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SUMMARY

The objective of this study was to show an in vitro
bioremediation methodology for atrazine-
contaminated soils through the use of local strains of
native fungi isolated from the Phaseolus vulgaris L
rhizosphere present in cultivable soils as well as to
evaluate its resistance and capacity for atrazine
degradation. A Trichoderma sp. species was
identified in three cultivable soils from the
Tulancingo Hidalgo, México region (contaminated
with and without atrazine), which resisted atrazine
concentrations of 10,000 mg L. Tests showed that
the strain grows exponentially in atrazine-
contaminated soil over a range of 10°-10° CFU g in
15 days using atrazine as the only carbon and
nitrogen source, while the control and witress showed
a decrease of 10°-10° UFC g in the same period of
time. For the atrazine degradation experiments, a
treatment of the application of Trichoderma (10* - 10°
CFU mL"') was applied to sterilized and non-
sterilized soil contaminated with 500 mg Kg' of
atrazine, evaluated at four time intervals (5, 10, 20
and 40 days). Statistical differences were found
(0=0.050, Tukey) among treatments with the fungi
and the test days. The native Trichoderma strain
degraded 89% of the atrazine in 40 days. It showed
that it is viable and cultivable in soil bioremediation.
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RESUMEN

El objetivo del trabajo fue exponer una metodologia
in vitro para biorremediacion, de suelos contaminados
con atrazina, empleando cepas de géneros fungicos
nativos aislados de la rizosfera del Phaseolus vulgaris
L en suelos agricolas, se evaludé su resistencia y
capacidad para degradar atrazina. Se identifico el
género Trichoderma sp. nativo en tres suelos de la
region de  Tulancingo,  Hidalgo, @ México
(contaminados con y sin aplicacion de atrazina).
Trichoderma sp. resistid concentraciones de 10,000
mg L del agroquimico. En los ensayos, la cepa
crecid paulatinamente en suelo contaminado con
atrazina, alcanzando intervalos de 10°-10° UFC g en
15 dias utilizando al herbicida como unica fuente de
carbono y nitrégeno, mientras que el testigo y control
presentaron disminucion de 10°-10° UFC g' en el
mismo tiempo. Para la degradacion de atrazina se
empled un tratamiento con aplicacion de Trichoderma
(10* - 10° UFC mL™) a suelo estéril y no estéril,
contaminado con 500 mg Kg™' de atrazina, evaluados
a cuatro tiempos (5, 10, 20 y 40 dias). Se encontraron
diferencias estadisticas (0=0.050, Tukey) entre los
tratamientos con el hongo y los dias del ensayo. La
cepa de Trichoderma sp. nativa degradé 89% de
atrazina en 40 dias. Mostré ser viable y cultivable en
remediacion de suelos.

Palabras clave: Trichoderma,
biodegradacion; herbicida.
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INTRODUCTION

Pesticides can be a source of contamination for their
use in agricultural practices. Improper handling and
the persistence of some of them have caused negative
impacts to soil, water, groundwater and even food,
which can potentially cause damage to the
environment and human health since these substances
can bioaccumulate and biomagnify in living
organisms or even arrive by diffusion and / or
advection at different trophic levels (Madigan et al.,
2006; Cooper et al., 2007).

In 2006, the atrazine herbicide was the most widely
applied herbicide worldwide (29-34 million kg of
active ingredient per year) in agricultural soils (Joo et
al., 2010). In Mexico, 1-2 kg of the active ingredient
per hectare of this pesticide was applied in 1995,
occupying the third place nationally (12.8%) of
herbicides, with a clear tendency to increase its use in
a rate of 10% annually (INE, 2007). Although in the
country there is no official record of atrazine use, it is
estimated that in only the central part of the country
376, 561 hectares of maize and sorghum the were
treated (Bayer, 2009).

Atrazine (Cg Hy4 CINs) is a pre-emergent herbicide
with the systemic action of inhibiting photosynthesis
considered toxic in the short and medium term, and it
is not easily degraded. Some research shows that this
product causes serious environmental changes, can
act as endocrine breaker (DE), affecting reproductive
function in vertebrates, and cause teratogenic effects
in humans (Cooper et al, 2007; Raymundo et al.,
2009). It has been classified by the Environmental
Protection Agency (EPA) as a restricted-use pesticide
and classified in group C as a possible carcinogen
(EPA, 2006).

For the persistency and negative effects that it may
cause, atrazine (ATZ) is on the list of toxic substances
as a candidate to be prohibited or have its use
minimized worldwide (UNEP, 2001). However, in
Mexico, to date no regulations exist that limit or
restrict its application. That is why it is necessary to
find alternatives to eliminate its effects on the
ecosystems. One alternative is bioremediation. This
process incorporates biological organisms such as
microorganisms (mainly bacteria and fungi) to the
contaminated environment to induce and accelerate
the biodegradation process (Gopinath and Sims,
2011).

In the case of the use of microorganisms for
remediation processes, they must be capable of
degrading the herbicide and, moreover, must be
harmless to the environment variation.
Microorganisms must be isolated from native
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populations present in the same soil where they are
intended to act. In this regard, Robinson (1996),
reports that in systems with wild populations of
microorganisms,  degradation  processes  are
ecologically more adaptable, there is more population
diversity, genetic flexibility, —metabolic and
rhizosphere interactions and horizontal resistance.
Thus, specific groups of microorganisms (single
strain or consortia) with herbicide degradation are
isolated, identified, their potential evaluated,
produced and returned to the soil in specific crops so
that the bioremediation could represent the best
mechanism for the removal of atrazine in soil
(Barriuso et al., 2008).

There are fungi and bacteria that exhibit the ability to
transform the atrazine molecule through alkylation
and chlorination reactions, leading to various
degradation products such as Hydroxyatrazine (HA),
Desethylatrazine (DEA) and Desisopropylatrazine
DIA (Govantes et al, 2009). However,
microorganisms have also been isolated with the
ability to completely mineralize this molecule (Lima
et al., 2009).

Atrazine degradation may be carried out by isolated
species or microbial consortia (Gopinath and Sims,
2011; Ma et al., 2011; Sene et al., 2010; Govantes et
al., 2009). For this, the microorganisms are used in
processes such as: bioaugmentation (inoculation of
microorganisms), phytoremediation (using plants)
and rizodegradation (remediation plant-microbe
association at root level). It has been reported that
atrazine can be degraded by various genera of
bacteria such as Pseudomonas sp. (Monard et al,
2008), Bacillus sp. (Getenga et al., 2009), Serrantia
sp. (So and Kyung, 2009), Rhizobium sp. (Chaudhary
et al, 2011; Abou-Shanab et al, 2006),
Flavobacterium and  Variovorax  oryzihabitans
paradoxus (Belimov et al., 2005), as well as fungal
genera, among which are: Aspergillus (Gopi et al.
2012; Bajwa et al, 2010), Rhizopus (Gopi et al.,
2012), Fusarium moniliforme (Bajwa et al., 2010),
Penicillium (Gopi et al, 2012; Bajwa et al, 2010)
and Trichoderma (Smith et al., 2005; Davidchik et
al., 2008; Quinto ef al., 2008; Sene ef al., 2010).

Trichoderma is an antagonist genera that can be
found in the rhizosphere, where it competes with
other microorganisms for nutrients and space. Some
species of this genus produce enzymes that break
down toxic substances and allow the cleaning of
xenobiotic contaminants in soil (Perez et al., 2009;
Sene et al., 2010), such as pesticides, organochlorine
and organophosphorus compounds (Argumedo et al.,
2009). Organochlorine pesticides such as DDT,
dieldrin and endosulfan and classified as highly toxic
persistent, have been degraded by Trichoderma
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species (Llado et al., 2009). This ability suggests that
this as fungal genera could be used as a potential
biorremediador of soils contaminated  with
agrochemicals.

Studies reported by Harman et al. (2004), mention
that the Trichoderma spp strain T22, with genetic
modification, was able to withstand concentrations up
to 2,000 mg of cyanide per gram of soil exceeding the
limits set by the EPA. This tolerance is quite
remarkable and its activity is associated with the
cellular system of intoxication based on the
production of the enzyme permeases. Another study
by Tang et al. (2009), showed that throught molecular
breeding of the Trichoderma atroviride strain T23 in
liquid medium at laboratory level, they achieved
degradation levels between 81% and 96% of 600 g ml
! of pesticides dichlorides, compared with 72%
achieved by the original strain without improvement.

There are few reports on pesticide bioremediation
involving the genus Trichoderma sp., as a native
rhizosphere strain (regularly they are exogenous GM
strains) and even less research on their behavior and
effects in terrestrial environments as an atrazine
biodegrader.  However, this genus has shown its
biological potential for bioremediation activity in soil
with a high level of development in agricultural
applications (King et al., 2004; Shmoll and Schuster,
2010). On the other hand, alternatives of
bioaugmentation with genetically modified organisms
are viable, but expensive and inaccessible for most
farmers in the country and, in some cases, being
exogenous strains, could limit or modify the native
microenvironment which is to be improved.

The aim of this study was to evaluate the ability of a
native rhizosphere strain of Trichoderma sp., of
Phaseolus vulgaris L. to degrade atrazine under in
vitro conditions for bioremediation purposes.

MATERIALS AND METHODS
Area of Study

To estimate the native and rhizospheric conditions of
the study area, a selection criteria was set: a minimum
of five continuous cycles of planting beans
(Phaseolus vulgaris), soils with different water
regimes (rained and irrigated) and soils with and
without herbicides applications. It was determined
that the landrace bean known as "moro" is a common
crop in the region and meets the criteria for this
experiment.

Three agricultural sites in the Valley of Tulancingo,
Hidalgo, were selected. Two were agricultural soils
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of rained regime with no record of pesticide
application, (ElI Capulin, located in the town of
Cuautepec de Hinojosa, latitude: 20° Q' 23.27" N,
longitude: 98° 14' 59.09" W, and the second in the
town of Tepantitla: latitude: 20° 3' 2.90" N,
longitude: 98° 19" 16.54" W). The third,
representative of agricultural area with continued use
of agrochemicals, was Santana Hueytlalpan, in the
municipality of Tulancingo, Hidalgo: latitude 20° 10'
29.82" N, longitude: 98° 16' 52.72" W.

Three soil samplings were extracted during the annual
cycle of the crop: soil without plant inflorescence,
plant soil (rhizosphere) and dry soil. Sampling was
performed according to the procedures described in
the Official Mexican Norm (NOM-021-RECNAT-
2000) for transport, storage and methods of
microbiological, physical and chemical soil analysis.

Sampling depth was 0-25 cm using a tubular auger (7
cm diameter), and because no variability in the soil
composition was observed it was not necessary a
compound soil sampling, due to the uniformity of
selected soils.

In the valley of Tulancingo (polygon: 20° 10' 29" N,
98° 16' 52" W, 19° 57' 20" N and 98° 15' 59" W) a
subhumid temperate climate predominates (Cw), with
an average annual temperature of 14.5 ° C, with
maximum temperatures of 30 © C in the months of
March to July, and from August to February reaching
the minimum of 3 © C. The rainfall regime may occur
from March to September with a minimum of 33.3
mm h ' and a maximum of 190.7 mm h " with an
average of between 500-553 mm per year (National
Meteorological System, 2011; University Weather
Station, 2009).

Physical and chemical analytical methods in soil.

Soil samples were dried at room temperature (22-25 °©
C), cracked and sieved with a 32 mesh sieve of 0.5
mm aperture (AS-01 method of NOM-021-RECNAT-
2000). In order to characterize these soils, the
following physical properties were determined:
texture (Bouyoucos, 1962); real density (Buckman
and Brady, 1966), and moisture by the gravimetric
method (AS-05-021-RECNAT NOM-2000).

The chemical characterization covered cation
exchange capacity (Mehlich, 1948), pH: measured in
water (AS-02-021-NOM RECNAT-2000); organic
carbon and organic material by Walkley and Black
(1934), and total nitrogen (Kjendahl, 1983).
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Isolation and characterization of rhizospheric
Trichoderma spp.

Three samples of the sites under experiment were
taken during the annual crop cycle (landrace beans
"Moro") and the total count of fungi was determined
by the Waksma method (1922), in 6 working
dilutions (10" - 10 surface planting on Potato
Dextrose Agar (PDA) without acidification. The
plates were incubated at room temperature in the dark
for seven days. At the end of the incubation time, and
for the condition of the soil (with and without
chemicals) a viable cell count was performed,
recording the morphologic  similarities and
macroscopic characteristics (shape, texture, growth,
structure, hyphae, conidia, etc.). The colonies of fungi
with similar characteristics among the three sites were
purified for their isolation by the hyphal puncture
technique and stored in PDA in a slant tube for later
identification.

The fungal identification at genus level, was related
to the macro and microscopic description of each
isolate. Subsequently, the strains were examined by
microscopy micro culture (Riddell, 1950) using
photomicrographs obtained with a Motic BA300
microscope, objectives brightfield, phase contrast that
are coupled to a digital camera Moticam 480 (Motic
Images Plus 2.0 software). Images obtained with
lactophenol blue staining were compared, and
morphological criteria (Barnett and Hunter, 2006)
identified Trichoderma as the main genera.

Resistance trials

The fungal strains, resistance to atrazine was
determined by applying Minimum Inhibitory
Concentration (MIC) tests to 23 different strains of
fungi isolated by the qualitative disk diffusion method
(Bauer et al, 1966), with three repetitions. PDA
dishes were inoculated with the different fungus
genera identified by the surface extension. Sterile
filter paper discs (0.5 cm in diameter) impregnated
with 10 pL of atrazine solutions at concentrations of
0, 500, 1000, 1500, 2000, 2500, 5000, 7500 and
10,000 mg L™ were used. The inhibition zone (no
growth area) present on each disk, in relation to the
mycelial growth, was determined.

Trichoderma sp. biomass production

Massive biomass production of Trichoderma sp. was
carried out in petri dishes containing PDA
(propagated by the hyphal tip technique) at room
temperature and with five days in darkness.
Mycelium was removed by scraping the dish with
three consecutive washes of 10 mL sterile water
(Guigon et al, 2010). The suspension of conidia
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obtained from each dish was kept in a 1 L sterile glass
jar with screw cap.

Trichoderma sp. growth kinetics

Samples of 100 g of sterile soil, saturated at field
capacity with a concentration of 100 ppm of atrazine
(Gesaprim 50FW ®), were placed in 250 mL jars
with screw cap. The samples were inoculated with a
suspension of strains of Trichoderma  sp.
(Concentration of about 10* - 10° CFU g’ of
mycelium). The jars were stored at room temperature
for 15 days. The total count of the fungus (Waksma,
1922) was monitored at the first day of storage (time
0) and at 5, 10 and 15 days as described above. A
Blank (sterile soil) and a Control (non-sterile soil),
under the same conditions was set.

Atrazine degradation in soil

The soil for this experiment came from the
Tempantitla experimental site without pesticide
application. Samples were air-dried and sieved with a
No. 16 mesh 1 mm opening. A homogeneous mixture
80/20 v/v Agrolita ® - perlite was prepared. 50 g of
soil mixture were placed in jars and sterilized at 110 °©
C for 45 minutes for three consecutive days. The jars
were saturated at field capacity (Rodriguez and
Rodriguez, 2002) with a solution of 500 ppm of
technical grade atrazine (Gesaprim S0FW ®).

Two soil conditions were used: sterile and non-sterile.
Flasks were inoculated with 10 mL of the suspension
of Trichoderma (10* — 10° CFU * mL " and stored
for 40 days under greenhouse conditions. To evaluate
the treatments, the soil was analyzed at 5, 10, 20 and
40 days after inoculation. A blank (sterile soil
inoculated with (7richoderma) and a control (non-
sterile soil inoculated with Trichoderma) was set. In
each time period, the soil was air dried and stored in
plastic bags for herbicide removal.

Atrazine extraction and quantification

5 g of dry soil were placed in 50 mL conical tubes
and homogenized with 10 mL of methanol and stirred
orbitally at 300 revolutions per minute (rpm) for 24
hours in darkness. The tubes were centrifuged 10 min
at 5000 rpm and 14 ° C. The supernatant was filtered
and collected in 10 mL glass jars. Methanol was
evaporated to dryness at 25 ° C, the residue was re-
suspended in 5 mL of Liquid Chromatography High
Resolution (HPLC) grade acetonitrile. Finally, the
samples were filtered with a 0.45 microns Millipore
Nylon® membrane and the liquid was collected in jars
for HPLC analysis (Fragoeiro and Magan, 2005).
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The liquid filtrate was analyzed with a HPLC Agilent
1200®, Infinity Series, diode array detector with a
Poroshell® column 120 EC-C18 4.6 x 50mm 2.7
micron. The elution in the chromatography mobile
phase began in 70/30 water/acetonitrile (v/ v) at a
flow rate of 0.5 mL min "' and sample injection of 10
microliters. The retention time was 2.84 minutes for
atrazine with a detection limit of 1 mL hg ~'. The
working solutions for the calibration curve of atrazine
(0,0.2,0.4, 0.6, 0.8 mg mL D were prepared from the
stock solution of 1 mg mL ™' (atrazine 98% analytical
reagent) by dilution with HPLC grade acetonitrile.

The HPLC values obtained were fitted to Equation 1,
of the standard curve:

Y =8694X +684.7 [1], R = 0.987 (Equation 1)

This equation gives the retained mass of atrazine (X).
The overall mass balance for atrazine in the test was:
M-input = M + M-retained-downgraded (Equation 2)
Where:

M = mass of atrazine,

From equation (2) the degraded atrazine milligrams
were obtained:

M-degraded = M-M-input-hold (Equation 3)

Experimental design

For the characterization of physical and chemical
soils a simple variance of means statistical analysis
with a completely randomized design (Tukey: o =
0.05) model was used.

The biodegradation of atrazine was a statistical model
of the analysis of the variance of one factor in a

completely randomized design with fixed effects
under repeated measurements over time. The Tukey
test (o = 0.05) was applied for means comparison
between treatments.

In both cases, the data obtained were analyzed with
the statistical program Number Cruncher Statistical
System (NCSS), version 2007.

RESULTS AND DISCUSSION

Physical and chemical parameters of the soil
samples

The values of the physical and chemicals parameters
found in the soil samples collected at the three study
sites are given in Table 1. The Capulin and Santana
sites showed a moderately acid pH levels, and
Tepantitla (NOM-021-RENACT-2000) was neutral.
In these intervals, nutrients are more available, as are
contaminants in the soil solution (Rinnan et al.,
2007).

The total soil nitrogen results were variable for each
study site and within the Official Mexican Norm
(NOM-021-RENACT-2000) they are classified in
intervals of high (0.15 to 0.25%) and very high (>
0.25). Regarding the content of organic matter (OM)
and organic carbon (OC), the norm states that values
between 4.1-6.0% MO, indicate a low fertility
content. On the contrary for Rodriguez and Rodriguez
(2002), the amount of organic matter and organic
carbon in agricultural classification is high and very
high (> 3.5%). Finally, regarding texture, soils are
classified as sandy loam and loam (NOM-021-
RENACT-2000).

Table 1. Mean comparison of the chemical and physical characteristics of the soils studied.

Agricultural soils of the Tulancingo Valley, Hidalgo, Mexico.

Capulin Tepantitla Santana Standard error
% Humidity 14.89, 15.86, 15.20, 0.20
pH (1:2 in water) 6.35, 6.69, 5.78, 0.12
% Total Nitrogen 0.18, 0.24, 0.30, 9.48*107
% Organic carbon 2.86, 3.36y 4.08, 0.012
% Organic material 4,94, 5.79, 4.04, 8.60%107
CIC (Cmol(+)kg™) 29.34, 59.63, 25.46, 3.63
Density (g cm™) 2.38, 2.43, 2.29, 0.11
Texture Sandy loam loam loam

For each line different letters indicate significant difference (with a = 0.05, Tukey).

269



Islas-Pelcastre et al., 2013

The physical and chemical results showed that there
are significant differences in the Santana soil
(pesticide application site) compared to the soil
without pesticide application. Furthermore, one must
consider that these properties are not only important
in the genesis and fertility of the soil, but also affect
retention  capacity, adsorption and atrazine
degradation in soil (Bridges et al., 2008; Raymundo
et al, 2009). Comparing the results with
bibliographical observations and references, it was
found that the three sites are at intervals of
agricultural fertility, but the soil of Santana, because
of its record of intensive agricultural use of
pesticides, could be vulnerable to deterioration and
negative environmental impacts in the short term.

Isolation and characterization of the rhizospheric
Trichoderma sp.

It was observed that there is a higher total count of
fungi in the rhizosphere (rhizospheric soil) in a ratio
rhizosphere / soil (R / S) of 2:1, at the three sites
Capulin (C), Tepantitla (T) and Santana (S). (Figure
1).

The proportion of Colony Forming Units per gram of
soil (CFU g) is within the range estimated by Maier
and Pepper (2009), of 10° to 10° CFU g’ in
rhizospheric soils. Mainly, because two of the
agricultural soils (C and T) are temporary regime
without fertilization. These results indicate that the

1e+5 -
8e+4

6e+4

UFC g

4e+4

2e+4

diversity and number of fungal genera present are in
an appropriate ranges.

From macro and microscopic laboratory descriptive
tests and experimental data, it was possible to
identify 7 kinds of fungi (23 species posibles), as
follows:  Alternaria  (one),  Mucor  (two),
Clandosporium (one), Fusarium (three), Aspergillus
(one), Penicillium (seven) of Trichoderma (five) and
three unidentified fungal strains.

The growth of Trichoderma sp. in culture media
began with the observation of colonies with small
green specks inconidium cushions, and with visible
airborne spores.  The microculture microscopic
observations  showed  hyaline  conidiophores,
branched, not verticillated, in groups of phialides
producing conidia (fialosphoros) hyaline in ovoid
shape and in terminal clusters (Barnett and Hunter,
2006; Sources and Ferrera, 2007).

Resistance tests and biomass
Trichoderma sp.

production of

The identified 23 strains of fungi showed no growth
inhibition halos of mycelium for atrazine
concentrations of 0 to 10.000 mg L™ by the CMI
method. This behavior shows that the genera isolated
resist high concentrations of agrochemical (Gopi et
al., 2012; Gopinath and Sims, 2011; Sene et al,
2010).

Emmm No plant
Rhizosphere
[ Dry plant

Soil sampling conditions

Figurel. Total count of fungi (CFU g ") of the three agricultural soils form Tulancingo Valley, Hidalgo, Mexico.
C (Capulin) and T (Tepantitla) are temporary regime (no herbicide application) and S (Santana) is with irrigation and
atrazine application. The soil sampling conditions were: no plant and dry plant rhizosphere.
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The biomass production test was performed with a
strain identified as Trichoderma genus, since there are
references that point out that this genera represents
major advantages in relation to other identified
genera. This fungus is characterized as a symbiotic
rhizospheric in plants and is wused in the
bioremediation of soils for extraction and the
biodegradation of contaminants (Harman et al., 2004;
Argumedo et al., 2009; Ghopita et al., 2011).

Of the five strains of Trichoderma sp. (T Ty, T3, Ty
and Ts) it was identified as Ts by its uniform growth,
pH ranges (4.5 to 7.5) and because it was the only
strain that developed mycelium both on agar and on
liquid media. 0.12 g of dry mycelium biomass of
Trichoderma sp. grown on 78.53 / cm * of each solid
PDA plate was obtained.

Trichoderma sp. growth Kinetics

Experimental data indicate that Trichoderma sp.
(Strain Ts) grew steadily for 15 days at room
temperature. On the other hand, the control (non-
sterile soil) increased its growth to a lesser extent and
the control showed a progressive decrease in CFU g
! soil (Figure 2).

1e+7

The concentration of Trichoderma sp. increased from
1x10* to 1.8x10° CFU g soil in 15 days at room
temperature using atrazine as the sole carbon and
nitrogen source. It can be estimated that
bioaugmentation with the fungus was favorable,
compared to the control (unidentified microbial
consortium).

Atrazine degradation in soil

Significant differences (o = 0.05) between treatments
from five to 20 days were found. At the end of the
experiment (40 days), the amount of atrazine
biodegraded by the Trichoderma sp. (T) was higher
compared to that achieved by the Blank (B) and the
Control (Ct) at the same time (Table 2).

Another point to emphasize is the behavior of the
treatment with Trichoderma sp. in relation to time,
where the treatment biodegraded 447.1 mg L' from
an initial concentration of 500 mg kg™ of atrazine (8.9
mg atrazine / 50 g soil), representing 89.4% of the
herbicide. It is observed that from day 20 there is a
difference in the fungal genera (T) respecting the
Control and Blank (Table 2 and Figure 3).

—e—— Trichoderma sp.
—-—z-—- Blank
—=a—— Control
1e+6 A
S le+5
(]
,TU)
O
"3" 1e+4
=
1643 e,
W,
N
1e+2 T T T T T T T T 1
0 2 4 6 8 10 12 14 16
Days

Figure 2. Growth kinetics in CFU g ™' of Trichoderma sp. in sterile soil in relation to Blank and Control at 0, 5, 10
and 15 days of incubation with an initial 100 ppm atrazine concentration.
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Table 2. Biodegradation of atrazine to different treatments.

Atrazine (mg L ™)

Treatment 5 days 10 days 20 days 40 days

Trichoderma sp. (T) 114.9452, 168.5607, 442.3395, 447.1820,
Blank (B) 29.6909, 67.0079, 59.9570, 207.0662,
Control (Ct) 119.8873, 174.3655, 112.2000, 147.4810,
Standard error +13.5272 +13.5272 +13.5272 +13.5272

Column means with different letters differ statistically

(a=0.050, Tukey)
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Figure 3. Atrazine mass (mg kg ) degraded with Trichoderma sp. (T) inoculation compared to Blank (B) and
Control (Ct), recorded at 5, 10, 20 and 40 days after inoculation.

This behavior is different from that reported by
Przybulewska and Sienicka (2008), where the same
genera mineralized (up to NH; and CO,) 2.5 mg/50 g
of soil in 112 days (10 ® -10 7 CFU g ), indicating
that the results are 3.5 times higher than those
reported, 2.8 times less in time, and with the same
initial amount of inoculum.

CONCLUSION

The genus Trichoderma sp. was isolated, identified
and characterized as a native strain of the rhizosphere
of Phaseolus vulgaris L., which belongs to the agro
ecosystem of the valley of Tulancingo, Hidalgo,
Mexico, and showed resistance to atrazine herbicide

up to 10,000 mg L " It is able to degrade up to 89%
of the atrazine in 500 mg kg ' of soil under laboratory
conditions.

This study also shows that it is feasible to cultivate
the native Trichoderma sp strain under laboratory
conditions with degradation results for this herbicide
superior to those already reported.

The next step in this research should include trials
with the native rhizospheric strain of Trichoderma sp
at greenhouse and field level to evaluate is
effectiveness for atrazine bioremediation in cultivated
soils contaminated with atrazine.
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