
 

 

Lysinibacillus sphaericus and phosphorous levels in a 
sunflowers crop soils containing glyphosate 

Ricardo Villegas Warren and Jenny Dussán* 

Centro de investigaciones microbiológicas, CIMIC. Departamento de Ciencias Biológicas, Universidad de los Andes, Bogotá, Colombia. 

Abstract 

Glyphosate is a non-selective herbicide widely used in weeds control, genetically modified crops and 
eradication of illicit plantations. The International Agency for Research on Cancer (IARC) considers 
the glyphosate and its degradation sub product AMPA, a carcinogen, genotoxic, and capable of 
producing oxidative stress in animal cells. Oxidation and some biological metabolic pathways 
transform glyphosate into AMPA, alternatively, the sarcosine pathway in some microorganisms such 
as Pseudomonas spp. has been proven capable for the biodegradation of glyphosate, resulting in 
glycine. Lysinibacillus sphaericus is a spore-forming bacillus gram variable, reported to be a 
phosphate solubilizing bacterium widely used in bioremediation applications. In a previous study, we 
saw the expression of the sarcosine gen in L.sphaericus in presence of glyphosate. To study the 
capacity of L.sphaericus to degrade glyphosate, we applied four different treatments using a mixture 
of 5 strains of the bacteria (CBAM5, III(3)7, ot4b31, ot4b49, 2362) and glyphosate in a sunflowers 
crop. Free phosphorous, nitrate, ammonium, plant growth, pH levels, and bacterium UFC/mL were 
determined directly from the crop soil, also we performed multiples PCR using sarcosine primers to 
evidence the presence of the gene. ANOVA and Tukey Kramer tests (α = 0.05) across time were 
performed for Free phosphorous, nitrate, ammonium, plant growth, and bacterium UFC/ml (p=0.3, 
p=0.3, p=0.3, p = 0.39, p = 0.12) in the sunflowers soils; additionally, free phosphorous in-vitro for 
each treatment (p=0.02, p=0.007 and p=0.004 for the most significative difference between groups). 
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Introduction  

Glyphosate, N-(phosphonomethyl)glycine, 
also known as RoundupTM¬¬, is a broad-
spectrum, nonselective herbicide. It has been 
widely used worldwide since 1974 [37] and its 
popularity arose from the development of 
genetically modified glyphosate-resistant 
crops in the 1990s [6][5]. It is commonly used 
in transgenic plantations such as soy, maize, 
cotton and wheat [35], but it can also be 
utilized as garden weeds control and even 
used for aerial fumigation of illicit plantations 
in countries like Colombia [34], sometimes 
using concentrations much higher than 
recommended to achieve eradication. 
Glyphosate works inhibiting the enzyme 5-
enolpyruvylshikimate-3-phosphatesynthase 
(EPPS) in the shikimate pathway present in 
fungi, bacteria, and plants, provoking the 

cease of aromatic amino acids biosynthesis 
and so for protein synthesis [35]. 

 
One of the products of glyphosate 
degradation is Aminomethylphosphonic acid 
(AMPA), both considered by The International 
Agency for Research on Cancer (IARC) [7] as a 
carcinogenic and genotoxic agent capable of 
producing oxidative stress on animal cells 
[25][10][8]  and impairing DNA reparation and 
mRNA synthesis in both plants and animals 
[35][1][37]. AMPA is produced by oxidation of 
glyphosate or by metabolic pathways [19][6], 
alternatively, it exists other metabolic 
pathways capable of degrading glyphosate 
into glycine instead of AMPA [35]. The 
sarcosine oxidase pathway (soxA or soxB), 
performed by other organisms like 
Pseudomonas spp. [10][19][33] consists of the 



 

 

cleavage of the bond between phosphorus 
and carbon in glyphosate, releasing 
phosphate (Pi) and a sarcosine groups, 
sarcosine then is cleaved into glycine 
afterward. The phosphate group released can 
be utilized as a phosphorous source by the 
bacterium [33][35]. 
 
Glyphosate and its degradation sub-products 
are a persistent contaminant of the 
environment [6][29], they both were found, 
predominantly AMPA, in water sources, soil 
and rainfall in a study made by the U.S. 
Geological survey between 2001 and 2006 
[3][31] Some of the strategies used to 
decontaminate glyphosate and its byproducts 
off water sources include its oxidation with 
manganese oxide [2] or degradation 
employing hydrogen peroxide and ultraviolet 
light (UV)[21],  these methods generally are 
costly and equipment dependents. Given the 
fact that some microorganisms are capable of 
the biodegradation of glyphosate, it presents 
an opportunity to propose strategies to 
incorporate these organisms in a 
bioremediation process. 
 
Lysinibacillus sphaericus is a spore-forming 
bacterium capable of phosphorus 
solubilization, it has been reported to degrade 
petroleum and crude oil [12][13][16][15],  
used as a biocontrol agent against Culex sp. 
and Aedes aegypti [28][20] and in the 
bioremediation of toxic metals [23][27][16]. 
In a previous study, L.sphaericus was 
evidenced to express the sarcosine oxidase 
gene when exposed to glyphosate in a 
minimum salt medium (MMS) modified to 
lack phosphorous salts, limiting the 
phosphorous source to glyphosate [14], 
moreover, the annotated genome of various 
strains of L.sphaericus showed the presence 
of the sarcosine oxidase gene [16][23].  
Considering that glyphosate can be degraded 
through the sarcosine pathway and based on 
the evidence that L.sphaericus can express 
this metabolic pathway, it is proposed an in-
situ treatment for a sunflowers (Helianthus 

annuus) crop containing glyphosate to have 
an approach in the intention to devise a 
bioremediation strategy for different soils 
irrigated with glyphosate using L. sphaericus. 
 

Materials and methods  

Plantation Experimental design 
For the in-vivo procedure, 216 sunflower 
(Helianthus annuus) seeds from the same lot 
were germinated in a seedbed, after 17 days 
from germination 120 plants were 
transplanted to soil. The field, located in 
Guarne, Antioquia, Colombia (coordinates 
6°16'04.8"N 75°27'05.3"W) with a mean 
temperature of 19°C, was distributed in a 
total of 12 parcels (20m x 6m), for 4 different 
treatments each one with 3 replicas 
containing 10 plants per parcels (N=120, 
n=30) (Figure1). The treatments were 
assigned as: BG for bacteria + glyphosate, B 
for bacteria solely, G for glyphosate and C for 
control.  
 
Strains and inoculum preparation 
For the treatments using L.sphaericus, an 
inoculum was produced using a mixture of 
strains of Lysinibacillus sphaericus (Figure 2), 
from the collection of Centro de 
Investigaciones Microbiologiacas (CIMIC) in 
Universidad de Los Andes [14][16][23][27]. 
Each bacteria strain was cultivated in SPC agar 
based solid culture media (1,5L) (from Sigma-
Aldrich) and incubated for 36 hours at 30°C. 
After incubation, bacterial growth from the 
medium surface was scraped and collected in 
a 50ml 0,85% NaCl solution and stored at 4°C 
until application. In the field, the five strains 
were combined in a single volume, the 
bacterial title for the final five-bacteria-strain 
solution was calculated to be 1x1011 UFC.  
 
DNA extraction 
DNA extraction from each treatment soil was 
performed using the ZR Soil Microbe DNA 
MiniPrepTM kit (Catalog No D6001 from 
ZYMO RESEARCH), the samples extracted 
were stored at -80°C. 



 

 

 
 

 
 
 
 

 
 
 
 
 
 

 

 

 

 

 

  

 
 
 
Germination of pre-impregnated sunflower 
seed with L.sphaericus 
Sunflower seeds were soaked in an inoculum 
of L.sphaericus (produced as mentioned 
before) and let to dry under an air laminar 
flow. 32 of these inoculum-impregnated 
seeds plus 32 non-impregnated sunflower 
seeds were placed in seedbeds for this 
experiment and later replicated under the 
same conditions one month apart.  
 
Phosphorus, Nitrate and ammonia 
determination 
Phosphorus, Nitrate, and ammonia in soil 
were determined using a commercial 
colorimetric kit form Merck, Phosphate Test 
(detection range 0.05mg/l - 5.0mg/l, catalog 
number 114848) , Ammonium Test (detection 
range 2.0 mg/l – 150mg/l, catalog number 
100683) Nitrate Test (detection range 0.9mg/l 
– 88.5 mg/l, catalog number 114773) and 
read with the spectrophotometer 
Spectroquant® NOVA60A.   

 
 
 
In situ sarcosine expression 
To determine the presence or absence of 
sarcosine gene in the sunflowers plantation, a 
PCR was performed using the primers listed in 
Table 3, sequences obtained from a previous 
study by González-Valenzuela et al [14]. 
 

Results 

Sunflowers growth 
The height of the sunflowers (Figure 2) was 
measured at three different times every 22 
days from the day of the addition of the 
treatments.  Addition of the treatments was 
made in two times, the first day and in day 22. 
From the statistical analysis, no significative 
differences were found between the 
treatments (α = 0.05, p = 0.39)  
 
 
 
 

Table 1, treatments composition used in this study 

Treatments Composition 

BG L.sphaericus (1x1011 UFC) and Glyphosate (4ml/L) 

B L.sphaericus (1x1011 UFC) 

G Glyphosate (4ml/L) 

C Negative control (same water source) 

Table 2, Mixture of L.sphaericus used to produce the inoculum for the in vivo assay. 

Strains of Lysinibacillus sphaericus used in this study   

Strain CBAM5 III(3)7 ot4b31 ot4b49 2362 

Table 3. Primers and PCR protocols used in this study. 

Primers used in this study  

Gene Primer  Sequence PCR parameters 

Sarcosine SarcF  5’-CGTGTGAAACCT 

GGAAAACGTGGT-3’ 

94°C (3min); [95°C(1min),60.2°C 

(1min), 72°C (1min)] x 30; 72°C 
(10min) SarcR  5’- TAGCGGCTACAT 

GAACACCTGCT-3’ 



 

 

Bacterial title 
Figure 3 shows the natural logarithm of 
Colony Forming Units in the plating count for 
the different treatments across time, Tukey´s 

Kramer aggrupation (α = 0.05) shows all the 
treatments in the same group. Statistical 
analysis indicates no significant difference 
between treatments (α = 0.05, p = 0.12)

 

  
Figure 4, the left image shows the sunflowers cop, the letters indicates the treatment distribution. Image on the right shows the sunflowers crop at 
the day 66 (last sampling day). 

 

Phosphorous, nitrate and ammonia 
determination. 
Phosphate, nitrate, and ammonium 
determination were made in four different 
times; on the day of addition and every 22 
days for the next 66 days.  
 
 
 

Phosphorous 
Phosphate mean concentrations for the 
different treatments are shown in Figure 4. 
Tukey´s Kramer aggrupation (α = 0.05) across 
time shows that treatments B and G are in the 
same group, and treatments BG and C are in 
an independent group each one. Statistical 
analysis indicates no significant difference 
between treatments (α = 0.05, p = 0.3).

 

  
Figure 2, plant growth across time for each treatment. Statistical model 
used was an ANOVA with multiple samples across time (α = 0.05 , p = 
0.39) and grouped using a Tukey Kramer test (α = 0,05) and generated 
with R Studio [36]. Letter on the left of the legend indicates Tukey 
Kramer aggrupation, letters on the legend stands for, B: bacteria, BG: 
bacteria + glyphosate, G: glyphosate and C: control. 

Figure 3, bacterial titers across time for each treatment. Statistical 
model used was an ANOVA with multiple samples across time  (α = 0.05 
, p = 0.39) and grouped using a Tukey Kramer test (α = 0,05) and 
generated with R Studio [36]. Letter on the left of the legend indicates 
Tukey Kramer aggrupation, letters on the legend stands for, B: bacteria, 
BG: bacteria + glyphosate, G: glyphosate and C: control. 



 

 

 
Figure 4, free phosphorous across time for each treatment in mg/L. Statistical model used was an 
ANOVA with multiple samples across time (α = 0.05, p = 0.3) and grouped using a Tukey Kramer 
test (α = 0,05) and generated with R Studio [36]. Letter at the left of the legend indicates Tukey 
Kramer aggrupation, letters on the legend stands for, B: bacteria, BG: bacteria + glyphosate, G: 
glyphosate and C: control. 

Nitrate 
Nitrates mean concentrations for the 
different treatments are shown in Figure 5. 
Tukey´s Kramer aggrupation (α = 0.05) across 
time shows that treatments B and C are in the 
same group, and treatments BG and G are in 
an independent group each one. Statistical 
analysis indicates no significant difference 
between treatments (α = 0.05, p = 0.3). 

Ammonium 
Ammonium mean concentrations for the 
different treatments are shown in Figure 6. 
Tukey´s Kramer aggrupation (α = 0.05) across 
time shows that treatments B and BG are in 
the same group, and treatments G and C are 
in an independent group each one. Statistical 
analysis indicates no significant difference 
between treatments (α = 0.05, p = 0.3)

Free phosphorous in-vitro assay 
Free phosphorus concentrations were 
determined 24 hours after treatment 

inoculation, excepting one, which was 
inoculated in the moment of the measures. 
Results showed a significative difference 

  
Figure 5, nitrate across time for each treatment in mg/L. Statistical model 
used was an ANOVA with multiple samples across time (α = 0.05, p = 0.3) 
and grouped using a Tukey Kramer test (α = 0,05) and generated with R 
Studio [36]. Letter at the left of the legend indicates Tukey Kramer 
aggrupation, letters on the legend stands for, B: bacteria, BG: bacteria + 
glyphosate, G: glyphosate and C: control. 

Figure 6, ammonium across time for each treatment in mg/L. Statistical 
model used was an ANOVA with multiple samples across time (α = 0.05, 
p = 0.3) and grouped using a Tukey Kramer test (α = 0,05) and generated 
with R Studio [36]. Letter at the left of the legend indicates Tukey 
Kramer aggrupation, letters on the legend stands for, B: bacteria, BG: 
bacteria + glyphosate, G: glyphosate and C: control. 



 

 

between those treatments containing both 
glyphosate and bacteria and those with L. 
sphaericus or glyphosate. Figure 7 shows the 

mean concentration of free phosphorous in 
the samples.

 

 
Figure 7, free phosphorous concentration in-vitro 24 hours assay in each treatment, ANOVA and 
Tukey Kramer tests (α = 0.05) were performed. Significative differences between treatments 
were: for Bacteria – Bacteria+Glyphosate p=0.02, Glyphosate – Bacteria p=0.007 and between 
Control – Glyphosate p=0.004 . 

Sarcosine gene amplification  
DNA extraction was performed to a soil 
sample from the sunflowers crop for each 
treatment, a PCR using sarcosine primers 
(Table 3) was performed and products were 
visualized in 1.2% agarose gel, Figure 8. 
 
 
 
 

 
Figure 8, PCR products of sarcosine amplification for each treatment 
in the field. 

Discussion 
According to the results on the invitro 
treatment (Figure 7) the highest 
concentration of free phosphorous was 
measured in the treatment containing only 
glyphosate in comparison with the other 
treatments, yet being the lowest 
concentration of phosphorous of all five the 
one containing glyphosate + L.sphaericus, 
furthermore, this behavior was similar in the 
experiment performed in the sunflowers crop 
field (Figure 4). As for the negative control the 
concentration was similar to the treatment 
containing only L.sphaericus, the opposite 
was seen in the treatments containing 
glyphosate, suggesting that the higher 

concentration of phosphorous in the 
treatment containing exclusively glyphosate 
was due to this chemical itself, and the lower 
concentration of phosphorous in the 
treatment with bacteria and glyphosate was 
the effect of the breakdown of the glyphosate 
and the absorption by L.sphaericus of free 
phosphorous produced after this. This could 
be evidence of the solubilization and 
absorption of phosphorous carried out by 
L.sphaericus. As can be seen in the figures, the 
concentration of free phosphorous in the 
control treatment of both experiments were 
similar at the end and considering that the soil 
used in the invitro experiment was obtained 
from the same field, the determination tests 



 

 

can be validated for the protocol applied in 
these two experiments. 

L. sphaericus is known to be a phosphorous 
solubilizer bacterium [13][15] using frees 
phosphorous in its sporulation process. 
Counting that L.sphaericus has been reported 
to have sarcosine pathway gene [13], in which 
one of its sub products of the cleavage of 
glyphosate is phosphate [19][35], hence the 
bacterium could be sequestrating free 
phosphorous resulting from the initial 
glyphosate. But, it must be considered that 
the expression of the sarcosine oxidase gene 
expresses only occurs under low 
concentrations of exogenous phosphorous 
[8][4][24]. 

Bacterial titers were similar between 
treatments but in diversity, the samples from 
the treatments containing L.sphaericus 
showed in the plate count a much lower 
diversity in morphotypes compared to the 
treatments which did not had L.sphaericus, it 
should be stated that no soil bacterial titers 
nor cultivable microorganisms diversity count 
were obtained prior to the treatments 
applications.  It has been reported that 
glyphosate has insignificant influence in the 
soil microbiota [29][35], so it is not expected 
to see a difference on the titers between the 
negative control treatment and the one only 
with glyphosate, according to the Figure 3 this 
is the case. Moreover, the titers in the 
treatments containing L.sphaericus were 
similar between them and close to the non-
bacterium treatment, but considering the 
difference in diversity, L.sphaericus could be 
the effect  the soil microbiota displacement 
(also observed in a previous study [21]), this is 
noticed in the plate counting, as for the 
treatments containing L.sphaericus, most of 
the UFC displayed L.sphaericus morphologies. 

Additionally to the titers, ammonium and 
nitrate concentrations were determined for 
the sunflowers crops soil as an indirect way to 
evidence the activity of L.sphaericus in the 
soil, arguing that as L.sphaericus is a known 

nitrogen-fixing bacterium [13][16][21], drops 
in NH₄⁺ and rises NO3- would suggest a 
metabolic activity [18]. According to Figure 5 
and Figure 6 this behavior was observed in all 
four treatments, it must be said that this is no 
direct evidence of the presence or the activity 
of L.sphaericus, the original soil microbiota 
before the treatments is most likely to contain 
other nitrogen-fixing bacteria, which could 
explain these results for the non-bacterium 
treatments. It also must be noticed that 
L.sphaericus presence was indeed confirmed 
by morphotypes recovered in the titers 
counts, furthermore Figure 8 shows the 
sarcosine gene amplification performed using 
the primers shown in Table 3 [14]. PCR 
products were the same in multiples assays, 
showing an amplicon in the treatments 
supposedly containing L.sphaericus and one 
less evident band in the glyphosate-only 
treatment, this could be the effect of 
leaching, as can be seen in the Figure 4, the 
crop is located in a slight slope, being the 
lowest part, the section containing this 
treatment, possibly translocating the 
bacterium in study. 

Conclusions 
Among this study and a previous one [14] we 
have gathered some evidence indicating the 
possible presence of the sarcosine oxidase 
pathway and the expression of it by 
L.sphaericus under laboratory and field 
conditions. It is important to notice some of 
this evidence are indirect observations, 
analytical assays (therefore cost dependent) 
must be performed to verify the actual 
degradation of glyphosate and its sub 
products therefore we cannot conclude 
L.sphaericus has degraded the glyphosate 
applied. By the other hand,  although PCR 
products were obtained with the sarcosine 
oxidase primers, sequencing of this products 
is pending, but taking in account that in the 
study of Gonzales et al the sequencing of the 
PCR products obtained with the same primers 
and using the same strains of this study (from 
the collection of CIMIC) confirmed the 



 

 

presence of sarcosine gene [14], it is probable 
that the amplicon obtained in this study in the 
one expected.  

Glyphosate represents a great treat to the 
planet as a contaminant, but considering its 
effectiveness, it plays an important role in 
agriculture worldwide. This study gives us an 

insight of the possible ability of L.sphaericus to 

utilize glyphosate as phosphate source, and 
the potential of using this bacterium species 
as biodegradation agents. Further analytical 
tests must be performed to be able to affirm 
that indeed glyphosate is being broken down 
in the sarcosine oxidase pathway sub 
products. 
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