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Temperature influences the interaction
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Ovine scrapie and cervid chronic wasting disease can be transmitted in the absence of animal-to-animal contact and
environmental reservoirs of infectivity have been implicated in their spread and persistence. Investigating environmental
factors that influence the interaction of disease-associated PrP with soils is imperative to understanding what is likely to
be the complex role of soil in disease transmission. Here, we describe the effects of soil temperature on the binding/
desorption and persistence of both ovine scrapie- and bovine BSE-PrP™E. Binding of PrP™t to a sandy loam soil at
temperatures of 4°C, 8-12°C and 25-30°C demonstrated that an increase in temperature resulted in (1) a decrease in the
amount of PrP™E recovered after 24 h of interaction with soil, (2) an increase in the amount of N-terminal cleavage of the
prion protein over 11 d and (3) a decrease in the persistence of PrP™E on soil over an 18 month period.

Introduction

Transmissible spongiform encephalopathies (TSEs or prion dis-
eases) are incurable, degenerative neurological disorders that
affect both humans and animal species. Prion diseases include
Creutzfeldt-Jakob disease (CJD) in humans, bovine spongi-
form encephalopathy (BSE) in cattle, scrapie in sheep/goats and
chronic wasting disease in deer/elk. The central event in these
diseases is the conversion of the cellular prion protein (PrP¢) into
a disease-associated conformation known as PrPTSE.! PrPTSE accu-
mulates in affected individuals, particularly within the central
nervous system, over long, asymptomatic incubation periods.
PrP™ is the only validated marker for prion diseases and is the
likely disease agent.

Most prion diseases have a very limited natural host range
with the notable exception of BSE. This disease was first
recorded in cattle in the mid-1980s and has subsequently been
established as the causative agent for variant CJD (vC]JD)
in humans, feline spongiform encephalopathy and BSE in
goats; with disease being caused by ingestion of contaminated
foodstuff.?

Scrapie in small ruminants and cervid CWD are the only
prion diseases that are known to readily undergo horizontal
transmission, leading to endemic infections within susceptible
populations.>® It has been shown that horizontal transmission
is not only facilitated by animal-to-animal contact but also
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involves environmental reservoirs of infectivity.”® The PrP™s"
agent is shed from scrapie and/or CWD infected animals via
milk, saliva, blood, urine, feces, skin and placental tissue.”"?
In addition, prion could enter the environment via the deposi-
tion of infected wild animal carcasses or the burial of farmed
animals. The prion agent is highly resistant to enzymatic and
chemical degradation, and can persist within the environment,
including the soil, for years.""" The location of environmen-
tal sources of prion is still not clear; however PrPTF has been
reported on a range of farm surfaces and within a water sam-
ple.!® It is also proposed that the TSE agent persists bound
to soil particles.!® Within an experimental setting, infectivity
and/or PrP™E have been shown to bind rapidly, and mostly
irreversibly, to a range of soils with distinct textures and min-
eral compositions.’®?° The detailed understanding of how pri-
ons interact with soil is of key importance in understanding
the risks involved in scrapie/CWD transmission in farmed and
wild-life populations. The interaction of prions with soils is
dictated by not only the soil type but also the prion strain/
hOStZ(),Zl

prions with soil should ideally be performed using environ-

indicating that studies detailing the interaction of

mentally relevant prion sources; that is ovine scrapie, bovine
BSE and/or cervid CWD. Here, we examine the interaction of
bovine BSE and ovine scrapie with a complex soil matrix and
demonstrate that temperature has an effect on the interaction
of PrP%¢ with soil.
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Figure 1. The effect of temperature on the desorption of ruminant PrP™E bound to a sandy loam soil for up to 4 d. Scrapie (A and C) and BSE (B) prions
were analyzed. PrP™E was bound to soil either at 25-30°C, 8-12°C or 4°C as indicated. For individual soil columns, thermolysin-resistant prion was
extracted in triplicate and the eluates from 100 mg of soil analyzed, each in duplicate, either by ELISA detecting full length PrP™E (A and B) or by ELISA
against an epitope within the “core” of PrP and therefore measuring both full length and truncated PrP™E (C). Standard deviations of the six replicate
analyses of each column are shown. Each set of six replicates was compared by an unpaired, two-tailed Student’s t-test. *p values derived by compari-
son of each data set to the data for prion recovery at 4°C; #p values derived by comparison of each data set to the data for prion recovery at 8-12°C.

Results

Effect of temperature on prion interaction with soil. The soil used
within the present study was classified as a sandy loam. Distinct
temperatures were used which represented the seasonal variation
seen within UK soils, 25-30°C, 12-18°C and 4°C. After 24 h,
the desorption of full-length scrapie PrP™E from soil at 4°C was
significantly higher than that at 12-18°C and 25-30°C (Fig. 1A).
The same trend was observed when analyzing soil columns spiked
with full length BSE PrP™ (Fig. 1B). No PrP™* spike could be
detected in soil washes after 24 h incubation under the tempera-
tures tested (data not shown) demonstrating that over 99% of the
PrPTSE spike binds to soil, as previously reported in reference 20.
This indicates that temperature does not affect the adsorption of
PrP™E to soil after 24 h interaction. Extraction of PrP™E by boil-
ing in SDS resulted in approximately 20-26% of the protease-
resistant PrP™F spike being recovered from the soil indicating that
the remainder was irreversibly bound and/or degraded.

These experiments investigated the recovery of full length
PrP™E by thermolysin digestion of prion to remove PrP¢ and
detection of full length PrP™F using a combination of antibod-
ies specific for the N-terminus and “core” of the protein. Scrapie
samples from the soil columns kept at distinct temperatures
were also analyzed by thermolysin-digestion and detection of
PrP™F using a commercial ELISA that recognizes only the “core”
of the protein. This test therefore detects both full length and
N-terminally truncated species of PrP™® (Fig. 1C). Temperature
affected total PrP™F recovery; soil columns kept at 4°C yielded
more PrP™E than soil columns at the higher temperatures.

To further examine the effects of temperature on the binding
and desorption of PrP™F to soil, the recoveries of scrapie-PrPTE
were determined after batch binding to soil and 1 or 11 d of incu-
bation at 4°C or 25°C. Again, after incubation for 24 h the levels
of recoverable PrP™F were significantly greater at the lower tem-
perature (p < 0.001, unpaired two-tailed t-test, n = 3 for each data
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set). In addition, after 11 d it was clear that the vast majority of
full length PrP™E (92% + 1.6) became unrecoverable from soil at
the higher temperature but not at the lower temperature although,
even at the lower temperature, there was a significant “loss” of full
length prion over the 10 d period (p < 0.001, unpaired 2-tailed
ttest, n = 3 for each data set). This experiment was repeated
for sterile soil (after autoclaving) and produced distinct results
(Fig. 2A): at day 1 the temperature did not have a significant effect
on the recovery of PrP™E, with the lower temperature yielding less
recoverable PrP™F (p = 0.08, unpaired two-tailed t-test, n = 3 for
each data set). In addition, the recovery of prion was higher from
sterile soil compared with non-sterile soil. However, the dramatic
drop in the recovery of full-length prion after 11 d incubation at
an elevated temperature was not affected by autoclaving of the
soil. When prion was analyzed by western blotting it was clear
that the large drop in the recovery of full length PrP™E between
days 1 and 11 is due primarily to a “loss” of the N-terminus of the
protein while the “core” of the protein is still recovered at relatively
high levels after 11 d incubation on soil at 25°C (Fig. 2B). Brain
homogenate incubated at 4°C for 1 or 11 d did not yield signifi-
cantly higher levels of full length PrP™* than when incubated for
the same periods at 25°C, indicating that endogenous protease
activity does not account for the observed effects of temperature
on prion-soil interaction (data not shown).

Overall, the data indicate that the efficiency of recovery of
PrP™F from soil increases with a decrease in soil temperature
only for non-sterile soils and that desorption of PrP™F from soils
is more efficient following autoclaving. In addition, between 1
and 11 d incubation, the persistence of recoverable, full length
PrP™F on soil is dramatically affected by temperature, with the
N-terminus of the prion being truncated far more at higher tem-
peratures, irrespective of microbial activity within the soil.

Effect of temperature on prion persistence on soil over
18 mo. The effect of temperature on the persistence of PrP™s"
on soil over prolonged incubation periods was investigated.
Multiple soil columns were kept at three distinct temperatures:
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and autoclaved samples gave equivalent results.

Figure 2. The effect of temperature on the desorption of scrapie PrP™t bound to a sandy loam soil for 1 or 11 d. (A): PrP™E was bound at 25°C or 4°C

to soil that was either non-sterile (non-st) or sterile (st; autoclaved), as indicated. On day 1 and 11 thermolysin-resistant prion was extracted and the
eluates from 100 mg of soil analyzed, each in triplicate, by ELISA detecting full length PrP™E. Standard deviations of the three replicate analyses of each
experimental condition are shown. The experiment was repeated twice more and gave equivalent results. (B) Representative samples were analyzed
by western blot (10 pl per lane, equivalent of an extract from 100 mg of soil), prion was detected with monoclonal antibody SHa31 (detecting a “core”
epitope) or SAF32 (detecting an N-terminal epitope) as indicated, and molecular mass markers are shown (M; 20, 30 and 40 kDa). Both non-autoclaved

25-30°C, 8-12°C and 4°C; soil columns kept at 4°C were frozen
and thawed once a month to represent winter freezing events.
Individual columns kept under each treatment regime were
sampled periodically throughout an 18-mo timeframe and recov-
ered PrP™F analyzed by ELISA to determine the persistence of
full length PrP™F (Fig. 3A-D), or ELISA and/or western blot
to determine the persistence of total PrP™E (Figs. 3E, F and 4).
Soil columns spiked with scrapie- and BSE-PrP™F gave equiva-
lent results. For ELISA analysis, in order to determine the per-
sistence of PrP™F under different conditions, recoveries at later
time points were expressed as a percentage of those at days 1-4,
thereby adjusting recoveries at these time-points for the effects
of the different temperatures on the efficiency of desorption of
the prion from the soil. The recovery and persistence of PrP™s*
decreased during the 18-mo incubation period for all tempera-
tures. Data demonstrated that at every time-point the recovery
and persistence of full length scrapie PrP™SE decreased systemati-
cally as temperature increased from 4°C to 8-12°C to 25-30°C
and that these differences in prion persistence and recovery were
significant at each time point (Fig. 3A and B). This effect of
temperature on the persistence and recovery of PrP™F was also
seen for full length BSE-PrP™F (Fig. 3C and D). In addition, the
same trend was also observed when determining the persistence
of total PrP™E (full length and truncated PrP™F) for both scrapie
and BSE prions (Figs. 3E, F and 4).

Discussion
Scrapie in sheep and CWD in deer appear to be transmissible via

animal-to-animal contact as well as via environmental reservoirs
of infectivity,”*'® with soil being proposed as one such potential
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reservoir. Previous studies have indicated that prions bind rap-
idly, and largely irreversibly to soils, do not migrate through soil
columns and can persist for years.?>*>* Furthermore, the inter-
action of prions with soil does not remove infectivity.?** This
interaction of prions with soil is influenced not only by the soil
type but also by the prion source.?*!

Here, we determine the effects of temperature on the binding
of bovine BSE and ovine scrapie to a complex soil matrix. PrP™s"
binding and desorption from soil at a low temperature (4°C) cor-
related with increased prion desorption after interaction for up
to 96 h. This was consistent for two distinct prion strains, BSE
and scrapie, when measuring either full length PrP™F or total
PrP™E. There are no reports in the literature on the effects of
temperature on PrPTE interaction with soils. However, Bai and
coworkers have examined the effects of temperature on the deg-
radation kinetics of Bt toxin, which binds rapidly to soil particles
and retains its biological activity. Their study concluded that as
temperatures increased from 15-35°C the degradation of the pro-
tein increased and the authors speculated that this effect is likely
to be associated with an increase in microbial degradation of the
protein.?

With regard to the persistence of PrP™E on soil, higher tem-
peratures (25-30°C and 8-12°C) reduced the amount of recov-
erable prion at all time points over an 18 mo period (compared
with that at 4°C). In addition, these higher temperatures also
resulted in accelerated N-terminal cleavage of the prion upon
binding/desorption between days 1 and 11 of soil-prion interac-
tion, with almost all of the N-terminus removed after 11 d.

The loss of the N-terminus of PrP™E over 11 d incubation
on sandy-loam soil at 25°C was observed not only with non-
sterile soils but also with soil which had been autoclaved. The
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Figure 3. The effect of temperature on the desorption and persistence of PrP™E on a sandy loam soil over 18 mo. Scrapie (A, B, E and F) or BSE (C and D)
prion was incubated on soil at distinct temperatures as indicated. Samples were taken for analysis at 1-4 d, day 188, 411 and 566. Thermolysin-resis-
tant prion was extracted in triplicate (A-D) or singles (E and F) and the eluates from 100 mg of soil analyzed by ELISA, each in triplicate (A-D) or singles
(Eand F). Analyses detected full length PrP™E (A-D) or both full length and truncated conformers (E and F). In order to determine the persistence of
PrP™E under different conditions, recoveries at later time points are expressed as a percentage of that extracted at the earliest time point (1-4 d); there-
fore adjusting recoveries at these time-points for the effects of temperature on the efficiency of desorption of the prion from the soil (A, C and E). The
actual recoveries of PrP™E for each time-point under the distinct temperatures are also shown (B, D and F). Standard deviations of the nine replicate
analyses of each column are shown (A-D). Each set of nine replicates were compared by an unpaired, two-tailed Student’s t-test: comparison of each
data set to the recovery of PrP™t at 4°C (*p < 0.001 or the value is given), or comparison of each data set to PrP™* recovery at 8-12°C (*p < 0.001 or the
value is given).
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Figure 4. The effect of temperature on the desorption and persistence of PrP™E on a sandy loam soil over 18 mo. Scrapie or BSE (as indicated) prion
was incubated on soil and samples were analyzed at days 1-4, 49, 188, 411 and 566 (lanes 1 to 5, respectively). Thermolysin-resistant prion was extract-
ed and 10 pl analyzed (equivalent of an extract from 100 mg of soil) by western blot. Prion was detected with monoclonal antibody SHa31 (detecting a
“core” epitope) and molecular mass markers are shown (M; 20, 30 and 40 kDa).

introduction of proteins into a soil matrix can result in their deg-
radation via several mechanisms including microbial digestion
or abiotic degradation.””*® Autoclaving is known to kill microbes
and reduce protease activity.” The data presented here indicate
that the temperature-dependent cleavage of the N-terminal region
of PrP™E that is observed within the first 11 d of incubation is due
to abiotic rather than microbial degradation. However, autoclav-
ing soil did result in an increased recovery of PrP™E at both tem-
peratures indicating microbial activity reduced prion recovery.
Furthermore, at day 1, while non-sterile soil displayed a decrease
in PrP™E recovery at the higher temperatures, this effect was not
seen with autoclaved soil. For non-sterile soils, microbial activ-
ity will be relatively elevated at the higher temperatures used in
the study, again indicating that microbial activity reduced PrP"s*
recovery. Microbial activity may exert this effect possibly by pro-
teolytic degradation of the PrPTE,

It has been previously reported that the N-terminal region of
the prion protein influences its binding to soil particles. It has
been suggested that the presence of this region may increase
adsorption to clay-rich soils but decrease adsorption to sand-
rich soils.” In addition, the N-terminal region is cleaved dur-
ing adsorption/desorption in a range of clay-rich soils and clay

mineralsm’z‘)’s"’?’l

and when using distinct chemical desorption
conditions.” The interaction of proteins with soils will be influ-
enced by electrostatic attraction and repulsion, van der Waals
forces and hydrophobic interactions. Both the N-terminal and
“core” regions of the PrP protein will be involved in electrostatic
interaction with soil particles as they both contain numerous

P'SE conforma-

charged amino acid residues. In addition, the Pr
tion is highly aggregated and insoluble and as such will promote
hydrophobic interactions. Indeed, previous studies have shown

that prion strain can influence PrPTsE

-soil interaction indicating
that the conformation and/or aggregation state of PrP™" may
contributed to these complex molecular interactions.?

Here, there were high levels of abiotic truncation of the
N-terminal region of PrP™F after 11 d interaction with sandy
loam soil, but only at the higher temperatures tested. Synthetic
peptides of sequences within the N-terminal region of PrP have
previously been shown to possess conformations that are influ-
enced by changes in temperature within the range studied here.?
It is possible that temperature-induced changes in the confor-

PTSE

mation of the N-terminal region of Pr may influence its
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interaction with soil, with the higher temperatures producing
conformations that are more prone to abiotic truncation upon
binding/desorption.

In the present study we investigated the effects of soil tem-
perature in the range 4°C to 30°C on the interaction of BSE- and
scrapie-PrPTE with a complex soil matrix. Lower soil temperatures
resulted in increased levels of PrP™F recovery and persistence over
an 18 mo incubation period. A low soil temperature also resulted
in less cleavage of the N-terminal domain of PrP"*" after an 11-d
interaction. These effects of temperature on PrP™*E-soil interac-
tion were likely to be exerted through both microbial activity and
abiotic cleavage mechanisms. Together, the data indicate that for
the recoverable fraction of PrP™E, soils at lower temperature may
release increased levels of PrPTE.

A recent study using transmissible mink encephalopathy
reported a correlation between the level of desorption of PrP™s*
from soil and the infectivity titer of the sample.” If such a corre-
lation is also true for ovine scrapie and bovine BSE, the data pre-
sented here indicate that the bioavailability of prions in soil for the
environmental transmission of scrapie or BSE may be influenced
by the temperature of the soil. However, it remains to be seen
whether the reported influence of temperature on prion interac-
tion with a sandy-loam soil is consistent with other soil types.
Of course, it should also be considered that temperature would
be just one of a range of factors influencing the bioavailability
of prions from soil; other factors would likely include soil type,
prion strain and the biological matrix of the prion source. Scrapie
and CWD are known to be spread by environmental routes and
therefore understanding the range of factors that influence the
persistence of environmental prions is vital in developing eradica-
tion programmes.

Materials and Methods

Samples. All TSE and healthy brain material was obtained from
the Animal Health Veterinary Laboratories Agency TSE-archive
(AHVLA, Addlestone). Samples were pools of hind brain from
BSE infected cattle (n = 10) and BSE-free controls (n = 10), scra-
pie infected sheep (n = 9) and genotype matched scrapie-free
controls (n = 20). Samples were homogenized in deionised water
containing 0.5% (w/v) sodium deoxycholate and 0.5% (v/v)
Nonidet NP40 as previously described in reference 33. The use
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of detergent is a standard methodology to release cell-associated
PrP™F and it is known that the presence of detergents does not

prevent PrPTsE

adsorption to soil particles.?” While any effects of
the detergents on prion-soil interactions have not been defined,
previous data using this exact methodology demonstrated strong
correlations with data from numerous studies that had used
prion-infected brain homogenates within PBS, or partially puri-
fied PrPTsE.20

Soil columns. This soil was sampled from 53°1326.55"N
001°07°00.59”W (Nottinghamshire, UK). The soil was classified
as sandy loam, it had sand, silt and clay contents of 62, 27 and 11%
respectively, a porosity of 45%, a pH of 5.9, an organic matter con-
tent of 3% and a soil respiration rate of 2.3 mg CO,-C per kg per
day. The principal physical, chemical and biological characteristics
of this soil have been reported previously in reference 20.

The soil was packed into 11 x 1.3 cm (internal diameter) columns
at a bulk density of 1.26 g/cm?® dry weight as previously described
in reference 20. Soil was packed at the moisture content found
within the field (13% water per dry weight of soil). PrP™E-positive
brain homogenate from either BSE or scrapie affected ruminants
was applied to the soil surface at 97 pl 20% (w/v) homogenate g'
soil. Soil columns were maintained within temperature controlled
illuminated cabinets (Snijders Scientific) and watered from the top
every 7-14 d to replace measured evaporative losses. When deter-
mining the effects of temperature on PrP™E interaction with soil,
columns were kept at either 25-30°C, 8-12°C or 4°C. During
analysis of PrP™SE persistence over an 18 mo time period, the col-
umns incubated at 4°C were subjected to a freeze-thaw cycle once
every month. The incubator was set to -5°C and left for 16 h to
equilibrate soils to this temperature, after this time period the set-
tings were returned to 4°C. The air temperature changed from 4°C
to -5°C at an average rate of 0.27°C/min, and increased from -5°C
to -4°C at an average rate of 0.41°C/min. Soil columns were sam-
pled at various time-points throughout an 18-mo period. Sampling
involved removing all soil from a column and homogenizing the

PTSE was isolated

sample by mixing manually for up to 10 min. Pr
from whole soil using a modification of the method described by
Johnson et al.*® This involved resuspending 0.5 g soil as a 20%
(w/v) slurry in 5 mM calcium chloride for 5 min. Supernatant
(soil wash) was removed following centrifugation of the slurry for
10 min at 800 g, and the pellet fraction was resuspended for 1 h
in 5 mM calcium chloride prior to being overlaid on a 750 mM
sucrose cushion (10 ml). After centrifugation as above the pellet
was resuspended in 250 pl of 100 pg/ml thermolysin and digested
for 1 h at 70°C. Samples were boiled for 10 min after the addition
of an equal volume of 20% (w/v) SDS in 5 mM calcium chloride.
Supernatant was collected following centrifugation as above and
PrP™E was precipitated by the addition of five volumes of meth-
anol and incubation at -20°C for 16 h. PrP™F was recovered by
centrifuging at 12,100 g for 30 min, washed with cold methanol
and air-dried. For western blot analysis, extracts from 0.5 g of soil
were resuspended in 50 pl NuPage 2x LDS sample buffer contain-
ing 5% B-mercaptoethanol. For ELISA analysis, soil extracts were
resuspended by boiling in 100 pl PBS containing 4% (w/v) SDS.
This method digests all PrP¢ as determined in parallel experiments
using brain homogenate from healthy animals (data not shown).
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In addition, in the absence of soil no PrP™* was recovered using
the method described, indicating that only soil-associated PrPTE
is being measured within the experiments. All experiments with
columns spiked with BSE or scrapie and kept at distinct tempera-
tures for 1-4 d were performed twice and gave comparable results.
Experiments measuring scrapie or BSE recovery from soil at later
time-points were performed once each.

Batch binding of prions to soils. The effects of distinct tem-
peratures on the interaction of PrP™F with soil were tested in
batch binding experiments. Soil was kept at either 25°C or 4°C.
Scrapie brain homogenate spike was applied to 1 g of soil within
7 ml tubes at 100 wl 20% (w/v) homogenate g soil and incu-
bated static for 1 or 11 d. PrP™F was isolated from whole soil as
described for soil columns with the following modifications: all
centrifugations were performed at 50 g rather than 800 g and the
sample was passed twice through a sucrose cushion. A parallel
experiment was performed using soil which had been autoclaved
prior to the experiment at 121°C for 15 min. By measuring ATP
levels it was confirmed that the autoclaving of soil removed any
microbial activity for the duration of the experiment (data not
shown). Both experiments were repeated twice more and gave
equivalent results.

Detection of PrP"F by western blotting and ELISA. Samples
were analyzed by western blot as previously described in refer-
ence 33, PrP was detected with monoclonal antibodies SHa31,%
and horseradish peroxidase conjugated mouse-specific secondary
antibodies (Dako) and EZ-ECL substrate (Biological Industries).

ELISA detection of full length PrP™F. Nunc Maxisorp plates
were coated with anti-PrP antibody SAF34 (1:8,000) diluted in
PBS for 16 h then blocked for 1 h with 0.5% (w/v) ovalbumin
in PBS supplemented with 0.05% (v/v) Tween20 (PBST). Soil
extracts (60 pl) digested with thermolysin were added to 540 pl
PBST and 200 .l applied in triplicate to the SAF34 coated wells
for 1 h. After washing 5 times with 400 pl PBST, 100 pl of anti-
PrP antibody SHa31 (1:8,000) in PBST was added to the plate
for 1 h and washed as previously. SHa31 was specifically detected
with rabbit anti-mouse IgG1-specific alkaline phosphatase conju-
gated secondary antibody diluted 1:2,000 (Invitrogen). Signals
were detected at 405 nm using PNPP substrate. PrP™" recov-
ery from soil was quantified by comparison of signals obtained
against a standard curve of brain homogenate spiked into a soil
extract obtained by processing unspiked soil, digested with ther-
molysin, methanol precipitated and resuspended in buffer.

ELISA detection of total PrP™E (N-terminally truncated and full
length PrPE). Soil extracts (60 pl) digested with thermolysin
were added to 540 pl buffer R6 and 200 pl applied in triplicate
to the Bio-Rad TeSeE Sheep/Goat ELISA. PrP™E was detected
following the manufacturer’s instructions.

Statistical analyses. PrP™" levels recovered from individual
soil samples kept under distinct temperatures were compared by
Student’s t-test as unpaired data sets. In addition, the recoveries
of prion over a time course of 18 mo under distinct temperatures
were expressed as percentages of the recoveries at the start of the
experiment (days 1-4); these recoveries at each time-point were
again compared between individual soil columns by Student’s
t-test as unpaired data sets. The null hypothesis tested was that
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soil columns kept under distinct temperatures would yield the

same levels of Pr
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