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Abstract

Guarana (Paullinia cupana var. Sorbilis (Mart.) Ducke) is a species native from Amazon which has high caffeine
concentration. The interactions between guarana and microorganisms in Amazonian soils need to be investigated,
especially in relation to the seedling production process, due to its beneficial relationships such as biosynthesis
and the supply of stimulating substances, which may result in shortening of the nursery garden or increased
productivity. Thus, this research had the objective of evaluating the potential of growth caused by rhizobacteria
(Burkholderia ambifaria and Bacillus sp.) in rooting of guarana seedlings. The root length, volume, dry matter of
the aerial part, height, number of leaves, leaf area and dry matter of shoot were evaluated at 180 days after
planting emergence. Were also determined the carbohydrate and proline content of the aerial part. The
rhizobacteria did not influence the growth of the seedlings, however, the carbohydrate contents were higher
when the inoculation of the rhizobacteria was carried out with the Burkholderia ambifaria bacteria in the cultivar
BRS-Amazonas, with the best results. The proline levels were higher in the control treatment of the two
cultivars.
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1. Introduction

Guarana (Paullinia cupana var. Sorbilis (Mart.) Ducke) is a species native to the Amazon region, known for its
energetic and medicinal properties and because it has a higher concentration of caffeine than coffee, mate and
cocoa. The production of guarana providing employment and income for producers in the Amazon (Schimpl,
Silva, Carvalho Gongalves, & Mazzafera, 2013).

Plant growth promoting rhizobacteria (RPCP) are found in free life in the soil and can be associated with some
plants, promoting benefits to it. These benefits are related to the biosynthesis and supply of growth-stimulating
substances essential in various physiological aspects. Among these growth-promoting substances, auxins stand
out as the main and most responsive stimulators (Galdiano, 2009).

There are numerous genera of rhizobacteria, but great emphasis has been given to the genera Bacillus and
Burkholderia, known for their benefits as growth promoters. Plant growth promoting rhizobacteria (RPCP)
promote plant growth and development through nitrogen fixation, siderophores production and growth regulators,
these benefits can increase the biomass of the plant, so that its development entails in the shortening of the
nursery time or in the increase of its productivity, depending on the plant species and the bacterial isolate
(Grobelak, Napora, & Kacprzak, 2015).

Environmentally, the use of these micro-organisms may be preferable to the use of fertilizers and pesticides, not
only for the least cost and time, but for contributing to a sustainable agricultural system and reducing the
problems associated with the use of chemicals (Baldani, 2007; Avis, Gravel, Antoun, & Tweddell, 2008; Solano,
Maicas, & Maiiero, 2008).

The beneficial relationship between plant and microorganisms is an alternative to improve aspects of cultivation,
such as seed production, macro and micropropagation, reduction of nursery production costs due to the shorter
plant use time and even the increase productivity.
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Although there are many studies emphasizing the beneficial association of RPCPs with several species of plants,
as well as the genetic knowledge of these microorganisms, there is no information in the literature about these
studies with guarana. Therefore, this research has the objective of evaluating the potential of growth promoting
rhizobacteria in the rooting of guarana seedlings.

2. Method
2.1 Plant Materials

The guarana seeds of BRS-Amazonas and BRS-Maués cultivars were obtained from the Jayoro farm, located in
the municipality of Presidente Figueiredo, 120 km from the city of Manaus, in the State of Amazonas. After
collection of the fruits, the aril was removed from the seeds in running water, followed by washing in distilled
water and immersion in 10% sucrose solution for 30 minutes.

2.2 Bacterial Cultures

The rhizobacteria used were Burkholderia ambifaria and Bacillus sp., as identified by Batista (2013) and
assigned by the Biotechnology Laboratory of the Biological Sciences Institute (UFAM), and they were isolated
from the guarana roots of Farm Santa Helena, Maués, Amazonas, Brazil. Bacterial suspensions were prepared
from the multiplication of 108 CFU mL™" strains, transferred to the elenmeyer flask containing 50 mL of
Luria-Bertani liquid medium (LB), under 150 rpm orbital shaking at 28 °C for 24 hours. After this procedure,
200 pL of the solution were removed with the bacterial lines and placed in 0.5 mL identified microtubes and 200
pL of 15% glycerol added, which were stored in a freezer at -80 °C.

2.3 Place of Study

The experiment started in February 2014, conducted in a greenhouse and at the Weed Science Laboratory (LCPD)
of the Federal University of Amazonas (UFAM), Manaus-AM.

2.4 Inoculation of Bacterial

For inoculation, the seeds were sprayed with the bacterial suspension at the concentration of 10° CFU mL™,
placed in plastic bags, shaken for 30 minutes to promote the uniform contact of the seeds with the bacteria, and
then were seeded in plastic trays containing the bark of the guarana fruits, previously tanned and sifted, as
substrate. The trays containing the seeds were irrigated three times a week in a greenhouse and no nutrient
solution was added to them.

Ninety days after sowing, when the seedlings reached the height of about 10 cm and were a pair of well-defined
leaflets, they were removed from the trays and again inoculated with the bacterial isolates by immersing the root
system for 30 minutes. After inoculation, the seedlings were transplanted into black polyethylene bags measuring
23 x 18 cm, containing as substrate, a mixture of soil and sand, in a ratio of 4:1. Treatments without inoculation
of microorganisms (control) were only peaked directly into the polyethylene bags. The seedlings remained in
greenhouse, receiving three irrigations weekly.

2.5 Experimental Design

The experimental design was a completely randomized block design, with four replications, in a 2 x 2 + 2
factorial scheme, where the factors are: two guarana cultivars (BRS-Amazonas and BRS-Maués), two
rhizobacteria (Burkholderia ambifaria and Bacillus sp.) and control group one for each cultivar. The
experimental unit consisted of ten plants, with four replicates.

2.6 Measures Assessed

At 180 days after sowing, the seedlings were removed from the polyethylene bags, root and aerial part of the
plant were separated and washed in running water, obtaining the root system intact for annotation of the
following characteristics: number of secondary roots, length of root pivoting and root volume. The measurement
of the length was with the aid of a ruler and the diameter with a digital caliper. Root volume was measured by
the displacement of water caused by the introduction of the roots into a graduated beaker.

The height of the aerial part (APA) was measured using a millimeter ruler and the leaf area of all leaves by
means of the “Area Meter” (Liquor Inc., Lincon, Nebrasca, US). The root system and the aerial part of each plant
were placed in paper bags for later oven drying with forced ventilation at 70 °C until constant weight. The
weight of the dry matter of the aerial part (PSPA) and the dry matter weight of the root system (PSSR) were
determined with the aid of an analytical balance.
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Proline quantification was performed according to Rena and Masciotti (1976). The quantification of the total
soluble sugars was by reaction with anthrone, according to methodology recommended by MCcready, Guggolz,
Silviera, and Owens (1950).

2.7 Statistical Analysis

The data were submitted to analysis of variance and Tukey and Scott Knott tests at 5% of significance for
comparison of means with the aid of statistical software.

3. Results
3.1 Biometry and Proline

Regardless of the interaction, the rhizobacteria had no beneficial effect on the variables, shoot dry matter, root
dry matter, total dry matter, root diameter and leaf area, presenting lower mean values in relation to the control

treatment. Among the rhizobacteria, there was no significant difference in relation to the evaluated characteristics
(Table 1).

Table 1. Mean of the dry matter of shoot (DMS), root (DMR) and total (DMT), root diameter (RD), proline
(PRO) and leaf area (LA) of guarana seedlings from inoculated seeds with Bacillus sp. and Burkholderia
ambifaria, independent of the cultivar, Manaus-2015

Treatments DMS DMR DMT RD PRO LA
---------------- gplant”! - mm pmol g cm’
Control 1.85a 0.65a 2.51 a 392a 431 a 14.20 a
Bacillus sp. 1.37b 0.43b 1.95b 3.37b 3.55b 12.84 ab
Burkholderia ambifaria 1.34b 0.42b 1.85b 3.32b 3.52b 12.43 b
C.V. (%) 11.41 13.43 11.33 11.42 12.20 6.74

Note. Means followed by the same letters in the column, do not differ among themselves to 5% of probability by
the test of Tukey.

For the proline variable, the values found in the control treatment were higher than the treatments with the
rhizobacteria (Table 1).

There were no interactions between the guarana cultivars and the rhizobacteria with respect to the height, leaf
number, root length, leaf area and proline. However, all these characteristics were significant (Table 2).

Table 2. Mean of height (HEI), number of leaves (NL), root length (RL), leaf area (LA) and proline content
(PRO) of two guarana cultivars, regardless of inoculation with the bacteria. Manaus-2015

Cultivars HEI NL RL LA PRO
cm - cm cm’ pmol g”!
BRS Amazonas 10.52 b 2.77 a 3293 a 13.68 a 3.48b
BRS Maués 1143 a 2.66b 23.18b 12.64 b 4.11a
C.V. (%) 6.07 3.25 15.11 6.74 12.20

Note. Means followed by the same letters in the column, do not differ among themselves to 5% of probability by
the test of Tukey.The cultivar BRS-Amazonas was superior to BRS-Maués in relation to leaf number, root length
and leaf area, however, it presented lower proline content and lower size.

The interaction between rhizobacteria and guarana cultivars showed a significant difference in relation to dry
matter, but was not significant in relation to root length (Table 3).
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Table 3. Mean of root dry matter (RDM) and root length (RL) of the interaction between the bacteria (Bacillus sp.
and Burkholderia ambifaria) and the cultivars (BRS Amazonas and BRS Maués) of guarana, Manaus-2015

RDM (g plant™)

Cultivars Control
Bacillus sp. Burkholderia ambifaria

BRS-Amazonas 0.41 aB 0.52 aAB 0.63 aA

BRS-Maués 0.53 aA 0.37bB 0.67 aA

C.V. (%) 13.43

. RL (cm)

Cultivars Control
Bacillus sp. Burkholderia ambifaria

BRS-Amazonas 29.62 aA 35.88 aA 33.30 aA

BRS-Maués 26.39 aA 21.48 bA 21.69 bA

C.V. (%) 15.11

Note. Means followed by the same letters in the column do not differ among themselves to 5% of probability by
the test of Tukey.

However, for the cultivar BRS-Amazonas, the control did not differ significantly from the treatment with the
rhizobacteria Burkholderia ambifaria and for the cultivar BRS-Maués. The control treatment, without
inoculation of rhizobacteria, presented better results for root dry matter in the two guarana cultivars. There was
no difference in relation to Bacillus sp. (Table 3).

Among the bacteria, Bacillus sp. increased the dry matter weight of the BRS-Maués root when compared to
Burkholderia ambifaria. When comparing the cultivars, BRS-Amazonas showed higher weight of root dry
matter with the inoculation of Burkholderia ambifaria, in relation to BRS-Maués (Table 3).

For the root length, there was a significant difference between the two guarana cultivars in relation to the
Burkholderia ambifaria bacteria.

3.2 Total Soluble Sugar Content

The inoculation of the bacteria increased the total soluble sugar content of the BRS-Amazonas cultivar when
compared to the control treatment, but did not present any difference between them. However, for BRS Maués,
bacteria did not influence the sugar content (Figure 1).

A Control treatment
@Bacillus sp.

O Burkholderia ambifaria

TSS [mg Glu(g MS) ~ Y]

BRS-Amazonas BRS-Maués

Figure 1. Total soluble sugar content (TSS) of aerial part of two guarana cultivars inoculated or not with
rhizobacteria Bacillus sp. and Burkholderia ambifaria. Different upper case letters indicate significant
differences between total soluble sugars concentrations within the inoculation treatment
by the Scott-Knott test (p < 0.05)

In relation to starch, Burkholderia ambifaria also stood out as the best treatment for BRS-Amazonas. For
BRS-Maugés, no difference was found between treatments (Figure 2).
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BControl trezment
18 A
16 @Bacillus sp.
14
OBurkholderia ambifana

Starch [mg Clu(g MS) ")

Figure 2. Starch contents (Starch) of aerial part of two guarana cultivars inoculated or not with rhizobacteria
Bacillus sp. and Burkholderia ambifaria. Different upper case letters indicate significant differences between
total soluble sugars concentrations within the inoculation treatment by the Scott-Knott test (p < 0.05)

4. Discussion

The rhizobacteria can be classified according to their effects on plant growth, beneficial, harmful or neutral, and
thus, implement the extent or quality of growth directly or indirectly plant (F. Ahmad, I. Ahmad, & Khan, 2008).
In the literature different results have been found regarding the interaction between plants and these
microorganisms.

Strains of Burkholderia fungorum and Burkholderia ambifaria promoted the growth of soil-grown maize by the
solubilization of insoluble calcium phosphate, highlighting Burkholderia ambifaria as having greater potential
for growth promotion (Oliveira, 2011). However, in soybean, inoculation of the seed with Bacillus sp. and
Methylobacterium sp. resulted in a decrease in dry matter of the root and dry matter of the plant compared to the
control (Assumpgdo, Lacava, Armando, Azevedo, & Menten, 2009), these results agree with those found in this
research for guarana.

Even though Batista (2013) has demonstrated the release of auxin by the rhizobacteria Bacillus sp. and
Burkholderia ambifaria, other substances with inhibitory or deleterious capabilities may have been synthesized
by these rhizobacteria, causing a delay in the development of guarana seedlings in this research.

According to Pedrinho, Galdiano Jinior, Campanharo, Alves, and Lemos (2010), the rhizobacteria can interfere
in some stage of development of the plant, being the interaction genotype of the plant and the bacterium,
adaptation to environmental conditions, soil type, pH, among others.

These variables demonstrate what can be called the deleterious effect of the bacterium in contact with the plant,
with reductions in the leaf area and consequently the rates of photoassimilates, which may have provoked the
said responses in the guarana seedlings.

For the proline variable (Table 1), the values found correspond to a good adaptation of the seedlings inoculated
with the rhizobacteria, to the biotic and abiotic stresses. This suggests that the plants of the treatments in which
the bacteria were inoculated, manage to remain stable.

Proline accumulation is linked to responses to plant stress conditions (Verbruggen & Hermans, 2008). All of
these events are related to factors that affect root growth and shoot growth. This accumulation provides an
important parameter for the selection of resistant plants (Verbruggen & Hermans, 2008).

The accumulation of proline was different in relation to the cultivars. If the accumulation of proline is low in a
cultivar, this can be considered a factor of better adaptability of this cultivar.

There are specific characteristics for each guarana cultivar, in relation to medium adaptation, resistance to
diseases, growth, development and productivity, that allow the selection of superior individuals, with more
desirable characteristics for direct use by the producers or in programs of genetical enhancement. Therefore,
adaptation to stress levels are also points to be considered in choosing a cultivar, proving that they adapt in a
varied way to changes in the environment.
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In the interaction between the cultivars of rhizobacteria and guarana, the differences found between the cultivars
of Burkholderia ambifaria and in the control treatment are probably related to the genetic variability of guarana.
The same may have occurred in the dry matter of the root.

This indicates that some rhizobacteria may promote growth in one species of plant and be ineffective in others,
as demonstrated in a study of inoculation with rhizobacteria in Eucalyptus leaflets (Teixeira et al., 2007). Such
results can be explained by the fact that growth-promoting substances produced by bacteria can be highly
specific to certain plant species or even cultivars, as well as to different environments where they are inserted, or,
in turn, due to the stress they causes. The community may be suffering due to environmental and anthropogenic
changes (Jha et al., 2009, Oliveira, 2009, Prakamhang, Minamisawa, Teamtaisong, Boonkerd, & Teaumroong,
2009).

The fact that the treatments did not have, in the majority, promoted the growth of the guarana plants can be
attributed to several factors: stress suffered by the seeds during the threshing, elimination of epiphytic
micro-organisms or even small variations in the balance of the endophytic bacterial population which may have
caused an imbalance in the beneficial and deleterious substances produced by the bacteria.

The results obtained in this work reinforce the idea that the promotion of plant growth is a complex phenomenon
that is achieved by the simultaneous activity of several microorganisms and factors. Not always the rhizobacteria
can promote the growth of plants, and there are several reports of inconsistency in the results, in which a
rhizobacterium is sometimes beneficial, but has no effect on plant growth.

The low growth rates observed in the guarana seedlings in the presence of the microorganisms may have also
been influenced by the amount and composition of the exudates released by the plant, interfering in the
rhizospheric competence of these bacteria. Such compounds available in varied quantity and quality can select
specific functional groups (Moreira & Siqueira, 2006).

The availability of AIA exerted by the bacteria may have slowed down the growth and development of the plant,
causing the decrease of its growth and consequently its deleterious effects on the plant. Concentrations of growth
promoting substances, such as auxin, promoted by the presence of bacteria in the plant, stimulate their growth as
long as it is in low concentrations. At high concentrations this effect changes from beneficial to deleterious or
toxic, suggesting that inoculation with a large number of viable bacterial cells may cause a negative effect rather
than stimulating root growth.

The levels of AIA produced by bacteria depend on bacterial growth, metabolic activity and the expression of
genes that encode enzymes for their biosynthesis, which would explain part of the variations observed between
the analyzed parameters of the plant (growth in height, number of leaves and dry weight of shoot and root)
(Spaepen, Vanderleyden, & Remans, 2007).

Batista (2013), analyzing the auxin concentration of the rhizobacteria Burkholderia ambifaria and Bacillus sp.,
inoculated on maize seeds, presented the mean production of AIA (ug mL™) in 49,871 and 16,102, respectively.
This fact corroborates with the authors mentioning the deleterious action of rhizobacteria when they excreted
high concentrations of auxin.

The adjustment of the bacterial suspension to 10* cfu mL™', may be another factor to be considered in the results
of this research, since no preliminary studies were done on the optimum concentration of rhizobacteria for the
inoculation stage in seeds and in the transplantation to plastic bags.

Most of the works with RPCPs mainly discuss the beneficial effect of these bacteria, however, the occurrence of
negative effects is reported by some authors cited here and that may also be correlated with the tested
microorganism species and its host.

In sugarcane genotypes inoculated with the bacterium Glucanoacetobacter, there was also an increase in total
soluble sugars when compared to the genotypes inoculated with the Herbaspirillum bacterium (Marcos, 2012).

Soluble sugars, besides being sources of carbon for maintenance and recovery of growth, are also considered as
osmotically active molecules, as well as proline. The increase in the concentration of these molecules is a
protection strategy, since these solutes contribute to osmotic adjustment, stabilization of membranes of structures
of enzymes and proteins (Farooq, Wahid, Kobayashi, Fujita, & Basra, 2009).

In relation to the starch, Burkholderia ambifaria was highlighted as a better treatment for raising carbohydrate
contents by more than 100% in the leaves of BRS-Amazonas (Figure 2).

Barka, Nowak, and Clément (2006) showed that plants treated with a strain of Burkholderia phytofimans had an
increase in the levels of proline, starch and phenolic compounds.
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Photosynthetically active tissues, such as mature leaves considered as source, produce more carbohydrates than
they need to maintain their metabolism and growth, exporting surplus photoassimilates in the form of sucrose or
starch. However, source-drain relationships are not static (Leite, Crusciol, Lima, & Silva, 2009).

However, even with higher availability of starch in the leaves, especially in the cultivar BRS-Amazonas
inoculated with the bacterium Burkholderia ambifaria, there seems to have been a low translocation of these
photoassimilates to the roots and with that, a low increase in the length and dry matter of the same.

A hypothesis to be considered as a response to these data may be related to the relationship between auxin and
cytokinin, since chemical messengers, such as hormones and nutrients, are factors that also control the
source/drain relationship of assimilates (Taiz & Zeiger, 2009).

When a high concentration of cytokinin occurs in some organs of the plant, such as leaves, it causes
translocation of assimilates to the treated area, indicating that this phytohormone increases the strength of the
drain. The assimilates in the source leaf are directed to the nearest strong drains, which means that the leaves of
the upper third direct the assimilates to the apices and new leaves in development (Marenco & Lopes, 2009).

Plant regulators can promote, inhibit or modify the physiological growth processes of a plant, they are products
that act in low concentrations, so any kind of change can influence the expected results.

Works using Bacillus sp. and Burkholderia ambifaria in promoting growth of guarana plants are non-existent.
Thus, these results are pioneers with the use of microorganisms in the promotion of growth of guarana plants,
constituting the first studies with these bacteria in an endophytic form.

5. Conclusions

The inoculation of the rhizobacteria did not promote an increase in the growth of guarana seedlings.

Inoculation of rhizobacteria increased carbohydrate contents and reduced proline content in guarana seedlings.
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