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Abstract

An in-depth knowledge on the soil thermal properties under different soil solarization techniques is essential for
soil treatment against soil-borne pathogens. This paper presents an investigation on effects of different soil
solarization materials on soil thermal properties, organic matter and aggregate stability under field conditions. This
study evaluates three materials: translucent whitish plastic (TWP), transparent nylon (TN) and black nylon (BN)
each at three thickness levels (0.05, 0.10 and 0.15 mm) and control (bare soil). The parameters investigated in this
study included soil temperature, organic matter, bulk density, volumetric moisture content, thermal conductivity,
volumetric heat capacity, heat flux, thermal diffusivity and thermal effusivity. The results showed that the soil
solarization materials varying in thickness influenced the soil heat energy transfer and had a significant effect on
soil bulk density and volumetric moisture content. The results revealed that transparent nylon at a thickness of 0.05
mm recorded the highest soil temperature (62°C) and was significantly higher than black nylon at a thickness of
0.15 mm (44°C) and the bare soil (41°C). Transparent nylon at a thickness of 0.05 mm also recorded the highest
organic matter content (19.60 g kg™'). The bulk density of the bare soil (1.57 Mg m) was significantly higher than
the bulk densities of soils covered with solarization materials. Transparent nylon at thickness of 0.05 mm had the
highest volumetric moisture content (0.116 m®> m>) while translucent whitish plastic at a thickness of 0.15 mm
recorded the lowest (0.401 m> m™). Transparent nylon at a thickness of 0.05 mm transmitted the highest quantity of
heat through a unit length of soil per unit cross-sectional area (2.50 W mk”). The variation in volumetric heat
capacity between the solarization materials was highly noted in transparent nylon (TN) at a thickness of 0.05 mm
(2.65 J (m’K)") and less in bare soil (control) with a value of (1.65 J (m*’K)™"). Transparent nylon with thickness of
0.05 mm transferred the highest heat per unit area of soil (42338.25 W.m), while bare soil transferred the lowest.
The highest thermal diffusivity (1.35 m’s™) was recorded in the soil with no solarization material. The soil under
transparent nylon with thickness of 0.05 mm recorded the highest exchange of thermal energy (2.57 Jm? K §'7?)
with the environment and was significantly higher than other solarization materials. The transparent nylon had the
highest soil macro aggregate stability. This study will help farmers in terms of choice and adoption of affordable
conservation methods in treating the soil against soil-borne pathogens.
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Introduction influence soil biological processes, uptake of water and
nutrients by roots resulting to plant growth (Onwuka, 2016).
Hillel (1998) observed that increase in soil temperature
enhanced the activity of microorganisms which increased
decomposition of organic materials. Aggregate stability is
an indicator of soil structural stability (Six et al., 2000;
Bronic and Lal, 2005). Soil aggregate stability determines
soil resistivity to mechanical stresses, and also the impacts
of rainfall and surface runoff (Canasveras et al., 2010).

The knowledge of soil structural stability and thermal
properties is important for effective soil energy balance. The
soil thermal and structural properties play a major role in
governing the exchange of energy and mass between the soil
and atmosphere (Alrtimi ef al., 2016). The effect of soil
temperature and the thermal properties on soil had been
observed at the level of soil formation (Dec et al., 2009),
through their direct effect on the weathering of parent
materials to produce mineral particles (Zawadzki et al., Soil solarization technique is a practical approach of
1999). Soil temperature and thermal properties also increasing soil temperature through passive solar heating on
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moist soil mulched or covered with plastic polyethylene
(Stapleton, 2000), which plays a key role in improving and
controlling soil properties (Moreno et al., 2016). The
passive process of solarisation causes the heating of the soil
to maximum levels during the day time and then cooled at
night (Stapleton, 2000). The highest temperature observed
during solarization was achieved at the top soil which
decreased down the depth. (Stapleton, 1997).

Studies have shown that synthetic soil surface covering
had a positive effect on soil heat energy transfer and soil
evaporation (Igbal, 1986; Qin et al., 2015; Xiukang et al.,
2015; Liang et al., 2017), which implies that synthetic
covering of the soil was useful in conserving soil moisture
and increase the temperature of the soil (Wu et al., 2017).
Soil thermal properties depend on bulk density, total
porosity, volumetric water content (Lydzba et al., 2016),
particle size distribution and texture (Tokoro et al., 2016).
Some soil solarization techniques had a positive influence
on soil temperature (Usowicz et al., 2013; Pramanik et al.,
2015) and affected the soil thermal regime by controlling
the radiation balance, thermal conductivity, thermal
diffusivity and volumetric heat capacity in the soil (Ahmed
etal.,2017).

Adequate artificial soil surface covers or mulching
increases soils structural stability (Bronic and Lal, 2005),
helps in controlling erosion because of the reduction in
erosive effect of raindrops falling on bare soils and the
ability of winds to remove soil particles (Ngailo and
Dechen, 2010). Plants and organic materials have been
recorded to be one of the major factors that affect soil
aggregate stability (Six et al., 2004). Reports have shown
that black polyethylene and black-woven polypropylene
improved the structural stability of the soil by enhancing the
growth of plants which is a source of organic material
(Stepanek et al., 2002). Soil solarization techniques improve
soil structure by creating favorable conditions for soil
aggregation, through changes in soil water content and
temperature thereby improving the efficient mineralization
of soil organic matter (Green et al., 2003).

The proper understanding of the variations in soil
thermal properties and aggregate stability under different
soil solarization techniques is necessary in the determination
of effects of different artificial soil surface management
materials for reducing the impact of accelerated erosion
(increasing the structural stability of the soil) and soil heat
energy balance. Information from this study may be
important in selecting erosion preventive measures in
absence of organic mulches and for selecting appropriate
types of artificial soil covering materials.as well as the
management strategies to be adopted. Therefore, the

objective of the study was to investigate the effects of
different soil solarization materials on soil thermal
properties, organic matter and aggregate stability.

Materials and Methods

Study area

The field study was carried out in Ikpe Ikot Nkon in Ini
Local Government of Akwa Ibom State, Southeastern,
Nigeria. The area is located within latitudes 4032’ E and
5033’ N and Longitudes 7025’ and 8025' E (Ogban and Obi,
2010). The research farm has a total area of 3,204 m?. The
location has a mean annual rainfall of 3000 mm (Nigeria
Meteorological Agency, 2015). The rainfall is bimodal,
starts in April and ends in October with peaks in June and
September (Nigeria Meteorological Agency, 2015). The
geology of the area consists mainly of the thick clayey
shale, fine textured dark grey to bluish gray shale and thin
sandstone bands which stretches to Itu and Enyong creek
confluence (Olugbenga and Egbulem, 2015).

Field study

The experimental field was cleared of plant debris
leaving the soil bare after which it was irrigated using
surface irrigation method before the treatments were
applied. The treatments used for the soil solarization include
three (3) types of nylon materials; translucent whitish plastic
(TWP), transparent nylon (TN) and black nylon (BN). Each
of the nylon materials are in three (3) thickness levels (0.05,
0.10 and 0.15 mm) compared against no nylon (bare soil)
which is the control, making it ten (10) treatments applied in
triplicate under randomized complete block design (RCBD).
The total number of experimental treatment units were thirty
(30). The area of each experimental treatment unit in the
field was 20 m? making a total experimental area of 600 m?.
The nylon materials were rolled, so that it is perfectly
attached to the soil surface so as to increase solarization
efficiency. In each experimental treatment unit, three (3)
sampling points were located randomly. At each of the three
(3) points within an experimental treatment unit, field
measurements of soil temperature and thermal conductivity
at 0 — 10 cm and 10 — 20 cm depths were taken three times
in a day till the end of the experiment. The data were
collected in the morning (6.30 — 7.30 am), afternoon (2.00 —
3.00 pm) and evening (6.00 — 7.00 pm). Soil core samples
for bulk density and auger samples for organic matter were
collected every seven (7) days till the end of the experiment
at 0 — 10 cm and 10 — 20 cm depths from the designated
sampling points within each experimental treatment unit.
The samples for aggregate stability were collected at the end
of the experiment. The experiment lasted for ninety (90)
days, after which it was terminated.
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Determination and calculation of soil properties studied

Bulk density: Soil bulk density (Bd) was determined by the
method described by Blake and Hartage (2003) using the
equation:

mass of dry soil (Mg)

Bulk density (Bd) = velume of the soil sample )

Volumetric moisture content (VMC): The volumetric
moisture content (VMC) was calculated by gravimetric
methods of field soil at a depth of 0 — 20 cm as described by
Gardner (2000) using the equation:

me * Bds

Volumetric moisture content (VMC) =  Bdw (0

Where mc = moisture content in percentage; Bds = soil
bulk density (Mg™?); Bdw = water density (Mg™>).

Organic Matter: The organic matter content was
determined by Walkely and Black method (Nelson and
Summers, 1982).

Thermal conductivity (K): This was determined in the
field using KD 2 Pro meter apparatus as described by
Oladunjoye and Sanuade (2012).

Volumetric heat capacity (CV): The soil volumetric
heat capacity was calculated from the volumetric water
content (VMC) and soil bulk density (Bd) as described by
Evett et al. (2012).

2.02 ¥10 Bd
2.65+4.19 =10 VMC

Volumetric heat capacity (CV) =

(I1T)

Thermal diffusivity (D): This was calculated from
thermal conductivity (K) and volumetric heat capacity
(VHC);

Thermal diffusivity (D)= k/CV (Iv)

Thermal effusivity (E): This was calculated from
thermal conductivity (K) and volumetric heat capacity (CV)

Thermal effusivity (E) = VE X CV V)

Temperature (T): This was determined in the field using
soil mercury-in-glass thermometer as described by
Nwankwo and Ogagarue (2012).

Heat flux (Q): The soil heat flux was calculated from
thermal conductivity (K), temperature (T) and distance (Z)

E
Heat flux (Q) = Kaz (VD)
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Aggregate stability: The mean weight diameter (MWD)
as an index of macro aggregate stability was determined by
the wet sieving method of Kemper and Rosenau (1986). Soil
samples collected at the end of the experiment were wet
sieved, employing a nest of three aluminum ring sieves with
2, 1, 0.5 mm mesh openings. The aggregates were allowed
to wet fully on the sieves for 5 min before shaken vertically
at 40 revolutions per minute for 30 min. The sieves were
separated and oven — dried at 105°C together with the
aggregate fractions collected in each sieve. The dry weight
of the aggregate was measured and the mean weight
diameter (MWD) (Kemper and Rosenau, 1986) determined,
as an index structural stability of aggregates using the
formula:

MWD=Zi=1 W;. X, (vi)
Where:

X'; = the mean diameter between the three sieves (mm)

W = the weight fraction of aggregates remaining on the
sieve (%).

Statistical analysis

The data generated were subjected to analysis of variance
(ANOVA) in randomized complete block design (RCBD)
using the SPSS package of version 23. The means were
separated using the Fisher’s Least Significant difference
(LSD) at 1% probability level. The results were fitted into a
bar graph using the Microsoft excel package of 2013
version.

Results and Discussion

Ambient temperature

Mean ambient temperature (°C)

y =0.1929%x +26.596
30.5 R* =0.3505
30

29.5
29
28.5
28
27.5
27
26.5
26

Weeks

Mean ambient temperature (°C)

Figure 1: Weekly ambient temperature of the
environment during the experiment
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The temperature trend of the location under study over
a period of 13 weeks is shown in Figure 1. The graph
showed that the mean temperature was highest (30.10°) in
week 9, whereas the 4th week had the lowest (26.20) mean
temperature. However, from 7th week to the 8th week and
from 10th week to 11th week the mean temperature was
fairly constant. The location under study had experienced
more 26.20¢ temperature per day. The figure showed an
increasing trend in the temperature of the area. The mean
annual temperature increased in the range of 26.2 — 30.10°
per week during the study period.
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TWP= translucent whitish plastic, TN=
transparent nylon, BN=black nylon.

Figure 2: Effects of different soil solarization materials
on soil temperature

Soil temperature

The data of soil temperature under different soil
solarization materials are shown in Figure 2. The result
showed that the temperature ranged from 41°C — 62°C with a
mean of 53°C. In Figure 2 it was observed that transparent
nylon (TN) with a thickness of 0.05 mm had the highest
temperature (62°C), while bare soil (control) had the lowest
(41°). According to the results, the temperature of the soil
increased significantly (p<0.01) as it was covered with
transparent nylon (TN) and translucent whitish plastic
(TWP) at thickness of 0.05 mm, 0.10 mm and 0.15 mm.
However, black nylon (BN) at a thickness of 0.05 mm
(56°C) and 0.10 mm (49°°) significantly increased the
temperature, but at a thickness of 0.15 mm (44°C) black
nylon (BN) was similar to control. The increase in soil
temperature observed in transparent nylon may be attributed
to the greater net radiation that passes through the
transparent nylon (Ramakrishna ef al., 2006). (Nana et al.,

2016) observed that heat rays from the transparent nylon
pass quickly through the nylon and trapped to heat the soil.
The black nylon significantly had a lower temperature than
the transparent nylon. This may be as a result of the fact that
black nylon absorbs and deflects part of the heat coming
down to the soil from the sun rather than trapping it as
transparent nylon does (Juan and Dean, 2002). Pramanik
(2015) reported that transparent nylon increased soil
temperature more than black nylon as a result of its pigment
content. Liakatas ef al. (1986) observed that black nylon and
translucent whitish plastic may have reduced the soil
temperature and the radiant heat energy of the soil.
However, transparent nylon could have attracted a relatively
large net radiation and increased the temperature of the soil
surface. Kamal and Singh (2011) observed Black nylon and
translucent plastic caused poor heating of soil during hot
hours, but preserved heat at night.
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Figure 3: Effects of different soil solarization materials
on soil organic matter

Organic matter

Figure 3 showed the influence of soil solarization
materials on organic matter. The result showed that organic
matter ranged from 10.10 — 19.60 g kg'! with a mean of
14.57 g kg’ In Figure 3, it was observed that transparent
nylon (TN) with a thickness of 0.05 mm had the highest
organic matter content (19.60 g kg'"), while bare soil had the
lowest (10.10 g kg'). From the results, the soil organic
matter content under translucent whitish plastic (TWP) with
thickness of 0.05 mm (16.50 g kg!) and 0.10 mm (14.60 g

Soil Environ. 38(2): 192-202, 2019
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kg™!), transparent nylon at thickness of 0.05 mm (19.60 g kg-
1, 0.10 mm (18.10 g kg!) and 0.15 mm (15.20 g kg'!) and
black nylon at thickness of 0.05 mm (14.30 g kg™!) and 0.10
mm (14.60 g kg'!) were significantly (p<0.01) higher than
the control (bare soil). However, organic matter contents of
the soil under translucent whitish plastic (TWP) with
thickness of 0.15 mm (11.10 g kg!) and black nylon (BN) at
0.15 mm thickness (11.60 g kg™!) were similar with that of
bare soil.

The higher organic matter contents under transparent
nylon, translucent whitish plastic and black nylon as
compared with that of bare soil (control) agree with the
findings of Khan et al. (2012) who reported that soil organic
matter increased with soil solarization even at two (2) weeks
interval. The higher organic matter content of the
solarization materials may be attributed to the increased
activities of micro-organisms in the decomposition of
organic materials as a result of higher temperature (Fang et
al., 2005). Broadbent (2015) reported that temperature of 50
to 60°C increases the decomposition of organic matter by
increasing the movement of soluble substrates in the soil
and stimulating microbial activities and soil biochemical
processes (Fierer et al., 2005).
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Figure 4: Effects of different soil solarization materials
on soil bulk density

Bulk density

Figure 4 showed the influence of soil solarization
materials on bulk density. According to the result, the bulk
density was higher in the control (bare soil) than the soil
covered with nylon and plastic. The result showed that the
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bulk density ranged from 1.27 — 1.57 Mg™3 with a mean of
1.41 Mg™3. In Figure 4 it was observed that bare soil had
the highest bulk density (1.57 Mg™3), while transparent
nylon (TN) with a thickness of 0.05 mm had the lowest
(1.27 Mg™3). From the results, the soil bulk density under
translucent whitish plastic (TWP) with thickness of 0.05
mm (1.32 Mg™?) and 0.10 mm (1.41 Mg™?) and transparent
nylon at thickness of 0.05 mm (1.27 Mg™?), 0.10 mm (1.32
Mg™3) and 0.15 mm (1.38 Mg™3) were significantly
(»<0.01) lower than the control (bare soil). However, bulk
density of soil under black nylon (BN) at 0.05 mm thickness
(1.37 Mg™3) was significantly lower than the control, while
at a thickness of 0.15 mm, both translucent whitish plastic
(1.53 Mg™3) and black nylon (1.50 Mg™®) were similar
with that of bare soil.

The lower bulk densities under transparent nylon,
translucent whitish plastic and black nylon as compared with
that of bare soil (control) agree with (Ahmed et al., and
Grunwald et al., 2017). The lower bulk densities may be as a
result of the increasing soil temperature (Figure 2) which
probably might have accelerated the decomposition of
organic materials by microorganisms, thereby decreasing soil
bulk density compared to bare soil (Conant ef al., 2011).
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Figure 5: Effects of different soil solarization materials
on volumetric moisture content

Volumetric moisture content

Figure 5 indicated the changes in volumetric moisture
content in soil under different soil solarization materials.
The result showed that the volumetric moisture content
varied from 0.116 — 0.401™ ™3 with a mean of 0.256™ ™3,
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The soil covered with transparent nylon at 0.05 mm
thickness had the highest (0.116™ ™3) volumetric moisture
content, whereas translucent whitish plastic (TWP) with
thickness of 0.15 mm had the lowest (0.401™ ™3), When
compared with the control (bare soil), all treatments except
the translucent whitish plastic (TWP) and black nylon (BN)
at 0.15 mm thickness (0.116 and 0.203™ ™3 respectively)
showed no significant (p<0.01) increase in volumetric
moisture content. However, the increase in volumetric
moisture content varied between treatments but was highly
observed in transparent nylon and lesser in translucent
whitish plastic and black nylon.

The increase in volumetric moisture content may be as a
result of greater capillary forces under the nylon and plastic
cover accumulated water from lateral flow through the buffer
zone (Kader et al., 2017). These plastic and nylon cover also
prevented soil surface evaporation (Doring et al., 2005),
thereby conserving moisture in the soil (Shah et al., 2013).
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Figure 6: Effects of different soil solarization materials
on thermal conductivity

Thermal conductivity

The variations in thermal conductivity under different
soil solarization materials are shown in Figure 6. According
to the result, the thermal conductivity was higher in the soil
covered with solarization materials than the control (bare
soil). The result showed that the quantity of heat transmitted
through a unit length of soil per unit cross-sectional area
ranged from 1.08 — 2.50 W™! with a mean of 1.61 W™k,
The thermal conductivities are moderate as it falls within the
standard range of measurement of 0.02-4.00 Wmk!
(Oladunjoye et al., 2013). In Figure 6, it was observed that
transparent nylon (TN) with a thickness of 0.05 mm had the
highest thermal conductivity (2.50 W™!), while control

(bare soil) had the lowest (1.08 W™ 1), From the results, the
thermal conductivity under translucent whitish plastic
(TWP) with thickness of 0.05 mm (1.68 W™!) and 0.10
mm (1.51 W™1) and transparent nylon at thickness of 0.05
mm (2.50 W™1), 0.10 mm (2.16 W) and 0.15 mm (1.65
W mk-1) were significantly (p<0.01) higher than the control
(bare soil). However, thermal conductivity of soil under
black nylon (BN) at 0.05 mm thickness (1.60 W™ ) was
significantly higher than the control, while at a thickness of
0.15 mm, both translucent whitish plastic (1.25 W™ ") and
black nylon (1.21 W™!) were similar with that of bare soil.

The higher quantity of heat transmitted through the soil
under transparent nylon, translucent whitish plastic and
black nylon as compared with that of bare soil (control)
according to (Rubio ef al., 2009) may be as a result of
increase in volumetric soil moisture content (Figure 5) and
decrease in bulk density (Figure 4). Salomone et al. (1984)
observed that the presence of moisture in the soil resulted to
the development of a thin water film which bridges the gaps
between the soil particles. Oluyamo et al. (2016) reported
that the higher soil moisture content could have enhanced
the effective contact area between the soil particles,
resulting to higher heat flow thereby resulting to increased
thermal conductivity. Furthermore, with a decrease in soil
bulk density, less soil particles may be packed into a unit
volume and this could decrease the number of contact points
and increase pores between the soil particles making room
for higher saturated hydraulic conductivity. This increase in
soil volume and subsequent higher saturated hydraulic
conductivity probably may have provided a larger heat flow
and possibly increased the soil thermal conductivity.
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Figure 7: Effects of different soil solarization materials
on volumetric heat capacity
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Volumetric heat capacity

Figure 7 indicates the changes in volumetric heat
capacity of the soil as soil solarization materials were applied.
All treatments showed significant (p<0.01) increase in
volumetric heat capacity except translucent which plastic
(TWP) at a thickness of 0.15 mm (1.65 J (m*K)™") and black
nylon (BN) with a thickness of 0.15 mm (1.68 J (m*K)™!). The
increase varied between treatments but was highly noted in
transparent nylon (TN) at a thickness of 0.05 mm (2.65 J
(m*K)!") and less in control (bare soil) with a value of 1.65 J
(m3K)-1. The two extremes show that if the soil is well
covered with solarization materials there is a possibility of
increasing the volumetric heat capacity and the reverse is true
if the soil is left bare (Figure 7). The implications of
increasing volumetric heat capacity in soil under different soil
solarization techniques show that increasing soil volumetric
moisture content (Figure 5) increases the heat storage
capacity of soil, thereby increasing the volumetric heat
capacity (Khaled and Abu—hamdeh, 2013). Rapid increase in
the volumetric heat capacity of the covered soil with
increasing volumetric moisture content (Figure 5) is probably
due to adsorption of water forming thick hulls around the soil
particles, which greatly enhanced its effective heat capacity
(Abu-Hamdeh, 2003).
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Figure 8: Effects of different soil solarization materials
on heat flux

Heat flux

The data of soil heat flux under different soil
solarization materials are shown in Figure 8. The result
showed that the rate of heat transfer per unit area ranged
from 12095.08 — 42338.25 W™ with a mean of 23960.93

Soil Environ. 38(2): 192-202, 2019

W™2, In Figure 8, it was observed that in a unit area of the
soil, transparent nylon (TN) with a thickness of 0.05 mm
had the highest heat transfer (42338.25 W™2), while bare
soil (control) had the lowest (12095.08 W™?2). From the
results, the soil heat flux under translucent whitish plastic
(TWP) with thickness of 0.05 mm (26615.74 W™?2) and 0.10
mm (22272.65 W™?) and transparent nylon at thickness of
0.05 mm (42338.25 W™?), 0.10 mm (34810.24 W™?2) and
0.15 mm (25239.06 W™2) were significantly (p<0.01)
higher than the control (bare soil). However, black nylon
(BN) at a thickness of 0.05 mm (24474.24 W™2) and 0.10
mm (19808.84 W™?2) significantly increased the heat flux,
but at a thickness of 0.15 mm (14542.51 W™2) black nylon
(BN) was similar to control. The increase in heat transfer
observed in transparent nylon may be attributed to the
higher radiation from sun that passes through the transparent
nylon (Rubio et al., 2009). Ahmed et al. (2017) observed
that rate of heat transmissivity is faster in the transparent
nylon. The black nylon significantly had a lower heat flux
than the transparent nylon. This may be as a result of the
deflective action of the black nylon towards the heat coming
down to the soil from the sun (Joan and Dean, 2002).
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Figure 9: Effects of different soil solarization materials
on thermal diffusivity

Thermal diffusivity

Figure 9 showed the influence of soil solarization
materials on thermal diffusivity. According to the result, the
thermal diffusivity of the bare soil (control) was higher than
the soil covered with nylon and plastic. The result showed
that thermal diffusivity ranged from 0.74 — 1.35™! with a
mean of 0.95™! In Figure 9, it was observed that
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transparent nylon (TN) with a thickness of 0.05 mm had the
lowest thermal diffusivity (0.74™2%!), while bare soil had the
highest (1.35™!)., From the results, the soil thermal
diffusivity under translucent whitish plastic (TWP) with
thickness of 0.05 mm (0.92™>1), 0.10 mm (0.88™>) and
0.15 mm (0.96™>*1) and transparent nylon at thickness of 0.05
mm (0.74 m2s-1), 0.10 mm (0.78™") and 0.15 mm (0.80™2
1) were significantly (p<0.01) lower than the control (bare
soil). However, thermal diffusivity of the soil under black
nylon (BN) at 0.05 and 0.10 mm thickness (0.90 and 0.95™2
1) were significantly (p<0.01) lower than the control, while at
a thickness of 0.15 mm black nylon (1.12™%!) was similar
with that of bare soil.

The higher thermal diffusivities under bare soil
(control) as compared with that of transparent nylon,
translucent whitish plastic and black nylon agree with
Ahmed et al. (2017). The higher thermal diffusivity of the
bare soil may be attributed to the higher bulk density of the
bare soil (Tong et al., 2017). The lower thermal diffusivities
may be as a result of lower bulk density and higher porosity
which could make more heat to be dispersed (An et al.,
2016). The soil with higher thermal diffusivity quickly
adjusts their temperature to suit that of their surroundings
because they conduct heat quickly when compared to their
volumetric heat capacity and they generally do not require
much energy from their surroundings to reach thermal
equilibrium (Oladunjoye and Sanuade, 2012).

Thermal effusivity (Jm>K™"s7%2)
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Figure 10: Effects of different soil solarization materials
on thermal effusivity

Thermal effusivity

The variations in thermal effusivity (heat admittance)
under different soil solarization materials are shown in

Figure 10. According to the result, the thermal effusivity
was higher in the soil covered with nylon and plastic than
the control (bare soil). The result showed that the measure
of the ability of the soil to exchange thermal energy with its
environment ranged from 1.33 — 2.57 J™2 K-! S"2 with a
mean of 1.73 J™2 K-! S'2, In Figure 10, it was observed that
transparent nylon (TN) with a thickness of 0.05 mm had the
highest thermal effusivity (2.57 J™2 K-' S'2), while control
(bare soil) had the lowest (1.33 J™2 K! S-V2). From the
results, the thermal effusivity under translucent whitish
plastic (TWP) with thickness of 0.05 mm (1.74 J™2K-' S
and 0.10 mm (1.60 J™2 K-! S-'2) and transparent nylon at
thickness of 0.05 mm (2.57 J™2 K" S72), 0.10 mm (2.18 J™2
K-'S12) and 0.15 mm (1.76 J™2 K-! S-1"2) were significantly
(»<0.01) higher than the control (bare soil). However,
thermal effusivity of soil under black nylon (BN) at 0.05
mm thickness (1.69 J™2? K-!' S'2) was significantly higher
than the control, while at a thickness of 0.15 mm, both
translucent whitish plastic (1.44 J™2 K-' S-'2) and black
nylon (1.43 J™2 K-! S'2) were similar with that of bare soil.

The variations in the thermal effusivities of soil under
the different treatments may be attributed to the differences
in the soil bulk densities (Oladunjoye and Sanuade,
2012).The increase in the exchange of thermal energy with
the soil under the treatments (transparent nylon, translucent
whitish plastic and black nylon) and the surrounding may be
attributed to the lower bulk density which apparently
increased the soil pore spaces. This increase in the soil pore
spaces could have enhanced the quick dissipation of heat
energy in the soil.

MWD (mm)

S @@@,\\&@@
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~
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soil solarization materials
TWP=translucent whitish plastic, TN=
transparent nylon. BN=black nylon

Figure 11: Effects of different soil solarization materials
on mean weight diameter
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Aggregate stability

The aggregate stability of the soil measured only at the
macro aggregate level using mean weight diameter is
presented in Figure 11. From the result, the mean weight
diameter (MWD) of the bare soil (control) was lower than
the soil covered with nylon and plastic. The result showed
that MWD ranged from 2.06 — 4.86 mm with a mean of 3.36
mm. In Figure 11, it was observed that transparent nylon
(TN) with a thickness of 0.05 mm had the highest stable
aggregates (4.86 mm), while bare soil had the lowest (2.06
mm). From the results, the soil structural stability under
translucent whitish plastic (TWP) and transparent nylon
(TN) were significantly (p<0.01) higher than the control
(bare soil). However, the mean weight diameter of the soil
under black nylon (BN) at 0.05 and 0.10 mm thickness
(3.08 and 2.80 mm) were significantly (p<0.01) higher than
the control, while at a thickness of 0.15 mm blike (2.45 mm)
was similar with that of bare soil.

The higher structural stability observed in soil under
transparent nylon, translucent whitish plastic and black
nylon as compared with that of bare soil (control) may be
attributed to the higher thermal transformation of iron and
aluminium oxides, resulting from higher temperature
(Figure 2) and thermal conductivity (Figure 6), which may
have accelerated their role in acting as cementing agents for
clay particles that then form strong silt-sized particles in the
soil (Terefe et. al., 2008).

In addition, Khan et al. (2001) observed that a decrease
in soil bulk density (Figure 4) could have improved the
porosity and water holding capacity of the soil and possibly
increased the aggregate stability. Furthermore, the probable
stimulation of microbial activity from enhanced soil
porosity and increased temperature (Figure 2), may have
played a major role in the aggregate formation, which
increase structure stability (Mohammed, 2015).

Conclusion

Variations in soil thermal properties and aggregate
stability under different soil solarization materials was
studied under field conditions in Nigeria. The principal
objective was to study the effects of different soil
solarization materials on soil thermal properties, organic
matter and aggregate stability. The result showed that the
measured soil properties varied among the different soil
solarization materials. Translucent whitish plastic,
transparent nylon and black nylon increased the amount of
heat transmitted into the soil thereby increasing the
temperature of the soil and the organic matter content.
Higher soil bulk density and thermal diffusivity were
observed in bare soil (control) than in the treatments. The
plastic mulched soils recorded a higher aggregate stability

Soil Environ. 38(2): 192-202, 2019

that the bare soil. Soil-borne pathogens that may arise from
continuous cultivation and use of the soil requires global
attention to avoid destruction of the soil quality which can
lead to food insecurity and environmental problems.
Therefore, it is necessary to adopt soil management
practices such as soil solarization techniques to stabilize
soils under continuous use and improve the soil health by
reducing the soil-borne pathogens.
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