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ABSTRACT:
The objective of this work was to evaluate the effect of plastic cover without
albedo for solarizing cattle manure in order to eliminate pathogens and to obtain a
safe organic fertilizer. The treatments consisted of piles of manure with single and
double cover and a control without cover. The experimental design was a randomized
blocks with factorial arrangement and three replications and separation of means by
Tukey test (P=0.05) analyzed with SAS statistical software. During 20 days the
temperatures were registered hourly in each pile at depths of 30 and 60 cm. Five
microbiological analyzes were realized in order to detect Escherichia coli and
Salmonella spp in each treatment. The results showed a greater homogeneity of
temperature in the piles with double covered in the vertical plane, registering 62 ºC at
30 cm and 60 ºC at 90 cm of depth; the temperature with single cover was of 61.5 ºC
at 30 cm and 58 ºC at 90 cm of depth; the control showed temperature of 58 ºC at 30
cm and 47 °C at 90 cm. The microbiological results before the solarization showed the
presence of Escherichia coli and Salmonella spp., but after solarization process these
pathogens were detected only in the control, with a minimum effective time of
solarization of 21 days. The solarization of cattle manure in piles with single and
double cover is an alternative to produce an organic and innocuous compost to use it
in agriculture.
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INTRODUCTION
In the Comarca Lagunera manure is
produced in large quantities for farming cattle milk
and meat established under intensive production
systems. Usually, on these farms the manure is
collected and piled up in heaps, and later
incorporated into agricultural soils. However,
incorporating raw manure to the soil can result in
serious food contamination by pathogens at this
stage of production (den Anntrekker et al. 2002)
and also to contaminate water sources (Fortis et al.
2009). A high number of pathogens in excreta are
an indicator of high risk of contamination of both
food and water for irrigation and human
consumption (Mara et al. 2007). Studies have
reported the vertical transport of fecal coliform in
the soil surface after been amended with manure
(Edwards et al. 2000). In Mexico, NOM-037-FITO1995 (1997) establishes the treatment of manure
prior to application via composting, pasteurization,
drying vapor, or UV radiation in order to reduce the
amount of heavy metals, fecal coliform bacteria and
helminth eggs. One method that has been used
successfully in agricultural soils for disinfection is
solarization; a hydrothermal technique of soil cover
for several weeks by a polyethylene film that has
the ability to capture solar radiation and
significantly increase the temperature causing
physical, chemical and biological effects (Wang et
al. 2006; Jayaraj et al. 2007; Scopa and Dumontet,
2007). The effect of solarization is mainly due to
thermal inactivation of pathogens due to the high
temperatures reached in the soil (Khalid et al. 2006)
being the effect on living organisms depending on
the outcome of the product of temperature by
exposure time. Although the role of the inactivation
of proteins in the survival of microorganisms or
other living cells during solarization appears to be
important, one of the most important effects of
solarization is the weakening of fungal propagules
by sublethal temperatures, which although they do
not completely destroy pathogens, they become
more susceptible to attack by antagonistic
microorganisms (Wang et al. 2006). This technique
offers promising alternatives to control plant
diseases caused by soil microorganisms without the
use of chemicals products (Ijoyah and koutatouka,
2009). Some works has implemented the
solarization of small cell substrates for use in plant
nurseries as a new approach to the control of
pathogens, however, the effectiveness of this
process requires assessments as may be incomplete
in deeper soil layers or when piles of land are in the
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shade (Nico et al. 2003). In this sense, the objective
of this study was to evaluate the use of plastic
without albedo to solarize manure piles as an active
disinfection method to eliminate pathogens in the
cattle manure and that it complies with current
legislation for use as a safe organic fertilizer.
MATERIALS AND METHODS
Geographic location.
This experiment was carried out in the year
2004 in the region known as Comarca Lagunera,
which is located in the central part of the northern
part of Mexico in the states of Coahuila and
Durango, between the meridians 102 ° 22 'and 104 °
47 'west longitude and the parallels 24 ° 22' and 26
° 23 'north latitude, with an average height above
sea level of 1139 m. The region's climate is
classified as steppe (BS) and desert (BW), an arid
climate with rains in summer and cool winters. The
average annual rainfall is 230 mm and evaporation
from 6 to 11 times greater than precipitation is
recorded in the year. The average annual
temperature is 22 º C, reaching 42 ° C in summer
and 4°C in winter. The relative humidity in the
region varies according to season, with 31% in
spring, 47% in summer, 58% in autumn and 40% in
winter (García, 1981)
Experimental site and preparation of the
manure piles.
The work was carried out in the
experimental field of the Facultad de Agricultura y
Zootecnia (FAZ-UJED), located at km 28.5 of
Tlahualilo-Gomez Palacio road, Durango. The
manure used in the study was collected in the farm
"The Tajito" located on the right side of the Nazas
River Municipality, of Gomez Palacio, Durango.
Manure was wetted (40%) in a homogeneous way
and turned manually with the help of shovels. The
next step was the construction of the manure piles
with the following dimensions: 2 m long and 1 m
wide and 1 m high. To carry out the solarization
process piles were covered with plastic without
albedo which had the following characteristics:
manufactured by Plastoza, SA State of Mexico,
whose descriptions are PLANAT 180 x 1000 / 100
(1.8 m wide, 1000 m long) and 100 μ thick and
transparent.
Treatments and variables evaluated.
The treatments were: T1 = manure pile
covered with single plastic cover and temperature
evaluated at a depth of 30 cm, T2 = manure pile
covered with single plastic cover and temperature
evaluated at a depth of 90 cm, T3 = manure pile
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covered with double plastic cover and temperature
evaluated at a depth of 30 cm, T4 = manure pile
covered with double plastic cover and temperature
evaluated at a depth of 90 cm, T5 = uncovered
manure pile and evaluation of temperature at depth
of 30 cm and T6 = uncovered manure pile and
evaluation of temperature at depth of 90 cm. The
experimental design was randomized blocks with
factorial arrangement and three replications
resulting in 18 experimental units. The mean
separation test was performed by Tukey (P ≤ 0.05)
using SAS statistical software (1998). In each pile
of manure and during four weeks the temperature
was recorded every hour in the depths of 30 and 90
cm. Temperatures were measured with a direct
temperature meter (HANNA HI-99 121).
Diagnosis of Escherichia coli and Salmonella spp.
Detection of Escherichia coli and
Salmonella spp was conducted in five sampling
dates: 7, 12, 17, 21 and 25 of June. The manure
sampling was performed on each layer of the pile
around 7:30 am. To this, a hole was done with the
help of a blade tip to the corresponding height of
each layer and filled a plastic container of one liter
capacity and then placed in paper bag cinnamon 15
x 30 cm for transportation to the laboratory for
immediate analysis. Each sample was homogenized
and 30 g were taken for microbiological analysis
and count by the MPN technique according to the
NOM-004-SEMARNAT-2002 for E. coli and
Salmonella spp., (SMARN, 2003).
RESULTS AND DISCUSSION
The results of analysis of variance showed
significant difference (P ≤ 0.05) for the average
temperature in the piles and depths evaluated.
Figure 1 shows that in piles covered with plastic,
the temperatures had lower variation at evaluated

depths, as well as a significant increase in
temperature compared to the control, which is
consistent with other reports (Misle and Norero,
2001). The double cover solarization had an
increase in temperature of 3% compared with a
single cover to the depth of 90 cm; Russo et al.
(2005) found that the effectiveness of this technique
in soil is between 8 and 10% with respect to the
system of placing just a single cover, confirming
this the higher efficiency of energy capture by the
double cover because solarization produce an
increased soil temperature. With respect to the
control there found a difference of 10 ° C less
compared to solarized piles.
In Figure 2, the results showed that at depth
of 30 cm the highest recorded temperature was 62 °
C while the minimum was 58 ° C, which represents
a difference of 4 ° C over 24 h. In the case of
double cover the highest temperature was recorded
during the afternoon, the temperature rise began
around 15:00 pm with a sigmoid growth curve
peaking around 21 h remaining constant the
temperature until 24 h and from there begins a
gradual decline until noon. Double cover treatment
showed the greatest variation at 30 cm depth, also
in this layer was observed two trends during the
period of 24 h, a linear decrease from zero hours to
16 h and after this time starts a linear ascent until 19
h where it stays for four hours until 23 h, this period
show the highest temperature of the pile with about
62 º C and was the highest temperature recorded in
the study.
For the depth of 90 cm (Figure 3), the
maximum temperature was 60 ° C in the double
cover and the minimum temperature was 47 ° C in
the control. At this depth there was less variation in
temperature of the piles. The average value of the
temperature in the control, single and double cover

Figure 1. Comparison of means of daily average Figure 2. Average temperatures recorded in one day at
temperatures presented during the evaluation period a depth of 30 cm in the treatments evaluated (FAZin the piles of solarization.
UJED 2004).
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reached a maximum value of 47, 58 and 60 ° C,
respectively. At this depth the temperature
remained without much variation. The temperature
difference across strata was 13 ° C. Importantly, the
temperature in the piles with plastic were similar
during the 24 h, which means that the temperature
remains without significant variation throughout the
period; the temperature range was about 58 ° C
similar to the minimum reached in the top layer,
and about 3.5 º C of the highest recorded in the top
layer. With reference to this double-cover
treatment, the temperatures recorded during the
period of 24 hours of the day were homogeneous
with 60 ° C, representing a difference between
layers of this pile of two degrees.
It was observed that as the days passed there
was a progressive loss of moisture from the top of
the pile to the lower layer, which was reflected in a
decrease in temperature in the piles of solarization
(Figure 4); similar results has been found in studies
to predict the temperature in solarized soil and
comparing wet and dry soils, finding that a deep of
5 cm temperature of solarized wet soil increased to
9 º C while in dry soil at the same depth increased
was 5 ° C, concluded that in wet soil the primary
effect of the plastic cover during the day is to
reduces the effect of evaporation and to increase the
amount of heat available to heat the soil (Ristaino et
al. 1998; Chellemi et al. 2007). In the treatments
described, was observed a significant increase in
temperature in the manure piles covered with
plastic.
Misle and Norero (2001), at low latitudes
(Chile) found increases of temperatures in solarized
soil with transparent plastic concluding that this
practice can be used in unfavorable conditions of

Figure 3. Average temperatures recorded in one day at a
depth of 90 cm in the treatments evaluated (FAZ-UJED 2004).
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solar radiation. In this study, temperatures rose
about 10 ° C than the control, noting that the
amplitude between the layers 30 and 90 cm in
solarized piles was two degrees Celsius. Also was
observed at the depth of 90 cm in solarized piles, a
minimum daily temperature variation, mainly in the
piles with double plastic cover. This can be
attributed to lower heat losses by radiation at night
to the atmosphere due to water condensation on the
inner surface of the plastic cover. Similar results
have been reported by Burrafato et al. (1997) in
Italy, who note that such behavior is due to the
theory of heat conduction, i.e, a thermal regime in a
medium is described by a monochromatic plane of
the orthogonal propagation of the wave into a
isothermal plane, with a dependence on the wave
period and the thermal diffusivity of the medium. In
Figure 4, can be observed a downward trend in the
temperatures of the piles, this effect has been
reported by Cebolla (2006) which states that if the
soil is moist and padded with a layer of
polyethylene, energy balance is changed, partly due
to the moisture increases the conductivity and
especially thermal diffusivity, enabling a faster
warm-up to the outside, and on the other hand, there
is a reduction of incident solar radiation due to the
transmittance and reflection of the plastic sheet, and
a marked decrease in heat loss by conduction and
convection and especially removal of latent heat
loss due to evaporation of a barrier imposed by the
plastic. Compared with the control without plastic
cover, in both strata corresponding temperature was
very different, for while in the top the temperatures
fluctuated around 58 ° C, the lower layer was about
47 º C, this represents a difference of about 11 ° C.

Figure 4. Performance of daily temperatures in the piles of
solarization.
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To evaluate the presence of organisms
present in manure and their behavior in each
stratum and its relationship with the temperatures,
Table 1 presents the results of the five samples and
the corresponding microbiological analysis. The
results of microbiological tests showed the presence
of Escherichia coli and Salmonella spp., in all
samples before covering piles with plastic.
However, in samples collected from solarized
manure with single and double plastic cover, there
was no presence of these organisms after the fourth
sampling. In the control treatment presence was
continuous during the remainder of the experiment,
being higher the number in the lower layer, where
temperatures were less warm and the moisture of
the manure is retained longer. Droffner and Brinton
(1995) indicate that in a study of composting the
temperatures were 60 ° C for three weeks, enough
to kill these microbes, however, exist the possibility
of re-growth of undetectable population by
heterogeneity of composting in the piles; similar
results were found by Velasco et al. (2004) and
Noble et al. (2004), who achieved to reduce the
presence of E. coli and Salmonella below the
permissible values. Berry and Miller (2005),
indicate that the humidity and temperatures are a
contributing factor to reduce the presence of
Escherichia coli. The high temperatures recorded in
this study were higher than other studies with cattle
manure under composting method. Larney and
Yanke (2003) in southern Alberta Canada found
that 99.9% of total coliforms and E. coli, were

eliminated when the temperature reached 41.5 ° C,
also noting that the population of heterotrophic
organisms remain high, possibly producing an
antagonistic effect against pathogenic organisms
mentioned. Borbour et al., (2002) and Jiang et al.
(2003), in studies with solarization determined the
temperature that inactivates the movement of the
bacteria Salmonella enteritidis PT4 finding that this
occurs at 60 ° C. They also found that the bacterium
E. coli which developed in culture medium and
under laboratory conditions has occurred
inactivation at 15 min at 60 ° C.
CONCLUSIONS
Manure solarization with plastic cover
without albedo is a low cost strategy for pathogens
control which should be applied previous to manure
application to the soil. Under the environmental
conditions of the Comarca Lagunera region,
solarization of manure with plastic cover without
albedo and for an exposure time greater to five days
has real potential to stabilize manure by removing
harmful pathogens. Escherichia coli and
Salmonella spp., were found before covering piles
of manure with plastic, however, in 14 days the
piles with single and double cover showed no
presence of these organisms. Solarization practice is
assuming great significance these days in the
obtaining of product free of foodborne pathogens
and also in the sustainable agriculture and
horticulture.

Table 1. Pathogens presents in solarized cattle manure and without solarized
Pathogen

E. coli
Salmonella

Control
30

90

80X105 MPN/g
850 MPN/4g

80X105 MPN/g
860 MPN/4g

Single Cover
30
90
June 7 (start sampling)
80X105 MPN/g
810 MPN/4g

80X105 MPN/g
820 MPN/4g

Double Cover
30

90

80X105 MPN/g
812 MPN/4g

80X105 MPN/g
820 MPN/4g

8X105 MPN/g
200 MPN/4g

8X105 MPN/g
208 MPN/4g

<40 MPN/g
<21 MPN/4g

<40 MPN/g
<21 MPN/4g

Absent
Absent

Absent
Absent

Absent
Absent

Absent
Absent

June 13
E.coli
Salmonella

8X105 MPN/g
317 MPN/4g

8X105 MPN/g
320 MPN/4g

8X105 MPN/g
208 MPN/4g

8X105 MPN/g
208 MPN/4g

June 17
E.coli
Salmonella

≤1000 MPN/g
35 MPN/4g

≤1000 MPN/g
40 MPN/4g

<50 MPN/g
<21 MPN/4g

<50 MPN/g
<21 MPN/4g

June 21
E.coli
Salmonella

≤1000 MPN/g
13 MPN/4g

≤1000 MPN/g
17 MPN/4g

Absent
Absent

Absent
Absent

June 25 (last sampling)
E.coli
Salmonella

≤1000 MPN/g
3 MPN/4g

≤1000 MPN/g
3 MPN/4g
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Absent

Absent
Absent
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