sinorhizobium),
¢ as raizes de leguminosas geram nddulos (um novo
orgdo diferenciado), em que todos os organismos sdo
beneficiados (DICENZO et al., 2019; SCHWEMBER
et al., 2019). No entanto, esse processo depende da
interacdo compativel entre planta e bactérias do solo
(GOURION et al., 2015). Microrganismos fixadores
de nitrogénio sdo extremamente importantes para
a agricultura e isso tem promovido estudos sobre a
diversidade e a descri¢do de um grande numero de
espécies de rizobios (RIBEIRO ef al., 2012).
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Works on nodulation in the genus Dalbergia
report associations with a great diversity of
rhizobia. They are of the a-class of Proteobacteria,
of the genera Bradyrhizobium, Mesorhizobium,
Azorhizobium,  Phyllobacterium and  Rhizobium
(RASOLOMAMPIANINA et al., 2005). From
the pB-class of Proteobacteria, associations with
Burkholderia (currently Paraburkholderia) were
recorded in Dalbergia odorifera T. (LU et al., 2012)
and Dalbergia inundata Spruce ex Benth. (MOREIRA
et al., 2016).

Other associations of Burkholderia and Ralstonia
have also been reported with Dalbergia maritima
R.Vig., Dalbergia madagascariensis  Vatke,
Dalbergia baronii Baker, Dalbergia chapielieri
Baill., Dalbergia purpurascens Baill., Dalbergia
louvelii R.Vig., and Dalbergia monticola Bosser &
R. Rabev. (RASOLOMAMPIANINA et al., 2005).
There are reports of an association of Dalbergia
ecastophyllum with the genus Bradyrhizobium, but
the symbiotic efficiency between them has not yet
been tested (PARKER; ROSTEAU, 2014).

Thus, the objective of this study was to analyze the
diversity and phenotypic characteristics of rhizobia
isolated from D. ecastaphyllum and to identify
bacterial isolates capable of establishing symbiotic
relationships with Vigna unguiculata (L.) Walp.
The results can be used for restoration of disturbed
ecosystems (NOGUEIRA et al., 2012; MACHADO
et al., 2014) since D. ecastaphyllum is a species that
grows in estuarine and mangrove areas and has been
widely used in the recovery of degraded areas (MATA
et al., 2014). In this sense, bacterial isolates from
plant nodules that grow in degraded and/or saline soils
may be a potential resource for use in nitrogen-poor
cultivated soils.

MATERIAL AND METHODS

Substrate and Dalbergia ecastaphyllum seed
sample collection

Dalbergia ecastaphyllum seeds were collected in
the village of Bitingui, Japaratinga - AL, under the
mother plant or on the beach line. The seeds were
put in a glass jar and stored in the laboratory of the
Reference Center for Recovery of Degraded Areas
in the lower Sdo Francisco (CRAD) of the Federal
University of Alagoas (UFAL).

Os trabalhos realizados sobre nodulag¢do do
género Dalbergia, registraram associagdes com uma
grande diversidade de rizobios. Eles sdo da classe
a-Protobacteria, dos géneros Bradyrhizobium,
Mesorhizobium, Azorhizobium, Phyllobacterium
Rhizobium (RASOLOMAMPIANINA et
al., 2005). Da classe p-Protobacteria foram
registradas associagdes com Burkholderia (atual
Paraburkholderia) em Dalbergia odorifera T. (LU
etal.,2012) e Dalbergia inundata Spruce ex Benth.
(MOREIRA et al., 2016).

Outras associa¢oes de Burkholderia e Ralstonia
também foram relatadas para as espécies Dalbergia
maritima R.Vig., Dalbergia madagascariensis
Vatke, Dalbergia baronii Baker, Dalbergia
chapielieri Baill., Dalbergia purpurascens Baill.,
Dalbergia louvelii R.Vig. e Dalbergia monticola
Bosser & R.Rabev. (RASOLOMAMPIANINA et al.,
2005). Existem relatos de associagdo de Dalbergia
ecastophyllum com o género Bradyrhizobium, mas
ainda ndo foi testada a eficiéncia simbiodtica entre
eles (PARKER; ROSTEAU, 2014).

Assim, objetivou-se analisar a diversidade e
caracteristicas fenotipicas de rizobios isolados de
D. ecastaphyllum e identificar isolados bacterianos
capazes de estabelecer relagdes simbioticas com Vigna
unguiculata (L.) Walp. Os resultados poderdo ser
usados para recuperar areas degradadas (NOGUEIRA
etal.,2012; MACHADO et al., 2014), uma vez que D.
ecastaphyllum ¢ uma espécie que cresce em zonas de
estuarios e manguezais e tem sido bastante utilizada
na recuperagdo de areas degradadas (MATA et al,
2014). Neste sentido, as bactérias isoladas de nddulos
de plantas que crescem em solos degradados e/ou
salinos, podem ser um recurso potencial para uso na
agricultura em terras com deficiéncia de nitrogénio.

MATERIAL E METODOS

Coleta das amostras do substrato e sementes
de Dalbergia ecastaphyllum

A coleta das sementes de Dalbergia ecastaphyllum
foi realizada no povoado Bitingui, Japaratinga
- AL, sob a planta mae ou na linha de praia. As
sementes foram depositadas em um frasco de vidro e
armazenadas no laboratorio do Centro de Referéncia
em Recuperagio de Areas Degradadas do baixo
Sédo Francisco (CRAD) na Universidade Federal de
Alagoas (UFAL).

Revista Agro@mbiente On-line, v. 15, 2021 3



L. D. C. T. Pacheco et al. (2021)

Substrate was collected in the Costa dos Corais
Environmental Protection Area (EPA), municipality
of Japaratinga, located on the north coast of the
state of Alagoas, Brazil, in September 2018. As
collection criterion, the area was divided into three
parts based on the highest tide line: Area 1 (A1)
(09 06”45 3516°03”’) at 10 m from the highest
tide line; Area 2 (A2) (09 09° 21°° 35 172 20”") at
30 m; and Area 3 (A3) (09 09’ 24”35 17°23”) at
60 m (Figure 1).

A coleta do substrato foi realizada na zona da Area
de Prote¢do Ambiental Costa dos Corais, municipio
de Japaratinga, localizado na costa Norte do estado de
Alagoas, Brasil, em setembro de 2018. Como critério
de coleta, a area foi dividida em trés partes tomando
como base a linha marcada pela maré mais alta: Area
1 (A1) (0906’45 351603°)a 10 m, Area 2 (A2)
(09 09”21”35 17 20’) a 30 m da lineca da maré
mais alta e Area 3 (A3) (09 09’ 24”3517’ 23”) a
60 m (Figura 1).

Figure 1 - Division of the sand strip for collection of substrate
in the coastal area of Porto de Pedras, Alagoas, Brazil.

Figura 1 - Divisdo da faixa de areia para coleta do substrato,
na zona costeira de Porto de Pedras, Alagoas, Brasil.

Sowing of Dalbergia ecastaphyllum

A portion of 500 g of the substrate collected were
placed in 500 mL disposable cups, disinfected with
70% alcohol and identified with labels (Ax: Area,
Rx: Replicate number). Substrate samples were
subjected to chemical analysis by the LDTA Analytical
Center following the methodology of the Brazilian
Agricultural Research Agency (EMBRAPA).

Seeds of D. ecastaphyllum were superficially
disinfected by submersion in 70% alcohol for 1 min
and in sodium hypochlorite (2%) for 3 min and then
washed six times with autoclaved distilled water
and left for three days submerged in distilled and
autoclaved water for hydration. Two seeds were sown
per cup and germination was observed after a period
of four months. This stage of the experiment was
conducted in a greenhouse.

Semeadura de Dalbergia ecastaphyllum

Foram colocados 500 g do substrato coletado em
copos descartaveis de 500 mL, desinfetados com
alcool 70% e identificados com etiquetas (Ax: Area,
Rx: Numero de repeti¢do). Amostras do substrato
foram submetidas as analises quimicas pela Central
Analitica LDTA, com a metodologia da EMBRAPA
(Empresa Brasileira de Pesquisas Agropecuarias).

As sementes de D. ecastaphyllum foram
desinfestadas superficialmente durante 1 min
submersas em alcool a 70% e 3 min em hipoclorito
de soédio (2%), sendo lavadas depois seis vezes com
agua destilada autoclavada e deixadas durante trés dias
submersas em agua destilada e autoclavada para se
hidratar. Foram semeadas duas sementes por copo ¢ a
germinacdo foi observada apds um periodo de quatro
meses. Essa etapa do experimento foi conduzida em
casa de vegetagdo.
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Collection of nodules from Dalbergia
ecastaphyllum roots

Two months after germination, the plants were taken
to the laboratory of the CRAD for collection of root
nodules. First, the roots of the samples were washed
very carefully so as not to lose nodules. Then each
plant was individually washed, one by one, in a metal
tray with distilled water. After substrate was completely
removed from the roots, the position and morphology
of nodules were analyzed. Each nodule was removed
with metal tweezers and placed in a tube with blue silica
gel (4/8 mm) for one month to eliminate moisture and
prevent the presence of fungi.

Isolation of bacteria from Dalbergia
ecastaphyllum root nodules

A total of 256 nodules were collected from the roots
of Dalbergia ecastaphyllum. Nodules were individually
placed in 1.5 ml microtubes with autoclaved distilled
water (1 ml) for a period of 1 h. Subsequently, the
nodules were macerated with sterile tweezers to
be isolated in Petri dishes with culture medium 79
(FREUD; WAKSMAN, 1928), also called YMA culture
medium (VINCENT, 1970), and 400 pL of commercial
fungicide Nystatin was added. Four nodules per Petri
dish were striated with a platinum handle and placed
in a BOD chamber at 28 °C. After bacterial growth,
the microorganisms were individually isolated. The
Petri dishes were incubated again in a BOD chamber
until appearance of colonies. Successive replays were
performed until pure colonies were obtained for later
phenotypic characterization.

Phenotypic characterization of bacterial
isolates

The phenotypic characterization of the isolates was
made by observing the bacterial colonies and their
growth time (fast: 1 to 3 days; intermediate: 4 to 5
days; slow: 6 days; very slow: > 10 days). The change in
pH in the culture medium (acid, neutral, and alkaline),
color of the colony, and mucus production were also
considered. The data of the phenotypic characteristics
were analyzed using a binary matrix (1 - positive and
0 - negative) and the isolates were grouped by the
UPGMA method using the Jaccard coefficient. The
cluster analysis was performed using the PAST software
(HAMMER et al., 2001).

Coleta dos ndédulos nas raizes de Dalbergia
ecastaphyllum

Dois meses apos a germinagdo, as plantas foram
levadas para o laboratério do CRAD para que fosse
realizada a coleta dos nddulos nas raizes. Primeiro
foi feita a lavagem das raizes das amostras com muito
cuidado para ndo perder os ndédulos. Em seguida a
lavagem foi feita de forma individual, planta por planta,
em bandeja de metal com agua destilada. Depois de
retirado todo o substrato das raizes, foram realizadas
analises da posi¢do e morfologia dos nodulos. Cada
noédulo foi retirado com pingas de metal e colocado
em tubo com silica gel azul (4/8 mm) durante um més
para eliminar a umidade e evitar a presenca de fungos.

Isolamento das bactérias dos nodulos das
raizes de Dalbergia ecastaphyllum

No total, foram coletados 256 nodulos das raizes de
Dalbergia ecastaphyllum. Os nodulos foram colocados
individualmente em microtubos de 1,5 mL com agua
destilada autoclavada (1 mL) por um periodo de 1 h.
Posteriormente, os nédulos foram macerados com pingas
esterilizadas para serem isolados em placas de Petri
com meio de cultura 79 (FREUD; WAKSMAN, 1928),
também chamado meio de cultura YMA (VINCENT,
1970), onde adicionou-se 400 puL de fungicida comercial
Nistatina. Foram estriados com al¢a de platina quatro
noédulos por placa, que foram colocadas em estufa BOD
a temperatura de 28 °C. Apds o crescimento bacteriano,
os microrganismos foram isolados individualmente.
As placas foram incubadas novamente na BOD até o
surgimento de coldnias. Foram realizados sucessivos
repiques até se obter coldnias puras para posterior
caracterizagdo fenotipica.

Caracterizacao fenotipica dos isolados de
bactérias

A caracterizagdo fenotipica dos isolados foi feita
mediante a observagdo das coldnias bacterianas e seu
tempo de crescimento (rapido: 1 a 3 dias; intermediario:
4 a5 dias; lento: 6 dias; muito lento: >10 dias). Também
foi considerado: a alteragdo do pH no meio de cultura
(4cido, neutro e alcalino), cor da colonia e produgdo de
muco. Os dados das caracteristicas fenotipicas foram
analisados mediante uma matriz binaria (1 — positivo
e 0 — negativo) ¢ os isolados foram agrupados pelo
método UPGMA utilizando o coeficiente de Jaccard.
A analise de agrupamento foi realizada empregando o
programa PAST (HAMMER et al., 2001).
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Incubation of bacterial isolates in liquid culture
medium

Eighteen bacteria that showed phenotypic
characteristics of rhizobia from the collection were
selected plus a commercial inoculant and a control
test, totaling 20 treatments for the efficiency test that
apparently fulfilled the desired characteristics with
rhizobia, which were striated again in Petri dishes
for growth in YMA culture medium. After bacterial
growth, samples were placed in 240 ml glass vials
previously sterilized in an autoclave with liquid culture
medium (same culture medium as YMA, but without
agar and without bromothymol blue) and left for 10
days on a shaker for growth in the liquid medium.

Inoculation of bacterial isolates in Vigna
unguiculata (L.) Walp.

Vermiculite sterilized three times in an
autoclave at a pressure of 120 PA for 40 minutes,
with an interval of 48 h between sterilizations,
was used in the nodulation test. Cowpea (Vigna
unguiculata) seeds and the 300 mL disposable cups
were previously disinfected following the above
mentioned methodology. Three cowpea seeds were
sown per cup and each seed was inoculated with 1
mL of the suspension containing bacterial isolates
and culture medium.

The experiment was carried out in a greenhouse
at the Engineering and Agricultural Sciences
(CECA) campus of the UFAL, irrigated with 30
mL of autoclaved distilled water every three days
for 15 days (time necessary for the growth of plants
and formation of root nodules). Four replications
of the 18 selected bacteria were performed, plus a
commercial inoculant and a control, thus totaling
80 samples (20 treatments x 4 replicates).

Analysis of results

For a better interpretation of the results obtained
in the present work, data were presented in the form
of graphs and tables prepared using the Microsoft®
Excel® 2010 software.

Incubacao dos isolados de bactérias em meio
de cultura liquido

Foram selecionadas 18 bactérias que apresentaram
caracteristicas fenotipicas de rizobios da colegdo,
mais um teste de inoculante comercial € um controle,
num total de 20 tratamentos para o teste de eficiéncia
que cumpriam aparentemente com as caracteristicas
desejadas com os rizobios, as quais foram estriadas
novamente em placas de Petri com meio de cultura YMA
para seu crescimento. Apds o crescimento bacteriano,
as amostras foram colocadas em frascos de vidro de
240 mL previamente esterilizados em autoclave com
meio de cultura liquido (mesmo meio de cultura do
YMA, mas sem agar e sem azul de bromotimol) e
deixados durante 10 dias na maquina do Shaker para
seu crescimento no meio liquido.

Inoculacao dos isolados bacterianos em Vigna
unguiculata (L.) Walp.

Para o teste de nodulacdo, foi utilizada vermiculita
esterilizada trés vezes na autoclave com pressdo de
120 PA durante 40 minutos, com um intervalo de
48 h entre cada esterilizacdo. Posteriormente, as
sementes do feijdo-caupi (Vigna unguiculata) e os
copos descartaveis de 300 mL foram desinfetados
previamente seguindo a mesma metodologia
mencionada anteriormente. Foram semeadas trés
sementes de feijdo-caupi por copo ¢ inoculando cada
semente com 1 mL da suspensdo contendo isolados
bacterianos e meio de cultura.

O experimento foi montado em casa de vegetacdo
no Campus de Engenharias e Ciéncias Agrarias
(CECA) da UFAL, irrigado com 30 mL de agua
destilada autoclavada a cada trés dias, por 15 dias
(tempo necessario para o crescimento das plantas e
formagdo de nddulos nas raizes). Foram realizadas
quatro repeticdes das 18 bactérias selecionadas, mais
um inoculante comercial e um controle, obtendo um
total de 80 amostras (20 tratamentos x 4 repeti¢des).

Anadlise dos resultados

Para melhor interpretagdo dos resultados obtidos
ao longo do presente trabalho, os dados foram
apresentados sob a forma de graficos e tabelas
elaborados utilizando o programa Microsoft®
Excel® 2010.
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RESULTS AND DISCUSSION

Analyses of substrate samples from the Costa
dos Corais, Alagoas, Brazil

The soil of the Costa dos Corais EPA can be
characterized as oligotrophic with low values of
phosphorus, potassium, iron, and organic matter
(Table 1). This was expected because the area is an
estuary with sandy soils in which the phosphorus
content is a limiting factor for the nodulation
process (GIONGO et al., 2008). It can be assumed
that the bacteria that occur in these areas are highly
efficient in using this element. The soil in the arca
A1 was rich in sodium, since the percentage value of
sodium was more than 15% and the pH was around
8.5. This area presented a notable large content of
Mg (1.5 cmol. dm™®). As for areas A2 and A3, it
was seen that Fe values were relatively lower than
those of Area Al, and this may be related to the
distance from the tide line. According to Youseif et
al. (2017), poorly fertile soils, particularly sandy
soils, have insufficient rhizobia to form efficient
symbiotic relationships with legumes.

RESULTADOS E DISCUSSAO

Analises das amostras do substrato da zona da
Costa dos Corais, Alagoas, Brasil

De acordo com as analises dos substratos da zona
da Area de Prote¢io Ambiental Costa dos Corais,
observou-se que o solo da regido pode ser caracterizado
como oligotrofico, com baixos valores de foésforo,
potassio, ferro e matéria organica (Tabela 1). O que
era esperado para area de estudo, uma vez que se trata
de um estuario, com arenoso e o teor de fosforo no
solo como nutriente limitante ao processo de nodulagao
(GIONGQO et al., 2008). Pode-se supor que as bactérias
que ocorrem nessas areas sdo altamente eficientes no
uso desse elemento. O solo da area 1 é sédico, uma vez
que o valor da porcentagem de so6dio é maior que 15%
e o pH estd em torno de 8,5. Nesta area se destaca por
apresentar grande quantidade de Mg (1,5 cmol. dm?).
Em relacdo a areas A2 e A3, pode-se observar que
os valores de Fe sdo relativamente inferiores quando
comparados com a Areal, e isto pode estar relacionado
com a distancia da linha da maré. De acordo com Youseif
et al. (2017), solos pouco férteis, particularmente solos
arenosos, apresentam rizobios insuficientes para formar
relagdes simbiodticas eficientes com leguminosas.

Table 1 - Chemical analysis of substrates from the three
areas studied in the Costa dos Corais Environmental
Protection Area, Alagoas, Brazil. Analyses carried out by
the LDTA Analytical Center following the methodology of
the Brazilian Agricultural Research Agency (EMBRAPA)

Tabela 1 - Andlises fisico-quimica do substrato de
trés dreas da Area de Protecdo Ambiental Costa Dois
Corais, Alagoas, Brasil. Andlises realizadas pela Central
Analitica LDTA. Com a metodologia da EMBRAPA
(Empresa Brasileira de Pesquisas Agropecudrias)

Physical-Chemical Factors

pH

Na (cmol, dm3)
P (mg dm?)

K (mg dm)

Ca (mg dm?)
Mg (cmol, dm®)
Fe (mg dm?)
MOT (g kg)

Area 1 Area2 Area3
8.2 8.5 8.5
152.0 53.0 49.0
1.0 2.0 2.0
42.0 29.0 33.0
19 1.9 2.2
1.5 0.8 0.7

0.33 0.03 0.06

0.15 0.12 0.27

Na: Sodium; P: Phosphorus; K: Potassium; Ca: Calcium; Mg: Magnesium;

Fe: Iron; TOM: Total Organic Matter.

Na: Sodio; P: Fosforo; K: Potassio; Ca: Calcio; Mg: Magnésio, Fe:

Ferro; MOT: Matéria Organica Total.
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Germination and analysis of nodules in roots
of Dalbergia ecastaphyllum

The germination percentage of Dalbergia
ecastaphyllum seeds was 100% in the substrates of
the three areas of the Costa Dos Corais EPA (Figure
2). The average height of the germinated plants was
similar between areas Al (11.75 cm) and A2 (11.62
cm). The average height of plants in the area A3
averaged 14.66 cm, with a difference of 20% in
relation to the other areas. This may indicate that
the soil conditions in area A3, characterized by a
higher content of organic matter in the substrate (0.27
g kg'), were more favorable for the development
of Dalbergia ecastaphyllum seedlings. According to
Chiodini et al. (2013), an adequate level of organic
matter in the soil provides greater availability of
nutrients for plants.

Germinacéao e analises dos nédulos em raizes
de Dalbergia ecastaphyllum

A porcentagem de germinagdo das sementes de
Dalbergia ecastaphyllum foi de 100% nos substratos
das trés areas da APA Costa Dois Corais, Alagoas,
Brasil (Figura 2). A altura média das plantas
germinadas foi semelhante entre as areas Al (11,75
cm) e A2 (11,62 cm). A altura média de plantas da
area 3 (A3) foi de 14,66 cm na altura das plantas,
com diferenca de 20% em relagdo a demais areas.
Isso pode indicar que as condigdes do solo da area
3, caracterizada por apresentar maior quantidade de
matéria organica do substrato (0,27 g kg™'), foi melhor
para o desenvolvimento das plantulas de Dalbergia
ecastaphyllum. De acordo com Chiodini ef al. (2013),
nivel adequado de matéria organica no solo proporciona
maior disponibilidade de nutrientes para as plantas.

Figure 2 - Dalbergia ecastaphyllum (L.) Taub. after

germination.

Figura 2 - Dalbergia ecastaphyllum (L.) Taub. apds a

germinagé&o.

In this study, it was observed that D. ecastaphyllum
has a great potential to establish symbiotic
relationships with nitrogen-fixing bacteria. This
was evident in the analysis of the roots, in which
a large number of nodules were observed scattered
throughout the root system in the three areas (Figure
3). In total, 256 nodules were identified in the roots
of D. ecastaphyllum plants. Eight nodules in plants
from A2 were rotted and cultivation for observation
of bacterial colonies was not possible.

Neste estudo, foi possivel observar que D.
ecastaphyllum tem grande potencial em estabelecer
relagdes simbidticas com bactérias fixadoras de
nitrogénio. Isso ficou evidente apds a analise das
raizes, onde se observou grande quantidade de ndédulos
dispersos em todo sistema radicular nas trés areas
(Figura 3). No total, foram identificados 256 nodulos
nas raizes das plantas de D. ecastaphyllum, sendo que
oito noédulos da A2 estavam apodrecidos e ndo foi
possivel realizar sua repicagem para observagao das
coldnias bacterianas.
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Figure 3 - Occurrence of nodules in roots of Dalbergia

ecastaphyllum (L.) Taub.

Figura 3 - Ocorréncia de nddulos nas raizes de Dalbergia

ecastaphyllum (L.) Taub.

Root nodules can contain, besides rhizobia,
several non-nodulating endophytes which play an
important role in the physiological processes of the
host (THANUJA et al., 2020). Another important
fact is that many more rhizobia inhabit a plant’s
rhizosphere than the number of nodules formed,
and this causes competition for the establishment of
nodules (FRIESEN, 2012).

In total, the area A3 presented the highest number
of nodules in D. ecastaphyllum followed by A2, while
the area A1 presented the lowest number of nodules
(Figure 4). This can be explained by the fact that the
area Al had the highest content of sodium (152.0
cmol, dm?). According to Tavares et al. (2012),
salinity reduced mycorrhizal colonization and root
nodulation in seedlings of Mimosa caesalpiniaefolia
Benth., another legume species. Also, variations in
the number of nodules can be attributed to several
factors related to soil microbiota, as well as to
abiotic factors that may have a direct or indirect
influence, such as salinity, acidity, alkalinity, and
soil temperature (YOUSEIF et al., 2014).

Noédulos radiculares, além de apresentar
rizobios, também podem conter varios endofitos ndo
nodulantes, que desempenham papel importante no
processo fisiologico do hospedeiro (THANUIJA et
al., 2020). Outro fato importante ¢ que o numero
de rizobios que habitam a rizosfera de uma planta
¢ superior ao numero de nodédulos formados, e
isso causa competicdo pelo estabelecimento de
nodulag¢des (FRIESEN, 2012).

No total, a A3 apresentou maior niimero de
ndédulos em D. ecastaphyllum, sendo seguida da
A2, enquanto a Al apresentou menor quantidade
de nédulos (Figura 4). Isso pode ser explicado pelo
fato da A1l ter apresentado a maior quantidade de
sodio (152,0 cmol, dm™?). De acordo com Tavares
et al. (2012), a salinidade reduziu a colonizagao
micorrizica e nodulagdo radicular de mudas de
Mimosa caesalpiniaefolia Benth., uma outra
espécie de leguminosa. Além disso, as variagdes
da quantidade de nddulos podem ser atribuidas a
varios fatores relacionados com a microbiota do
solo, bem como aos fatores abidticos que também
podem influenciar direta ou indiretamente, tais
como salinidade, acidez, alcalinidade e temperatura
do solo (YOUSEIF et al., 2014).
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Figure 4 - Number of nodules identified in roots of Dalbergia
ecastaphyllum (L.) Taub. per area (A1, A2, and A3).

Figura 4 - Numero de nddulos identificados nas raizes de
Dalbergia ecastaphyllum (L.) Taub. por area (A1, A2 e A3).

Phenotypic characterization of bacterial
isolates

After nodules were transplanted, different
characteristics in the bacterial colonies were observed
between the three areas of the Costa Dos Corais
EPA. In A1, it was observed that 17% of bacterial
isolates showed fast growth and 8% intermediate
growth. In A2, 30% of bacterial colonies showed
fast growth and 35% intermediate growth. And, in
A3, fast growth was seen in a greater number of
colonies, around 53%, while intermediate growth
was seen in about 57%. Thus, the highest growth
rate of the bacteria was found in A3, followed by
A2. Colonies from A2 showed the lowest growth
percentages (Figure 5). The high salinity of the soils
from A1l can be directly related to the low growth
of bacterial colonies. Freitas ef al. (2007) reported
that rhizobia from saline soils in the semiarid region
of Pernambuco were sensitive to salt concentrations
of 16 g L-"and over.

Regarding the amount of mucus (low or high)
presented by the bacterial colonies, it was found
that bacteria in A1 had a high amount (21%), and
only 6% low. Most of the bacterial isolates from A2
produced little mucus (36%), and about 29% had a
high amount. The area A3 stood out in relation to
the other areas, with 50% of the colonies producing
high amount of mucus and 58% low (Figure 6).

Caracterizacao fenotipica dos isolados de
bactérias

Apods a repicagem dos nodulos, foi possivel
observar caracteristicas diferentes nas colonias
bacterianas entre as trés areas da APA Costa Dois
Corais. Na Al, observou-se que 17% dos isolados
bacterianos apresentaram crescimento rapido e 8%
crescimento intermedidrio. Na A2, foi possivel
observar que 30% das colonias bacterianas
apresentaram crescimento rapido e 35% intermediario.
E, na A3, o crescimento rapido atingiu um apice de
cerca de 53% e o intermediario cerca de 57%. Assim,
a taxa de crescimento mais alto das bactérias foi
atribuida a A3, seguido pela A2. A A2 apresentou as
porcentagens mais baixas de crescimento (Figura 5).
O alto nivel de salinidade do solo da Al pode estar
diretamente relacionado com o baixo crescimento das
coldnias bacterianas. Freitas et al. (2007) relataram
que rizobios oriundos de solos salinos da regido
semiarida de Pernambuco obtiveram sensibilidade a
concentragdes de sais a partir de 16 g L.

Em relagdo a quantidade de muco (muito ou pouco)
apresentado pelas coldonias bacterianas, verificou-se
que na Al as bactérias apresentaram muito muco
(21%), e apenas 6% exibiram uma quantidade
inferior. A maioria dos isolados bacterianos da A2
produziram pouco muco (36%), e cerca de 29%
apresentaram muito muco. As colonias bacterianas
da A3 se destacaram em relagdo aos isolados das
outras areas, pois, foi observado uma quantidade de
50% de muito muco e 58% de pouco muco (Figura 6).
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Figure 5 - Growth of bacterial isolates from the three areas
studied in the Costa dos Corais Environmental Protection
Area, Alagoas, Brazil.

Figura 5 - Crescimento dos isolados bacterianos das trés
dreas da Area de Protecdo Ambiental Costa dos Corais,
Alagoas, Brasil.
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Figure 6 - Amount of mucus produced by bacterial
isolates from the three areas studied in the Costa
dos Corais Environmental Protection Area, Alagoas,
Brazil.

Figura 6 - Quantidade de muco dos isolados
bacterianos das trés dreas da Area de Protecao
Ambiental Costa dos Corais, Alagoas, Brasil.
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The ability to produce high amounts of mucus is one
of the characteristics that is involved in the process of
adaptation and survival of rhizobia in adverse soil and
climatic conditions (SILVA et al., 2007). This means
that the bacterial colonies that occur in A3 may have
this greater capacity to produce mucus as an adaptation
to environmental conditions.

As for the type of mucus (aqueous or thick),
colonies from Al presented 21% of aqueous mucus
and 6% of thick mucus, while those from A2 presented
29% of aqueous mucus and 36% of thick mucus.
Following the trend of the previous characteristics,
bacterial colonies from A3 had 50% of aqueous mucus
and 58% of think mucus (Figure 7).

100 1
754
&
o
=Y
2
2 50
Q
3
=
254

A alta capacidade de producdo de muco ¢ uma
das caracteristicas que esta envolvida no processo de
adaptacdo e sobrevivéncia dos rizéobios em condigdes
adversas de solo ¢ clima (SILVA et al., 2007). Isso
significa que as colonias bacterianas que ocorrem na A3
podem ter essa capacidade maior de producdo de muco
como forma de adaptagdo as condigdes do ambiente.

Quanto ao tipo de muco (aquoso ou consistente),
as colonias bacterianas da Al apresentaram 21% de
muco aquoso e 6% de muco consistente, enquanto na
A2 foi observado 29% de muco aquoso e 36% de muco
consistente. Seguindo a tendéncia das caracteristicas
anteriores, a A3 obteve destaque com 50% de muco
aquoso ¢ 58% de muco consistente produzido pelas
coldnias bacterianas (Figura 7).

Thick

W Aqueous

Areal Area2 Area3l

Figure 7 - Mucus type produced by bacterial
isolates from the three areas studied in the
Costa dos Corais Environmental Protection Area,

Alagoas, Brazil.
Figura 7 -

Tipo de muco dos isolados

bacterianos das trés dreas da Area de Protec&o
Ambiental A Costa dos Corais, Alagoas, Brasil.

The pH (acid, neutral or alkaline) presented by
the bacterial colonies was also analyzed. In A1, the
colonies showed 16% of acid pH, 11% of neutral
pH, and 10% of alkaline pH. In A2, it was found that
neutral pH was predominant among bacterial colonies
with about 43% of the total, followed by alkaline
(40%), and acid (6%). In A3, acid pH predominated
(78%), followed by alkaline (50%), and neutral (46%)
(Figure 8).

A classe de pH (acido, neutro ou alcalino)
apresentados pelas colonias bacterianas também
foram analisados. Na A1, observou-se que as colonias
apresentaram 16% de pH acido, 11% de neutro e 10%
de alcalino. Na A2, foi verificado que o pH neutro
predominou entre as colonias bacterianas com cerca de
43% do total, seguido pelos pH alcalino (40%) e acido
(6%). Na A3, o pH com representagdao mais elevada
entre as coldnias bacterianas foi o acido (78%), seguido
pelos pH alcalino (50%) e neutro (46%) (Figura 8).
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Figure 8 - pH range of bacterial colonies from
the three areas studied in the Costa dos Corais
Environmental Protection Area, Alagoas, Brazil.

Figura 8 - Niveis de pH das colbnias bacterianas

das trés dreas da Area de Protecao Ambiental
Costa dos Corais, Alagoas, Brasil.

It is important to remember that the soil
collected in the three areas had an alkaline pH,
varying between 8.2 and 8.5 (Table 1). According
to Khaitov et al. (2016), rhizobia are important
to improve soil fertility, but effective inoculants
that adapt to saline soils are not easy to obtain.

Regarding the color of the bacteria (yellow,
white or pink), 17% of the bacterial colonies from
Al were yellow, 20% white, and 2% pink; 22%
of the colonies from A2 were yellow, 25% white,
and 47% pink; and 61% of the colonies from A3
were yellow, 55% white and 51% pink (Figure 9).

In total, 17 phenotypic types of bacterial
isolates were identified, of which eight had
fast growth and nine intermediate growth;
seven presented acid pH, eight neutral pH,
and two alkaline pH; five presented yellow-
colored bacteria, seven white, and five pink. The
phenotypic characteristics of the mucus (quantity
and consistency) were correlated and had the same
values, with seven phenotypic types corresponding
to the characteristics with high amount of aqueous
mucus, and the phenotypic characteristics with
little amount of thick mucus were observed in 10
phenotypic types ( Table 2).

E importante lembrar que o solo coletado nas trés
areas apresentou pH alcalino, variando entre 8,2 e 8,5
(Tabela 1). De acordo com Khaitov ef al. (2016), os
rizobios sdo importantes para melhorar a fertilidade
do solo, porém, ¢ dificil obter inoculantes eficazes
que se adaptem a solos salinos.

Em relagdo a coloragdo das bactérias (amarelo,
branco ou rosa), a Al apresentou 17% das coldnias
bacterianas de cor amarela, 20% de cor branca e 2%
de cor rosa, enquanto a A2 apresentou 22% de cor
amarela, 25% de cor branca e 47% de cor rosa. As
coldnias bacterianas da A3 foram caracterizadas por
apresentarem 61% de cor amarela, 55% de cor branca
e 51% de cor rosa (Figura 9).

No total, foram identificados 17 tipos fenotipicos
dos isolados bacterianos, dos quais oito sdo
de crescimento rapido e nove de crescimento
intermediario, sete sdo de pH acido, oito sdao de
pH neutro e dois sdo de pH alcalino, cinco sdo de
bactérias com colorac@o amarela, sete de coloragéo
branca e cinco de cor rosa. Os resultados obtidos
nas caracteristicas fenotipicas de muco (quantidade e
consisténcia) estdo correlacionados e tem os mesmos
valores, sendo sete tipos fenotipicos correspondentes
das caracteristicas com muito muco € aquoso, ¢
as caracteristicas fenotipicas com pouco muco ¢
consistente foram observados em 10 tipos fenotipicos
(Tabela 2).
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Figure 9 - Staining of bacterial isolates from from
the three areas studied in the Costa dos Corais
Environmental Protection Area, Alagoas, Brazil.

Figura 9 - Co/orgzga”o dos isolados bacterianos das
irés dreas da Area de Protecdo Ambiental Costa
dos Corais, Alagoas, Brasil.

Table 2 - Characteristics of bacterial isolates according to phenotypic groups
Tabela 2 - Caracteristicas dos isolados de bactérias de acordo com seus grupos fenotipicos

Phenotype Bacterial growth pH Amount of mucus  Bacteria staining  Consistency of mucus
F1 Fast Acid High Yellow Aqueous
F2 Fast Acid High White Aqueous
F3 Fast Neutral High White Aqueous
F4 Fast Alkaline High White Aqueous
F5 Fast Neutral High Yellow Aqueous
F6 Intermediate Neutral High White Aqueous
F7 Intermediate Acid High White Aqueous
F8 Fast Acid Low Yellow Thick
Fo Intermediate Acid Low Yellow Thick
F10 Intermediate Acid Low Pink Thick
F11 Intermediate Acid Low White Thick
F12 Intermediate Neutral Low Pink Thick
F13 Intermediate Neutral Low Yellow Thick
F14 Intermediate Neutral Low Pink Aqueous
F15 Intermediate Alkaline Low Pink Thick
F16 Fast Neutral Low White Thick
F17 Fast Neutral Low Pink Thick
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Currently, phenotype-based taxonomy is
validated or refuted by genetic or genomic analyses
(ORMENO-ORRILLO; MARTINEZ-ROMERO,
2013). Thus, the results observed in the present
work are important to guide future studies on the
identification of rhizobia species occurring in root
nodules of D. ecastaphyllum.

Nodulation test of isolates in Vigna unguiculata
(L.) Walp

The germination rate of the 76 seeds of Vigna
unguiculata inoculated with 19 bacterial isolates was
57%. Nodules were found in plants inoculated with
eight isolates, of which seven were from nodules of
Dalbergia ecastaphyllum, and one from commercial
inoculant (positive control). No nodules were
seen in the negative control, indicating absence of
contamination.

In this experiment, only the nodulation capacity
of cowpea strains was measured. Heavy rains that
occurred during the experiment caused a leak in
the greenhouse and the rotting of some treatment
replicates. Assuming the limitation of the experiment
and believing that the cowpea presents early
nodulation, it is possible that longer experiments
result in formation of nodules in all strains of V.
unguiculata. According to a study by Ndungu ef al.
(2018), the richness of cowpea nodule symbionts was
considered high due to its ease to establish symbiotic
relationships with several different species of the
genus Bradyrhizobium.

According to the results obtained in this study,
it can be said that this is the first record of rhizobia
obtained from nodules of D. ecastaphyllum and
inoculated in cowpea (Vigna unguiculata). Although
the experiment was terminated at an early moment,
the presence of nodules promoted by eight of the 18
bacteria (17 native and the commercial inoculant),
suggest the possibility that some of these rhizobia
are of agricultural importance. Further experiments
evaluating not only nodulation but also the efficiency
and identification of these inoculants need to be
performed.

Atualmente, a taxonomia baseada em fendtipo ¢
validada ou refutada por analise genética ou genémica
(ORMENO-ORRILLO; MARTINEZ-ROMERO,
2013), desta forma, os resultados observados no
presente trabalho sdo importantes para direcionar
estudos futuros sobre a identificagdo de espécies de
rizobios que ocorrem em nodulos radiculares de D.
ecastaphyllum.

Teste de nodulacédo dos isolados em Vigna
unguiculata (L.) Walp

A taxa de germinagdo das 76 sementes de Vigna
unguiculata inoculadas com 19 isolados bacterianos
foi de 57%. Verificou-se presenga de nodulos para
plantas inoculadas com oito isolados, sendo sete
obtidos de nédulos de Dalbergia ecastaphyllum ¢ um
inoculante comercial (controle positivo). Nao houve
presenca de nddulos no controle negativo, indicando
a ndo ocorréncia de contaminacgao.

Neste experimento foi medida apenas a capacidade
de nodulagao das estirpes do feijdo-caupi. Fortes
chuvas ocorridas no periodo do experimento
provocaram vazamento na casa de vegetacdo, o que
causou o apodrecimento de algumas repetigdes de
tratamentos. Admitindo-se a limitagao do experimento
e acreditando que o feijdo-caupi apresente nodulagdo
precoce, € possivel que com um maior tempo de
experimento haja a formagdo de noédulos em todas
as estirpes V. unguiculata. De acordo com um estudo
realizado por Ndungu ef al. (2018), a riqueza de
simbiontes de nodulos de feijao-caupi foi considerada
elevada devido sua facilidade de estabelecer relagdes
simbidticas com varias espécies diferentes do género
Bradyrhizobium.

De acordo com os resultados obtidos nesse estudo,
pode-se afirmar que esse € o primeiro registro de
rizobios obtidos em nddulos de D. ecastaphyllum
e inoculados em feijdo-caupi (Vigna unguiculata).
Embora o experimento tenha sido interrompido
precocemente, a presenga de nédulos proporcionados
por oito das 18 bactérias (17 nativas e o inoculante
comercial), sugerem a possibilidade de que alguns
desses rizobios apresentem importdncia agricola.
Para isso, um novo experimento que avalie ndo so a
nodulagdo, mas a eficiéncia e a identificacdo destes
inoculantes precisa ser realizado.
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CONCLUSIONS

Dalbergia ecastaphyllum presented nodules in soils
of the coastal zone of the Costa dos Corais EPA;

Dalbergia ecastaphyllum is symbiotically associated
with populations of phenotypically diverse bacteria,
mainly of neutral pH, producing little and aqueous mucus,
forming white colonies, and presenting intermediate
growth time;

The number of nodules varies depending on the
distance from the tide line;

Some bacterial isolates have the ability to nodulate
Vigna unguiculata (cowpea).
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