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Introduction
Orchidaceae family has the most varied species, with different 

characteristics, including numerous hybrids, with uniqueness and 
attractive peculiarities, as well as modern production methods, with 
orchids being one of the main species sold in pots, corresponding to 58% 
of the segment. of production, in the state of São Paulo (Ibraflor, 2023). 
This context reflects the search for more sustainable alternatives in the 
cultivation of orchids, as it is a product in which the beauty of leaves and 
flowers are essential for commercialization, with the inoculation of plant 
growth-promoting bacteria (PGPB) being a sustainable and beneficial in 
the growth and development of the crop, in addition to studies already 
revealing the diversity of the microbiota in association with orchids (Silva 
et al., 2018; Reiter et al., 2020; Cruz et al., 2022).

PGPB are those capable of promoting plant development directly 
or indirectly. These bacteria can be found in the rhizosphere and plant 
tissues, acting in an endophytic manner. When promoting growth directly, 
bacteria synthesize a compound, or facilitate the absorption of certain 
nutrients from the environment, providing the plant with biologically 
fixed nitrogen, solubilized phosphorus from the soil and phytohormones 
such as auxins (Moreira et al., 2010).

The isolation of microorganisms from different plant species is 
based on the association of the host with different growth-promoting 
microorganisms, justifying the specific study of the species (Chakraborty 
et al., 2019). The use of these microorganisms in plant production 

encompasses issues beyond productivity and can refer to the entire 
maintenance of soil life. Silva et al. (2020), highlights the contribution of 
beneficial microorganisms to the sustainability of the system, conserving 
the environment in which production is inserted.

Thus, the bioprospection of beneficial microorganisms has 
been the target of studies, demonstrating an important relationship 
with orchids, helping in seed germination and sustaining the cycle 
in inhospitable environments for some floristic species, as well as 
contributing to coping with adverse situations in cultivation (Etesami 
and Maheshwari, 2018; Nordstedt and Jones, 2020; Friesem et al., 
2021; Miranda et al., 2021).

Given the importance of this topic for the cultivation of ornamental 
plants, the objective of this study was to evaluate in vitro diazotrophic 
bacteria, isolated from rhizospheric soil and tissues of the Cymbidium 
sp. orchid, and to analyze the solubilization capacity of phosphorus, 
potassium and phytohormones production.

Material and methods
The plant material, as well as the rhizospheric soil, used for the 

isolation of the bacteria, were randomly collected from matrices of the 
orchid Cymbidium sp., cultivated for a period of 2 years, in a substrate 
based on vegetable land and sand (proportion 2:1), in a greenhouse in the 
nursery of ornamental plants of the University Professor Edson Antônio 
Velano (UNIFENAS), located in Alfenas-MG (geographical coordinates: 
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21°25’46’’ S and 45°56’50’’ W, at 880 m of altitude) and the experiment 
conducted in the laboratory of agricultural microbiology.

From the collected seedlings, pseudobulbs and leaves sectioned 
at 3 mm were used, washed in running water, disinfected in a laminar 
flow hood in 90º alcohol for 30 seconds, 2% sodium hypochlorite for 1 
minute and subsequently washed 6 times in distilled and autoclaved water 
(Döbereiner et al., 1995). The fragments were macerated and endophytic 
microorganisms were isolated and introduced as close to the bottom of the 
container as possible, since nitrogen-fixing bacteria are microaerophilic, 
in the semi-solid and semi-selective media NFb (Azospirillum spp.), JNFb 
(Herbaspirillum spp.), LGI (A. amazonense) (Döbereiner et al., 1995), 
JMV (Burkholderia spp.) (Reis et al., 2004) and FAM (A. amazonense) 
(Magalhães and Döbereiner, 1984). 

In the same semi-solid and semi-selective culture media, samples of 
rhizosphere soil were introduced, previously sieved, and collected from 
the seedlings after removal of excess soil. The flasks were arranged in a 
completely randomized design, with three replicates per collected part, in 
the five culture media, totaling 15 treatments with 45 experimental units.

The inoculated media were maintained at a temperature of 27 ºC in 
a growth chamber for a period of 14 days, until they presented a film 
characteristic of N2 fixation, and those that did not present were discarded, 
considering the films that reached the surface and/or 4 mm below. Cultures 
were grown on plates containing the original solid media. Subsequently, 
the process was repeated to confirm nitrogen fixation, picked and purified 
in Petri dishes, in YMA medium (Yeast, Mannitol, Agar), received a 
UNIFENAS code followed by an identification number, and were stored 
in eppendorf, containing autoclaved distilled water for the conservation of 
the strains (Castellani, 1939).

In order to aggregate related species, a comparative analysis of the 
strains was carried out using a similarity dendrogram, a hierarchical 
clustering method (R Core Team, 2022), according to morphological 
characteristics: days of appearance; average diameter (mm); acidification 
or alkalinization of the medium (pH); exopolysaccharide (EPS) production; 
consistency (gum production); optical (transparency, translucent, opaque 
and glossy); elevation (flat or convex); color (white, pink, cream, red, 
yellow) (Oliveira et al., 2020).

For the production of indole acetic acid (IAA), 18 isolates, with 75% 
similarity, randomly selected within each group, were cultivated in two 
conditions in DYGS medium, in the presence and absence of tryptophan 

(100 μg mL-1), in a completely randomized design, in a double factorial 
scheme 18x2, with 18 strains and two conditions (with and without 
tryptophan), totaling 36 treatments with three repetitions, thus obtaining 
108 experimental units, with the pH  of the medium adjusted to 6.8 
(Pedrinho et al., 2010). Using the quantitative colorimetric method, after 
seven days the concentration was evaluated (Gordon and Weber, 1951), 
and the absorbance was read using a spectrophotometer (wavelength of 
535 nm). Based on the results of AIA production, a prominent group 
was selected to carry out the GRAM test, phosphorus, and potassium 
solubilization.

For the phosphorus solubilization test, 15 μL of the bacterial 
suspension grown in YM medium (Yeast, Mannitol) were inoculated into 
30 mL of liquid GL medium, using 10 g of AO-15 (Parmar and Sindhu, 
2013) as a phosphorus source, in a completely randomized design, 
in which the treatments consisted of 8 bacterial strains and a negative 
control (without bacterial inoculation), using three replicates, in a total of 
27 experimental units. For seven days, the inoculated medium was kept 
under agitation (120 rpm, 25 ºC), and subsequently centrifuged (1000 
rpm, 4 ºC, 10 min). To measure the concentration of soluble phosphorus, 
the methodology described in Tedesco et al. (1995).

For the potassium solubilization test, 500 μL of the bacterial 
suspension, cultivated in YM medium, was transferred to 50 mL of 
Aleksandrov medium (Parmar and Sindhu, 2013) containing, as a 
potassium source, 10 g of phonolite (Florentino et al., 2017), in a 
completely randomized design, in which the treatments consisted of 8 
bacterial strains and a negative control (without bacterial inoculation), 
using three replicates, in a total of 27 experimental units. For seven days, 
the bottles were shaken (120 rpm, 25 ºC), and then centrifuged (1000 
rpm, 4 ºC, 10 min). The supernatant was used to determine the pH of the 
medium and the potassium concentration (Lopes-Assad et al., 2006). The 
results of the AIA, phosphorus solubilization and potassium solubilization 
tests were subjected to analysis of variance and the means of the three 
repetitions of each test were subjected to the Scott- Knott test. at 5% 
probability, using the SISVAR software (Ferreira, 2014).

Results and discussion
A total of 66 strains were isolated, and diversity was assessed, totaling 

18 groups at 75% similarity, demonstrated by cutting the horizontal line 
(Fig. 1).

Fig. 1. Dendrogram of similarity, according to the morphological characteristics of the  
bacterial strains isolated from the plant parts and rhizospheric soil of Cymbidium.

It is observed that two large groups harbored the majority of bacteria, 
group one with 14 isolates, predominantly endophytic and largely 
from isolation in the FAM medium, and group two with 17 isolates, 
predominantly from rhizospheric soil and mostly isolated, in the NFb 
environment. Groups three, four, five, six, eight, nine, ten, fourteen, 
fifteen, sixteen, seventeen and eighteen were exclusively endophytic 
microorganisms, almost entirely pseudobulbs, except for groups eight, 
nine and fifteen whose isolates were exclusive to leaves. Groups seven, 
eleven, twelve and thirteen were bacteria of different origins. Of the 66 
isolates, 43 were obtained from plant parts of the orchid, and the amount 
of associative or free-living microorganisms prospected from the soil will 
vary, with the same genus being able to occupy both criteria, providing 
direct or indirect effects (Bezerra et al., 2022).

The synergism of these microorganisms is extremely important for 
obtaining products for agricultural use (Silva et al., 2020). One of the 

obstacles to manufacturing from isolates prospected from the soil is due 
to the specific association of some microorganisms, with little study of the 
combination of various strains, as well as the concomitant use of other 
phytosanitary products, since different species can react differently to the 
mixture (Alboneti et al., 2020).

The strains UNIFENAS 100-588, UNIFENAS 100-589, UNIFENAS 
100-590, UNIFENAS 100-591, UNIFENAS 100-593, UNIFENAS 
100-595, UNIFENAS 100-596, UNIFENAS 100-597, UNIFENAS 
100-600, FENAS 100-601, UNIFENAS 100-604, UNIFENAS 100-
606, UNIFENAS 100-609, UNIFENAS 100-610, UNIFENAS 100-613, 
UNIFENAS 100-619, UNIFENAS 100-634, UNIFENAS 100-646, 
were tested for the production of indoleacetic acid (IAA), pointing 
out eight isolates that stood out simultaneously, in the presence and 
absence of tryptophan, a precursor amino acid, in the production of the 
aforementioned hormone (Table 1).
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Table 1. Production of indoleacetic acid (IAA) by isolates, in DYGS medium, in the absence and presence of tryptophan (TRP).

Isolated
IAA production (μg L -1)

No TRP With TRP

UNIFENAS 100-590 22.98 cB 128.77 aA

UNIFENAS 100-610 31.47 cB 137.38 aA

UNIFENAS 100-613 33.29 cB 121.09 aA

UNIFENAS 100-619 38.52 cB 102.67 bA

UNIFENAS 100-601 40.40 cB 83.10 bA

UNIFENAS 100-609 49.01 bB 120.09 aA

UNIFENAS 100-593 56.00 bB 106.12 bA

UNIFENAS 100-597 63.67 bB 100.08 bA

UNIFENAS 100-596 66.25 bA 94.17 bA

UNIFENAS 100-588 73.67 bA 107.00 bA

UNIFENAS 100-595 89.08 aA 123.11 aA

UNIFENAS 100-591 91.28 aB 134.55 aA

UNIFENAS 100-604 94.80 aB 131.85 aA

UNIFENAS 100-606 101.09 aB 142.86 aA

UNIFENAS 100-589 108.14 aA 136.00 aA

UNIFENAS 100-600 114.61 aA 138.51 aA

UNIFENAS 100-646 120.27 aA 130.78 aA

UNIFENAS 100-634 144.93 aA 125.24 aA

CV% 21.94
Means followed by the same lowercase letter in the column and capital letter in the row do not differ from each other using the Scott – Knott and Tukey tests, at 5% probability, respectively.

Indoleacetic acid, belonging to the group of phytohormones 
known as auxins, plays an important role in plant growth, favoring the 
growth of roots and aerial parts of plants. The seedlings of Impatiens 
walleriana, an annual ornamental plant, cultivated for the beauty of 
its flowering, presented greater leaf area, fresh and dry mass in the 
treatment sprayed with IAA, than those cultivated through inhibition 
of phytohormone synthesis (Salinas et al., 2022).

All strains tested were capable of producing IAA. Highlight for 
isolates UNIFENAS 100-595, UNIFENAS 100-589, UNIFENAS 100-
600, UNIFENAS 100-646, UNIFENAS 100-634, with higher values 
than the others in the absence of tryptophan, and statistically equal 
production of IAA in the presence of the precursor hormone, which 
will vary the concentration in root exudates depending on the plant 
genotype. On the other hand, Oliveira et al. (2020) highlighted the 
prospected 100-351 strain of emperor’s bat obtaining a higher value in 
the absence, however, statistically higher in the presence of tryptophan.

The promotion of plant growth through the associative 
relationship with bacteria is notable, as well as the influence of PGPB 
on plant productivity. Hernández et al. (2024) reported an increase in 
productivity by 20% in corn with foliar application of Azospirillum 
brasilienses at a dose of 500 mL ha-1, surpassing the seed treatment 

carried out with the strain, demonstrating the diverse possibility of 
use, as well as the need for studies regarding the dose of bioenrichment 
applied.

The inoculation of Azospirillum brasilienses and Azospirillum 
colombiana increased the specific root surface area, the average height 
and number of tillers in wheat, in soils contaminated with copper, 
enhancing the use of these microorganisms, even in conditions of soils 
saturated with heavy metals (Turchetto et al., 2023).

There is growing interest in studies on the prospecting of plant 
growth-promoting bacteria, with the aim of optimizing the use of 
synthetic fertilizers and improving soil biotic conditions. Oliveira et 
al. (2020) presents the in vitro potential of bacteria isolated from the 
torch ginger for the production of phytohormones and solubilization 
of phosphorus and potassium. Faria et al. (2021) demonstrate the 
multifunctional potential of endophytic bacteria from Anacardium 
othonianum in promoting plant growth in vitro and ex vitro.

The strains UNIFENAS 100-595, UNIFENAS 100-591, 
UNIFENAS 100-604, UNIFENAS 100-606, UNIFENAS 100-589, 
UNIFENAS 100-600, UNIFENAS 100-646, UNIFENAS 100-634, 
were highlighted in the production of IAA, in absence of tryptophan, 
and were tested for phosphorus and potassium solubilization (Table 2).
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Table 2. Solubilization of phosphorus (P), potassium (K) and pH values, incubated for seven days, in liquid medium, containing phosphate and silicate 
respectively.

Isolated P (mg L -1) pH K (mg L -1) pH

Control 42a 4.7a 289b 5.3c

UNIFENAS 100-589 41a 4.6a 345a 6.2a

UNIFENAS 100-591 53a 4.5a 325a 5.9a

UNIFENAS 100-595 42a 4.6a 292b 5.3c

UNIFENAS 100-600 59a 3.7b 322a 4.5d

UNIFENAS 100-604 37a 4.6a 313a 5.7b

UNIFENAS 100-606 40a 4.5a 293b 5.2c

UNIFENAS 100-634 50a 4.2a 261b 5.6b

UNIFENAS 100-646 42a 4.4a 277b 5.7b

CV% 19.68 4.01 5.99 3.24
 
Means followed by the same lowercase letter in the column do not differ from each other using the Scott – Knott test, at 5% probability, respectively.

The strains were not able to solubilize phosphorus, using the source 
presented, and the correlation with the pH of the solution can be noted, 
since there was no acidification, corroborating one of the solubilization 
methods, which consists of the release of organic acids during the process, 
and the influence on pH will vary depending on the phosphorus source 
used (Rasul et al., 2021). 

However, the UNIFENAS 100-600 strain, even though it is not capable 
of solubilizing phosphorus, showed promise in solubilizing potassium and 
acidified the medium in both tests, inferring the operating mode regarding 
the exudation of compounds, in order to make the minerals soluble. in its 
inorganic form (Aallam et al., 2021).

As for potassium, the strains UNIFENAS 100-589, UNIFENAS 100-
591, UNIFENAS 100-600, UNIFENAS 100-604, were able to solubilize 
around 20%, depending on the source used in the test, ranging from 313 
mg L -1 to 345 mg L -1 after seven days. With the exception of UNIFENAS 
100-600, the others did not acidify the culture medium, demonstrating 
variation in the mechanisms of nutrient availability.

The eight strains tested for phosphorus and potassium solubilization 
passed the GRAM test, seven of which were negative, and UNIFENAS 
100-604 was positive. Among the genera already known for promoting 
plant growth, Azospirillum, Gluconacetobacter, Pseudomonas and 
Rhizobium are gram-negative, but the genera Bacillus and Paenibacillus 
are gram-positive bacteria, and the difference in the composition and 
structure of the cell wall can help to understand how they react to different 
physical and chemical aspects to which they are subjected, as well as 
the ideal method of inoculation (Chai et al., 2022). Bacteria of the genus 
Bacillus, in addition to promoting plant growth, act indirectly as pest 
control agents, reducing the penetration of nematodes into the sugarcane 
root system, reaching mortality rates of 81.10% from the aforementioned 
pest (Schoen-Neto et al., 2021).

There are few reports of microbial combinations as inoculants for 
orchids of the genus Cymbidium, bringing together microorganisms that 
contribute in different ways to the growth and development of the species, 
as well as mechanisms for making nutrients available, and the combination 
of strains in the form of inoculants can constitute a method to optimize the 
multiple or single function of the strain used (Kaur et al., 2022).

In this way, bacteria can contribute significantly not only to plant 
growth, but also to agricultural sustainability, since these bacteria are 
capable of providing nutrients and promoting plant growth, contributing 
to the reduction of synthetic fertilizers (Zeng et al., 2022).

Conclusions 
Plant growth-promoting bacteria, isolated from orchids of the genus 

Cymbidium, have potential for agricultural use, fix nitrogen, produce IAA, 
with the strains UNIFENAS 100-589, UNIFENAS 100-591, UNIFENAS 
100-600, UNIFENAS 100-604 standing out, which solubilize potassium.
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