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Abstract 

More than twenty fires over the last ten years have affected El Noviciado estate located in 

Cerro Majuy, Cota, Colombia; fires led to soil nutrient lost and infertility. Lysinibacillus sphaericus, a 

gram-positive, mesophilic and spore-forming bacterium, can be used in soil nutrients enrichment 

within re-plantation processes, given its ability to fix nitrogen, nitrify and solubilize phosphorus, 

increasing soil nutrients that are taken for plant growth. In this study, we evaluated the soil-enrichment 

potential of L. sphaericus by monitoring the nutrients content of a selected fragment of soil in El 

Noviciado estate. For this purpose, we added a mixture of L. sphaericus OT4b.31, OT4b.49, CBAM5, 

III(3)7 and 2362 strains and determined the ammonium, nitrites, nitrates, phosphorus an indoleacetic 

acid concentrations in soil. Also, we transplanted seedlings of Alnus acuminata sbsp. acuminata, 

which is a native model plant known for its restoration effect. Results indicated that soil with L. 

sphaericus added presented higher ammonium, nitrites, nitrates, phosphorus and indoleacetic acid 

concentrations than control soil. Additionally, the analysis for the presence of a molybdenum 

transporter gene showed band size products between 400-500 bp., indicating the possible existence of 

the nitrogenase traditional complex in all the L. sphaericus strains evaluated. 

Keywords: Alnus acuminata sbsp. Acuminata, plant growth-promoting bacteria (PGPB), soil 

enrichment 
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Introduction 

El Noviciado estate is located in Cerro Majuy at Cota municipality (4°50'19.7"N, 

74°05'31.9"W). It is classified as cool savanna and it is placed in a latitude of 2550-2975 

m.a.s.l. This place presents a mean precipitation of 800mm3 a year and a mean temperature of 

13.5 ºC, ranged from 5 to 14 ºC. The region has two rainy periods a year, one from April to 

May and other from September to December and two drought periods a year, one from 

January to February and the other from July to August. The estate consists of 331 ha. and it is 

situated in an Andean bioclimatic floor, which has a characteristic hilly landscape and Andean 

forest vegetation. The soil in there is classified as half-dry, which consists of 57% clay and 

sandstone. It has also a great content of cinder and organic matter, but its fertility is very low 

[1]. 

As it is known, fires have different effects over the soil; there are physical effects such as 

changes on pore size, water repellency or aggregates stability. There are also chemical effects 

such as changes in nutrients and minerals availability, in pH and in N:C taxa in soil, which 

can decrease from 60 to 80% after a long fire. There are finally biological effects over 

biomass productivity and microbial composition, which can decrease until zero, excluding 

resistance structures [2]. All of these effects are related, for example, the lost of topsoil 

reduces the number of plant-associated microorganisms that help plant growth, by making 

nutrients available in soil [3]. El Noviciado estate have been affected by more than twenty 

fires over the last ten years, having the most important one in 2013, which caused the 

complete lost of 65 forests ha. and severe damages over soil nutrients content and fertility [1]. 

Lysinibacillus sphaericus is a spore-forming, aerobic and mesophilic Gram-positive 

bacterium. previous studies have reported the isolation of the bacteria from soil and water and 

its activity as a plant growth-promoting bacterium (PGPB), since it has the ability to fix 

nitrogen, nitrify and solubilize phosphorus, increasing soil nutrients that are taken for plant 
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growth. There are also reports of L. sphaericus as a phytohormones production promoter, 

such as indoleacetic acid (IAA) [4], involved in the radicular plant growth and nutrients 

taking ability [5]. Despite some PGPBs such as Pseudomonas aeruginosa have been reported 

as a good soil nutrients enhancer for re-plantation of damaged soils [3], there are no reports of 

L. sphaericus action and effects over fire-impacted soils nutrients and its role in re-plantation. 

Although strains OT4b.31, CBAM5 and III(3)7 genomes contains annotated genes that 

are involved in nitrogen cycling [4][6][7][8], there are no reports about the nitrogenase 

complex present in this microorganism. However, L. sphaericus have many annotated 

molybdenum and iron transport genes [9], suggesting the presence of a traditional 

molybdenum nitrogenase, which requires a Fe-Mo cofactor binding in its active site for the 

recognition and reduction of the N2 [10].  

Alnus acuminata sbsp. acuminata is a native tree distributed in the Americas, from 

Mexico to north Argentina. This plant can be found in high and middle Mountain and in 

Colombia it is found in Central and East mountains. A. acuminata forms the known fog 

forests present in Andean forests given its ability to establish in dry, wet and very wet areas. 

The importance of this tree is based on its restoring effect when reforesting, which consist of 

an improvement of soil fertility, the formation of litter cover that increases the organic matter 

in soil, the soil conservation and slopes stabilization and the nitrogen fixing capacity by 

forming symbiotic nodules. In addition, A. acuminata sbsp. acuminata exhibits a fast growth, 

few branching and can grow until 40 m high and 60 cm diameter. It also presents a good 

adaptability to nutrient-poor, sandy and clayey soils [11]. 

 For this reasons, the aim of this study was determining the effect of L. sphaericus over 

fire-impacted soil nutrients while re-planting. For the purpose a fragment of fire-impacted soil 

in El Noviciado estate was selected and its nitrogen (ammonium, nitrates and nitrites), 

phosphorus and IAA content was monitored after a mixture of L. sphaericus OT4b.31, 
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OT4b.49, CBAM5, III(3)7 and 2362 strains was added, while re-planting with Alnus 

acuminata, sbsp acuminata. The analysis for the presence of a molybdenum transporter gene 

was also carried out. 

Materials and methods 

Alnus acuminata sbps acuminata seedlings selection 

60 Alnus acuminata sbsp. acuminata seedlings were transplanted for the re-plantation 

of a fragment of fire-impacted soil in El Noviciado estate. Then, two different treatments, 

each one with 15 seedlings and their respective controls were designed: 1. Pre-inoculated 

seedlings with mixture of L. sphaericus strains and grown during four months in greenhouse 

(PS+I), 2. Pre-inoculated seedlings control grown during four months in greenhouse with no 

strains mixture added (PS), 3. Inoculated seedlings with mixture of L. sphaericus strains 

(S+I), 4. Inoculated seedlings control with nither strains mixture added nor greenhouse grown 

(S). Trees transplanting was made the first day of august, randomly distributed in a fragment 

of 40 x 25 m (length x width) of  fire impacted soil at El Noviciado estate. Each plant was 

watered with 400 mL, where consortium was added for CIS and CSC treatments. 

Tabla 1.  Treatments 
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L. sphaericus strains mixture obtaining 

L. sphaericus strains OT4b.31 and OT4b.49 was isolated in Colombia from 

coleopteran larvae, strain III(3)7 was isolated in Colombia from oak forest soil, the WHO 

reference strain 2362 was kindly donated by A. Delécluse from the Pasteur Institute (Charles, 

Nielson-LeRoux & Delécluse, 1996) and strain CBAM5 was isolated from subsurface soil of 

oil well explorations in the Easter Planes of Colombia [7]. 

An overnight (ON) liquid culture in nutrient broth (Oxoid) was made for each strain 

for 16 h. From every overnight each strain was then cultivated in six trays containing 500 mL 

of SPC agar and incubated for 24 h. The inoculum from the trays was collected, re-suspended 

on a 0.85% saline solution and cooled while brought to field. In the estate the inoculum of 

each strain was diluted on one 16 L water pail, 400 mL were used to water each of the 30 

seedling corresponding to PS+I and S+I  treatments. 

Nutrients determination 

Three compound soil samples were collected per treatment every third week, starting 

from week zero (the day that seedlings were transplanting and before inoculating the L. 

sphaericus strains mixture) to week twelve.  Each sample consisted of ~40g soil collected 

from the bottom of 3 seedlings for treatment (9 seedlings bottom soil sampled for treatment) 

and a total of 36 soil samples were taken for each time (12 compound samples). 

  Ammonium, nitrites, nitrates and phosphorus concentrations on soil samples were 

determined using commercial Merck Test kits refs. 114752 (0.010 - 3.00 mg/L NH4), N.D, 

109713 (0.4 - 110.7 mg/L NO3) and 114848 (0.0057 - 11.46 mg/L PO4), respectively. 

Indoleacetic acid concentrations on soil samples were carried out following the 

protocol suggested by Sarwar et al. (1992) for the colorimetric determination of auxins [5], 

skipping tryptophan addition, since L. sphaericus presents a tryptophan operon [20] 
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cultivable bacterial titles were also determined for each sample by  plating method on 

SPC agar. 

Molybdenum transporter gene presence 

L. sphaericus strains OT4b.31, OT4b.49, CBAM5, III(3)7 and, 2362 were cultivated 

on SPC agar on Petri dishes and incubated for 24 h. A PCR for molybdenum transported 

annotated gene amplification directly from colony was carried out for each strain using the 

following primers: 5’ TTTGGTCTCCTCTTAGGCTTTC 3’ and 5’ 

CTCCCGAAACAAGAGCCTTTA 3’. From PCR products an electrophoresis was run at 70V 

for 50 min using a 1% agarose gel. 

Statistical analysis  

The R v3.1.1 statistical software was used for analysis (R Core Team, 2016). To 

evaluate the normal distribution of the obtained data, for ammonium, nitrites, nitrates, 

phosphorus and IAA concentrations, Shapiro-Wilcoxon test was used (Korkmaz, 2015). an 

Analysis of variance (ANOVA) or a Kruskal-Wallis test was used to determine significant 

differences between treatments and control with no bacteria (α=0.05), depending on the 

normality distribution test results.  
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Results and Discussion 

Nutrients determination 

 

Figure 1. a. Cultivable bacterial title,  b. Free phosphorous concentration, c. Ammonium 

concentration, d. Nitrites concentration, e. Nitrates concentration and f. Indoleacetic acid 

concentration for each treatment across time. Means within a time measured followed by the 

same letter are not significantly different according to Tukey-Kramer test. 

a b 

c d	

e f 
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Free phosphorus concentrations increased in soil samples where L. sphaericus was 

added, in contrast to the observed for the control soils (Fig 1.b, ANOVA: F = 4.244, P = 

0.0453). Thus, bacterial count also increased in this time period (Fig 1.a, ANOVA: F = 40.37, 

P < 0.001), indicating that there might be a relation between the action of bacterium and the 

phosphorus concentrations in soil, probably due to its role in solubilizing this nutrient 

[12][13]. Taking into account that phosphorus is an essential macronutrient that determines 

plant growth [14], the role of microorganisms in this nutrient cycling is very important and it 

can determines a fire-impacted soil re-plantation process. Phosphorus in soil is mostly find in 

an insoluble form or associated with oxides of Fe, Al and Mn, which are difficult to assimilate 

by plants [14]. The role of PGPBs in this nutrient cycling consists of their capacity of 

synthesize organic acids, as a consequence, soil acidification leads to phosphorus release from 

mineral phosphate and it becomes soluble and available for plants taking [14][15]. 

Particularly in this study, treatment S+I,  where the plant growth-promoting bacterium 

L. sphaericus was added, showed a free phosphorus concentration increase from week 0 to 

week 12, contrary to the observed in treatment PS+I, where the free phosphorus concentration 

in week 12 was not higher than the found for week 0 (Fig. 1b). Probably, this occurred 

because the PS+I treatment already had slightly high concentrations of the nutrient  by week 0 

as a result of L. sphaericus activity on soil, since it was inoculated previously to the 

transplanting date. However, in both treatments, S+I and PS+I  there was an oscillating 

pattern similar to the one described by Rodríguez & Fraga, where a variation in phosphorus 

levels rise to peaks and troughs. They propose as an explanation, that after the nutrient 

increased, the consequent decrease in phosphorus concentrations is the result of the uptaken 

of the nutrient as a source by plants and soil microorganisms [14][16]. 

We found a relationship between the ammonium, nitrites and nitrates concentrations in 

cases where L. sphaericus was added. By week 3 the nitrites concentrations were higher in 
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soil than other nitrogen forms, given that we found low concentrations of ammonium and 

nitrates at the same week. When ammonium concentrations increased, the nitrites decreased, 

while nitrates also increased (Fig 1.c, 1.d and 1.e). It can be explained by the fact that nitrites 

are the most inestable nitrogen form [17]. In this sense, when nitrogen is fixed in form of 

ammonium, nitrifying bacterias in soil turn ammonium into nitrites, but they are rapidly 

transform into nitrates that can then be taken by the seedlings [4]. Despite the oscillations on 

all the nitrogen-forms concentrations (ammonium, nitrites and nitrates) in treatments PS+I 

and S+I, there was an increase from week 0 to week 12 for all of nutrient forms in soil in 

contrast to control soils,  reflecting the bacterial activity and its role in nitrogen cycling (Fig. 

1.c, ANOVA: F = 43.34, P < 0.001, Fig. 1.d, ANOVA: F = 10.96, P = 0.003 and Fig. 1.e, 

ANOVA: F = 14.54, P = 0.001) [18][19]. This results are supported by a previous study, 

where it is shown that while nitrogen is fixed as ammonium on the soil, nitrates are available 

and can be taken by plants thanks to the bacterial metabolism [4]. 

Since L. sphaericus presents a tryptophan operon, this bacterium has the ability to 

synthesize tryptophan amino acid [20][9], which is one of the indoleacetic acid precursors 

[21][22]. In this sense, results showed that indoleacetic acid could be determined directly 

from soil samples without tryptophan addition. In our study, indoleacetic acid increase across 

time in the treatments where L. sphaericus strains mixture was added in contrast to control 

soils, suggests a correlation with the bacterial presence on soil (Fig. 1. F, ANOVA: F = 8.764, 

P = 0.006), indicating the bacterial ability to promote auxins production by the plant and its 

own capacity of producing IAA [4][5]. Even when the increase of IAA found from week 0 to 

week 12 was significant for the treatments S+I and PS+I, there is also an oscillatory pattern in 

the auxin concentrations over time, suggesting that while IAA is produced by the plant and 

the bacteria, it is also taken for roots growth, which allows the roots seedlings to expand and 

take nutrients from soil more efficiently [23][24]. Thus, L. sphaericus played a crucial role in 
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fire-impacted soil re-plantation processes, since it is capable of enhancing nutrients on soil 

and, improves seedlings nutrients uptaking capacity through auxin production and its IAA 

production promoting activity.  

Molybdenum transporter gene amplification 

 

Figure 2. Agarose electrophoresis gel containing the PCR products of the molybdenum 

transporter gene amplification for the strains 2362, III(3)7, OT4b.31, OT4b.49 and CBAM5 

(from lane 2-6). 100 bp DNA Ladder was run in the frst lane. 

There was presence of the molybdenum transporter gene in all the L. sphaericus 

strains evaluated (Fig. 2). It suggests that there might be presence of a nitrogenase traditional 

complex, which needs an iron and molybdenum in its active site for its functioning [25][26].  

However, more studies are needed to determine the differential expression of the gene 

when molybdenum is present or absent, while measuring ammonium concentration in the 

growth medium. There is also necessary to determine Fe transporter genes presence and 

expression to elucidate nitrogenase conformation in L. sphaericus 
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Conclusions 

This study is the first report in fire-impacted soils using L. sphaericus undergoing 

lower than previous reported growth temperatures. We found that L. sphaericus is capable of 

growing and having an active metabolism at a temperature range from 6 to 20 ºC. Also, we 

propose that  L. sphaericus  could be a good nutrient enhancer and plant growth promoter that 

can be used for fire-impacted soils recovery and re-plantation treatments, since our study 

showed a significant increment in the free phosphorus, nitrogen, and indoleacetic acid 

contents in soil when the bacterium was added. Further studies are required for the L. 

sphaericus nitrogenase complex characterization. Finally, we successfully donated and 

transplant sixty Alnus acuminata sbsp. acuminata seedlings for the reforestation of a fire-

impacted fragment of soil in El Noviciado estate. 
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