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Abstract
The experimental implementation of the fungus Trichoderma spp in a degraded soil, located in
an area contaminated by waste from cooper and gold mining is described in this report. The
study was designed to test the potential persistence of this plant-beneficial fungus in soils
contaminated by mining waste. The persistence of the Trichoderma spp in those extreme
conditions was demonstrated by the study, as shown by the laboratory soil analysis.
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1. Introduction
The term bioremediation was coined in the early 80s. Scientists observed that it was possible
to implement biological remediation strategies based on the ability of microorganisms to carry
out degradative processes.
To identify the potential of Trichoderma spp in soil remediation is an important step in the
recognition of the value of the genetic resources of biodiversity, in this case, microorganisms.
This aspect shows the importance of biological control in soil improvement programs.
Trichoderma spp are fungi usually present in soils, on plant roots. This microorganism attacks
parasites and possess resistance to most agricultural chemicals.
Microorganisms are the most important components of the soil. They constitute its living part
and are responsible for the dynamics of transformation and development of soil structure.
These microorganisms may be bacteria, actinomycetes, fungi, algae and protozoa. A fertile soil
is one that contains an adequate reserve of nutrients available to the plant, or alternatively, a
microbial population that release nutrients, making them available to the plant and thus
allowing a good plant development. (PROBIOMA, 2006)
The development of healthy and fertile soils is of fundamental importance for agricultural
areas. But soils are affected by a wide range of factors such as bad management, chemical
pollution by pesticide use, mining or industrial pollution, and global problems like
desertification and climate change.
Chile is a country currently known by the mining development, but this development is almost
always done at the expenses of local agricultural communities, water resources, and the
environment, with disastrous and irreparable consequences. OLCA has been working with
communities affected by mining projects.
Within the Drynet framework OLCA had the opportunity to become acquainted with the work of
PROBIOMA, a Bolivian organization focused on organic agriculture and biotechnology.
According to PROBIOMA there are ways to improve soil resources with several process
developed by them through their research on recovery of degraded soils using microorganisms (Bioremediation).
With the example of these technological experiences, OLCA decided to carry out a study on soil
bioremediation and chose a site in the commune of Alhué where, in 2006, a tailings pond spill
from a state owned copper mine happened in 2006 contaminated the stream that irrigates the
agricultural valley of Carén. This stream joins another, named Alhué, which receives pollution
from two private gold mining companies, Las Palmas and La Florida. The sectors affected by
both sources of mining pollution were identified as the area of study.
In this area, a number of peasants were interviewed, with the support of the town council, to
select the land for the study. The land of the farmer Manuel Contreras, who was very
interested in the proposed study and also on organic agriculture, was chosen to carry out the
research. The place is known as Pincha-Loncha.
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Area of contaminated streams Alhué and Caren

Loncha: contaminated area. Farmers are still
complaining for environmental damages caused by
mining activities.

View of Alhué village

Plot of land at Pincha-Loncha, commune of Alhue,
site of this study.

2. Objectives
1. General objective
To assess the potential of Trichoderma spp to counteract soil desertification processes in
regions of Chile.
2. Specific objectives
To evaluate the persistence and / or adaptation of Trichoderma spp in degraded soils.
To disseminate the strategic value of Trichoderma spp in soils bioremediation and its social and
environmental benefits for regions undergoing desertification in Chile.

3. Methodology
1. Collection of background information.
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A schedule of initial activities was established to carry out the work according to the logical
framework of the study, consisting of the following:
Study area description
Background data on the study area, such as location, hydrography, climate, topography, and
soil degradation situation were collected.
Description of the current state of the soil
A format was developed to record information on the plot of land selected for the study: sociogeographic, soil and climate, agricultural or other activities conducted in previous years,
current activity, inputs used (chemicals, chemical or organic fertilizers, lime, etc.). It also
included a description of soil management (crop rotation, windbreaks, amendments, type of
machinery, etc.), as well as information considered relevant for the recording of a soil
management history along previous years, to shed some light on the possible causes of the
current state of the soil.
By in situ observation, a description of the soil physical characteristics: texture, colour, depth,
porosity, infiltration, apparent density, was alto taken in consideration and recorded.
2. Laboratory analysis
To check the effect of the bioremediator on soil properties, laboratory analysis were conducted
prior to the application of the Trichoderma spp, and also periodically after the application.
Three types of analysis were performed by the soil laboratory of the Pontificia Universidad
Católica de Valparaíso, which is closest to the study area. The following is the description of
the analysis performed prior and after the application of the product:
Complete soil fertility analysis (physical-chemical analysis)
This analysis allowed to identify the physical characteristics, nutrient content, and content of
substances foreign to those belonging to the composition of the soil, such as residues of
agricultural chemicals or mining waste, which are soil contaminants.
This analysis was carried out prior to the application of the Trichoderma spp, to know the soil
characteristics before the study, and it was performed again at the end of the process, to
establish a comparison and to document the changes caused by the bioremediator.
The analysis measured the following parameters:
pH
Electric Conductivity (EC)
Organic matter
Nitrogen
Phosphorus
Potassium
Sodium
Calcium
Magnesium
Zinc
Manganese
Iron
Copper
Boron
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Microbiological soil analysis
This analysis was performed only at the beginning of the investigation by methods of isolation,
purification and identification of established microorganisms.
This type of analysis is needed to measure the compost biological condition and also to
determine the presence and proliferation of fungi in the soil under study.
Phytopathological analysis
This analysis allows to know the existing microbial population. Apart from showing any
contamination of diseases it is useful to determine the contribution of the biological activity of
the Trichoderma spp over degradation. It determines the amount of microorganisms classified
into three types:
Phytopathogenic genus: Those that cause diseases
Saprophytes genus: Plants or microorganisms that feed from decomposed organic matter.
Biocontrol genus: Beneficial microorganisms or plants that help to protect or to heal.
The phytopathological analysis was performed periodically, after the application of Trichoderma
spp, in order to verify the permanence of the fungus in the soil.
Table Nº1: Soil Analysis

Complete soil fertility
analysis
Microbiological soil
analysis
Phytopathological
analysis

Previous to the
application
x

30 days from
application

40 days from
application

90 days from
application
x

x
x

x

x

x

Soil sampling
The collection of samples to be sent to the laboratory followed a common procedure, according
to the methodology provided by PROBIOMA and to the laboratory requirements.
Soil samples were taken in a zig-zag pattern, 15 cm deep. Five sub-samples were taken in
order to form composite samples of approximately one kilogram. Samples were kept in
sterilized plastic bags and sent to the laboratory within 24 hours after being taken, properly
sealed and labeled.
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Figure 1: Sample label
Sample:
Producer name:
Address:
Sector:

Commune:

Province:

Region:

Sample area:
Sample date:
LABORATORY RECEPTION
Date:

Hour:
Hour:

Received by:

3. Application design for the Trichoderma spp
An experimental plot of 49 m2 was established in the selected land. Within this plot, nine
experimental units of 1 m2 were defined. Three of these experimental units served as control
units of the previous soil characteristics (units T0), and in the other six, the Trichoderma spp
was applied randomly in doses of 100 cc (units T1) and 200 cc (units T2), respectively.
The design of the experimental plot is shown in the following figure:

Figure 2: Design of experimental plot

TEST
•

T0 = Control sample

•

T1 = 100 cc of
Trichoderma spp/m2

•

T2 = 200 cc of
Trichoderma spp/m2
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The bioregulator was imported from Bolivia in the commercial formulation Tricodamp. It was
used in liquid form to facilitate applications. It was dissolved in 2 litters of water and then
sprayed on each section of soil, except TO control units.
4. Monitoring the bioregulator persistence
Trichoderma spp persistence. Periodic samplings were made after 30, 40 and 90 days of
application of the product, to assess the persistence of Trichoderma spp colonies and their
increase per gram of soil.

Table 2: Proposed Application and monitoring schedule
Activity
Define and mark experimental plot
First collection of soil samples for analysis
Application of Trichoderma spp
Control: 30 days
Control: 40 days
Control: 90 days
Final control (complete soil analysis)

Date
July
August
September
October
October
December
December

5. Expected results
•

That the Trichoderma spp has the capacity to withstand and to adapt to adverse
environmental conditions, remaining in the soil and increasing its colonies.

•

That the Trichoderma spp improves the quality of soils contaminated with heavy metals
and waste from mine tailings.

•

That biotechnology based on healthy alternatives like the use of beneficial microorganisms
is able to contribute to the bioremediation of soil.

•

That the Trichoderma spp can be an important and easy to use instrument of applied
biotechnology to restore contaminated soils.

Summary of activities

Activities

June

July August September October November

Planning

x

x

On-site visits to Alhué sectors

x

x

Meeting with Municipality leaders

x

x

Select research laboratory

x

x

Formalities required to import
Tricodamp

x

x

x

Preparation of forms and technical
material

x

x

x

x

x

Selection of the experimental plot of
land

x
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December

Meeting with agricultural
professionals from Alhué

x

x

Collect geographical and climate
background

x

Communication activities in Alhué
and Santiago

x
x

Advising to selected farmer

x

x

Training from PROBIOMA

x

Initial sampling collection (for
complete soil fertility and
phytopathological analysis)

x

x

x

x
x

Mark and prepare experimental plot
T0-T1-T2

x

Application of Trichoderma spp

x

Monitoring analysis (T0-T1-T2)

x

Progress reports

x

x

x

x

x

x

Results and assessment of
laboratory analysis

x

Final report

x

4. Results
1. Background of the area of the study
Location:
Within the Metropolitan Region, 150 kilometers southwest from Santiago, province of Melipilla,
commune of Alhué.
Access roads: From route Autopista del Sol to Melipilla, cross Maipo river bridge. Follow route
680. In the crossroads “Las Arañas”, follow route 66 in the direction of Lake Rapel, continue
to the junction with route G-692, that leads to Alhué. The site is located at the center of the
crossroads G-692 and G-680.
Climate:
The climate is mild warm, with a lengthy dry season of six to eight months, with heavy rains in
Winter. July is the coldest month and the warmest is January.
Relative
humidity (%)
Average

50

Rainfall
(mm)
42,2

Average
Temperature
(°C )
19

Maximum
Temperature
(°C)
32,35

Minimum
Temperature
(°C)
6,5

Hydrography and topography:
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A characteristic of this area is that the streams Alhué and Carén meet there and then flow into
the lake Rapel, which is actually a fresh water reservoir.
There are also various groundwater aquifers that are being depleted by agrobusiness
companies.
Historically, in the selected area, farmers have been using water piping systems connected to
the above mentioned streams to irrigate their crops.
The sector is characterized by its rolling hills, in a valley within the mountains of the Cordillera
de la Costa. The maximum heights in the area are in Altos de Cantillana (2281 Mt), site of the
largest oak forest in the region.
Location of the site of the study at the Alhué commune:

2. Description of the current state of soil
History of land use
Agricultural activities in the selected site were recorded in a form (Annex 1), including use of
agrochemicals and a general description of agricultural management techniques.
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The site chosen has a surface of 19 hectares of clay loam soil with some slopes where
vegetables are cultivated. The study was carried out within a flat area of one hectare on which
the owner had decided to grow potatoes in 2009.
The area chosen has the particularity that it is crossed by the Alhué stream, with arsenic and
lead waste from a gold mine, and the Karen stream, with molybdenum and sulphate waste
from a copper mine. The water from both streams is used for irrigation by farmers in the area.
These farmers have not been trained or oriented on alternative cultivation or agroecological
management.
The farmer of the site of the study has management plans based on high-cost chemicals. He
also uses chicken manure as fertilizer in order to cut costs. He has produced vegetables
(onions, potatoes, corn, wheat, oats) rotating these crops, from more than 10 years.
Soil physical characteristics:
Soil texture, aeration and structure: The soil is clay loam with low permeability and the
characteristic structure of agricultural soils that are produced artificially.
Soil depth, infiltration and salinity: This soil has medium depth and a high concentration of
mineral salts which leads to a higher salinity.
Soil acidity (pH): This type of soil is acidic, it has a pH of 5.75. The farmer tends to improve
this situation by periodically applying sulphur powder. He carries out crop rotations and
incorporates stubble and poultry manure to the soil. That organic matter also helps to improve
low soil pH conditions.
Preliminary analysis
Before the application of the bioremediator, soil laboratory analysis were conducted to
determine its biological, physical and chemical characteristics.
Complete soil fertility analysis (Annex 2)

Parameter

Normal range

pH at 25°C
EC at 25º C (dS/m)
Organic matter
Available nitrogen (mg/kg.)
Available phosphorus ( mg/kg.)
Interchangeable potassium (mg/kg.)
Interchangeable potassium (cmol+/kg.)
Interchangeable sodium ( cmol+/kg )
Interchangeable calcium (cmol+/kg)
Interchangeable magnesium (cmol+/kg)
Available zinc (mg/kg)
Available manganese (mg/kg )
Available iron (mg/kg)
Available copper (mg/kg )
Available boron (mg/kg )

6,5 – 7,5
1,0 - 2,5
5,1 - 10,0
21 - 35
10,1 - 20,0
100 -180
0,26 - 0,51
0,21 - 0,30
5,01 - 9,00
0,51 - 1,00
0,50 - 1,00
0,6 - 1,0
2,6 - 4,5
0,3 - 0,5
0,51 - 1,03

Initial
5,75
0,92
2,67
6,86
10,8
97,2
0,25
0,21
24,2
2,83
0,34
4,08
89,4
4,82
0,45
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The analysis showed the presence of calcium and magnesium and of heavy metals such as
manganese, iron and copper, at higher than normal levels.
Low levels of determinants for soil fertility, such as nitrogen, were detected.
Organic matter was also under the normal range.
The level of pH, which is also under the recommended range, is probably related to previous
and repeted applications of agrochemicals by the farmer.
Microbiological soil analysis (Annex 3)
This analysis is required under the Chilean standard 2880, to determine the state of the
compost and also to detect the presence of pathogenic organisms such as Salmonella sp,
particularly in areas of vegetable production.

Date of the sample:

17 08 09

Faecal coliforms (MPN/ g):

<3

Salmonella sp. (MPN/ g):

Absence

Remark: MPN/g.: number per gram
Maximum allowed:
Faecal coliforms: < 1000 per gram
Salmonella: 3 MPN / 4 g

Phytopathological analysis (Annex 4)
This analysis showed the presence of a low number of colonies of Trichoderma spp, denoting
that the soil was gradually losing its quality and fertility.
A high percentage of Penicillium per gram of soil showed that this saprophyte multiplies easily
in that soil, which may lead to a potential damage to the crops.

Phytopathogenic genus
Absence
Saprophytes genus
Penicillium:
30.000 colonies/g soil
Rhizopus:
2.000 colonies/g soil
Biocontrol genus
Trichoderma:
670 colonies/g soil

3. Application of Trichoderma spp in the experimental Unit
Defining - marking the area of application of Trichoderma spp.
The visit of the project team to the area, including a specialist from PROBIOMA, Bolivia, was
useful to disseminate and discuss the technical issues and to determine the experimental area.
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Visit of a specialist from PROBIOMA to the experimental Informing the community on the objectives and scope
of the study.
site.

Testing design
The process of testing started with the measuring, staking and marking of the experimental
units and establishing the block design. The two treatments were applied in these blocks with
three replications on each one, according to the already described methodology.

Measuring and demarcating the experimental plot

Signs to identify experimental units

Application:
The tests were applied on a cloudy day with showers. The ground was damp, with use of
machinery, with incorporation of corn stubble. The ground was prepared for potato planting
with no application of agrochemicals.
The sealed bottles of Tricodamp (containing the Trichoderma spp) were opened at the moment
of preparing the solution, as a precautionary measure.
Trichoderma spp was dissolved with collected rain water. It was mixed with 2 litters of water
for each sample. First the doses of 100cc were used and then, with equal amounts of water,
the doses of 200 cc, wetting the units well (see pictures).
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Dissolving Tricodamp
Preparing doses with rain water

Experimental units were labeled later as T1 and T2 in applied areas. Biological barriers were
chosen to separate the testing area from the conventional area.

Application of prepared doses

Monitoring the experimental plot

On the 2nd week of September, the farmer planted potatoes in his land. The experimental
units of the study were also planted in the same period, by hand, using organic fertilizer and
following the line of initial culture.
4. Monitoring
Visits every 15 days to the study site were programmed, and this also included visits to the
farmer in order to improve his cooperation and understanding of the study.
The preliminary sampling schedule contemplated the following dates:
Activity

Date

Preliminary sampling
Define and determine the experimental area
Application of Trichoderma spp
Control: 30 days (Persistence of Trichoderma)
Control: 40 days (Persistence of Trichoderma)
Control: 90 days (Persistence of Trichoderma)
Final control (Complete soil fertility)

August 5
August 11
August 28
September 29
October 6
November 28
December 30
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30 days from application
This phytopathological analysis was done with a single sample, taking equivalent amounts
from experimental units T1 and T2. The results are:

Phytopathogenic genus:
Fusarium 2.000 colonies /g soil
Phytophthora 1000 colonies /g soil
Saprophytes genus:
Penicillium 2.000 colonies/g soil
Biocontrol genus:
Trichoderma: 22.000 colonies/g soil
Gliocladium: 5.000 colonies/g soil
(Clonostachys)
(Original: Annex 5)
This analysis showed the presence of Trichoderma spp in the experimental plots, having
withstood 30 days from the application, with a significant increase in colonies: 22,000
colonies / g soil, compared with the initial range of 670 colonies / g soil.
The detected presence of phytopathogenic microorganisms, is usually related to diseases in
crops. However, there are few studies of native diseases and phytopathogenic organisms
naturally present in plant ecosystems.
40 days from application
Specific soil samples for experimental units T0, T1 and T2 were taken at 10 cm depth, at
16:30 hours. These samples were cooled prior to be sent to the testing laboratory.
Results are as follows (Annex 6):
Control unit T0
No application

Experimental unit T1
100 cc/m2

Experimental unit T2
200 cc/m2

Phytopathogenic genus
Phytophthora
1.000 colonies /g soil

Fusarium
1.000 colonies /g soil

Phytophthora
1.000 colonies /g soil
Fusarium
3.000 colonies /g soil

Saprophytes genus
Rhizopus
2.000 colonies/g soil

Cladosporium
1.000 colonies/g soil

Penicillium
18.000 colonies/g soil

Rhizopus
2.000 colonies /g soil
Aspergillus
2.000 colonies/g soil
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Stemphyllium
2.000 colonies/g soil
Biocontrol genus:
Gliocladium:
12.000 colonies/g soil

Trichoderma:
20.000 colonies/g soil

Trichoderma:
10.000 colonies/g soil

Gliocladium:
1.000 colonies/g soil

In the experimental units T1 and T2, where Trichoderma spp was applied, a large number of
colonies of the microorganism was found in the tests. This confirmed the persistence of the
bioregulator despite having been exposed to high temperatures and low humidity. This low
humidity refers to the restriction of irrigation that was determined in order to avoid cross
contamination between plots.
It should be noted that the number of colonies present in units T1 and T2 was not related to
the amount of liquid applied. Units T1, where 100 cc of Trichoderma spp were applied, had
twice the number of colonies, in comparison with Units T2, where a dose of 200 cc was
applied. A contributing factor to that difference could have been the location of the
experimental units: some of them along the path, others, at the border of the organic barrier
that separated them from the traditional cultivation. A more complete explanation of the
difference has yet to be found, perhaps in future replications of this first study.

Dry sector, not irrigated to avoid mixing of
Trichoderma application

Area with irrigated potato crops.

90 days from application - Final assessment.
Phytopathological analysis
As explained above, the tests of persistence of Trichoderma spp were conducted at the final
stage of the process. On 28 November, samples were taken from the experimental units T0,
T1 and T2. Samples were collected separately from each unit, sealed and identified with labels,
and then transported properly cooled to the laboratory.
At that time, two samples from each unit were taken, one for the phytopathological analysis
(90 days control) and the other for the complete soil fertility analysis (Final assessment), in
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order to have the data to build a comparative chart of the process.
The results of the tests and the analysis of the data are as follows (Annex 7):

Experimental unit T0

Experimental unit T1

Experimental unit T2

Phytopathogenic genus:
Phytophthora
2.000 colonies /g soil
Fusarium
6.000 colonies /g soil

Phytophthora
1.000 colonies /g soil
Fusarium
3.000 colonies /g soil

Fusarium:
4.000 colonies /g soil

Saprophytes genus:
Penicillium:
25.000 colonies/g soil

Penicillium:
15.000 colonies/g soil

Penicillium
4 .000 colonies/g soil

Biocontrol genus:
Trichoderm:
2.000 colonies/g soil

Trichoderma:
19.000 colonies/g soil

Trichoderma
10.000 colonies/g soil

The first thing to assert is that, according to the results of the phytopathological analysis, the
Trichoderma spp persisted. Whereas, to prevent risks through crossing, experimental units
were exposed to conditions of low or lack of humidity with high temperature, these organisms
were still antagonists in adverse conditions.
The diverse microbial activity grew up during the period of the experiment, generating more
manageable parameters, despite the fact that these soils had low available organic matter and
high concentrations of heavy metals.
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The presence of Trichoderma spp is seen in dark green in this laboratory dish.

5. Evaluation and Analysis
Phytopathological analysis comparative chart:
Initial
T0

T1
T2

30 days

40 days
N.D.*

---Trichoderma:
670
colonies/g soil

Trichoderma:
22.000
colonies/g soil

Trichoderma:
20.000
colonies/g soil

90 days
Trichoderma:
2.000
colonies/g soil
Trichoderma:
19.000
colonies/g soil

Trichoderma:
Trichoderma:
10.000
10.000
colonies/g soil
colonies/g soil

(Original results: Annexes 4 to 7)
*The laboratory test results for that period did not included data on Trichoderma spp.
The presence and fixation of the bioregulator on the soil created microbial activity, accelerating
the biological processes of soil remediation. (Note that these soils had heavy metal
accumulation and low organic matter available).
This was verified as follows: first the potatoes grown in the experimental plots are healthy,
they have no pathogenic fungus -very common in these crops- or any other type of rot, as it
happens with traditional potato crops. Second, pollinators and biocontrol insects were detected
on the plants of the experimental units; those insects were not seen in the conventionally
planted potato crops in the field.
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For T1 and T2 units, the presence of the microorganism persisted. It was not possible to
establish the factors that may have reverse the relation between the amount of Trichoderma
spp applied and the quantity of the colonies found on T1 and T2. According to PROBIOMA, in
some other places where this research had been conducted, a similar situation has been
observed. Future replications of the initial study might throw some light on the subject.
Complete soil fertility comparative chart:
Parameter

Normal range

pH at 25°C
EC at 25º C (dS/m)
Organic matter
Available nitrogen (mg/kg)
Available phosphorus(mg/kg)
Interchangeable potassium
(mg/kg)
Interchangeable potassium
(cmol+/kg)
Interchangeable sodium
(cmol+/kg )
Interchangeable calcium
(cmol+/kg)
Interchangeable magnesium
(cmol+/kg)
Available zinc (mg/kg)
Available manganese (mg/kg)
Available iron (mg/kg)
Available copper (mg/kg)
Available boron (mg/kg)

Initial

T0

T1

T2

6,5 – 7,5
1,0 - 2,5
5,1 - 10,0
21 - 35
10,1 - 20,0
100 - 180

5,75
0,92
2,67
6,86
10,8
97,2

6,49
1,36
2,61
19,2
20,5
114

6,39
2,03
2,77
13,6
19,6
121

6,37
1,65
2,86
3,29
17,9
122

0,26 - 0,51

0,25

0,29

0,31

0,31

0,21

0,18

0,22

0,19

5,01 - 9,00

24,2

16,2

16,0

16,4

0,51 - 1,00

2,83

1,49

1,21

1,36

0,50 - 1,00
0,6 - 1,0
2,6 - 4,5
0,3 - 0,5
0,51-1,03

0,34
4,08
89,4
4,82
0,45

0,46
4,49
171
5,72
-

0,47
3,66
187
5,81
-

0,48
4,22
188
5,37
-

0,21 - 0,30

(Original results: Annexes 2 and 8)
Looking at the complete soil fertility comparative chart, the following may be pointed out:
The initial analysis showed that the soil had high levels of metals, well above the
recommended ranges. This situation is probably caused by irrigation practices, using stream
waters contaminated with mining waste, and by the damage caused by the tailings spill in
2006. This type of pollution eliminates basic and fundamental processes that the soil needs to
decompose organic matter, endangering soil fertility and productivity.
Looking at the level of pH at the various stages, it is possible to observe a balance in soil
acidification. With regard to organic matter, which is a sound basis for the adherence of
microorganisms, the initial low concentration experienced a very slowed rise on T1 and T2.
There are parameters with different levels from one experimental unit to another, like the
case of nitrogen, which from the initial 6.86 mg/kg (well under the optimal average), climbed
in units T0 and T1 and dropped on unit T2, possibly due to specially low humidity and high
absorption by crops.
Phosphorus level, that initially was close to the minimum, increased to normal levels in all
units. A decrease in interchangeable sodium, calcium and magnesium was also observable in
all units. Heavy metals remained in high concentrations in the soil.

6. Conclusions
The overarching conclusion of the study is that the microorganism Trichoderma spp
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is capable of persistence, resilience and adaptation to conditions of high
temperature, low humidity and high levels of mining pollution, as were the
conditions of the experimental plot in Alhué. Despite the fact that irrigation was
restricted to prevent inter-crossing between plots, the microorganism survived in
semiarid soils with low organic matter and several years of exposure to chemical
contamination.
This adaptation of the microorganism became evident in the observation of improvements in
the soil, and subsequently in the healthy conditions of the potatoes when harvested, without
fungi or other pathogens. This healthy condition was also observable on the roots of the
plants. The Trichoderma spp is known as a potent fungicide, and this was demonstrated in
this study.
To compare the benefits that the microorganism brought to the soils, acting as a fungi
controller, two plants of potatoes were harvested for observation. The first plant came from a
plot where the Trichoderma spp had not been applied, and the second one was taken from one
of the experimental units. The first plant showed clear signs of seed and stem rot. On the
contrary, the plant from the experimental unit showed healthy tubers and stem. Furthermore,
the presence of various insects, many of them recognized biocontrollers, was detected in the
experimental units. A similar presence was not observed in the conventional plot.
These clues showed soil improvement: the signs of life mentioned above, emerging from a
heavily contaminated land, can be interpreted as the soil becoming again an ecosystem with a
balance that had enabled its self-recovery capability.
It has become essential to validate agroecology as an effective and sustainable option, and this
process gives confidence that it is possible to recover degraded soils through biological
processes, including soils polluted by mining activities.
In time, such procedures will be an important aid to allow moving from conventional to organic
farming. This transformation is long overdue, considering the well known and extremely
damaging impacts of agricultural practices based on the intensive use of chemical inputs. The
hazards posed by these activities threaten the quality of soils, superficial and groundwater,
other ecosystems, and specially, the health of communities.
When this kind of studies is carried out, it is important to provide at the same time relevant
information and training to the involved peasants and farmers. Thus, they can evaluate the
process and this may help them to participate, with knowledge and awareness, in the
transformations urgently needed in agriculture.
It can prove that biotechnology, when applied to agroecology, produces effective results in the
medium term. The use of Trichoderma spp as a bioremediator can be considered as an
effective and sustainable tool for soil recovery.
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8. Annex
1.2.3.4.5.6.7.8.-

Land record form
Preliminary complete soil fertility analysis
Preliminary microbiological soil analysis
Preliminary phytopathological analysis
30 days Phytopathological analysis
40 days Phytopathological analysis
90 days Phytopathological analysis
90 days Complete soil fertility analysis
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