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ABSTRACT

This work aimed to determine the effect of application forms of growth promoting microorganisms on tropical lowland
rice plants development, in two experiments. EI was performed in completely randomized design (CRD) in factorial
scheme 7x3+1. Treatments were six rhizobacteria: BRM32109 and BRM32110 (Bacillus sp.); BRM32111 (Pseudomonas fluo-
rescens); BRM32112 (Pseudomonas sp.); BRM32113 (Burkholderia pyrrocinia), BRM32114 (Serratia sp.) and Trichoderma asperel-
lum pool fungus (UFRA.T06+UFRA T09+UFRA T12+UFRA.T52) with three application forms (microbiolized seed; mi-
crobiolized seed + soil drenched with microorganism at eight and 15 days after sowing (DAS) and microbiolized seed
+ plant sprayed with microorganism at eight and 15 DAS), and control. In EII, microbiolized rice seeds were sowed on
test tubes in CRD. Treatments were the same six rhizobacteria of EI and control (water). Isolates BRM32110, BRM32111,
BRM32112 and BRM32113 improved gas exchange in lowland rice plants. For biomass production, there were interac-
tions between types of microorganisms and application forms. In general, microbiolization + plant sprayed was the
most efficient (10.3%) to increase dry matter biomass of rice shoots. Stoodout BRM32109, BRM32111 and BRM32113,
which, increased, on average, 19% of dry rice biomass when compared to the control plants. Root length of rice seed-
lings treated with microorganisms was, on average, 89% higher than control plants.

Keywords: Oryza sativa L., Growth promoting, Plant growth promoting rhizobacteria, Sustainable production.

RESUMO

Objetivou-se determinar o efeito de formas de aplicacdo de microrganismos promotores de crescimento no desenvolvi-
mento de plantas de arroz irrigado tropical, em dois experimentos. EI foi realizado em delineamento experimental
inteiramente casualizado (DIC) em esquema fatorial 7x3+1. Tratamentos consistiram de seis isolados de rizobactérias:
BRM32109 e BRM32110 (Bacillus sp.); BRM32111 (Pseudomonas fluorescens); BRM32112 (Pseudomonas sp.); BRM32113 (Burk-
holderia pyrrocinia); BRM32114 (Serratia sp.) e pool do fungo Trichoderma asperellum (UFRA.TO6+UFRA.T09+UFRA T12+U-
FRA.T52) com trés formas de aplicagao aplicagao (semente microbiolizada; semente microbiolizada + solo regado com
microrganismo aos oito e 15 dias apds a semeadura (DAS) e semente microbiolizada + pulverizagao do microrganismo
na planta aos oito e 15 DAS), e um tratamento controle. Em EII, sementes de arroz microbiolizadas foram semeadas em
tubos de ensaio em DIC. Tratamentos foram os mesmos seis isolados de rizobactérias utilizados no EI e um controle
(dgua). Os isolados BRM32110, BRM32111, BRM32112 e BRM32113 melhoraram as trocas gasosas nas plantas de arroz
irrigado. Para produgao de biomassa, houve intera¢des entre tipos e formas de aplicagao dos microrganismos. Em ger-
al, microbiolizagao + pulverizacao do microrganismo foi mais eficiente (10,3%) em aumentar a biomassa seca da parte
aérea das plantas de arroz. Destaque para BRM32109, BRM32111 e BRM32113, os quais aumentaram, em média, 19% a
biomassa seca das plantas quando comparado com o tratamento controle. Comprimento radicular de plantulas de arroz
tratadas com os microrganismos foi, em média, 89% maior que o das plantas controle.

Palavras-chave: Oryza sativa L., Promogao de crescimento, Rizobactérias promotoras de crescimento vegetal, Produgao
sustentavel.
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INTRODUCTION

Rice (Oryza sativa L.) is the staple food for almost
four billion people worldwide (Kumar and Ladha,
2011). According to the United Nations Organiza-
tion (2017), it is estimated that the growing popu-
lation is 1.10% per year (approximately 83 million
people born per year). Therefore, rice production
should increase, in a sustainable way, to attend the
global demand for food (Nascente et al., 2017a). The
sustainability vision encompasses aspects such
as, reduction of the use of synthetic inputs and
increase of the use of microbial products, that are
ecologically friendly, minimize production costs
and risk of negative environmental impact, what
hence ensures quantity and quality on food pro-
duction (Mattos et al., 2006).

It is known that beneficial microorganisms pro-
mote effects on plant growth and development in
agriculture. They are a sustainable complement
to increase efficiency in food production (Isawa
et al., 2010). Plant growth promoting rhizobacteria
(PGPR) are the most used microorganisms in agri-
culture and, these microorganisms act directly and
indirectly on plant growth (Ahemad and Kilbret,
2014). Such as PGPR, fungi species are belonging
to the Trichoderma genus has been studied and also
provide improvements in growth and crop yield
(Sousa et al., 2018). Besides that, these beneficial mi-
croorganisms improve uptake of nutrients (Cuevas
et al., 2005) and have antagonistic capacity against
phytopathogens (Sousa et al., 2018).

Studies performed at Embrapa Rice and Beans
selected six isolates of rhizobacteria (BRM32109,
BRM32110, BRM32111, BRM32112, BRM32113 and
BRM32114) to be used as plant growth promot-
ers (Filippi et al., 2011). After this, researches in
controlled conditions showed that these microor-
ganisms promoted significant increases on bio-
mass production and nutrients uptake in lowland
(BRS Catiana cultivar) and upland rice (BRS
Primavera CL cultivar) genotypes (Nascente et al.,
2017a,b), and also improved diseases resistance of
upland rice genotypes (Filippi ef al., 2011; Speran-
dio et al., 2017). Besides that, studies carried out
at Federal Rural University of Amazonia, select-
ed and tested as growth promotion and biocon-
trol agents, on greenhouse and field conditions,
four isolates of Trichoderma asperellum (UFRA.T06,
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UFRA.T09, UFRA.T12, UFRA.T52) (Franca et al.,
2015).

Microorganisms act differently in crops and, even,
in different cultivars on the same species (Mendes et
al., 2018). Therefore, it is important to seek addition-
al pieces of information and advance in knowledge
about the use of the microorganisms on tropical
lowland rice crop in other cultivars. Thus, this study
aimed to evaluate the agronomical performance of
tropical lowland rice plants, cultivar BRS A702 CL,
treated with beneficial microorganisms, and char-
acterize the effect of the use of these microorgan-
isms on the root growth of tropical lowland rice
seedlings, in the same cultivar mentioned above.

MATERIAL AND METHODS

Experiment I — Effect of beneficial microorganisms
on the performance of tropical lowland rice plants

Environment characterization

The experiment was carried out in a greenhouse
conditions, on Santo Antdnio de Goias GO, Bra-
zil, between September and December 2017. The
soil used was from arable layer (0 - 0.20 m) of a
kaolinic, thermic Typic Haplorthox (Santos et
al., 2018) with 377, 260 and 363 g kg ' of sand, silt
and clay, respectively. Chemical characteristics of
the soil were determined according to the meth-
ods described by Donagema et al. (2011). Results
were: pH (H,0) = 6.1; Ca? = 78.4 mmol, dm?3; Mg?
= 209 mmol. dm?3 H* + AP*= 12 mmol. dm3;
P = 359 mg dm? K = 203 mg dm? Cu* =
2.4 mg dm3; Zn*= 2.9 mg dm3; Fe* = 39 mg dm3;
Mn?=28 mg dm-?and soil organicmatter=24.7 gkg.

Three weeks before sowing of lowland rice, BRS
A702 CL cultivar, pots with 7 kg capacity were
wholly filled with the soil and fertilized with
70 mg dm?of N (urea), 400 mg dm- of P,0O, (sim-
ple superphosphate) and 200 mg dm= of K,O (po-
tassium chloride). The moisture of soil, during all
the experiment, was monitored daily and soil was
kept saturated until the end of the vegetative stage
(flag leaf formation on the main stem), and then
was maintained four cm of water blade from the
ground until the harvest of the experiment.



Experiment design and treatments

The experimental design was completely rand-
omized in factorial scheme 7x3+1, with four rep-
lications. Treatments consisted of seven microor-
ganisms: Bacillus sp. (BRM32109 and BRM32110);
Pseudomonas fluorescens (BRM32111); Pseudomonas
sp. (BRM32112); Burkholderia pyrrocinia (BRM32113);
Serratia sp. (BRM32114) and T. asperellum pool
(UFRA.T06 + UFRA.T09 + UFRA.T12 + UFRAT52),
with three application forms: microbiolized seed
(seed); seed + soil drenched with microorganism
at eight and 15 days after sowing (DAS) (seed-
soil) and seed + plant sprayed with microorgan-
ism at eight and 15 DAS (seed-plant). Addition-
ally, it was included a control treatment with no
microorganisms.

Bacterial isolates (BRM32109; BRM32110; BRM32111;
BRM32112; BRM32113; BRM32114) used are part of
microorganism collection of Embrapa Rice and
Beans, and the fungi isolates of T. asperellum pool
(UFRA.T06, UFRA.T09, UFRATI12, and UFRA.
T52) are part of fungi collection of Federal Rural
University of Amazonia. Biochemical character-
istics and taxonomic classification of rhizobacte-
ria BRM32109, BRM32110, BRM32111, BRM32112,
BRM32113 and BRM32114 are available in Nascente
et al. (2017a) and T. asperellum in Silva et al. (2011).

Seeds microbiolization

Suspension of each bacterial microorganisms
(BRM32109; BRM32110; BRM32111; BRM32112;
BRM32113; BRM32114) was prepared in nutrient
broth from cultures grown in solid medium 523
(Kado and Heskett, 1970), for 24 hours in 28 °C un-
der constant shaking. The concentration of each
suspension was set in a spectrophotometer at an
absorbance of 0.5, in a wavelength 540 nm, cor-
responding to 1x108 colony forming units per mL
(CFU mL"). Rice seeds were immersed in each of
these suspensions and, for control, were immersed
in water, for 24 hours at 25 °C temperature under
constant shaking, following the methodology pro-
posed by Filippi et al. (2011). For the rice seeds mi-
crobiolization with the T. asperellum pool, 0.5 g of
each isolate (UFRA.T06, UFRA.T09, UFRA.T12, and
UFRA.T52), which was multiplied and preserved
in crushed rice leaves, was weighed and mixed
with 6.7 mL of white glue solution (1%) and 200 g

of rice seeds and shaked according to the method-
ology proposed by Franga et al. (2015).

For microorganism application at eight and 15 DAS,
suspensions were prepared as described above, on
the same concentration (108 CFU mL"). It were ap-
plied 100 mL per pot of bacterial and T. asperellum
pool suspensions to drenched for treatments seed-
soil. Treatments seed-plant were performed in the
form of a direct jet, with manual backpack sprayer
with a constant pressure of CO,, utilizing a conical
nozzle type (TX-VS2), with a volume approximate-
ly 100 L ha'. Control treatment received water.

Management of rice plants

Fifteen rice seeds were sowing per pot of the gen-
otype BRS A702 CL (resistant to the herbicides of
Imidazolinones group). Plant emerged six DAS
and thinned was done 20 days after emergence
(DAE) to keep three plants per pot. During the till-
ering stage, at 28 DAE, it was performed topdress-
ing fertilization (two grams of ammonium sulfate
and one gram of potassium chloride). The second
topdressing fertilization (two grams of ammoni-
um sulfate) was carried out at 48 DAE. Weed con-
trol was performed manually, together with plants
thinning (20 DAE) and there was no need for inter-
vention to control pests and disease.

Gas exchange

It was carried out the following evaluations on the
rice plants for gas exchange: photosynthetic rate
(A, pmol CO, m?s"); transpiration rate (E, mmol
H,0 m?s); stomata conductance (gs, mol H,O m?
s7); internal CO, concentration (Ci, pmol mol”) and
leaf temperature (Tleaf, °C), determined by a porta-
ble gas meter in the infrared region IRGA (LCpro+,
ADC BioScientific). Instantaneous carboxylation ef-
ficiency (ICE) was calculated as the ratio of A to Ci
[(umol m2s1) (umol mol)1] (Silva et al., 2013). The
measurements were taken between 08:30 and 10:30
am at 67 DAE (V6 stage) and 95 DAE (R3 stage).

Samples were taken in the middle third of the first
fully expanded leaf (top to base) during the two
evaluation periods. Equipment was set up to use
concentrations of 370 - 400 mol mol* CO, in the air,
which is the reference condition used in the IRGA
photosynthesis chamber. Photon flux density
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photosynthetic active (PPFD) used was 1200 umol
[quanta] m?2s?. Minimum equilibration time set for
performing the reading was two minutes.

Biomass production

A sampling of dry matter biomass of rice shoots
was performed at 98 DAE (R3 stage), period that
50% of the lowland rice plants were in full flower
stage. Therefore, for each treatment, plants were
dried in oven 65 °C until constant weight and,
weighed to determine shoots dry matter.

Nutrients content

After dried and weighed, samples of dry matter
shoots were send to the laboratory to determine
nutrient contents (N, P, K, Ca, Mg, S, Cu, Mg and
Zn), according to the recommendations of Mala-
volta et al. (1997).

Experiment II — Effect of beneficial bacteria on root
system development of tropical lowland rice seedlings

Experimental conditions

The experiment was performed in controlled con-
ditions, in April 2018. Rice seeds, BRS A702 CL
cultivar, were sowed in test tubes of 15 mL con-
taining water-agar (0.8% w/v), following the meth-
odology proposed by Sperandio et al. (2017). Each
test tubes consisted of the one microbiolized seed,
with the six rhizobacteria isolates, separately: Ba-
cillus sp. (BRM32109 and BRM32110); P. fluorescens
(BRM32111); Pseudomonas sp. (BRM32112); B. pyrro-
cinia (BRM32113) and Serratia sp. (BRM32114), as de-
scribed on the experiment I. Experimental design
was completely randomized, in which, each test
tube represented an experimental unit, in a total
of 10 replicates for each bacteria. After that, tubes
were taken in a germination chamber with 28 °C
and 12 hours photoperiod. Root seedling length
was determined with a scale ruler at 10 DAS.

Statistical analysis
Data obtained from the experiments I and II were

submitted to variance analysis and, when signif-
icance was detected, means were compared by
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the LSD test (p<0.05). Additionally, treatments
were compared to the control by the Dunnett test
(p<0.05). It was used the SAS statistical package
(SAS, 1999).

RESULTS AND DISCUSSION

Experiment I — Effect of beneficial microorganisms
on the performance of tropical lowland rice plants

Gas exchange

There was no single effect of microorganisms and
form of application and nor interaction between
these factors for gas exchange at the vegetative
stage of rice plants (Table 1). On the other hand,
there was a single effect of microorganisms on gs,
and there was a single effect of application forms
for all variables evaluated, except for foliar tem-
perature (Table 2). There were no interactions.
Higher values of gs were observed on the plants
treated with BRM32111, BRM32112, BRM32114 and
BRM32110. BRM32110 was different from the treat-
ments T. asperllum pool, BRM32109 and BRM32113.
For the application forms, seed microbiolization
provided the highest values of A and ICE. Seed mi-
crobiolization and seed + soil drenched allowed the
highest values of gs in tropical lowland rice plants.

BRM32112, BRM32110, BRM32113 and BRM32111
provided increases, on average, in 19.2% on the
photosynthetic rate (A) compared to the control
treatments in the full flowering stage (R3) (Ta-
ble 2). Besides that, the ICE of plants treated with
BRMB32113 isolate (B. pyrrocinia) was significantly
higher to the control treatment. The ICE is estima-
tive of the rubisco enzyme activity. Thus, lowland
rice plants that presented higher ICE show better
ability to overcome the limitation in the CO, dif-
fusion by the stomata and mesophyll and, hence,
higher ability to fixing effectively CO, (Galmes et
al., 2011). Besides, as ICE, photosynthetic rate is
also an essential tool in the determination of adap-
tation and plant response to specific technologies.
Increases in plant growth and as a result, increases
in grain yield, could be related to increases in the
enzymatic activity associated with photosynthe-
sis, potentiated by biotic factors such as the treat-
ment of plants with beneficial microorganisms.



Table 1 - Gas exchange of lowland rice plants, BRS A702 CL cultivar: photosynthetic rate (A) (pmol CO, m2 s1), transpiration
rate (E) (mmol H,0 m-2s1), stomata conductance (gs) (mol H,0 m-2 s-1), internal CO, concentration (Ci) (pmol mol?),
leaf temperature (Tleaf) (°C) and instantaneous carboxylation efficiency (ICE) [(pmol m2 s) (umol mol)1]. The
samples were taken at 48 DAE (V6 stage). Plants were treated with different types and forms of beneficial application

microorganisms
Microorganisms A E gs Ci Tleaf ICE
BRM32109 20.25a 8.06 a 0.445a 2629 a 33.5a 0.077 a
BRM32110 20.13 a 8.00 a 0.440 a 2633 a 33.4a 0.077 a
BRM32111 19.97 a 7.90 a 0.453 a 266.2 a 33.1a 0.075a
BRM32112 20.19 a 7.94 a 0.444 a 263.0a 334a 0.076 a
BRM32113 19.22 a 741 a 0.435a 266.4 a 329a 0.072 a
BRM32114 20.12a 7.67 a 0.428 a 260.3 a 333a 0.077 a
T. asperellum pool 20.17 a 791 a 0.450 a 263.3 a 333a 0.077 a
Control 21.38 7.88 0.497 260.0 32.80 0.083
Application forms
Seeds (s) 19.61a 7.52a 0.438 a 266.9 a 328 a 0.073 a
Seed + soil (ss) 19.98 a 8.03 a 0.440 a 263.6 a 334a 0.076 a
Seed + plant (sp) 20.43 a 7.97 a 0.448 a 260.4 a 33.5a 0.078 a
CV (%) 12.78 12.39 16.62 4.86 3.93 15.73

Means followed by the same letter do not differ by LSD test at p<0.05. Means followed by the asterisk differ from the control treatment (without microorganism)

by Dunnett test at p<0.05

Table 2 - Gas exchange of lowland rice plants, BRS A702 CL cultivar: photosynthetic rate (A) (umol CO, m2 s-?), transpiration
rate (E) (mmol H,0 m-2 s-1), stomata conductance (gs) (mol H,0 m-2 s-1), internal CO, concentration (Ci) (pmol mol?), leaf
temperature (Tleaf) (°C) and instantaneous carboxylation efficiency (ICE) [(pmol m2 st) (umol mol)]. The samples were
taken at 96 DAE (R3 stage). Plants were treated with different types and forms of beneficial application microorganisms

Microorganisms A E gs Ci Tleaf ICE
BRM32109 20.25a 8.06 a 0.445b 2629a 335a 0.077 a
BRM32110 20.13 a* 8.00 a 0.440 a 263.3a 33.4a 0.077 a
BRM32111 19.97 a* 7.90 a 0.453 ab 266.2 a 33.1a 0.075a
BRM32112 20.19 a* 7.94 a 0.444 ab 263.0a 33.4a 0.076 a
BRM32113 19.22 a* 741 a 0.435b 266.4 a 329a 0.072 a*
BRM32114 20.12a 7.67 a 0.428 ab 260.3 a 333a 0.077 a

T. asperellum pool 20.17 a 791 a 0.450 b 2633 a 333a 0.077 a
Control 21.38 7.88 0.497 260.0 32.80 0.083
Application forms
Seeds (s) 19.61 a 752a 0438 a 266.9 a 328a 0.073 a
Seed + soil (ss) 19.98 b 8.03 a 0.440 a 263.6 a 334a 0.076 b
Seed + plant (sp) 20.43b 797 a 0.448 b 260.4 a 335a 0.078 b
CV (%) 10.14 12.63 13.72 6.41 3.59 14.28

Means followed by the same letter do not differ by LSD test at p<0.05. Means followed by the asterisk differ from the control treatment (without microorganism)

by Dunnett test at p<0.05.

Biomass production

In this variable, stood out isolates BRM32113 (B.
pyrrocinia) and BRM32109 (Bacillus sp.) that provid-
ed, on average, increase in dry shoot matter of rice
plants around 20.5% comparatively to the control
plants (Table 3). It is suggested that this increase in

dry shoot matter in plants treated with beneficial
microorganisms, could be due microorganisms
can improve plant root system (Qin et al., 2005), in
which promote higher uptake of water and nutri-
ents, allowing better development of plant shoot.
Additionally, that increase also can be associated
with higher photosynthetic rate and also higher
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Table 3 - Dry shoot biomass production of tropical lowland rice, BRS A702 CL cultivar, treated with different types and forms

of beneficial microorganism application

Factors Seed Seed and soil Seed and plant Average cv
Microorganisms Dry biomass (grams)
BRM32113 27.46b B 29.24b B 39.01a A 31.90 a* 9.94
BRM32109 26.25b C 36.50a A 32.05bcB 31.60 ab* 7.30
BRM32111 29.78 ab B 3578 a A 2631dB 30.62 abc 9.22
BRM32114 25.35b B 28.51b B 3418b A 29.35 bed 10.55
T. asperellum pool 32.06a A 2421cB 31.51bcA 29.26 cd 6.37
BRM32112 26.02b A 27.76 bc A 33.64b A 29.14 cd 15.40
BRM32110 27.29b A 26.21bc A 27.77 cd A 27.09d 9.17
Control - - - 26.37 -
Average 27.74 C 29.74 B 3207 A - -
Ccv 11.13 8.03 9.71 - -

Means followed by the same letter, lower case in column or upper case in line, do not differ by LSD test at p<0.05. Means followed by the asterisk differ from the

control treatment (without microorganism) by Dunnett test at p<0.05.

instantaneous carboxylation efficiency showed by
plants treated with BRM32113.

It was observed significant interaction in shoot
dry matter production of tropical lowland rice
plants, between types and application forms of
microorganisms tested (Table 3). Seed microbioli-
zation was the most effective application form in
the treatment of the tropical lowland rice plants
treated with T. asperellum pool and BRM32111. For
the BRM32109 and BRM32111, the better applica-
tion form was seed-soil and, to the BRM32113 was
seed-plant. Beneficial microorganisms applied by
seed-plant, provided, on average, increase of 10.3%
on dry matter shoots compared to the other appli-
cation forms. It is worth to mention that isolates
that promoted higher biomass production showed
different behavior regarding application form. To
the BRM32113 recommended application by seed-
plant, and, to the BRM32109 and BRM32111 appli-
cation by seed-soil. Nascente et al. (2017a,b) showed
similar results about the interaction between forms
and types of microorganisms application with
lowland and upland rice, respectively.

Nutrients content

Amount of nutrients in shoots of lowland rice
plants, treated with beneficial microorganisms, did
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not differ significantly to the control plants (Table
4). In the other hand, regarding types of beneficial
microorganisms, it was observed the difference
in the content of K and Zn. Lowland rice plants
treated with BRM32111, BRM32112, BRM32113 and
BRM32114 stood out for providing increase on the
K content in rice shoots of tropical lowland plants.
For the Zn, plants treated with T. asperellum pool
and BRM32109 showed higher values.

According to Gongalves (2016), flood irrigation in-
creases soil pH to seven. The low concentration of
Zn and the high pH of the soils are the main fac-
tors that limit the availability of this nutrient to the
plants (Abreu et al., 2007). In this context, Shakeel et
al. (2015) identified isolates of bacterial genus Bacil-
lus sp., such as BRM32109 (Bacillus sp.) used in this
study, with the ability to solubilize and improve Zn
availability for rice plants. Besides, Silva et al. (2012)
showed that three of four isolates of T. asperellum
pool used in this study have the ability to acidify
the rhizosphere region, which may explain the in-
crease in availability and uptake of Zn for rice plants.

Application forms of beneficial microorganisms
did not present an effect about the nutrient con-
tent in shoots of rice plants (Table 4). The only ex-
ception was Mn, in which application on the seeds
and seed-plant provided similar results. Then,



Table 4 - Nutrient content on lowland rice plants, BRS A702 CL cultivar. Determination was carried out at 96 DAE (R3 stage).

Plants were treated with different types and forms of beneficial application microorganisms

Factors N P K Ca Mg S Cu Mn Zn
g kg mg kg
BRM32109 2898 a 375a 19.40b 3.36 a 371a 442 a 3357a 1561.2a 12137 a
BRM32110 29.47 a 395a 20.39ab  3.12a 3.65a 4.67 a 33.18a 1544.4a 116.64ab
BRM32111 29.66 a 3.62a 2225a 342a 3.80a 4.36a 3275a 17779a 93.65b
BRM32112 28.02 a 3.68 a 22.65a 3.18a 3.65a 443 a 31.83a 1505.6a 108.56 ab
BRM32113 29.01a 3.66 a 2214 a 324a 3.86 a 428a 33.52a 16753a 104.64ab
BRM32114 2822 a 3.64a 22.84a 3.18a 3.81a 441a 3293a 1671.7a 108.81 ab
T. asperellum pool 28.96 a 388a  21.86ab 3.17 a 3.76 a 4.67 a 3440a 15221a 12235a
Control 30.78 3.86 23.01 3.35 3.80 4.76 32.76 1718.9 106.43
Application forms
Seed (s) 29.10 a 3.72a 21.18 a 3.34a 3.75a 456 a 3287a 16782a 103.6a
Seed + soil (ss) 28.77 a 3.74a 2210 a 319a 3.67 a 448a 33.80a 14519b 1151a
Seed + plant (sp) 28.83 a 3.76 a 21.66 a 3.19a 3.83a 435a 32.83a 16948a 113.7a
CV (%) 6.17 11.78 11.97 16.95 9.74 14.21 9.57 22.29 25.32

Means followed by the same letter do not differ by LSD test at p<0.05.

conclude that for provide higher Mn uptake and
other nutrients, application form of beneficial mi-
croorganisms in the rice plants, by seed microbi-
olization, must be indicated, since that is a proce-
dure less cost to farmers. Nascente et al. (2017a,b)
also reported that to nutrients uptake, just seed
microbiolization could be sufficient to achieve the
beneficial effects promoted by microorganisms.

Rhizobacteria evaluated in the present work were
collected on the rhizosphere of upland rice (Filip-
pi et al., 2011). However, they promoted significant
increases in the gas exchange and shoot biomass
of lowland rice (Tables 2 and 3). In upland rice, in-
teraction among BRS Primavera cultivar and iso-
lates BRM32109, BRM32111, BRM32113, BRM32114
and T. asperellum also provided increase on the
root length (Régo et al., 2014; Sperandio et al., 2017)
and, higher biomass production was provided in
rice cultivar treated with isolate BRM32114 (Serra-
tia sp.) (Nascente et al., 2017b). Besides, in lowland
rice, BRS Catiana cultivar treated with BRM32109
(Bacillus sp.) provided higher biomass production
(Nascente et al.,, 2017a) and, in this present study,
improvements in shoot biomass of tropical low-
land rice, BRS A702 CL cultivar, was achieved with
isolates BRM32113 (Burkholderia pyrrocinia) and
BRM32109 (Table 3). Thus, it can be inferred that
microorganisms could act differently in different
cultivars of the same crop species, confirming re-
ports made by Mendes et al. (2018).

Experiment II — Effect of beneficial bacteria on the
root system of tropical lowland rice seedlings

BRM32111 (P. fluorescens) provided the highest
root growth on rice seedling and, differed to the
BRM32113 (B. pyrrocinia) and BRM32112 (Pseu-
domonas sp.) (Table 5). Additionally, the six isolates
evaluated provided increases, on average, of 89%
on root length of plants and differed to the control
treatment. Studies with upland rice showed that
seeds treated with isolates BRM32114 (Serratia sp.)
and BRM32109 (Bacillus sp.) (Sperandio et al., 2017),
and T. asperellum pool, BRM32113 (B. pyrrocinia)
and BRM32111 (P. fluorescens) (Régo et al., 2014) pro-
duced seedling with increased on the root length
compared to the control treatment. Beneficial mi-
croorganisms can produce vegetable hormones
like auxins, cytokinins, and gibberellins, which
provided better development of the plant root
structure (Oliveira ef al., 2003). Higher root devel-
opment on the plants by the use of beneficial mi-
croorganisms can provide increases on the water
and minerals uptake, resulting in the plants more
vigorous and productive (Hungria, 2011).

Thinking about to sustainability of systems pro-
duction, these results of higher biomass production
with plants treated with beneficial microorgan-
isms, give real expectative of the use of beneficial
microbial, in which are friendly environmental
technologies, whose most important objective is
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Table 5 - Root length of tropical lowland rice seedlings,
BRS A702 CL cultivar, treated with different types
of beneficial microorganisms

Microorganisms Root length (cm)
BRM32111 733a*
BRM32110 7.27 ab *
BRM32114 6.99 abc *
BRM32109 6.69 abc *
BRM32112 6.06 bc *
BRM32113 6.0c*

Control 3.55
CV (%) 20.42

Means followed by the same letter do not differ by LSD test at p<0.05.
Means followed by the asterisk differ from the control treatment (without
microorganism) by Dunnett test at p<0.05.

the reduction of the use of the synthetic inputs as
fertilizers and fungicides.

Besides of promising results, investigations with
these microorganisms, BRM32113 and BRM32109

in BRS A702 CL cultivar should be extended to
field conditions to prove the benefits of these in-
teractions. Parallel, other investigations should be
carried out, seeking out elucidate physiological
and metabolic permanent alterations that occur in-
side the plants that provide better agronomic per-
formance on crops.

CONCLUSIONS

Rhizobacteria provided increases in gas exchange
rates of rice plants. Overall, the application of ben-
eficial microorganisms in seed-plant was efficient
to provide benefits provided by these microorgan-
isms. The isolates of rhizobacteria tested promot-
ed increases, on average, of 89% on root length of
rice seedlings. Tropical lowland rice treated with
isolates BRM32109 (Bacillus sp.) and BRM32113
(B. pyrrocinia) presented an increase, on average, of
19% in shoot dry matter.
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