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Abstract 

 

The necessity for increase in sugarcane production encouraged the development of some studies with the objective of optimizing 

production. Thus, the objective of this study was to evaluate the potential of the endophytic bacteria Herbaspirillum spp. and the 

Bacillus spp. in sugarcane growth promotion. The research was performed at the Agricultural Microbiology Laboratory of the 

Federal University of Alagoas. The isolates were obtained from sugarcane and subjected to qualitative production of Indole Acetic 

Acid (IAA), gibberellins, cytokinins, antagonism, phosphate solubilization and rout and budding of sugarcane gems. Four isolates 

(ISO1, ISO3, ISO4 and ISO5) were able to produce auxins in vitro. To detect the presence of gibberellins and cytokinins, isolate 4 

(ISO4) showed the greatest proportional weight of cotyledons differing significantly than the other treatments and the control. 

However, there was less weight hypocotyl to the same strain. The isolates showed varying rates of solubilization, with a mean of 1.70 

obtained by isolate 1, showing the higher solubilization. All isolates exerted an antagonistic effect against the pathogen. The 

increases in budding, as well as rooting and seedling growth varied according to the isolated and no deleterious effect was observed 

in any of them. The positive interaction between endophytic bacteria and sugarcane was noted.  

 
Keywords: Phosphate solubilization, biological control, endophytic micro-organisms, phytohormones. 

Abbreviations: NBRIP_National Botanical Research Institute’s phosphate growth medium; ISO_Isolate; IAA_Indole Acetic Acid; 

TSA_Tripticase Soy Agar; SI_Solubilization Index. 

 

 

Introduction 

 

Some studies have explored the interaction between bacteria 

and sugarcane with a focus on developing varieties suitable 

for Southeast region of the country (Baldani et al., 2003). 

However, in the Northeast, there are few studies to meet and 

get practical applications of micro-organisms-plant 

interaction. This may be one of the factors contributing to the 

Northeast having submitted the lowest yield in the 2008 

season, despite being the second in area and production 

(CONAB, 2008). Bacteria are the group of organisms most 

addressed in research studies applicable characteristics for the 

development of more sustainable inputs, whether for 

industry, agriculture or reclamation. Currently, there are 

several studies that point to the large existing of the bacterial 

community exist in both the soil and associated plants 

(Rathnayake et al., 2009; Sheng, et al., 2008; Kuiper et al., 

2004; Penrose and Glick, 2003; Azevedo et al., 2000). 

The endophytic micro-organisms are potentially useful to 

agriculture and industry, particularly in the food and 

pharmaceutical industries. Several selected species of 

endophytes have potential in crop protection industries, 

besides being used as genetic vectors (Souza et al., 2004). In 

recent years, the interests of using micro-organisms in 

agricultural practices has increased significantly, as both  

 

plant growth promotion and biological control of pests and 

plant diseases among the other applications. They are 

potential substitutes for chemicals that could favor the 

conservation of environment (Souza, 2001). Studies on 

sugarcane demonstrate that application of endophytic bacteria 

like Acetobacter diazotrophic can raise production without 

increasing costs such as nitrogen fertilizers (Döbereiner, 

1992).  

After nitrogen, phosphorus (P) is the most limiting nutrient 

for plant growth (Gyaneshwar et al., 2002). It participates as 

a structural component of nucleic acids and phospholipids, as 

well as adenosine triphosphate (ATP), being a key element of 

metabolic and biochemical pathways, such as various steps of 

the process of C3 and C4 plants of the Calvin cycle and 

glycolysis (Holford, 1997). The endophytic bacteria are 

shown to be effective biocontrol agents of various pathogens, 

such as bacterial and fungal (Hallmann et al. 1997). This 

usually happens due to a close affinity with plants.  With the 

aim of obtaining agents that are potentially effective 

biological controls, a large number of antagonists have been 

pre-selected at in vitro tests, due to the difficulties presented 

by the selection methods in the field, such as cost, hand labor, 

time and space (Xiujun, et al. 1996). 
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Table 1. Qualitative Production of IAA by endophytic 

bacteria. 

Isolate IAA Production 

ISO1 + 

ISO2 - 

ISO3 + 

ISO4 + 

ISO5 + 

 

 
Fig 1. Selecting the capacity of IAA using membrane. The 

positive result is indicated by the color pink. 

 

In plants, plant hormones (auxin, cytokinin, gibberellin, 

abscisic acid and ethylene) are organic substances, which 

play a role in growth regulation. However, some hormones 

have inhibitory effects, being more appropriate to consider 

them as chemical regulators. The production of chemical 

plant growth regulators is a mechanism of bacteria-plant 

interaction, being influenced by various factors such as the 

host’s genotype and the actual micro-organism (Jain and 

Patroguin, 1985). The production of IAA which apparently 

does not function as a hormone in bacterial cells may have 

evolved due to their importance in plant-bacterium ratio 

(Patten and Glick, 2002). 

 

Results  

 

Auxins, gibberellins and cytokinins production 

 

The observed results showed that four of the five isolates 

produced IAA in culture medium with the presence of L-

tryptophan (Table 1). The production of IAA was more 

effective in isolates from leaf and root. The pinkish-red color 

characterizes the production of IAA by stimulation of L-

tryptophan (Fig 1). 

Detection of cytokinins and gibberellins was carried out 

using the Catellan (1999) method. The isolate ISO4 provided 

the greatest weight of cotyledons differing significantly (P 

≤0.05) from the other and the control (Fig 2). However, there 

was the lowest weight of hypocotyl to the same strain. 

Regarding the length of the isolated cotyledons, ISO4 and 

ISO2 showed the highest and lowest values of 10.78 and 7.50 

mm, respectively. The supernatant of individual producers of 

cytokines enhances the weight of the cotyledons but not the 

growth of hypocotyls. Growers of gibberellins increased both 

the weight of the cotyledons and the hypocotyls length 

(Catellan, 1999). From our results, it appears that the ISO4 

increased and the length of the cotyledon - with significant 

differences among the remaining strains but did not differ 

from control. 

Phosphate Solubilization 

 

The formation of halos on solid medium NBRIP 

solubilization was used as the parameter for evaluation of 

potential solubilization of calcium phosphate by endophytic 

bacteria isolated from sugarcane (Fig 3). Bacterial colonies 

that were able to form measurable halos were considered as 

solubilizing calcium phosphate. Halo solubilization was 

observed, except for the ISO2. The isolates showed varying 

rates of solubilization of low solubility, with an average of 

1.70 obtained by ISO1. The high solubilization, with an 

average of 3.25 was found in ISO5. The highest SI was 

observed after 15 days of incubation; however, a lack of 

significance (Fig 4) for interaction indicates that there is no 

dependency between the two factors.  

 

Antagonism 

 

Table 2 shows the analysis of variance of the results obtained 

for inhibition index of plant pathogenic fungus without C. 

inaequalis percentage, the F-test did not detect significant 

differences (p≥0.05) among the isolates. All isolates exerted 

an antagonistic effect against the pathogen. The table 2 

showed the efficiency of in vitro ability of inhibition of 

mycelial growth. 

 

Induction of rooting and budding from sugarcane 

 

The increments in budding, as well as rooting and seedling 

growth varied (Fig 5). The deleterious effect was not 

observed in any of them. The ISO2 was highlighted, with a 

gain of 100% over control to rooting and budding and greater 

seedling length (Table 3). All isolates grew around the roots, 

characterized by turbidity of the medium. 

 

Discussion 

 

Plant hormones naturally occur in plants and plant growth 

regulators are influencing physiological processes at low 

concentrations. The phytohormones can be classified as auxin 

(cell differentiation, root growth, promote and control the 

growth of fruit abscission), cytokines (growth regulation, 

differentiation and plant senescence), gibberellin (cell 

division and elongation interrupt dormancy and increases the 

fruit development). The action of growth regulators produced 

by endophytic bacteria has been studied in several plant 

species (Teixeira et al., 2007; Tsavkelova et al., 2007; 

Assumpção et al., 2009; Cerigioli, 2005; Phetcharat and 

Duangpaeng, 2012). The synthesis of phytohormones is 

characterized as a mechanism of direct action in promoting 

growth in plants (Lodewyckx et al., 2002). 

Bacterial IAA and a secondary metabolite are produced in 

the stationary phase of bacterial growth, but the length of the 

stationary phase depends on the species. Thus, it is necessary 

to know the behavior of each isolate for auxin synthesis at 

different times of the bacterial development. This enables the 

determination of the period in which the maximum synthesis 

of the hormone is reached (Cerigioli, 2005).  

Pedraza et al. (2004) considered that the amounts of IAA 

excreted by isolates depend on the species or even the strain 

under study, as well as the conditions, under which the 

organisms are grown, such as presence or absence of the 

precursor of IAA in the culture medium (tryptophan), 

oxygenation, pH and growth phase. 
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Table 2. Efficiency of in vitro antagonistic ability indicated by inhibition of mycelial growth of C. inaequalis and inhibition index 

100- (TM / MC) x100, after days of incubation. Means of five repetitions. 

Isolates Means of mycelial growth of 

C. inaequalis (cm)* 

Im%** 

Control  9.000 - 

ISO1 2.492 a 72.31 

ISO2 2.200 a 75.55 

ISO3 2.200 a 75,55 

ISO4 2.200 a 75.55 

ISO5 2.785 a 69.05 

                           *Means followed by the same letter do not differ by the Scott-Knott p≥0.05. ** Inhibition Index showed in percentage.  

 

 
Fig 2. Production of gibberellins and cytokinins by endophytic isolates of cane sugar indicated by the weight of cotyledons (PC); 

weight of hypocotyls (PH); length of cotyledons (CC) and length hypocotyls (CH)) inoculated with endophytic bacteria isolated from 

cane sugar. Means of five repetitions. Means followed by different letters differ by the Scott-Knott test (P ≤0.05). 

 

Table 3. Efficiency of endophytes isolated on rooting and budding from cane sugar in vitro, after fifteen days of incubation. Means 

of five repetitions*. 

Isolate Rooting (%) Budding (%) Seedling length (cm) 

ISO1 50 25 6.3 a 

ISO2 100 100 11.3 a 

ISO3 75 50 4.5 a 

ISO4 100 50 5.1 a 

ISO5 75 75 5.3 a 

Witness 0 0 

        CV (%)                                                                                               56.00 

                   *Means followed by same letter do not differ by the Scott-Knott p≥0.05. 

 

 
Fig 3. Phosphate solubilization halo formed by endophytic bacteria isolated from sugarcane grown on NBRIP medium pH 7.0 at 28 

°C for fifteen days. 
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    Table 4. Description of origin of endophytic bacterial isolates used in the experiment. 

Isolate Procedence Genus 

ISO1 Leaf Herbaspirillum 

ISO2 Culm Herbaspirillum 

ISO3 Root Bacillus 

ISO4 Leaf Bacillus 

ISO5 Culm Bacillus 

 

 

 
Fig 4. Efficiency of phosphate solubilization in NBRIP medium indicated by the solubilization index (SI) calculated as the ratio 

between the average diameter of the halos and the mean diameter of colonies of each isolate after 15 days of incubation. Means of 

three repetitions. Means followed by different letters differ by the Scott-Knott test (P ≤0.05). 

 

 
Fig 5. In vitro rooting and budding of gems of sugarcane inoculated with endophytic bacteria. From left to right, shows the rooting 

and budding of the isolated ISO1, ISO2, ISO3, ISO4, ISO5 and the witness (right side end). 

 

 

While there has been production of IAA in the presence of 

the precursor L-tryptophan, there are also other routes by 

which the hormone can be produced by micro-organisms. 

Studies report evidence for the existence of more than one 

route for synthesis of IAA in a single bacterium and can 

select a particular route, depending on the ambient conditions 

(Patten and Glick, 1996; Dobbelaere et al., 1999). 

The variation in the rate of solubilization of phosphate that 

we observed here is similar to others. For example, Santos et 

al. (2012) evaluated 15 endophytic bacteria and 15 isolates of 

rhizobacteria in sugarcane and found means ranging from 

1.00 to 2.33 in the endophytic bacteria and 2.1 to 3.48 in 

rhizobacteria. Souza (2010) studed the efficiency of 

solubilization of the bacterial isolates obtained from 

solubilization ratios ranging from 1.00 to 4.06 on solid 

NBRIP and 0.67 to 2.76 Verma medium. 

The ability to solubilize phosphate has been attributed to the 

ability of organism to change the pH of the environment 

through the release of organic acids such as citrate, lactate 

and succinate amongst others (Hariprasad and Niranjana, 

2009). This ability is usually associated with root exudates 

and can act in solubilization of P in the depletion zone of the 

root (Nautiyal 1999; Rodriguez et al., 2000; Vasquez et al., 

2000; Gyaneshwar et al., 2002; Vassilev and Vassileva, 

2003).  

The acids released can act directly on the mineral 

phosphate, making the exchange of phosphate anion by an 

anion in acidic substance contained or by complexing with Fe 

and Al ions present in phosphate rocks. The phosphorus 

solubilizing micro-organisms produce organic acids such as 

acetate, lactate, oxalate, tartrate, succinate, citrate, gluconate 

and glycolate (Gyaneshwar et al., 1998). 

757 
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Amongst the various beneficial bacteria that exist in nature, 

endophytic may come to be used as biocontrol agents. 

Biological control seeks to maintain certain practices through 

agro-ecosystem balance. So, the hosts do not suffer 

significant damage in the presence of the pathogen due to the 

action of controlling non-pathogenic organisms (Grigoletti Jr 

et al., 2000).  The growing interest in the use of endophytic 

micro-organisms in biological control is due to the ecological 

niche they occupy, which can be similar to that occupied by 

the pathogen. The ability of biocontrol can result from 

various mechanisms, such as the production of deleterious 

substances to pathogens or competing for space and nutrients, 

the production of growth promoting substances or inducing 

systemic resistance in the host. 

Rooting parameter can be better considered as root 

colonization which has greater significance in the micro-

organism-plant interaction. The symbiotic processes are most 

effective in roots, because the micro-organisms provide 

nutrients for the plants or protect them against attack by 

pathogens or pests. They also may start the process of 

internal colonization of the plant, which will begin the cycle 

of life endophyte, continuing the symbiotic processes. 

The response observed in rooting can be result of the action 

of metabolites produced by bacterial isolates. The rooting can 

be divided into induction, initiation and elongation of roots. 

The first two steps are dependent on responsive auxin or may 

be due to similar mechanisms. Bastian et al. (1998) found 

that H. seropedicae is able to produce and release a 

significant amount of 3-indole acetic acid into the growth 

medium. In this sense, Radwan et al. (2004) inoculated rice 

and wheat with different species of Herbaspirilum and 

observed significant promotion of root growth, which directly 

related to the production of auxins. Olivares et al. (2002) 

found an increase in the activity of H + -ATPases of isolates 

from infected plants. The typical effect induced by auxin 

diazotrophic bacteria, evidenced by the increased number of 

sites of mitosis in roots emerged from the main root axis and 

consequently, by increasing the root area. 

Canuto et al. (2003) found a positive effect on seedling 

growth of sugarcane by inoculation with diazotrophic 

bacteria. This leaded to observe the need for integration of 

alternative technologies aimed at optimizing crop 

productivity. 

 

Materials and Methods 

 

Collecting bacteria isolates 

 

Five isolates of endophytic bacteria from sugarcane were 

isolated from the commercial variety RB8579, belonging to 

the collection of micro-organisms in Agricultural 

Microbiology Laboratory of Federal University of Alagoas 

(Table 4). The ISO1 and ISO2 belong to the genus 

Herbaspirillum and isolates ISO3, ISO4 and ISO5 belon to 

the genus Bacillus. 

 

Production of indole acetic acid (IAA) in the presence of 

tryptophan 

 

The analysis was performed according to the method of 

qualitative production of IAA in the presence of the precursor 

L-tryptophan, and the test was performed in triplicate. 

Bacteria cultured in Nutrient Agar culture medium were 

inoculated with the aid of a platinum loop in triplicate petri 

plates containing TSA medium supplemented with 5 mM L-

tryptophan, and covered with a nitrocellulose membrane 

previously sterilized, and incubated for 48 hours at room 

temperature. After this period, the membranes were removed 

from the plates and transferred to sterile plates clean forceps, 

which were saturated with Salkowski solution and incubated 

in dark at room temperature for a period of 30 min to 2h, 

where the presence of IAA has been detected from the 

presence of a pink-red halo paper after the treatment with the 

solution. 

 

Gibberellins and cytokinins production 

 

For the production of gibberellins and cytokinins the Catellan 

(1999) method was adopted. First, the cucumber seeds were 

germinated in Petri dishes containing filter paper, moistened 

with sterilized distilled water and sterilized as well, and 

incubated in the dark at room temperature for a period of 72h. 

Then, the cotyledons and hypocotyls were separated and 

cotyledons and eight hypocotyls were placed in petri dishes 

containing moistened filter paper with the supernatant from 

each isolate, and distilled water for control. Smaller 

cotyledons placed with part of the ribs upside down and 

placed 5mm hypocotyl side of cotyledons. The plates were 

incubated at room temperature under continuous faint 

fluorescent light. After three days, cotyledons and hypocotyls 

were dried with absorbent paper and weighed on an analytical 

balance and measured where the weight was compared with 

that of control. The supernatant of isolates that produced 

cytokines promoted the weight in the cotyledons but not 

favor the growth of hypocotyls, while isolates that produce 

both gibberellins promoted the weight gain of the cotyledons 

and the hypocotyls by increasing the length. 

 

Phosphate solubilization 

 

The isolates were tested pealing them to Petri dishes 

containing NBRIP medium supplemented with 1.5% agar 

(Nautiyal, 1999). This method is based on adding to a 

medium-insoluble phosphate, causing turbidity. The analyses 

were done for a fortnight, where three readings were 

recorded, in which we observed the formation of a 

translucent halo around the colony, characterizing phosphate 

solubilization by bacteria. Readings were taken at 5, 10 and 

15 days after inoculation (DAI). The solubilization index was 

calculated from the equation: IS = Ø halo / colony Ø 

(Berraqueiro et al., 1976). Then, the solubilization was 

classified according to the index (lower than SI = low 

solubility, SI = between 2 and 3 solubilization medium, SI 3 

= greater than high solubilization) (Silva Filho and Viddor, 

2000) Experimental design was completely randomized with 

five replications in a factorial design. 

 

Antagonism 

 

The direct comparison method was adopted, using 6 mm 

discs of a diameter of pathogen colonies grown at 28°C for 7 

days. Pathogen and antagonist were inoculated at opposite 

poles of the Petri dish containing culture medium Sabouraud 

Agar. For the control, only the pathogen was inoculated on a 

pole of the plate. The visual observation was used to 

distinguish the period of time necessary to take the mycelium 

throughout the board surface as a parameter to indicate the 

time to assess inhibition. For the inhibition index calculation 

the following formula was used: 100-Im% = (MT / MC) 

x100, where, Im =% index in percentage inhibition of 

mycelial growth, MT = Average measured in cm to the 

treatment area, and MC = average of the control area in cm.  

The experimental design was completely randomized with 

four replications, using the plant pathogenic fungus 
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Curvularia inaequalis, causing Curvularia Spot Disease 

newly detected in sugarcane in Brazil, causing damage to the 

cultivation of cane sugar. 

 

Root colonization 

 

Gems of sugarcane RB92579 commercial variety, obtained 

from Usina Santa Clotilde, the municipality of Rio Largo-AL 

were used for this test. The stems were washed in running 

water to remove environmental dirt and cut into pieces with 

size about 5cm to select the best gems (younger and 

vigorous). After selection, the gems were gone through a 

process of sterilization, which were immersed in 70% ethanol 

for 15 min, 2% sodium hypochlorite for 5 min and triple 

washing with sterile distilled water. The gems were then put 

into glass jars containing 100mL of semi-solid Agar-Water 

2% in the absence of any nutrient. Then, 1mL of each isolate 

was grown in Nutrient Broth medium for 48 hours under 

constant agitation at 150 rpm. The inoculated jars were then 

incubated at room temperature for 15 days under 12h light 

and 12h dark. The experimental design was completely 

randomized with four replications, consisting of six 

treatments, where five of them corresponded to endophytic 

bacteria and a witness. After 15 days of incubation, the gems 

were removed from the jars and submitted to biometrics 

analysis, which evaluated the induction of rooting and 

budding of the gems. The data were evaluated from the 

rooting and budding of gems. 

 

Statistical analysis 

 

Data were subjected to analysis of variance ANOVA 

followed by a classification of means by agglomerative Scott-

Knott test at 5% probability. This test aims to separation of 

treatment means in different groups, by minimizing the 

variation within and maximizing the variation between 

groups, with results showing greater objectivity and clarity 

(Borges and Ferreira, 2003). Statistical analyzes were 

performed using the program Assistat 7.6 beta (Silva and 

Azevedo, 2002).  

 

Conclusion 

 

The bacteria tested were able to produce IAA, gibberellins 

and cytokinins through the tests. The ISO1, ISO3, ISO4 and 

ISO5 isolates showed to be efficient in vitro phosphate 

solubilization in NBRIP medium. All strains were able to 

inhibit the growth of the pathogen. Of the five isolates tested, 

only the ISO1 showed low efficiency in inducing rooting and 

budding from sugarcane. 
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