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Changes on soil microbial activity may be triggered by different management approaches and the study 
of the effects of such changes on xenobiotics, of non-target populations, may represent a valuable 
strategy to evaluate their environmental risk potential. The objective of the present study was to 
evaluate the effect of Phytosanitary control measures over microbial activity and genetic variability of 
bacteria in soil cultivated under the forage cactus Opuntia ficus-indica. The experiment was performed 
at Caetés region in Pernambuco, Brazil. Three days after the application of the xenobiotics (water 
(control); detergent + sodium hypochlorite; Neem oil; Methomyl and Thiamethoxam + Lambda-
cyhalotrin), soil samples (0-20 cm) were collected and transported to laboratory. Respirometry, density 
of bacterial population and morphologic and genetic variability of bacteria were evaluated with 
molecular techniques, using BOX-PCR in a completely randomized statistical design. Regarding to 
respirometry, the amount of CO2 released from the soil samples was greater within the plots where the 
insecticide Thiamethoxam + Lambda-cyhalotrin was applied, when compared with control. Soil 
treatments with only water and water + sodium hypochlorite showed the highest population densities 
(0.96 and 0.94 × 10

2
 CFU.g

-1
, respectively). Concerning to morphological characteristics (color), there 

was prevalence of white color colonies, with a little visual phenotypic variability. However, the use of 
molecular techniques revealed high genetic variability among the white colored colonies evaluated, 
demonstrating the importance of more detailed studies on the effects of xenobiotics on soil microbiota 
prior to its use of recommendation. 
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INTRODUCTION 
 
Barbary fig, Opuntia ficus-indica, is a cactus species 
native to Mexico introduced in Brazil at the end of the 
19th century. Under the edaphoclimatic conditions of the 
semi-arid region in Brazil, this cactus assumes a  relevant 

role within livestock farming, due to its high resistance 
against drought and high temperatures, allied to its 
adaptability to low fertility soils. Its high efficiency in the 
use of water contributes to increase  economic  feasibility  

 

 

 



 
 
 
 
of intermediate and small farm producers of low incomes 
within the Brazilian semi-arid region (Santos et al., 2013; 
Ramos et al., 2014). 

Brazil has the largest Barbary fig planted area in the 
world, however, over the last few years, the incidence of 
the cochineal insect (Dactylopius opuntiae Cockerell) has 
threated the viability of the main variety of Barbary fig 
within, where this  insect has become the leading pest of 
this cactus plant (Santos et al., 2013). Farmers have 
accomplished control of the insect with the use of 
xenobiotics, registered or not for this pest. The 
compounds used for this purpose are constituted by a 
great number of molecules with different modes of action 
and toxicity, and its impact over non-target organisms 
within the agricultural ecosystem of the Barbary fig was 
not yet been evaluated.     

According to Ros et al. (2006), the ideal xenobiotic 
must be toxic to aim only target organisms, totally 
biodegradable and able to not leaving any intermediary 
compounds in the environment or being lixiviated to 
underground waters. In a general way, the main 
problems resulting from the use of such compounds in 
agriculture are their toxicity to non-target organisms, their 
persistence in the soil, the development of resistant 
species and their influence over soil microorganism 
dynamics. Thus, the study of pesticide’s effects on non-
target populations represents an acceptable strategy to 
evaluate their potential environmental risk (Ferreira et al., 
2009). Soil microorganisms promote organic matter 
breakdown, formation and stabilization of soil aggregates, 
bio-geo-chemical nutrient cycling within the soil, 
pathogen suppression, production of phytohormones, 
breakdown of xenobiotic compounds, among others (Reis 
et al., 2009; Pôrto et al., 2009).  

Little changes in the activity of soil microorganism may 
be associated with distresses caused by management 
(Reis et al., 2008). Biochemical and microbiological 
criteria are the most responsive, in short time, due to the 
higher sensibility to distresses from the improper 
management (Chaer and Tótola, 2007). Amongst the 
most remarkable soil quality microbiological indicators, 
respiratory rate, microbial quantification and bacterial 
diversity studies are fundamental parameters to 
understand the ecosystem functioning. 

According to Zilli et al. (2003), the analysis of genetic 
variability is a soil quality indicator. Nowadays, the 
structure of microbial diversity it’s being studied trough 
methods based on the research of parts of DNA 
sequences, with emphasis onthe 16S rDNA gene, 
through the BOX-PCR technique. The bacterium are 
primarily in combination with different species, forming 
the bacterial community, occupies all terrestrial niches 
and colonize environments such as soil, water, air, plants  
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and animals (Andreote et al., 2009). 

Based on these considerations, the objective of the 
present study was to evaluate the effect of phytosanitary 
control measures on  microbial  activity  and   the genetic 
variability of  bacteria in  soils  planted  with  Barbary fig. 
 
 
MATERIALS AND METHODS 
 
The experiment was performed in a private farm at the county of 
Caetés in the State of Pernambuco, Brazil, where the xenobiotics 
were applied on plants naturally infected with the carmine 
cochineal, D. opuntiae. A completely randomized design with five 
treatments (xenobiotics) and three replicates was used. Treatments 
consisted in: Only water (control); Detergent (3%) + sodium 
hypochlorite (1.5%); Commercial Neem oil (0.66%); Methomyl 
(0.3%) and Thiamethoxam + Lambda-cyhalotrin (0.01%), that were 
sprayed with the aid of a 20 L capacity back sprayer, directly over 
the plant’s cladodes, until the initial signs of runoff. Sprayings were 
performed to avoid interference between treatments, with the use of 
parcels of 20 × 15 m (width x length). 

Soils were collected three days after application of the 
xenobiotics, in order to quantify CO2 released by the 
microorganisms and for bacterial evaluation. Soil samples were 
collected near Barbary fig plants, at a 0 to 20 cm depth, collecting 
three simple random samples within each parcel to form a final 
compound sample. Sterile centrifuge tubes were filled with 50 g soil 
and conditioned inside Styrofoam boxes containing ice and water 
soaked paper to refrigerate samples. These samples were used for 
bacterial isolation. With the purpose of quantify CO2, approximately 
1.000 g of soil samples were conditioned into clean plastic bags. 
Soil samples were transported to the Laboratory of Microbial 
Genetics and Biotechnology from the Garanhuns Academic Unity 
(UFRPE/UAG) and to the Applied Entomology Laboratory 
(UFRPE/UAG), respectively, both in the city of Garanhuns - Brazil, 
to proceed with the sample processing.   

To quantify respiration produced by microbes present in the soil, 
samples were dried for a period of 24 h in the dark, before 
determining their field capacity, using 500 g of soil for 500 mL of 
water. During the assays, 100 g of dried soil were incubated in 600 
mL capacity glass containers, moistened with distilled water at 70% 
field capacity. Plastic vases (40 mL) containing 10 mL NaOH (0,91 
mol L-1) were placed inside the glass containers. Containers were 
closed hermetically and preserved at room temperature (± 26ºC) for 
a period of 30 days. Vase without soil, containing NaOH to capture 
CO2 from the environment were used as control. 

Quantification of CO2 production was performed 3, 6, 9, 13, 16, 
20 and 30 days after soil incubation. For each incubation period the 
plastic pots were removed from the glass containers. Then, the 
sodium hydroxide (NaOH) of each sample, 5 mL of BaCl2 (1 mol.L-

1) and 3 drops of phenolphthalein 1% were placed in separated 
Beaker. Later, this solution was titrated with hydrochloric acid (HCl 
0.45 mol.L-1), and the volume of HCl was registered. After removing 
NaOH, new solutions were changed for the subsequent incubation 
periods. The same procedure was performedfor pots without the 
addition of soil (control). 

The quantity of CO2 released, in mg.kg-1 of C-CO2 in the soil, was 
calculated according Stotzky (1965): C-CO2 mg = (B-V) *M*E. 
Where B = volume of HCl in mL, used for titration of NaOH from 
control; V = volume of HCl in mL, used for titration of NaOH from 
the sample; M = molar  concentration  of  the  acid  used  (HCl  0.45 
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Table 1. Quantity of CO2 (C-CO2) gathered, as a function of the application of xenobiotics and the incubation period in Caetés region, 
Pernambuco - Brazil. 
 

Treatment 

Incubation period (Days) 

3 6 9 13 16 20 30 

CO2 Gathered (mg) 

Control 4.6 ± 1.7
a
 9.6 ± 1.4

a
 13.0 ± 0.5

b
 17.6 ± 1.0

b
 22.6 ± 1.9

bc
 26.6 ± 3.0

c
 38.0 ± 4.2

c
 

D. + S.H* 5.3 ± 0.4
a
 9.3 ± 1.1

a
 11.3 ± 0.7

ab
 15.6 ± 2.0

b
 20.0 ± 2.5

bc
 24.6 ± 3.0

c
 33.0 ± 3.8

c
 

N. O.** 6.0 ± 0.8
a
 10.0 ± 0.9

a
 12.6 ± 0.9

ab
 18.6 ± 1.7

ab
 24.0 ± 1.8

bc
 29.3 ± 1.7

bc
 39.6 ± 0.4

bc
 

Methomyl 6.6 ± 0.9
a
 11.6 ± 1.6

a
 16.6 ± 2.5

ab
 24.6 ± 5.4

ab
 30.6 ± 6.7

ab
 37.0 ± 7.4

ab
 48.3 ± 9.4

bc
 

T.+Lambda.*** 10.0 ± 0.8
a
 16.0 ± 1.4

a
 21.6 ± 0.3

a
 28.0 ± 2.0

a
 34.6 ±2.6

a
 42.0 ± 4.4

a
 55.3 ± 6.5

a
 

 

*Detergent + sodium hypochlorite; **Neem oil; ***Thiamethoxam + Lambda-cyhalotrin. Mean values followed by different lower case letters, 
within the column, are significantly different by the Tukey test at 5% probability 

 
 
 
mol/L); E = carbon equivalent weight. For each of the five products 
applied on the field three replicates were used, consisting in two 
vase each (duplicate) for each incubation period, in a factorial 5 × 7 
(xenobiotics x incubation period) design. Data underwent a 
variance analysis and means were compared by the Tukey test at 
5% probability, using SISVAR® software. 

The procedures for bacterial isolation followed the methodology 
described by Araújo et al. (2010), with modifications. From each soil 
sample collected within the parcel, 5 g were transferred to 
Erlenmayer flasks (125 mL) containing 50 mL of PBS (Phosphate 
Buffered Saline: NaCl 8.0 g L-1; KCl 0.20 g L-1; Na2HPO4 1.44 g L-1; 
KH2 PO4 0.24 g L-1; pH 7.4) per liter and about 5 g of glass beads 
(0.1 cm diameter). Then, these flasks were located in a shaker table 
during 30 min at 100 rpm. After agitation, serial dilution (10-4 and 10-

5) were executed in PBS buffer and aliquots of 100 µL were 
inoculated in Petri dishes containing TSA 10% (Triptone Soy Agar: 
Triptone 1.5 g L-1; Peptone 0.5 g L-1; NaCl 1.5 g L-1; Agar 15 g; pH 
7.3) culture medium per liter, plus the fungicide Cercobin 700 (50 
µg mL-1). Then, flasks were incubated at 28ºC and evaluated after 
24, 48 and 72 h. Population density was evaluated by counting 
colonies and expressed in grams of fresh soil (CFU g-1 of soil). In 
addition, time of bacterial growth and morphology (color) were also 
evaluated. 

The experiment was performed under completely random design 
with five treatments (applied products) and three replicates. Data 
underwent variance analysis and the means were compared by the 
Scott-Knott test at 5% probability, using SISVAR® software.   
To evaluate genetic variability, 19 bacterial colonies of white color 
were selected, isolated from culture dishes and individually 
identified with a UAGtx nomenclature. With the aid of sterile wood-
needles, each isolated colony was re-inoculated in a tube 
containing 4 mL TSA 10% liquid medium and preserved in shaker 
table (100 rpm) during 24 h. After the bacterial growth period, the 
culture was transferred to microtubules of 2 mL and centrifuged for 
5 min at 12.000 G to precipitate bacterial cells, discharging 
supernatant. The resulting pellet was re-suspended in 300 uL of TE 
(10 mMTris-HCl; 1 mM EDTA; pH 8,0), and used as a DNA source 
for molecular analysis. Samples were preserved at a temperature of 
-20ºC. 
The evaluation of genetic diversity of the bacterial isolates was 
performed by means of the BOX-PCR technique, using the primer 
BOX 1AR (‘5 – CTACGGCAAGGCGACGCTGAC G-3’). The 
polymerase chain reactions (PCR) were prepared to a final volume 
of 25 µL, containing the sequence: Ultra-pure water; 1 × Taq Buffer; 
3.5 mM MgCl2; 1 mM of each dNTP; 0.4 µM of the primer BOX 
1AR; 1 × DMSO (dimethyl sulfoxide) and 0.08U/µL of enzyme Taq 
DNA Polymerase. After mix preparation, micro tubes were placed in 
a thermal cycler programed to perform initial  denaturation  at  95°C 

during 2 min, followed by 35 cycles for denaturation at 94ºC during 
2 s, 92ºC during 30 s, 50ºC during 1 min, 65ºC during 8 min, 65ºC 
during 10 min and 4ºC during 59 min. After amplification PCR 
reactions were evaluated in agarose gel (1.5%) electrophoresesat 1 
× TAE (40 mMTris-Aacetate; 1 mM ETDA) buffer with addition of 10 
µL of each reaction and 2 µL of Blue Green Loading Dye (LGC Bio), 
ending with observation under UV light and photo documentation.  
Lanes obtained by amplification were transformed in binary data 
(lane presence or absence) and used to obtain a similarity 
dendrogram calculated by Jaccard’s coefficient and clustered using 
the algorithm UPGMA (Unweighted Pair-Group Method with 
Arithmetical Average), using PAST® 1.90 software.   
 
 

RESULTS AND DISCUSSION 
 

The evaluation of CO2 quantity captured from soils in 
parcels where the plants were treated with different 
xenobiotics, showed effects of the applied products on 
the microbiota. In accordance with a similar study 
conducted by Sebiomo et al. (2011) evaluating effect of 
herbicides on microbial population, in the present study, 
the synthetic organic insecticides (Methomyl (0.3%) and 
Thiamethoxam + Lambda-cyhalotrin) promoted significant 
microbial activity. A higher respiration rate of the soil, with 
48.33 and 55.33 mg of CO2 gathered at the end of the 
evaluation period, was found compared to the other 
treatments. Neem oil and detergent + sodium 
hypochlorite, did not differed from the control treatment 
when regarding to the quantity of CO2 released (Table 1).  

All incubation periods showed increments regarding 
CO2 quantification. According Sá et al. (2000), a greater 
microbial activity is revealed by a higher respiratory rate, 
causing the breakdown of organic matter of the soil and 
consequently, allowing nutrient availability for the plants. 
On the other hand, Islam and Weil (2000) quoted that 
higher respiratory rates may be related to the high level 
of productivity of the soil ecosystem or to ecological 
disturbance (that may be caused by the use of 
agrotoxics).           

During the initial incubation periods (3 and 6 days), no 
difference between xenobiotics was noticed concerning 
microbial respiration, demonstrating that the effect  of  the  
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Figure 1. Quantification of bacterial population in soil treated with xenobiotics 
in the Caetés region, in Pernambuco - Brazil. 

 
 
 
products on the soil microbiota, does not happen 
immediately. Starting from 9 days of incubation becomes 
apparent that released CO2 quantities within soil samples 
was higher in parcels with the use of the insecticide 
Thiamethoxam + Lambda-cyhalotrin, if compared to 
control, but not differing from the other treatments. From 
16 days of incubation until the last record (30 days), the 
same tendency was observed for the insecticides 
Thiamethoxam + Lambda-cyhalotrin and Methomyl, 
regarding to the accumulated CO2, being higher when 
compared with the other treatments (control and 
detergent + sodium hypochlorite).   

The lowest quantity of C-CO2, in the last reading from 
parcels with use of water and detergent + sodium 
hypochlorite, may be an evidence of the higher efficiency 
in the use of soil resources by the microorganisms. The 
microbial biomass uses death cells as source of C and 
energy. In that manner, according Reis et al. (2008), it is 
reasonable, at least in part, to observe an increase in C-
CO2 production. However, Castro et al. (2006), while 
studying the effect of xenobiotics on soil microbiota, 
verified that some compounds are easier metabolized 
and used as energy and nutrient sources, thus increasing 
activity due to a higher CO2 release, probably due to 
promote higher stimuli and consequently, increasing the 
soil microbiota. 

Moreno et al. (2007), while evaluating high dosages of 
the herbicide Atrazine in semi-arid soil, verified a 
tendency to an increasing microbial respiration with the 
incubation period. According to the authors, this may be 
explained by the ability of a small fraction of the microbial 
population to completely reduce Atrazine to produce CO2 
and H2O.  Tironi et al. (2009), while studding the effect of 
herbicides on soil microbial activity, verified higher 
accumulated C-CO2 progression when using two times 
the reference dosages (10 mg dm

-3
 of soil) of the 

herbicide Ametryn, with the lowest evolution ratio of C-
CO2 registered  in  soils  without  application  of  herbicide 

(control). The authors observed that in treatments using a 
mixture of Trifloxysulfuron-sodium + Ametryn, C-CO2 

progression were higher when using two, four and eight 
times the reference dosages, differing form the one time 
dosage and the control, without herbicide. 

With dosages 10 times higher to the field 
recommendation, Zabaloy et al. (2008) verified that in 
general, the herbicides 2.4-D, Metsulfuron-methyl and 
Glyphosate had little effect over soil microbial 
communities. Araújo et al. (2003) verified that soils with 
application of Glyphosate exhibited higher microbial 
respiration during the beginning of incubation, showing 
that microorganisms are the main responsible by the 
biodegradation of the herbicide in the soil. However, Reis 
et al. (2009) did not detected any alteration in respiratory 
rates in soils treated with Fomesafen + Fuazifop-p-butyl 
and Glyphosate and with or without application of the 
mixture of insecticide (Endosulfan) + fungicide 
(Tebuconaloze). We highlight that scarce studies are 
available concerning the effect of insecticides on soil 
microbiology.   

The products used for carmine cochineal control 
substantially affected bacterial community. Soils treated 
with only water (control) and detergent + sodium 
hypochlorite showed the highest quantities of colony 
forming units (CFU), with 0.96 and 0.94 × 10

2
 UFC/g of 

soil, respectively, but not differing among them self. In the 
remaining treatments a reduction in the quantity of CFU’s 
was observed. Neem oil, though being a natural product, 
affected the bacterial community in a similar way, when 
compared to synthetic insecticides (Figure 1). 

Oliveira (2004), while evaluating microbial diversity in 
different agricultural systems in the semi-arid region, 
verified population densities of 18, 21 and 127 CFU x 10 
g/soil, for bacteria, fungi and actinomycetes respectively, 
in an area planted with Barbary fig (O. ficus-indica). In the 
present study, a mean value of 0.93 × 10

2
 UFC.g

-1 

bacteria were registered, thus showing a low CFU rate.  
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Figure 2. Bacterial growth in soil treated with xenobiotics, after 24, 48 and 72 h of 
incubation in the Caetés region, Pernambuco - Brazil. 

 
 
 
This difference must be related to the content of organic 
matter, temperature and humidity, once the abundance 
and activity of microorganisms are susceptible to 
seasonal variations (Zilli et al., 2003). Absence of rain fall 
during the period of the experiments may have been 
another factor that influenced the lower densities of CFU 
in this soil. According to Costa and Melo (2012), a 
considerable number of bacterial species, particularly 
those associated with plant’s rhizosphere, exert beneficial 
effects for plant growth.  

Kuklinsky-Sobral et al. (2004), while evaluating the total 
density of bacterial community in soybean cultivars 
growth in areas with and without pre-planting application 
of the herbicide Glyphosate, observed densities of about 
10

4
 to 10

6
 CFU/g and 10

8
 to 10

10
 CFU/g in endophytic 

and epiphytic bacterial communities, respectively. The 
author evidences the occurrence of interactions between 
densities and other factors analyzed, as cultivar, vegetal 
tissue, seasonal variation and developmental stage of the 
host.       

Soils with application of only water (control) and 
detergent + sodium hypochlorite, showed a slower growth 
of bacteria, within the three evaluation periods (24, 48 
and 72 h). It is evident that for the other treatments 
(Neem oil, Methomyl and Thiamethoxam + Lambda-
cyhalotrin), bacterial growth increased after 24 h, with a 
decrease starting at 48 h of incubation. At 72 h there was 
an absence of new colonies formation in the treatments 
with insecticides Methomyl and Thiamethoxam + 
Lambda-cyhalotrin (Figure 2).    

Studying growth of the diazotrophic bacteria 
Herbaspirillum seropedicae, Fernandes et al. (2012), 
verified that insecticides Imidacloprid, Fipronil and 
Thiamethoxam had no effect in bacterial growth when 
used at a concentration corresponding to the commercial 
dosage. However, when using dosages two times higher 
they verified that insecticides Endosulfan and Carbofuran 
resulted in growth reduction of H. seropedicae. According 

to this author, the use of insecticide molecules and less 
aggressive formulations must be pursued for all those 
using such technologies to increase food and energy 
production, without compromising sustainability of the 
agricultural ecosystems. Different results were found by 
Shamsuddeen and Inuwa (2013) which reported slow 
growth of bacteria Pseudomonas aeruginosa up to four 
hours after application of Cipermetrine and after this 
period there was rapid growth, showing that this bacteria 
used the Cipermetrine as carbon source up to certain 
limits, which thereby stimulating their growth. This way, 
demostrating that can serve as a tool for environmental 
mitigation. 

Castro et al. (2006), when evaluating the number of 
bacterial colonies with 1 and 13 days of incubation, 
verified a variation in the control treatment, pure 
Glyphosate (95%) and commercial Glyphosate (43%), 
respectively from 1.78; 1.33; 1.11 × 10

5
 CFU g soil, in the 

first day of incubation, to 2.63; 2.89; 2.45 × 10
5 
UFC g soil 

after 30 days of incubation. 
By means of morphological characterization (color) it 

was possible to verify that bacterial colonies showed 
white, beige, pale pink, yellowish color and dull 
appearance. White colonies were predominant, 
independently of xenobiotic application (Figure 3).  

Although this feature points morphological similarity, 
visually assuming low genetic variability among colonies, 
the BOX-PCR technique allowed to observe a high 
genetic variability among colonies, demonstrating that 
such morphological variable is not always efficient to 
show genetic variability, becoming indispensable the use 
of different and complementary methods, as for example 
molecular techniques (PCR).  

Analysis of genetic variability through the BOX-PCR 
technique was completed by amplification of bacterial 
genomic DNA repetitive sequences, using the primer 
BOX A1R. A similarity dendrogram, with absence and 
presence   of  bands   was   constructed   based   on   the  
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Figure 3. Frequency of bacterial coloration, derived from soils treated with xenobiotics from the 
Caetés region, Pernambuco 

 
 
 

 
 

Figure 4. Similarity dendrogram showing clustering of white colored bacteria in soils treated with xenobiotics: (1) 
control; (2) detergent + sodium hypochlorite; (3) Neem oil; (4) Methomyl; (5) Thiamethoxam + Lambda-cyhalotrin, 
associated to Barbary fig, based on sequences obtained with the primer BOX A1R thought the Jaccard’s coefficient 
and the UPGMA (unweighted pair-group method with arithmetical average) method. 

 
 
 
analysis of the band’s profiles. Similarity index of Jaccard 
showed high genetic diversity among bacterial colonies. 
Only colonies UAGtx 6 and UAGtx  15  showed  a  higher 

similarity rate (60%), all the other colonies evaluated 
showed similarity under 60%, confirming high genetic 
diversity (Figure 4).  
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Colonies UAGtx 6 and UAGtx 15 were isolated from soils 
with the application of different xenobiotics. The first 
colony is original from an area with application of water 
(control), while the second is original form an area with 
application of detergent + sodium hypochlorite. A clear 
effect of the xenobiotics applied was not showed by the 
dendrogram obtained. Given the importance of the 
Barbary fig for the semi-arid region it is of the foremost 
importance to advance with more detailed studies 
regarding the effects of xenobiotics on the microbiota and 
the associated insects. In association, using a slow 
liberation of xenobiotics in soils in order to prolong its 
action could promote the environmental protection. For 
example, the microencapsulation could be used to reach 
this propose (Barbat et al., 2013). In this study, we 
demonstrate the insecticides Methomyl and 
Thiamethoxam + Lambda-cyhalotrin, applied to the soil, 
increased CO2 release by the soil microbiota, the higher 
bacterial densities occurred in soils treated with water 
(control) and with detergent + sodium hypochlorite, when 
compared with the rest of xenobiotics that reduced 
bacterial community, soils with application of water 
(control) and detergent + sodium hypochlorite, showed a 
slower growth of bacteria, while the other treatments 
showed an accelerated growth with 24 h incubation, to 
reduce growth from 48 h until the end of the incubation 
periods; concerning the morphological characteristic 
(color) of the colonies, a higher frequency of white 
colored colonies was observed, independently of the 
xenobiotic applied in the treatment and the BOX-PCR 
molecular technique, revealed high genetic variability 
amongst the white colored bacteria analyzed.  

In this study, it was found that the amount of CO2 

released from the soil samples was greater within the 
plots where synthetics insecticides were used. However, 
we found lowest bacteria population densities in those 
same plots. More detailed studies on the effects of 
xenobiotics on soil microbiota in forage cactus 
agroecosytem must be done prior to recommend its use 
in the fields. 
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