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Microbiology/ Scientific Notes

Growth promotion in different
Urochloa species inoculated
with Azospirillum baldaniorum

Abstract — The objective of this work was to evaluate inoculation response
to Azospirillum baldaniorum strain Sp245 in 14 Urochloa cultivars. The
evaluated cultivars were: Marandu, Xaraés, Paiaguas, Piatd, Basilisk, B140,
Comum, Tupi, H47, Llanero, Ruziziensis, Ipypord, Mulato, and Convert
HD364. Three experiments were conducted to measure root traits: two
using soil and one a sterile substrate. Compared with the control, a single
application of A. baldaniorum Sp245 increases dry matter accumulation and
number of roots in cultivars Maranda, Llanero, Ruziziensis, and Convert
HD364. However, after inoculation, cultivars Xaraés and Ipypora show some
root traits with lower values.

Index terms: Brachiaria, diazotrophic bacteria, inoculation, pasture.

Promocgao de crescimento em diferentes
espécies de Urochloa inoculadas
com Azospirillum baldaniorum

Resumo — O objetivo deste trabalho foi avaliar a resposta a inoculagdo da
estirpe Sp245 de Azospirillum baldaniorum em 14 cultivares de Urochloa.
As cultivares avaliadas foram: Marand(, Xaraés, Paiaguas, Piatd, Basilisk,
B140, Comum, Tupi, H47, Llanero, Ruziziensis, Ipypora, Mulato e Convert
HD364. Foram conduzidos trés experimentos para mensuragao de parametros
radiculares: dois em solo e um em substrato estéril. Em comparag¢do ao
controle, a aplica¢do Unica de A. baldaniorum Sp245 aumenta o actimulo
de massa seca e a quantidade de raizes das cultivares Marandu, Llanero,
Ruziziensis e Convert HD364. No entanto, ap6s a inoculacdo, as cultivares
Xaraés e Ipypora apresentam alguns parametros radiculares com valores
menores.

Termos para indexac¢do: Brachiaria, bactéria diazotrofica, inoculagdo,
pastagem.

In Brazilian pastures, the most cultivated grass species are of the
family Poaceae, genus Urochloa (Torres Gonzalez & Morton, 2005),
mainly Urochloa decumbens cultivar Basilisk, Urochloa humidicola,
and Urochloa brizantha (Alvim et al., 2002). The interaction with
bacteria can be beneficial for the growth of these plants, resulting in
an increased biomass production (Carvalho et al., 2020), increased
chlorophyll concentration and stomatal conductance, and improved
biological nitrogen fixation (Cassan et al., 2014).

Among the nitrogen-fixing bacteria associated with the genus
Urochloa, those from the genus Azospirillum stand out. Of the 22
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species of Azospirillum spp., Azospirillum brasilense
is the most known and used worldwide (Cassan
& Diaz-Zorita, 2016; Santos et al., 2021; Cassan
et al., 2020). Recently, this lineage was renamed
Azospirillum baldaniorum (Ferreira et al., 2020) and
is currently used as an inoculant in Latin America
(Cassan & Diaz-Zorita 2016; Santos et al., 2021). Of the
A. baldaniorum strains, Sp245 is the most studied and,
therefore, its genome has been sequenced by several
research groups, preceded by that of Wisniewski-Dy¢
et al. (2011). This well-characterized strain produces
growth regulators, especially from the auxin class
(Cassan et al., 2014), which has led it to become a model
strain for the study of the plant-bacteria interaction.

Most studies on inoculation, however, only analyze
one species of Urochloa (Hungria et al., 2016), although
several are grown in Brazilian pastures. This shows
the importance of evaluating how different species of
this grass behave when inoculated with diazotrophic
growth-promoting bacteria.

The objective of this work was to evaluate inoculation
response to Azospirillum baldaniorum strain Sp245 in
14 Urochloa cultivars.

The seeds of the 14 studied Urochloa cultivars
were provided by Embrapa Gado de Corte, located
in the municipality of Campo Grande, in the state
of Mato Grosso, Brazil. Azospirillum baldaniorum
Sp245 (strain BR11005) was obtained from Centro
de Recursos Biologicos Johanna Ddbereiner, the
bacterial culture collection of Embrapa Agrobiologia.
A seed coating of 250 g peat-based inoculant, at a
concentration of 7.2x10® cells per gram of peat, was
applied to each kilogram of Urochloa seeds. A 10%
sucrose solution was used as an adhesive solution.
After inoculation, the seeds were maintained at 25°C to
dry the peat before sowing. The most probable number
method (Baldani et al., 2014) was used to estimate the
initial population present in 1.0 g of seeds at sowing
time. The lowest and highest populations were 2.1x10*
and 3.5x10° cells per gram of seeds, found for cultivars
Piata and Ipypora, respectively.

The soil used in the experiments, characterized as an
Argissolo (Santos et al., 2018), i.e., a Typic Hapludult
(Soil Survey Staff, 2014), was collected from the
experimental station of Embrapa Agrobiologia. Soil
chemical analysis showed: 1.19% C, 0.12% total N
(Kjeldahl), 0.07 cmol, dm? Al, 1.65 cmol. dm? Ca, 0.87
cmol, dm Mg, 34.3 mg dm™ available exchangeable K,
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1.22 mg dm? available P (Mehlich 1), and pH (in H,O)
5.5. To each 10 kg of soil, 9.2 g single superphosphate
(P), 1.93 g potassium sulphate (K), and 0.5 g fritted
trace elements (FTE-BR12, consisting of 1.8% B,
0.8% Cu, 3.0% Fe, 2.0% Mn, 0.1% Mo) were added.
Nitrogen fertilizer and liming were not applied since
there were no toxic levels of Al in the soil and pH was
near the ideal for the crop. Plastic boxes (35x40x15 cm)
containing 12 kg of the homogenized and fertilized
soil were transferred to a greenhouse and used for seed
sowing. A small polyethylene plastic screen was used
to standardize seed distribution.

Three experiments were conducted in the
municipality of Seropédica, inthe state of Rio de Janeiro,
Brazil. The first and second experiments were carried
out in a greenhouse under controlled temperature and
humidity, using a completely randomized design with
four replicates. The third experiment was performed
on a sterile substrate to evaluate the root traits of the
cultivars used in the first and second experiments, in
a completely randomized design with three replicates.

In the first experiment, 14 Urochloa cultivars were
studied: Marandu, Xaraés, Paiaguds, Piata, and B140
of U. brizantha; Basilisk of U. decumbens; Comum,
Tupi, H47, and Llanero of U. humidicola; Ruziziensis
of U. ruziziensis; and three hybrids, Ipypora, Mulato,
and Convert HD364. Two treatments were applied:
with or without inoculation with A. baldaniorum
Sp245. A total of 30 seeds of each cultivar were sown
in July and harvested 60 days later in late winter, at a
cutting height set at 5.0 cm above ground level.

In the second experiment, 7 cultivars were selected
for evaluation based on the results of the first one.
Compared with the control, the chosen cultivars were:
Marandt and Llanero, due to their better response
in terms of shoot dry mass (SDM) and total N
accumulation; Convert HD364, based on its higher dry
mass accumulation; B140 and Paiaguas, because of their
lowest SDM response; and Ruziziensis and Basilisk,
due to their neutral SDM response (Table 1). Using the
same soil and box setup of the first experiment, the
selected cultivars were sown again in October to obtain
7 plants per plastic box to be evaluated 30 days later in
spring/summer. For the analysis, plant samples were
divided into shoots and roots. After being weighed, the
parts were dried using the MSM 510/480/CR forced-
air circulation oven (M.S. Mistura Equipamentos para
Laboratorio, Rio de Janeiro, RJ, Brazil), at 65°C, until
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reaching constant weight. The variables SDM and root
dry mass (RDM) were evaluated. The total SDM of
7 plants in each tray was considered one replicate of
each treatment. The samples were ground in the STAR
FT-50 equipment (Fortinox, Piracicaba, SP, Brazil)
and analyzed to determine N concentration, expressed
in percentage. The total nitrogen of the samples was
determined using the Kjeldahl method (Bremner &
Mulvaney, 1982). To obtain nutrient accumulation in
milligram per tray, nutrient concentration (grams of
nutrient per kilogram of dry mass) was multiplied by
the corresponding plant dry mass (grams).

In the third experiment, 13 cultivars were evaluated.
In this case, cultivar Mulato was not studied due to the
lack of viable seeds. Five seeds of the other cultivars
were sown per pot filled with 0.5 kg sterile substrate of
sand and vermiculite at 2:1 v/v. Thinning was carried

out five days after emergence, leaving two plants per
pot. After ten days, 25 mL Hoagland nutrient solution
without N and with pH 5.1 (Hoagland & Arnon, 1950)
were added to each pot; this was then repeated every
five days. For inoculation, 4. baldaniorum Sp245 was
grown until reaching O.D.4 1 equivalent to 10° cells
per millimeter. An aliquot of 100 puL of the bacterial
suspension was dropped on each seed at sowing, except
on those of the control treatment. The experiment was
harvested 20 days after seed emergence. The root
system of the seedlings was carefully separated from
the shoots and washed in running water until totally
free of substrate particles. The washed roots were then
stored in flasks containing 50% ethanol solution in
order to preserve the root structures.

The WinRHIZO Pro 2016 system (Regent
Instruments Inc., Quebec, Canada), coupled with the

Table 1. Dry mass production and nitrogen accumulation of 14 Urochloa cultivars inoculated or not with Azospirillum
baldaniorum strain Sp245 in two experiments at 60 and 30 days after planting, respectively®.

Cultivar Total N (mg) Shoot dry mass (g per box) Root dry mass (g per box)
Control Sp245 Control Sp245 Control Sp245
Experiment I (60 days after planting)

B140 332.8 224.8 21.9a 14.5b - -
Piata 237.5 227.7 26.6 29.2 - -
Xaraés 217.3 2284 23.4 21.8 - -
Paiaguas 2429 154.4 223 20.5 - -
Maranda 186.8 292.6 21.5b 32.0a - -
Comum 188.4 189.6 16.0 20.1 - -
Llanero 146.9b 305.4a 17.6b 25.2a - -
H47 135.5 119.5 14.9 - -
Tupi 115.3 127.3 12.3 - -
Ruziziensis 199.8 208.0 21.5 23.8 - -
Basilisk 157.7 177.2 17.4 13.4 - -
Ipypora 236.9 275.0 25.7 21.1 - -
Mulato 278.2 205.9 22.5 16.0 - -
Convert HD364 169.3 279.9 16.1b 26.8a - -
B140 332.8 224.8 21.9 14.5 - -
Piata 237.5 227.7 26.6 29.2 - -

Experiment II (30 days after planting)®

B140 154.6b 281.9a 4.1b 8.2a 32 3.9
Paiaguas 314.7 316.0 11.4 13.1 6.2 6.6
Maranda 160.3 187.9 52 2.8b 43a
Ruziziensis 102.5b 295.4a 5.4b 9.1a 3.1b 6.2a
Llanero 349.3 309.1 12.2 14.3 57b 8.7a
Basilisk 383.5 3123 15.8 15.1 10.5 12.5
Convert HD364 366.7 381.5 13.6b 16.8 a 14.0b 16.1a

(MMeans (n=5) followed by different letters, in the lines for each parameter, differ by Tukey’s test, at 5% probability. @Experiment II was conducted with

7 cultivars that were selected based on the results of experiment I.

Pesq. agropec. bras., Brasilia, v.58, ¢03079, 2023
DOI: 10.1590/S1678-3921.pab2023.v58.03079



4 L.B.E. Gomes et al.

EPSON Expression 11000XL professional flatbed
scanner (EPSON, Nagano, Japan), was used for the
analysis of root traits at a 400 dpi resolution. To obtain
the images, the roots were laid in a 20x30 cm acrylic
tray filled with water in order to avoid their overlapping.
Four plants of each genotype were evaluated for root
length, root volume, root diameter, root area, number
of tips, number of crossings, and number of forks.

The data were subjected to the analysis of variance
(ANOVA) using the F-test, at 5% probability. When
significant, the mean values of the inoculation
treatments were compared by Tukey’s test, also at 5%
probability. The Rbio statistical software was used
(Bhering, 2017), and the assumptions for ANOVA
were checked using the R, version 4.2.2, software
(R Core Team, 2022). The tests of Durbin-Watson,
Bartlett, and Shapiro-Wilk, at 5% probability, were
used to check for independence of errors, normality,
and homoscedasticity, respectively. All assumptions
were met.

In the first experiment, inoculated cultivars Convert
HD364, Llanero, and Maranda produced 38, 35, and
29% more SDM than the non-inoculated ones and also
showed the highest total N accumulation. Inoculated
cultivar B140 presented an inhibited seed development,
producing 31% less SDM than the control (Table 1).
Moreover, cultivars Xaraés and Marandu presented
similar SDM and RDM values of 23.4 and 21.5 grams

per box, respectively, when not inoculated, but different
values of 21.7 and 32 grams per box when inoculated.

In the second experiment, the overall mean response
to inoculation of the 7 evaluated genotypes was a 21
and 35% increase in SDM and RDM, respectively, 30
days after sowing when compared with the control.
Cultivar B140 responded positively to inoculation
when planted in spring due to the greater exposure to
natural light in this season, which can directly interfere
in plant development. Compared with the control,
the inoculated cultivar Ruziziensis showed a gain of
approximately 40% in SDM, whereas Convert HD364
had a gain of 11.5% in SDM and 21% in RDM after
30 days of sowing. Marandl presented 34.4 grams per
box of SDM when inoculated and 24.49 grams per
box when not inoculated, contrasting with the result
of the first experiment. The same trend was observed
for Convert HD364, which presented 28.95 and
18.01 grams per box, respectively, with and without
inoculation.

In the third experiment, the obtained results
suggest that inoculation modified root architecture
in terms of length, area, number of tips, number of
branches, and number of crossings (Table 2). The
results of the Sp245 inoculation treatments were
compared with those of the control. Root length
decreased in inoculated cultivar B140, but increased
in Marandu, Llanero, Tupi, Ruziziensis, and Convert
HD340. In addition, root arca decreased in inoculated

Table 2. Root parameters of 13 Urochloa cultivars inoculated or not with Azospirillum baldaniorum strain Sp245 20 days

after seed emergence®®.

Cultivar Length (m) Projected area (m?) Surface area (m?) Tips (unit) Forks (unit) Crossings (unit)
Control Sp245 Control ~ Sp245 Control Sp245 Control Sp245 Control ~ Sp245 Control Sp245
B140 14.810a  12.062b 3.37 3.08 10.59 9.67 285 286 502 562 100 85
Basilisk 10.821 9.383 2.62 2.76 8.23 8.67 268a 156b 399 358 62 70
H47 7.730 8.442 1.90b 2.92a 597 6.83 125 126 212 232 49 46
Humidicola 13.216 14.753 2.81 3.07 8.83 9.64 248 281 328 404 90 104
Llanero 17.564b  22.732a  3.71b 4.73a 11.66b 14.85a 240b 373a 556b 704a 155b 179a
Marandt 11.813b  16.573a  2.73b 3.62a 8.58b 11.37a 192 278 358b 516a 88b 134a
Convert HD364  11.204b  14.321a 2.32 3.01 7.29b 9.44a 223 277 315b 457a 90b 124a
Paiaguas 14.257 16.141 3.89 4.28 12.22 13.44 222 241 449 453 87 90
Piata 12.873 14.996 3.41 3.98 10.71 12.51 245 238 442 465 84 99
Ruziziensis 17.730b  22.231a 3.70 4.84 1.63b 15.20a 368 403 561 665 140b 177a
Tupi 10.045b  13.333a 2.59 2.61 6.21b 8.19a 270 267 324b 473a 71b 128a
Xaraés 16.289 15.612 4.15a 2.66a 13.02a 8.37b 247a 161b 56la 320b 112a 63b
Ipypora 18.311 18.634 4.89 5.48 15.37a 13.01a 238 217 498a 388b 108a 79b

(MMeans followed by different letters, in the lines for each root parameter, differ by Tukey’s test, at 5% probability.
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cultivar Xaraés, but increased in Marandu, Llanero,
Tupi, Ruziziensis, and Convert HD364. The number
of crossings, tips, and forks decreased in the Xaraés
and Ipypord inoculated cultivars, but increased in
Marandu, Tupi, Ruziziensis, Convert HD340, and
Llanero. Therefore, root diameters differ between
cultivars; however, inoculation 30 days after sowing
was not related to these differences.

The growth promoted in Urochloa cultivars due
to the inoculation with 4. baldaniorum Sp245 can be
explained by several mechanisms, such as biological
nitrogen fixation, production of plant growth regulators
(auxin class compounds and gibberellins), beneficial
effects of siderophores, phosphate solubilization, and
pathogen biocontrol (Guimaraes et al., 2011; Cassan
et al, 2014; 2020; Cassan & Diaz-Zorita, 2016;
Kaushal, 2019). Whatever the mechanism, root growth
promotion is pointed out as one of the main reasons for
inoculated plants to overcome several abiotic stresses as
waterlogged areas or soil salinity (Santos et al., 2021).

The obtained results indicate that the response
to inoculation differs among the tested cultivars, as
also observed by Soares et al. (2021). When studying
root and shoot samples of three Urochloa cultivars
inoculated with A. baldaniorum Sp245 using the gPCR
method, these authors found that the populations of the
bacteria were higher in the roots and shoots of Piata
and Basilisk, but lower in those of Paiaguas.

A single application of A. baldaniorum Sp245 results
in a higher dry matter accumulation and number of roots
in cultivars Marandu, Llanero, Ruziziensis, and Convert
HD364. However, after inoculation, cultivars Xaraés and
Ipypora show some root traits with lower values.
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