
Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

<Modulating the PGPR activity of Lysinibacillus pinottii sp. nov. PB211 
through plant sensitivity/resistance to exogenous auxins

Modulación de la actividad PGPR de Lysinibacillus pinottii sp. nov. PB211 a través de la 
sensibilidad/resistencia de las plantas a las auxinas exógenas 

MANUEL PANTOJA-GUERRA1, 2, 4 

CAMILO A. RAMÍREZ3 

1 Universidad Popular del Cesar , Programa de Microbiología, Valledupar (Colombia)
2 INBACTER SAS, Departamento de Investigación y Desarrollo (I+D), La Estrella (Colombia)
3 Universidad de Antioquia , Instituto de Biología, Medellin (Colombia)
4 Corresponding author. manuelpantojag@unicesar.edu.co 

Modulating 
PGPR activity 
via plant auxin 
sensitivity.
Photo: M. 
Pantoja-Guerra

Last name: PANTOJA-GUERRA / RAMÍREZ 

Short title: MODULATING PGPR ACTIVITY VIA PLANT AUXIN SENSITIVITY

Doi: https://doi.org/10.17584/rcch.2025v19i1.18010 

Received: 12-08-2024   Accepted: 29-01-2025   Published: 14-03-2025

1

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.17584/rcch.2025v19i1.18010
mailto:manuelpantojag@unicesar.edu.co
https://orcid.org/0000-0002-0485-7605
https://orcid.org/0000-0003-3704-312X
https://ror.org/05pzmdf74
https://ror.org/03bp5hc83


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

ABSTRACT
The effectiveness of plant growth-promoting rhizobacteria (PGPR) strains indole-3-acetic acid 

(IAA) producers may be influenced by the plant's resistance to auxins. In this work, the impact of 

auxin resistance on the PGPR activity of Lysinibacillus pinottii sp. nov. PB211 was investigated. 

PB211 produced an  average  of  32  μg mL-1 of  indole-3-acetic  acid  (IAA).  Genetic  evidence 

indicated that PB211 utilizes the indole pyruvic acid pathway for IAA synthesis. Regards to the 

response of plant models to IAA treatment, eudicot models (cucumber and bean) exhibited higher 

sensitivity to IAA compared to monocot models (corn and brachiaria). Monocots required higher 

IAA concentrations to elicit phenotypic changes in root architecture. The resistance/sensitivity of 

plants to exogenous auxins was found to modulate the PGPR activity of PB211. Inoculation with 

PB211  at  varying  concentrations  resulted  in  differential  effects  on  plant  models.  Eudicots 

displayed  significant  PGPR activity  from lower  inoculum concentrations,  whereas  monocots 

required higher inoculum concentrations to exhibit a similar consistent effect. The PB211 effect 

also was evaluated on Arabidopsis thaliana wild-type (col-0 “auxin-sensible”) and mutant (aux1-

7/axr4-2  “auxin-resistant”)  plants.  PB211  had  a  “bell-shaped”  effect  on  wild-type  plants 

response,  a  typical  response  of  auxin-activity,  so,  the  PGPR effect  decreased  at  the  highest 

inoculum concentration. Conversely, the mutant plants exhibited increased PGPR activity with 

higher  inoculum  concentrations,  compensating  for  their  auxin-deficient  phenotype.  These 

findings suggest that the resistance/sensitivity of plants to exogenous auxins influences the effect 

of auxin-producer PGPRs. These relationships could facilitate the development and application of 

more effective biological inoculants for agriculture.

Additional key words: monocots; eudicots; indole-3-acetic acid; plant growth promotion; 

biofertilizers; biostimulants.

RESUMEN
La  efectividad  de  las  cepas  de  rizobacterias  promotoras  del  crecimiento  vegetal  (PGPR) 

productoras  de ácido indol-3-acético  (AIA) puede verse  influenciada  por  la  resistencia  de la 

planta a las auxinas. En este trabajo, se investigó el impacto de la resistencia a las auxinas en la 

actividad PGPR de Lysinibacillus pinottii sp. nov. PB211. PB211 produjo un promedio de 32 μg 

mL-1 de ácido indol-3-acético (AIA). Evidencia genética indicó que PB211 utiliza la vía del ácido 

indolpirúvico para la síntesis de AIA. En cuanto a la respuesta de los modelos de plantas al  
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tratamiento  con  AIA,  los  modelos  de  eudicotiledóneas  (pepino  y  frijol)  mostraron  mayor 

sensibilidad al AIA en comparación con los modelos de monocotiledóneas (maíz y brachiaria). 

Las  monocotiledóneas  requirieron  concentraciones  más  altas  de  AIA para  provocar  cambios 

fenotípicos en la arquitectura de la raíz. Se encontró que la resistencia/sensibilidad de las plantas 

a  las  auxinas  exógenas  modula  la  actividad PGPR de PB211. La inoculación  con PB211 en 

diferentes  concentraciones  resultó  en  efectos  diferenciados  en  los  modelos  de  plantas.  Las 

eudicotiledóneas  mostraron una actividad  PGPR significativa  desde  concentraciones  bajas  de 

inóculo,  mientras  que las monocotiledóneas  requirieron concentraciones  más altas de inóculo 

para exhibir un efecto similar y consistente. El efecto de PB211 también fue evaluado en plantas 

silvestres  de  Arabidopsis  thaliana (col-0  "sensible  a  auxinas")  y  mutantes  (aux1-7/axr4-2 

"resistentes a auxinas"). PB211 tuvo un efecto en forma de "campana" en la respuesta de las 

plantas silvestres, una respuesta típica de la actividad de auxinas, por lo que el efecto PGPR 

disminuyó  en  la  concentración  más  alta  de  inóculo.  Por  el  contrario,  las  plantas  mutantes 

exhibieron una mayor actividad PGPR con concentraciones más altas de inóculo, compensando 

su fenotipo deficiente en auxinas. Estos hallazgos sugieren que la resistencia/sensibilidad de las 

plantas a las auxinas exógenas influye en la actividad de los PGPR productores de auxinas. Estas 

relaciones podrían facilitar el desarrollo y la aplicación de inoculantes biológicos más efectivos 

para la agricultura.

Palabras  clave  adicionales:  monocotiledóneas;  eudicotiledóneas;  ácido  indol-3-acético; 

promoción del crecimiento de plantas; biofertilizantes; bioestimulantes.

INTRODUCTION
Plant  growth-promoting  rhizobacteria  (PGPR) are  the  most  promising  microbial  group to 

develop agro-biotechnological products (Kumar et al., 2021). However, the lack of knowledge of 

the soil-plant-bacteria relationship and the difficulty to design efficient formulations affect the 

reproducibility  of  PGPR  uses  (Tabassum  et  al.,  2017;  Kaminsky  et  al.,  2019).  Thus,  the 

biofertilizer industry has had a slow advance (Bashan et al., 2014).

Auxin synthesis is an important PGPR mechanism, especially indole-3-acetic acid  (Spaepen 

et  al.,  2014).  Auxins  are  plant  hormones  that  allow  them to  respond  to  environmental  and 

endogenous stimuli through signaling mechanisms  (Chapman and Estelle, 2009;  Vanneste and 

Friml, 2009; Calderon-Villalobos et al., 2010; Lavy and Estelle, 2016). Therefore, they regulate 
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cell division and elongation,  cell  differentiation, and shoot and root development  (Moller and 

Weijers,  2009; Perrot-Rechenmann,  2010; Vernoux  et  al.,  2010;  Overvoorde  et  al.,  2010); 

apparently, bacteria and plants developed this trait through convergent evolution  (Patten  et al., 

2013; Yue et al., 2014; Blázquez et al., 2020). 

Although auxin-bacterial production is a PGPR mechanism (Spaepen et al., 2014), it can be 

also a deleterious mechanism (from deleterious rhizobacteria - DRB) under several ecological 

conditions (Nehl et al., 1997; Kremer, 2007; Phukan et al., 2021), and it is also a virulence factor 

of some phytopathogen bacteria  (Kunkel and Harper, 2018). Concentration is the key factor to 

define the role of auxin-bacterial production. 

The excess of IAA is converted to 1-aminocyclopropane-1-carboxylic acid (ACC), and this, in 

turn,  is  converted into ethylene — the plant  growth control  hormone  (Růzicka  et al.,  2007). 

Additionally,  recent  evidence  suggests  that  the  auxin  excess  reduces  the  content  of  free 

TRANSPORT  INHIBITOR  RESPONSE-1  (TIR1)  in  the  nucleus,  and  it  increases  the 

ubiquitination  of  TIR/AFB-Aux/IAA  co-receptor  complex;  consequently,  the  auxin  response 

factors (ARF) are downregulated (Fendrych et al., 2018). Both mechanisms delay plant growth. 

However, the plant response to exogenous auxins varies between plant models and phenological 

stages (McSteen, 2010; Cao et al., 2020). 

Therefore,  if  a  bacterial  strain  utilizes  IAA production  as a  mechanism for plant  growth-

promoting rhizobacteria (PGPR), the plant's resistance to auxins could potentially modulate its 

effectiveness. This postulate was recently proposed in a review published by our research group 

(Pantoja-Guerra et al., 2023b). In this study, we investigate the impact of this effect on the PGPR 

activity  of  Lysinibacillus  pinottii sp.  nov.  (PB211).  These  considerations  bear  significant 

implications for the design, formulation, and utilization of biological inoculants in agriculture.

MATERIALS AND METHODS

Bacterial strain
The PB211 strain was recently identified as  Lysinibacillus pinottii sp. nov. (Dunlap  et al., 

2024) and was supplied by Pathway-Biologic® (now Mosaic, Inc.). This strain was isolated for 

bioprospecting  purposes.  The  PGPR activity  of  PB211 associated  with  IAA production  was 

previously evidenced (Pantoja-Guerra et al., 2023a). The strain was kept frozen at -80°C and the 

reactivation was done on Trypticase Soy Agar (TSA), incubated at 28°C.
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IAA bacterial production
PB211  was  grown  on  TSA  and  incubated  at  28°C  for  48  h.  A  single  colony  was  then 

transferred to 100 mL flasks containing 20 mL of Trypticase Soy Broth (TSB) supplemented with 

500 μg mL-1 of tryptophan and shaken at room temperature for 48 h. After incubation, the flask 

contents were centrifuged at 3,250 rpm for 15 min. Then, 200 μL of the supernatant were mixed 

with 800 μL of Salkowski reagent. The mixture was left to stand for 20 min until a pink color  

developed. To determine the IAA concentration in the bacterial broth, absorbance values were 

interpolated using a standard curve of known IAA concentrations. Measurements were taken five 

times.

Furthermore, the complete genome of PB211 was sequenced, and the obtained data were used 

to identify genes associated with IAA production. All procedures for the functional annotation of 

the genome, as well as the detection and identification of the reported genes and enzymes, were 

previously described for PB211 (Pantoja-Guerra et al., 2023a).

Effect of IAA on plant models with differential sensitivity to auxins  
The natural resistance of monocots to auxin activity was used to evaluate the IAA effect on 

different  regimes of auxin sensitivity  in plants  (McSteen,  2010;  Balzan  et al.,  2014).  A first 

screening including several plant models allowed us to determine that monocot plants were more 

resistant to IAA activity than eudicot plants. That is, higher concentrations of IAA were required 

to observe plant phenotypic changes. In this way, a confirmatory experiment was performed to 

obtain evidence of differential response of monocot and dicot plants to auxins.

Corn  (Zea  mays -  ‘ICA109’),  brachiaria  (Brachiaria  decumbens cv.  Basilisk),  cucumber 

(Cucumis sativus - ‘Pointsett76’),  and bean (Phaseolus vulgaris -  ‘cargamanto mocho’) seeds 

were carefully selected and disinfected by immersing them in 70% ethanol for 5 min. Afterward, 

they were rinsed five times with sterile distilled water and then dried on sterile absorbent paper.  

Next, the seeds were placed in agar-agar plates and incubated in darkness at 28°C for 3 d until a 

radicle of 1-2 cm developed. Then, three seedlings were transferred to an agar dish to constitute 

an experiment unit. The evaluated treatments for corn and brachiaria (monocots) were 0 (control), 

1.0,  2.5,  5.0,  7.5,  and  10.0  mg  L-¹  of  IAA,  while  for  cucumber  and  beans  (eudicots),  the 

treatments were 0 (control), 0.010, 0.050, 0.175, 0.250, 0.500, 0.750, and 1.000 mg L -¹ of IAA. A 

preliminary assessment indicated that monocot seedlings do not exhibit a significant response to 
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low IAA concentrations. To each seedling of the treatments, 500 μL were added to the respective 

IAA solution; in control treatments, 500 μL of sterile distilled water were added. Each treatment 

was evaluated with three repetitions and all experiments were replicated two times. The agar 

dishes with the seedlings were incubated at room temperature and under room light conditions. 

Monocot  experiments  were  harvested  5  d  after  the  treatment  addition,  and  eudicots  were 

harvested 3 d later. 

After the incubation period, thinning was done and the measurements of the plant on each 

agar dish were performed. To collect the root architecture data, an image digital analysis was 

performed  with  the  Smart  Root  package  (version  4.1).  The  photography  conditions  were 

optimized according to our laboratory facilities.

Effect of PB211 on plant models with differential sensitivity to auxins 
To determine whether monocot and dicot plants respond differently to PB211 depending on 

inoculum concentration,  greenhouse experiments were conducted.  Corn, brachiaria,  cucumber, 

and  bean  seeds  were  selected,  disinfected,  washed,  dried,  and  pre-germinated  following  the 

previously described procedure.

An initial screening helped optimize the most relevant PB211 concentrations for each plant 

model.  Fourteen  seedlings  of  each species  were immersed in  their  respective  bacterial  spore 

suspension for 1 h.  The treatments  consisted of sterile  distilled water (control),  10⁴,  and 10⁸ 

colony-forming units (cfu). The seedlings were then transplanted into polyvinyl chloride (PVC) 

pots measuring 25 cm in length and 8 cm in diameter. To eliminate soil auxin activity, river sand 

was used as the growth substrate. A 50% Hoagland nutrient solution was applied to the sand 

during  irrigation,  maintaining  its  maximum  moisture  retention  capacity  throughout  the 

experiment.

Each  pot  contained  two  seedlings,  and  1  mL of  the  respective  bacterial  suspension  was 

inoculated at the root of each plant. The experiment followed a completely randomized design 

with seven replicates per treatment. The entire experiment was conducted twice, and data were 

analyzed using time blocking.

Monocot plants were harvested 2 weeks after planting, whereas dicot plants were harvested 

after three weeks. Before data collection, thinning was performed to retain only one plant per pot. 

For monocots, the measured response variables included shoot and root dry weight, total root 

length, number of lateral roots, and number of primary roots. In dicots, the evaluated parameters 
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were shoot and root dry weight, total root length, lateral root length, and the number of lateral 

roots.  Root  architecture  parameters  were  assessed  using  digital  image  analysis  with  the 

SmartRoot  package  (Lobet  et  al.,  2011;  Lobet  et  al.,  2015),  with  photography  conditions 

optimized according to the greenhouse setup.

To  determine  if  the  inoculum concentration  affects  the  IAA concentration  in  the  growth 

bacterial medium, a parallel experiment with PB211 was performed. The bacterial production of 

IAA was evaluated as described above, but in this case, the agitation period was only 24 h. A 

completely  randomized  experiment  with  five  repetitions  was  performed.  The  evaluated 

treatments were control (only culture medium), 104, 106, and 108 cfu of PB211.

PB211 auxin-like activity. Effect on corn and cucumber root hairs
To obtain another evidence line of the role of the auxin-bacterial production in the PB211 

PGPR activity  on  agronomic  models,  an  in  vitro experiment  was  performed.  The  inoculum 

concentrations detected in the previous trial as significant for the growth promotion of monocots 

and eudicots were evaluated on the root hair development of corn and cucumber, respectively. 

This effect was compared with the IAA concentration previously established as significant for 

each plant model.  In this  way, the treatments evaluated in corn were control (sterile distilled 

water),  IAA (2.5 mg L-¹),  and PB211 (108 cfu).  The treatments  evaluated  in  cucumber  were 

control (sterile distilled water), IAA (0.05 mg L-¹), and PB211 (104 cfu). 

The seeds were pre-germinated in agar-agar, once seedling radicules were 1 cm long they 

were transferred individually to agar plates; thus, each one constitutes an experiment unity. 1 mL 

of each suspension treatment was added to seedling radicules. A completely random experiment 

was performed with ten repetitions. The seedlings were kept under room conditions for one week. 

After the incubation period, 1 cm-segments of the main root were cut at 2 cm from the root base 

of each plant. The root hairs were observed with an optic microscope — 4X objective — using a 

millimetric length pattern. The variables evaluated were average length of hairs and hair density 

(number  of  hairs  per  root  mm).  These  were  estimated  by  image  digital  analysis  using  the 

ImageJ/Fiji package (2.16.0).

Effect of PB211 inoculum concentration on plant growth of Arabidopsis thaliana col 0 and 
the mutant aux1-7/axr4-2

The  aux1-7/axr4-2  mutants  exhibit  defects  in  the  coding  of  a  protein  responsible  for 

facilitating the transport of IAA from the leaves to the root tips, as well as in the protein’s polar 
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localization. As a result, these mutants have a lower IAA concentration in the roots, leading to a 

dwarf phenotype (Puga-Freitas et al., 2012). Additionally, this mutant shows increased resistance 

to IAA, meaning that higher concentrations of IAA are required to induce noticeable phenotypic 

changes in the plant. If the PGPR activity of PB211 is influenced by the plant’s resistance or 

sensitivity to auxins, growth patterns will differ between wild-type and mutant plants depending 

on the inoculum concentration.

The  seeds  were  placed  in  Petri  dishes  containing  MS  medium  using  a  micropipette  tip, 

following the method described by Rivero  et al. (2014). They were kept at 4°C for 48 h for 

stratification and then pre-germinated in a Percival® E36-HO growth chamber under controlled 

conditions (25°C, 12-h photoperiod, and light intensity of 1,700 μmol m-2 s-1) for 2 weeks.

After  pre-germination  three  seedlings  were  transferred  to  Petri  dishes  with  MS  medium, 

forming an experimental unit.  A completely randomized experiment was conducted with four 

replicates  for both wild-type and mutant  A. thaliana plants.  The tested treatments  included a 

control and PB211 inoculum concentrations of 10⁴, 10⁶, and 10⁸ cfu. Bacterial suspensions were 

inoculated  3.4  cm  away  from  the  plants.  The  Petri  dishes  were  then  incubated  in  growth 

chambers under the previously described conditions for two weeks.

As response variables,  plant fresh weight and root architecture parameters  were measured 

using the SmartRoot package (version 4.1) (Lobet et al., 2011; Lobet et al., 2015).

Statistical analysis
All  data  were  examined  using  linear  models  through  an  analysis  of  variance  (ANOVA). 

Significant differences between treatments and the control were identified using the Dunnett test, 

with P values reported in all cases. When necessary, the Tukey test (alpha = 0.05) was applied to 

compare differences among all treatments.

RESULTS AND DUSCUSSION
IAA bacterial production by PB211 

The average IAA production by PB211 was 32 μg mL-1 (Fig. 1A). An aliquot of the control 

was taken as a blank. The IAA concentration observed in Fig. 1A corresponds to the net IAA 

production — it is not necessary to illustrate the control treatment.  This result was similar to 

preliminary  tests  performed by HPLC (High-Performance  Liquid  Chromatography)  (data  not 
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shown).  Based  on  genetic  evidence,  we  inferred  that  PB211  uses  a  tryptophane-dependent 

pathway to synthesize IAA: the indole pyruvic acid pathway (Fig. 1B).

Figure 1. IAA production by Lysinibacillus pinottii  sp. nov. PB211. A, box-plot chart plus 
strip-chart  showing  the  amount  of  net  IAA  in  liquid  medium  supernatant.  The  value 
displayed is the average of five repetitions. B, genetic analysis of IAA production in PB211. 
Gray  labels  indicate  genes—either  tryptophan-dependent  or  independent—identified  in 
PB211 and associated with auxin biosynthesis. Black labels represent the predicted IAA 
synthesis pathway in PB211, adapted from Pantoja-Guerra et al., (2023a).

The  ability  of  Lysinibacillus sp.  genus  to  produce  IAA has  been  previously  documented 

(Naureen et al., 2017; Castellano‐Hinojosa et al., 2018; Jinal et al., 2021; Pantoja-Guerra et al., 

2023a).  Recently,  we  provided  evidence  supporting  the  causal  relationship  between  IAA 

production and the PGPR activity of Lysinibacillus spp. (Pantoja-Guerra et al., 2023a). The IAA 

production reported in this study aligns with previous findings on the subject (Mohite, 2013); 

however, the Lysinibacillus genus generally exhibits higher IAA production than other members 

of the Bacillaceae family (Kim and Song, 2012; Naureen et al., 2017; Pal and Sengupta, 2019).

Genomic  analysis  suggests  that  the  predicted  metabolic  pathway for  IAA biosynthesis  in 

PB211 follows the indole-3-pyruvic acid (IPyA) pathway. This pathway is widely distributed 

among Firmicutes and is considered the primary route for IAA production in Bacilli (Shao et al., 

2015; Zhang et al., 2019; Alviar et al., 2021). A detailed list of auxin-related genes identified in 

PB211,  along  with  a  predicted  pathway  for  indole  compound  production  based  on  genome 

analysis, is available in Online Resource.
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Effect of IAA on plant models with differential sensitivity to auxins
The eudicot models showed higher sensitivity to IAA than the monocot models. Higher doses 

of IAA were required to observe phenotypic changes in root architecture in monocot plants. A 

first screening allowed us to determine that corn seedlings do not show a significant response to 

low doses of IAA (Fig. 2A). Corn and brachiaria seedlings responded to the IAA treatment in a 

concentration range from 0-10 mg L-¹ (Fig. 2 D and E), while bean and cucumber plants showed 

phenotypic changes in the root system with an IAA concentration range from 0-1 mg L -¹ (Fig. 2 

B and C).

Figure 2. Dose-dependent effect of exogenous application of IAA on the total root length of 
monocots (A, corn 0-1 mg L-¹  of IAA; D, corn 0-10 mg L-¹  of IAA; E, brachiaria)  and 
eudicot (B, bean; C, cucumber) models.
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These results agree with the findings of Haga and Lino (1998), who compared the sensitivity 

of corn (monocot) and pea (eudicot) tissues to IAA through an  in vitro assay. Corn coleoptile 

elongation could be observed only at an IAA concentration one logarithmic order higher than the 

concentration required to obtain the same effect in pea internodes. Usually, monocot plants are 

more resistant to exogenous auxin action (Aloni and Plotkin, 1985; Scarpella and Meijer, 2004; 

McSteen, 2010). Therefore, higher IAA concentrations are required to observe changes in the 

phenotype of monocot plants than in eudicot models.

This  phenomenon  has  been  explained  in  several  forms.  The  fibrous  composition  of 

adventitious  roots makes  monocot  plants less sensitive to exogenous auxin because it  allows 

hormone degradation before it starts its activity (McSteen, 2010). Masuda (1980) compared oat 

coleoptiles cell wall composition and azuki epicotyls treated with IAA. During the elongation, the 

dicots’  cell  wall  hemicellulose  is  constituted  by  xyloglucans  and  galactans  as  opposed  to 

monocots, which have a higher content of cellulose microfibrils. This could be associated with 

resistance to the exogenous auxin effect. 

On the other hand, two cotyledons facilitate auxin transport during the embryonic stage and 

enable fast tissue differentiation and early growth. In this way, dicot plants are more sensitive to 

the action of exogenous auxins (McSteen, 2010). Most plant endogenous auxins are synthesized 

in the shoot apical meristem (SAM), and the growth of leaves from the SAM is repressed by 

KNOX protein. The latter has an expression area proportional to the distribution of SAM and it is 

downregulated by synthesis or exogenous addition of auxins. The SAM has a well-delimited 

location  at  the  base  of  leaves  in  eudicot  plants.  Thus,  the  expression  of  the  KNOX area  is 

substantially smaller than in monocot plants, where the base of leaves surrounds the pseudostem 

plant circularly and the SAM is spread out (Conklin et al., 2019). Therefore, the auxin stimulus in 

monocot plants must be greater for adequate plant growth.

The growth regulation of monocot and eudicot leaves differs spatially and temporally. The 

SAM is continued by an active division zone, which allows leaf growth. This growth is slowed 

down by the cell cycle arrest front, which appears faster in dicot plants, thus starting the spatial 

regulation by cell expansion. Monocot leaves maintain the division zone longer because they are 

dependent on temporal regulation (Nelissen et al., 2016). The active division zone functionality 

depends on auxin synthesis, flux and signaling; therefore, this characteristic can be associated 

causally with the response of monocot models to higher IAA concentrations.
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The auxin endogenous flux (polar transport and homeostasis) is more efficient in eudicot than 

in monocot plants; they require lower auxin concentrations to express their activity (Balzan et al., 

2014). This efficiency is explained by two points: 1) monocot plants have a greater number of 

auxin transport protein families, which increases the subfunctionalization probability (Balzan et  

al., 2014); 2) the eudicot leaves develop a reticulated interveinal system consisting of a middle 

vein,  lateral  veins,  and  minor  veins,  which  are  configured  in  a  loop  shape  that  feeds  itself 

(McSteen 2010; Conklin  et al.,  2019). Therefore,  epidermally located PIN proteins converge, 

thus improving the efficiency of polar auxin transport. Eventually, it can increase their sensitivity 

to exogenous auxins. 

This does not occur in monocot models, which develop parallel interveinal systems (Conklin 

et  al.,  2019);  however,  although  monocots  are  more  resistant  to  auxin  than  eudicot  plants 

(Scarpella  and  Meijer,  2004;  McSteen,  2010),  the  plant  reticulated  vascularization  has  high 

plasticity.  Some plant  models  do not  fit  into this  generalization  (Scarpella  and Meijer  2004; 

Conklin  et al., 2019;  Chen  et al., 2018). We evaluated other models in preliminary screening, 

e.g., radish responded similarly to eudicots, but the tomato seedlings did not fit this pattern (data 

not shown).

Differential effects of  Lysinibacillus pinottii  sp. nov. PB211 PGPR activity associated with 
the plant models’ auxin resistance

The  PGPR activity  by  PB211  was  expressed  by  cucumber  and  bean  (eudicots)  with  an 

inoculum concentration of 104, opposite to corn and brachiaria (monocots) where PGPR activity 

was observed consistently at 108 (Tab. 1). 

Previously, we discussed the differential effect of the IAA concentration on mono and eudicot 

plant  models.  PB211  auxin  production  has  been  associated  directly  with  its  PGPR  effect 

(Pantoja-Guerra et  al.,  2023a).  Evidence  that  the  inoculum concentration  of  auxin-producing 

bacteria has a dose-effect on plants similar to the exogenous auxin application has been published 

(Malik and Sindhu 2011; Suarez et al., 2014; Mangmang et al., 2015; Kudoyarova et al., 2017; 

Kudoyarova et al., 2019). The different patterns caused by the inoculation of PB211 on the plants 

tested here suggest that the level of plant resistance/sensitivity to exogenous auxins modulates the 

PGPR effect.
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Table  1.  Differential  response  of  mono  and  eudicot  plant  models  to  the  inoculation  of 
Lysinibacillus pinottii  sp. nov. PB211. A, statistical significance of bacterial inoculation on 
plant morphological parameters on monocots and eudicots (mean comparisons by Dunnett 
test).  B,  plant  response  to  a  lower  and  a  higher  inoculum  concentration  of  PB211  on 
eudicots and monocots, respectively. The images of all the experiments can be seen in online 
resource. 

Likewise, the results presented in  online resource indicate that the inoculum concentration 

directly affects the IAA bacterial production in liquid culture. This result agrees with Bharucha et  

al.  (2013),  Kudoyarova  et al.  (2017),  and  Bunsangiam  et al.  (2021) who, from an empirical 

approach, concluded that bacterial IAA production under batch conditions is directly proportional 

to the bacterial concentration in the liquid culture.

Moreover, auxin bacterial production directly or indirectly affects other PGPR mechanisms 

such as ACC deaminase production (Glick et al., 1997; Khan et al., 2016; Duca et al., 2018), and 

phosphorus  bacterial  solubilization  (Ramírez  and  Kloepper  2010;  Kudoyarova  et  al.,  2017), 

among others (Kudoyarova et al., 2019). Therefore, additionally, to the auxin plant resistance, the 

inoculum concentration of IAA-producing bacteria may be linked to other PGPR mechanisms not 

evaluated in this work.
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PB211 auxin-like activity. Effect on corn and cucumber root hairs
The PB211 (108 cfu) inoculation in corn seedlings had an effect similar to the treatment with 

2.5 mg L-¹ IAA on root hairs (Fig. 3). Likewise, the PB211 (104 cfu) inoculation in cucumber 

caused a root hair development similar to the treatment with IAA 0.25 mg·L-¹ (Fig. 4). 

Figure 3. Response of corn seedlings root hairs to PB211_1E8. The effect was compared 
with the IAA treatment (2.5 mg L-¹). A complete randomized trial with ten replicates was 
performed. Significant differences were calculated with Dunnett test. The  P values of the 
control  means  comparison are  shown on each treatment.  The measured variables  were 
average hair  length and hair  density  (number of  hairs  per  mm of  root).  Field  of  view 
diameter: 4,000 µm.
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Figure  4. Response  of  cucumber  seedlings  root  hairs  to  PB211_1E4.  The  effect  was 
compared with the IAA treatment (0.05 mg L-¹).  A complete  randomized trial  with ten 
replicates  was  performed.  Significant  differences  were  calculated  with  Dunnett  test.  P 
values  of  the  control  means  comparison  are  shown  on  each  treatment.  The  measured 
variables were average hair length and hair density (number of hairs per mm of root). Field 
of view diameter: 4000 µm.

In  both  plant  models  (corn  and  cucumber),  each  inoculum  dose  of  PB211  exhibited  a 

comparable  effect  on root  hair  production  to  the dose of  IAA with which it  was  compared, 

thereby providing further evidence of PB211's auxin activity as a PGPR mechanism.
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Root hairs are root surface-modified cells,  they play a key role in nutrient absorption and 

recognition of the environmental factors. Thus, the length and number of root hairs are linked to 

auxin signaling. Some genetic elements responsible for the expression of root hairs depend on 

auxin  signaling  and  respond to  exogenous  auxin  addition,  e.g.,  some auxin  response  factors 

(ARF) (Lee and Cho, 2013; Vissenberg et al., 2020). Therefore, the change in the organization 

pattern of root hairs is a suitable trait to evaluate the auxin effect. This result suggests the auxin 

activity of PB211 on these agronomic models.

Effects  of  endogenous  auxin  signaling  on  the Arabidopsis  thaliana response  to  PB211 
inoculation

The PGPR activity of PB211 on A. thaliana col 0 (wild) after the inoculation of 104 and 106 

cfu was observed. This effect was lost with the 108 cfu treatment, which did not show differences 

with the control. The inoculum concentration generated a parabolic-type growth pattern on wild 

plants (Fig. 5). The 108 treatment caused a similar effect on 0.25 mg L-¹ IAA; however, contrary 

to PB211_108 cfu, the IAA treatment had a significant effect on root architecture variables (Fig. 

5).

Figure 5. Dose-dependent response of A. thaliana col 0 (wild) to the inoculation of PB211. A, 
fresh weight. B, number of lateral roots. C, total root length. The Dunnett test was used to 
perform mean comparisons. The line shows the mean tendencies for each treatment, and 
the gray area shows the confidence interval.

The  PB211  inoculum  concentration  generated  an  exponential-type  growth  pattern  in  A. 

thaliana aux1-7/axr4.2 (mutant). The PGPR activity of PB211 increased proportionally to the 

inoculum  concentration  (Fig.  6).  Only  the  0.25  mg  L-¹  IAA  and  the  108 treatment  had  a 
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significant  effect  on  the  fresh  weight  and  root  architecture  of  mutant  plants  (Fig.  6).  The 

Lysinibacillus pinottii  sp. nov. PB211 PGPR activity on A. thaliana, as well as the role of IAA 

bacterial  production  on  said  activity,  were  previously  demonstrated  (Pantoja-Guerra et  al., 

2023a). However, the inoculum concentration effect on these plant models was unknown.

Figure 6. Dose-dependent response of A. thaliana aux1-7/axr4-2 (mutant) to the inoculation 
of PB211. A, fresh weight. B, number of lateral roots. C, total root length. The Dunnett test 
was  used to  perform mean comparisons.  The  line  shows the  mean tendencies  for  each 
treatment, and the gray area shows the confidence interval.

Arabidopsis thaliana col 0 is a eudicot plant without defects in auxin signaling and transport. 

Therefore, it is more sensitive to exogenous auxin activity than its mutant version aux1-7/axr4-2. 

The PGPR effect of PB211 in wild plants was observed up to 1E6 and it disappeared at 1E8; 

thus, the IAA effect was emulated. This upward growth up to a specific concentration and then 

downward (bell type) is typical of auxin activity on plants  (Woodward, 2005). This effect has 

also been described for the inoculation of auxin-producing bacteria (Suarez, 2014; Kudoyarova et  

al., 2017). These results and reasonings cited here allow us to causally associate the A. thaliana 

col 0 response to PB211 with the auxin sensitivity of the plant model. 

Opposite to wild plants, in the mutant model of A. thaliana aux1-7/axr4-2, the auxin transport 

from the leave meristems to the roots is atrophied. Therefore, an auxin-deficient dwarf phenotype 

plant  with  a  poor  root  system is  generated  (Hobbie  and Estelle,  1995;  Swarup  et  al.,  2004; 

Dharmasiri et al., 2006; Puga-Freitas et al., 2012; Blouin, 2018). This phenotype is more resistant 

to exogenous auxin activity than wild plants due to the lack of IAA in the root system (Hobbie 

and Estelle, 1995). Thus, a high inoculum concentration supplies the auxin amount required to 
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express phenotype changes in mutant plants, and the plant model response to the inoculum is a 

result of its exogenous auxin resistance level.

These results agree with the table 1. Models more resistant to auxins (monocots) showed a 

response similarly to that of  Arabidopsis mutant plants to inoculum concentration. Conversely, 

the more sensitive models (eudicots) showed a growth-promoting effect at 1E4, similar to the 

wild  Arabidopsis plants.  This  evidence  suggests  that  the  resistance/sensitivity  of  plants  to 

exogenous  auxins  could  explain,  at  least  partially,  this  pattern  results.  However,  other 

environmental factors must be considered.

CONCLUSION
The PGPR activity of Lysinibacillus pinottii sp. nov. PB211 varied depending on the plant's 

sensitivity or resistance to exogenous auxins. In cucumber and bean plants, PB211 inoculation 

stimulated  growth at  a concentration of 1E4,  whereas  in corn and brachiaria,  this  effect  was 

consistently  observed  at  10E8.  Similarly,  Arabidopsis  mutant  plants  (aux1-7/axr4-2),  which 

exhibit greater resistance to exogenous auxins than wild-type (Col-0), required higher inoculum 

doses  to  partially  reverse  the  mutant  phenotype.  These  findings  suggest  that  PB211's  PGPR 

activity is modulated by the plant's auxin sensitivity.

This  study provides  evidence  of  the  auxin-resistance  effect  in  certain  plant  models  when 

exposed  to  the  auxin-producing  strain  Lysinibacillus  pinottii sp.  nov.  PB211.  The  results 

highlight that PGPR effectiveness depends on the plant’s ability to respond to auxins, which has 

significant  implications  for  the  formulation  and  application  of  biological  inoculants  in 

agriculture.  Understanding  these  interactions  enables  a  more  targeted  and  efficient  use  of 

microbial  inoculants,  promoting  sustainable  agricultural  practices  and  improving  crop 

productivity.

Conflict of interests: The authors declare that they have no competing interests.

Author’s contributions: M.P.-G., carried out the in-planta experiments and drafted the 

manuscript. C.A.R., reviewed the manuscript. Both authors approved the final version of the 

document.

Funding  statement: The  authors  gratefully  acknowledge  the  Ministry  of  Science  and 

Technology of Colombia for financial  support (Grant Numbers 757-2016 and 934-2023). We 

18

https://doi.org/10.17584/rcch.2025v19i1.18010


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

also  extend  our  sincere  appreciation  to  Drs.  Mark  Liles  and  Kathy  Lawrence  from Auburn 

University for their scientific and logistical support during Manuel Pantoja-Guerra’s internship. 

Additionally,  we  thank  Dr.  C.A.  Dunlap  from  USDA-ARS,  NCAUR,  Crop  Bioprotection 

Research Unit, Peoria, IL, USA, as well as Drs. M. Burkett-Cadena and J. Cadena from Mosaic 

Biosciences for their scientific contributions within the framework of the general project.

Open source research data repository: Online resources RCCH_Pantoja_Guerra (2025).pdf

BIBLIOGRAPHIC REFERENCES 
Aloni,  R.  and  T.  Plotkin.  1985.  Wound-induced  and  naturally  occurring  regenerative 

differentiation  of  xylem  in  Zea  mays L.  Planta  163(1),  126-132.  Doi: 

https://doi.org/10.1007/bf00395906 

Alviar, K.B., K.M.R. Lum, J. Christine, and M.S. Pedro. 2021. Amplification and sequence 

analysis of indole-3-pyruvic acid (IPyA) pathway related genes from Bacillus spp. Biotechnol.

(Faisalabad) 20(1), 22-30. Doi: https://doi.org/10.3923/biotech.2021.22.30 

Balzan,  S.,  G.S. Johal,  and N. Carraro.  2014. The role of auxin transporters  in  monocots 

development. Front. Plant Sci. 5, 393. Doi: https://doi.org/10.3389/fpls.2014.00393 

Bashan,  Y.,  L.E.  De-Bashan,  S.R.  Prabhu,  and J.-P.  Hernandez.  2014.  Advances  in  plant 

growth-promoting bacterial inoculant technology: formulations and practical perspectives (1998–

2013). Plant Soil 378(1), 1-33. Doi: https://doi.org/10.1007/s11104-013-1956-x 

Bharucha, U., K. Patel, and U.B. Trivedi. 2013. Optimization of indole acetic acid production 

by Pseudomonas putida UB1 and its effect as plant growth-promoting rhizobacteria on mustard 

(Brassica nigra). Agric. Res. 2(3), 215-221. Doi: https://doi.org/10.1007/s40003-013-0065-7 

Blázquez, M.A., D.C. Nelson, and D. Weijers. 2020. Evolution of plant hormone response 

pathways. Annu. Rev. Plant Biol. 71(1), 327-353. Doi:  https://doi.org/10.1146/annurev-arplant-

050718-100309 

19

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1146/annurev-arplant-050718-100309
https://doi.org/10.1146/annurev-arplant-050718-100309
https://doi.org/10.1007/s40003-013-0065-7
https://doi.org/10.1007/s11104-013-1956-x
https://doi.org/10.3389/fpls.2014.00393
https://doi.org/10.3923/biotech.2021.22.30
https://doi.org/10.1007/bf00395906
https://unicesareduco-my.sharepoint.com/:b:/g/personal/manuelpantojag_unicesar_edu_co/EZOGmfKqlLJDpbpZN2JcR04Bxd41P_c6Aj7hOJi0BGdZzg?e=CC35s8


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

Blouin, M. 2018. Chemical communication: An evidence for co-evolution between plants and 

soil organisms. Appl. Soil Ecol. 123, 409-415. Doi: https://doi.org/10.1016/j.apsoil.2017.10.028 

Bunsangiam, S., N. Thongpae, S. Limtong, and N. Srisuk. 2021. Large scale production of 

indole-3-acetic  acid  and  evaluation  of  the  inhibitory  effect  of  indole-3-acetic  acid  on  weed 

growth. Sci. Rep. 11(1), 1-13. Doi: https://doi.org/10.1038/s41598-021-92305-w 

Calderon-Villalobos,  L.I.,  X.  Tan,  N.  Zheng,  and  M.  Estelle.  2010.  Auxin  perception--

structural  insights.  Cold  Spring  Harb.  Perspect.  Biol.  2(7),  a005546.  Doi: 

https://doi.org/10.1101/cshperspect.a005546 

Cao,  J.,  G.  Li,  D.  Qu,  X.  Li,  and  Y.  Wang.  2020.  Into  the  seed:  Auxin  controls  seed 

development  and  grain  yield.  Int.  J.  Mol.  Sci.  21(5),  1662.  Doi: 

https://doi.org/10.3390/ijms21051662 

Castellano‐Hinojosa, A., V. Pérez‐Tapia, E.J. Bedmar, and N. Santillana. 2018. Purple corn-

associated rhizobacteria with potential for plant growth promotion. J. Appl. Microbiol. 124(5), 

1254-1264. Doi: https://doi.org/10.1111/jam.13708 

Chapman, E.J. and M. Estelle. 2009. Mechanism of auxin-regulated gene expression in plants. 

Annu. Rev. Genet. 43(1), 265-285. Doi: https://doi.org/10.1146/annurev-genet-102108-134148 

Chen, Y., Y. Xie, C. Song, L. Zheng, X. Rong, L. Jia, L. Luo, C. Zhang, X. Qu, and W. Xuan. 

2018. A comparison of lateral root patterning among dicot and monocot plants. Plant Sci. 274, 

201-211. Doi: https://doi.org/10.1016/j.plantsci.2018.05.018 

Conklin, P.A., J. Strable, S. Li, and M.J. Scanlon. 2019. On the mechanisms of development 

in  monocot  and  eudicot  leaves.  New  Phytol.  221(2),  706-724.  Doi: 

https://doi.org/10.1111/nph.15371 

Dharmasiri,  S.,  R.  Swarup,  K.  Mockaitis,  N.  Dharmasiri,  S.K.  Singh,  M.  Kowalchyk,  A. 

Marchant,  S.  Mills,  G.  Sandberg,  M.J.  Bennett,  and M. Estelle.  2006. AXR4 is  required for 

20

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1111/nph.15371
https://doi.org/10.1016/j.plantsci.2018.05.018
https://doi.org/10.1146/annurev-genet-102108-134148
https://doi.org/10.1111/jam.13708
https://doi.org/10.3390/ijms21051662
https://doi.org/10.1101/cshperspect.a005546
https://doi.org/10.1038/s41598-021-92305-w
https://doi.org/10.1016/j.apsoil.2017.10.028


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

localization  of  the  Auxin  Influx  Facilitator  AUX1.  Science  312(5777),  1218-1220. Doi: 

https://doi.org/10.1126/science.1122847 

Duca, D.R., D.R. Rose, and B.R. Glick. 2018. Indole acetic acid overproduction transformants 

of the rhizobacterium  Pseudomonas sp. UW4. Antonie Van Leeuwenhoek 111(9), 1645-1660. 

Doi: https://doi.org/10.1007/s10482-018-1051-7 

Dunlap,  C.A.,  E.T.  Johnson,  M.  Burkett-Cadena,  J.  Cadena,  and  E.J.  Muturi.  2024. 

Lysinibacillus  pinottii sp.  nov.,  a  novel  species  with anti-mosquito  and anti-mollusk activity. 

Antonie van Leeuwenhoek 117(1), 100. Doi: https://doi.org/10.1007/s10482-024-01993-7 

Fendrych, M., M. Akhmanova, J. Merrin, M. Glanc, S. Hagihara, K. Takahashi, N. Uchida, 

K.U.  Torii,  and  J.  Friml.  2018. Rapid  and  reversible  root  growth  inhibition  by  TIR1  auxin 

signalling. Nat. Plants 4(7), 453-459. Doi: https://doi.org/10.1038/s41477-018-0190-1 

Glick,  B.R.,  C.  Liu,  S.  Ghosh,  and  E.B.  Dumbroff.  1997.  Early  development  of  canola 

seedlings in the presence of the plant  growth-promoting rhizobacterium  Pseudomonas putida 

GR12-2.  Soil  Biol.  Biochem.  29(8),  1233-1239.  Doi:  https://doi.org/10.1016/s0038-

0717(97)00026-6 

Haga,  K.  and  M.  Lino.  1998. Auxin-growth  relationships  in  maize  coleoptiles  and  pea 

internodes and control by auxin of the tissue sensitivity to auxin. Plant Physiol. 117(4), 1473-

1486. Doi: https://doi.org/10.1104/pp.117.4.1473 

Hobbie, L. and M. Estelle. 1995. The axr4 auxin-resistant mutants of  Arabidopsis thaliana 

define a gene important for root gravitropism and lateral root initiation. Plant J. 7(2), 211-220. 

Doi: https://doi.org/10.1046/j.1365-313X.1995.7020211.x 

Jinal,  H.N.,  K.  Gopi,  K.  Kumar,  and  N.  Amaresan.  2021.  Effect  of  zinc-resistant 

Lysinibacillus species inoculation on growth, physiological properties, and zinc uptake in maize 

(Zea mays L.). Environ. Sci. Pollut. Res. 28(6), 6540-6548. Doi: https://doi.org/10.1007/s11356-

020-10998-4 

21

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1007/s11356-020-10998-4
https://doi.org/10.1007/s11356-020-10998-4
https://doi.org/10.1046/j.1365-313X.1995.7020211.x
https://doi.org/10.1104/pp.117.4.1473
https://doi.org/10.1016/s0038-0717(97)00026-6
https://doi.org/10.1016/s0038-0717(97)00026-6
https://doi.org/10.1038/s41477-018-0190-1
https://doi.org/10.1007/s10482-024-01993-7
https://doi.org/10.1007/s10482-018-1051-7
https://doi.org/10.1126/science.1122847


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

Kaminsky, L.M., R.V. Trexler, R.J. Malik, K.L. Hockett, and T.H. Bell. 2019. The inherent 

conflicts  in  developing  soil  microbial  inoculants.  Trends  Biotechnol.  37(2),  140-151. Doi: 

https://doi.org/10.1016/j.tibtech.2018.11.011 

Khan, A.L., B.A. Halo, A. Elyassi, S. Ali, K. Al-Hosni, J. Hussain, A. Al-Harrasi, and I.-J.  

Lee. 2016. Indole acetic acid and ACC deaminase from endophytic bacteria improves the growth 

of  Solanum  lycopersicum.  Electron.  J.  Biotechnol.  21,  58-64.  Doi: 

https://doi.org/10.1016/j.ejbt.2016.02.001 

Kim,  W.-J.  and  H.-G.  Song.  2012.  Interactions  between  biosynthetic  pathway  and 

productivity  of  IAA  in  some  rhizobacteria.  Korean  J.  Microbiol.  48(1),  1-7.  Doi: 

https://doi.org/10.7845/kjm.2012.48.1.001 

Kremer, R.J. 2007. Deleterious Rhizobacteria. pp. 335-357. In: Gnanamanickam, S.S. (ed.). 

Plant-associated  bacteria.  Springer,  Dordrecht.  Doi:  https://doi.org/10.1007/978-1-4020-4538-

7_10 

Kudoyarova,  G.,  T.  Arkhipova, T.  Korshunova, M. Bakaeva,  O. Loginov,  and I.C. Dodd. 

2019.  Phytohormone  mediation  of  interactions  between  plants  and  Non-Symbiotic  growth 

promoting  bacteria  under  edaphic  stresses.  Front.  Plant  Sci.  10,  1368.  Doi: 

https://doi.org/10.3389/fpls.2019.01368 

Kudoyarova, G.R., L.B. Vysotskaya, T.N. Arkhipova, L.Yu. Kuzmina, N.F. Galimsyanova, 

L.V.  Sidorova,  I.M.  Gabbasova,  A.I.  Melentiev,  and  S.Yu.  Veselov.  2017.  Effect  of  auxin 

producing and phosphate solubilizing bacteria on mobility of soil phosphorus, growth rate, and P 

acquisition  by  wheat  plants.  Acta  Physiol.  Plant.  39(11),  1-8.  Doi: 

https://doi.org/10.1007/s11738-017-2556-9 

Kumar, M., V.P. Giri, S. Pandey, A. Gupta, M.K. Patel, A.B. Bajpai, S. Jenkins, and K.H.M. 

Siddique. 2021. Plant-Growth-Promoting rhizobacteria emerging as an effective bioinoculant to 

improve the growth, production, and stress tolerance of vegetable crops. Int. J. Mol. Sci. 22(22), 

22

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1007/s11738-017-2556-9
https://doi.org/10.3389/fpls.2019.01368
https://doi.org/10.1007/978-1-4020-4538-7_10
https://doi.org/10.1007/978-1-4020-4538-7_10
https://doi.org/10.7845/kjm.2012.48.1.001
https://doi.org/10.1016/j.ejbt.2016.02.001
https://doi.org/10.1016/j.tibtech.2018.11.011


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

12245. Doi: https://doi.org/10.3390/ijms222212245 

Kunkel, B.N. and C.P. Harper. 2018. The roles of auxin during interactions between bacterial 

plant  pathogens  and  their  hosts.  J.  Exp.  Bot.  69(2),  245-254. Doi: 

https://doi.org/10.1093/jxb/erx447 

Lavy, M. and M. Estelle. 2016. Mechanisms of auxin signaling. Development 143(18), 3226-

3229. Doi: https://doi.org/10.1242/dev.131870 

Lee,  R.D.-W.  and H.-T.  Cho.  2013.  Auxin,  the  organizer  of  the  hormonal/environmental 

signals for root hair growth. Front. Plant Sci. 4, 448. Doi: https://doi.org/10.3389/fpls.2013.00448 

Lobet,  G.,  L.  Pagès,  and  X.  Draye.  2011.  A  novel  image-analysis  toolbox  enabling 

quantitative  analysis  of  root  system  architecture.  Plant  Physiol.  157(1),  29-39. Doi: 

https://doi.org/10.1104/pp.111.179895 

Lobet, G., M.P. Pound, J. Diener, C. Pradal, X. Draye, C. Godin, M. Javaux, D. Leitner, F. 

Meunier, P. Nacry, T.P. Pridmore, and A. Schnepf. 2015. Root system markup language: toward 

a  unified  root  architecture  description  language.  Plant  Physiol.  167(3),  617-627.  Doi: 

https://doi.org/10.1104/pp.114.253625 

Malik, D.K. and S.S. Sindhu. 2011. Production of indole acetic acid by  Pseudomonas sp.: 

effect of coinoculation with Mesorhizobium sp. Cicer on nodulation and plant growth of chickpea 

(Cicer arietinum). Physiol. Mol. Biol. Plants 17(1), 25-32. Doi:  https://doi.org/10.1007/s12298-

010-0041-7 

Mangmang,  J.S.,  R.  Deaker  and  G.  Rogers.  2015.  Optimal  plant  growth-promoting 

concentration of Azospirillum brasilense inoculated to cucumber, lettuce and tomato seeds varies 

between  bacterial  strains.  Isr.  J.  Plant  Sci.  62(3),  145-152.  Doi: 

https://doi.org/10.1080/07929978.2015.1039290 

Masuda, Y. 1980. Auxin-induced changes in noncellulosic polysaccharides of cell walls of 

23

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1080/07929978.2015.1039290
https://doi.org/10.1007/s12298-010-0041-7
https://doi.org/10.1007/s12298-010-0041-7
https://doi.org/10.1104/pp.114.253625
https://doi.org/10.1104/pp.111.179895
https://doi.org/10.3389/fpls.2013.00448
https://doi.org/10.1242/dev.131870
https://doi.org/10.1093/jxb/erx447
https://doi.org/10.3390/ijms222212245


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

monocot coleoptiles and dicot stems. pp. 79-89. In: Proc. 10th International Conference on Plant 

Growth Substances, Madison, WI. Doi: https://doi.org/10.1007/978-3-642-67720-5_7 

McSteen, P. 2010. Auxin and monocot development. Cold Spring Harb. Perspect. Biol. 2(3), 

a001479. Doi: https://doi.org/10.1101/cshperspect.a001479 

Mohite, B. 2013. Isolation and characterization of indole acetic acid (IAA) producing bacteria 

from rhizospheric soil and its effect on plant growth. J. Soil Sci. Plant Nutr. 13(3), 638-649. Doi: 

https://doi.org/10.4067/s0718-95162013005000051 

Moller,  B. and D. Weijers.  2009. Auxin control  of embryo patterning.  Cold Spring Harb. 

Perspect. Biol. 1(5), a001545. Doi: https://doi.org/10.1101/cshperspect.a001545 

Naureen, Z., N.U. Rehman, H. Hussain, J. Hussain, S.A. Gilani, S.K.A. Housni, F. Mabood, 

A.L.  Khan,  S.  Farooq,  G.  Abbas,  and  A.A.  Harrasi.  2017.  Exploring  the  potentials  of 

Lysinibacillus  sphaericus ZA9  for  plant  growth  promotion  and  biocontrol  activities  against 

phytopathogenic fungi. Front. Microbiol. 8, 1477. Doi: https://doi.org/10.3389/fmicb.2017.01477 

Nehl, D.B., S.J. Allen, and J.F. Brown. 1997. Deleterious rhizosphere bacteria: an integrating 

perspective. Appl. Soil Ecol. 5(1), 1-20. Doi: https://doi.org/10.1016/S0929-1393(96)00124-2 

Nelissen,  H.,  N.  Gonzalez,  and  D.  Inzé.  2016. Leaf  growth  in  dicots  and  monocots:  so 

different  yet  so  alike.  Curr.  Opin.  Plant  Biol.  33,  72-76. Doi: 

https://doi.org/10.1016/j.pbi.2016.06.009  

Overvoorde, P., H. Fukaki, and T. Beeckman. 2010. Auxin control of root development. Cold 

Spring Harb. Perspect. Biol. 2(6), a001537. Doi: https://doi.org/10.1101/cshperspect.a001537 

Pal,  A.K.  and  C.  Sengupta.  2019. Isolation  of  cadmium  and  lead  tolerant  plant  growth 

promoting rhizobacteria: Lysinibacillus varians and Pseudomonas putidafrom Indian agricultural 

soil.  Soil  Sediment  Contam.  Int.  J.  28(7),  601-629.  Doi: 

https://doi.org/10.1080/15320383.2019.1637398 

24

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1080/15320383.2019.1637398
https://doi.org/10.1101/cshperspect.a001537
https://doi.org/10.1016/j.pbi.2016.06.009
https://doi.org/10.1016/S0929-1393(96)00124-2
https://doi.org/10.3389/fmicb.2017.01477
https://doi.org/10.1101/cshperspect.a001545
https://doi.org/10.4067/s0718-95162013005000051
https://doi.org/10.1101/cshperspect.a001479
https://doi.org/10.1007/978-3-642-67720-5_7


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

Pantoja-Guerra, M., M. Burkett-Cadena, J. Cadena, C.A. Dunlap, and C.A. Ramírez.  2023a. 

Lysinibacillus spp.: an IAA-producing endospore forming-bacteria that promotes plant growth. 

Antonie van Leeuwenhoek 116(7), 615-630. Doi: https://doi.org/10.1007/s10482-023-01828-x 

Pantoja-Guerra,  M., N. Valero-Valero,  and C.A. Ramírez.  2023b. Total  auxin level in the 

soil–plant system as a modulating factor for the effectiveness of PGPR inocula: A review. Chem. 

Biol. Technol. Agric. 10(1), 6. Doi: http://doi.org/10.1186/s40538-022-00370-8  

Patten, C.L., A.J.C. Blakney, and T.J.D. Coulson. 2013. Activity, distribution and function of 

indole-3-acetic acid biosynthetic pathways in bacteria. Crit. Rev. Microbiol. 39(4), 395-415. Doi: 

https://doi.org/10.3109/1040841X.2012.716819 

Perrot-Rechenmann, C. 2010. Cellular responses to auxin: division versus expansion. Cold 

Spring Harb. Perspect. Biol. 2(5), a001446. Doi: https://doi.org/10.1101/cshperspect.a001446 

Phukan, J., J. Deka, K. Kurmi, and S. Kalita. 2021. Deleterious rhizobacteria as a potential 

bioherbicide-a  review.  Int.  J.  Agric.  Environ.  Sci.  8(2),  1-5.  Doi: 

https://doi.org/10.14445/23942568/ijaes-v8i2p101 

Puga-Freitas, R., S. Barot, L. Taconnat, J.-P. Renou, and M. Blouin. 2012. Signal molecules 

mediate  the  impact  of  the  earthworm  Aporrectodea  caliginosa on  growth,  development  and 

defence  of  the  plant  Arabidopsis  thaliana.  PLoS  One  7(12),  e49504.  Doi: 

https://doi.org/10.1371/journal.pone.0049504 

Ramírez,  C.A.  and  J.W.  Kloepper.  2010.  Plant  growth  promotion  by  Bacillus  

amyloliquefaciens FZB45 depends on inoculum rate and P-related soil properties. Biol. Fertil. 

Soils 46(8), 835-844. Doi: https://doi.org/10.1007/s00374-010-0488-2 

Rivero, L., R. Scholl, N. Holomuzki, D. Crist, E. Grotewold, and J. Brkljacic. 2014. Handling 

Arabidopsis plants: growth, preservation of seeds, transformation, and genetic crosses. pp. 3-25. 

In:  Sanchez-Serrano,  J.  and  J.  Salinas  (eds.).  Arabidopsis  protocols.  Methods  in  molecular 

25

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1007/s00374-010-0488-2
https://doi.org/10.1371/journal.pone.0049504
https://doi.org/10.14445/23942568/ijaes-v8i2p101
https://doi.org/10.1101/cshperspect.a001446
https://doi.org/10.3109/1040841X.2012.716819
http://doi.org/10.1186/s40538-022-00370-8
https://doi.org/10.1007/s10482-023-01828-x


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

biology. Vol. 1062. Humana Press, Totowa, NJ. Doi:  https://doi.org/10.1007/978-1-62703-580-

4_1 

Růzicka, K., K. Ljung, S. Vanneste, R. Podhorska, T. Beeckman, J. Friml, and E. Benkova. 

2007. Ethylene  regulates  root  growth  through  effects  on  auxin  biosynthesis  and  transport-

dependent  auxin  distribution.  Plant  Cell  19(7),  2197-2212. Doi: 

https://doi.org/10.1105/tpc.107.052126 

Scarpella, E. and A.H. Meijer. 2004. Pattern formation in the vascular system of monocot and 

dicot  plant  species.  New  Phytol.  164(2),  209-242. Doi:  https://doi.org/10.1111/j.1469-

8137.2004.01191.x 

Shao, J., S. Li, N. Zhang, X. Cui, X. Zhou, G. Zhang, Q. Shen, and R. Zhang. 2015. Analysis 

and cloning of the  synthetic  pathway of  the phytohormone indole-3-acetic  acid  in the  plant-

beneficial  Bacillus  amyloliquefaciens SQR9.  Microb.  Cell  Fact.  14(1),  130.  Doi: 

https://doi.org/10.1186/s12934-015-0323-4 

Spaepen, S., S. Bossuyt, K. Engelen, K. Marchal, and J. Vanderleyden. 2014. Phenotypical 

and molecular responses of Arabidopsis thaliana roots as a result of inoculation with the auxin-

producing  bacterium  Azospirillum  brasilense.  New  Phytol.  201(3),  850-861.  Doi: 

https://doi.org/10.1111/nph.12590 

Suarez, D.E.C., A. Gigon, R. Puga-Freitas, P. Lavelle, E. Velasquez, and M. Blouin. 2014. 

Combined  effects  of  earthworms  and  IAA-producing  rhizobacteria  on  plant  growth  and 

development. Appl. Soil Ecol. 80, 100-107. Doi: https://doi.org/10.1016/j.apsoil.2014.04.004 

Swarup, R., J. Kargul, A. Marchant, D. Zadik, A. Rahman, R. Mills, A. Yemm, S. May, L. 

Williams,  P.  Millner,  S.  Tsurumi,  I.  Moore,  R.  Napier,  I.D.  Kerr,  and  M.J.  Bennett.  2004. 

Structure-function analysis of the presumptive  Arabidopsis auxin permease AUX1. Plant Cell 

16(11), 3069-3083. Doi: https://doi.org/10.1105/tpc.104.024737 

26

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.1105/tpc.104.024737
https://doi.org/10.1016/j.apsoil.2014.04.004
https://doi.org/10.1111/nph.12590
https://doi.org/10.1186/s12934-015-0323-4
https://doi.org/10.1111/j.1469-8137.2004.01191.x
https://doi.org/10.1111/j.1469-8137.2004.01191.x
https://doi.org/10.1105/tpc.107.052126
https://doi.org/10.1007/978-1-62703-580-4_1
https://doi.org/10.1007/978-1-62703-580-4_1


Accepted 
manuscript  

Pantoja-Guerra, M. and C.A. Ramírez. 2025. Modulating the PGPR activity of Lysinibacillus  
pinottii sp. nov. PB211 through plant sensitivity/resistance to exogenous auxins. Revista 

Colombiana de Ciencias Hortícolas 19(1), e18010. Doi: 
https://doi.org/10.17584/rcch.2025v19i1.18010

Tabassum, B., A. Khan, M. Tariq, M. Ramzan, M.S.I. Khan, N. Shahid, and K. Aaliya. 2017. 

Bottlenecks in commercialisation and future prospects of PGPR. Appl. Soil Ecol. 121, 102-117. 

Doi: https://doi.org/10.1016/j.apsoil.2017.09.030 

Vanneste,  S.  and J.  Friml.  2009. Auxin:  a  trigger  for  change  in  plant  development.  Cell 

136(6), 1005-1016. Doi: https://doi.org/10.1016/j.cell.2009.03.001 

Vernoux, T., F. Besnard, and J. Traas. 2010. Auxin at the shoot apical meristem. Cold Spring 

Harb. Perspect. Biol. 2(4), a001487. Doi: https://doi.org/10.1101/cshperspect.a001487 

Vissenberg, K., N. Claeijs, D. Balcerowicz, and S. Schoenaers. 2020. Hormonal regulation of 

root hair growth and responses to the environment in Arabidopsis. J. Exp. Bot. 71(8), 2412-2427. 

Doi: https://doi.org/10.1093/jxb/eraa048 

Woodward, A.W. 2005. AuxIn: Regulation, action, and interaction. Ann. Bot. 95(5), 707-735. 

Doi: https://doi.org/10.1093/aob/mci083 

Yue, J.,  X. Hu, and J. Huang. 2014. Origin of plant auxin biosynthesis. Trends Plant Sci. 

19(12), 764-770. Doi: https://doi.org/10.1016/j.tplants.2014.07.004 

Zhang, P., T. Jin, S.K. Sahu, J. Xu, Q. Shi, H. Liu, and Y. Wang. 2019. The distribution of 

tryptophan-dependent  indole-3-acetic  acid  synthesis  pathways in  bacteria  unraveled  by large-

scale genomic analysis. Molecules 24(7), 1411. Doi: https://doi.org/10.3390/molecules24071411 

27

https://doi.org/10.17584/rcch.2025v19i1.18010
https://doi.org/10.3390/molecules24071411
https://doi.org/10.1016/j.tplants.2014.07.004
https://doi.org/10.1093/aob/mci083
https://doi.org/10.1093/jxb/eraa048
https://doi.org/10.1101/cshperspect.a001487
https://doi.org/10.1016/j.cell.2009.03.001
https://doi.org/10.1016/j.apsoil.2017.09.030

	Bacterial strain
	IAA bacterial production
	Effect of IAA on plant models with differential sensitivity to auxins
	Effect of PB211 on plant models with differential sensitivity to auxins
	Effect of PB211 inoculum concentration on plant growth of Arabidopsis thaliana col 0 and the mutant aux1-7/axr4-2
	Statistical analysis
	IAA bacterial production by PB211
	Effect of IAA on plant models with differential sensitivity to auxins
	Differential effects of Lysinibacillus pinottii sp. nov. PB211 PGPR activity associated with the plant models’ auxin resistance


