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ANDY soils, in the arid regions, usually suffer from extreme

temperatures. Such high temperature fluctuations can be harmful
for plant growth. This investigation aimed to: 1) detect soil thermal
regime of Ismailia coarse texture soils; 2) study soil temperature
fluctuations under different climatic conditions; 3) determine
evaporation rate of soil water; 4) study the effect of some soil surface
treatments on the 2" and 3" points. All the four aims were studied
under both summer and winter conditions. The investigated soil
surface treatments included transparent plastic mulch, rice straw
mulch, application of bentonite, and the control. Obtained results
revealed that, the thermal regime of Ismailia sandy soil was
Hyperthermic. The response of soil temperature to air temperature
fluctuation was more pronounced during winter compared to summer
conditions. The highest soil temperature fluctuation was obtained
under transparent plastic mulch and the lowest was obtained under rice
straw mulch, during both summer and winter seasons. The highest soil
temperature values recorded under plastic mulch can be harmful for
plants during the summer, but may enhance plant growth during the
winter. Both rice straw and plastic mulch reduce the water loss by
evaporation from soil surface, as indicated from the evaporation rate.
Bentonite incorporation with the soil surface layers had small effects
on both soil temperature fluctuation and water evaporation rate. It is
recommended to use straw mulch for moderating soil temperature
fluctuations and reducing water loss by evaporation during summer
and winter seasons.

Keywords: Soil temperature fluctuation, Transparent plastic mulch,
Straw mulch, Drying front.

Early in 1959, Geiger stated that “calcareous soils are cold ones, wet soils are also
cold, and sandy soils suffer from extreme temperature”. Soils temperature varies
greatly with depth and over time. Temperature in the upper soil layers fluctuates
substantially in response to changes in air temperature, irradiation and radiant
heat transfer, whereas temperature is more stable in the deeper soil layers. Soil
temperature has a substantial influence on root growth. The minimum and
optimal temperatures depend upon the plant species and are typically in the
ranges of 0-12°C and 25-35°C, respectively, while the maximum is almost
around 40-45°C (Gregory, 2006).Consequently, it is thought that amelioration of
upper layer temperature in sandy soil is beneficial for growing economical plants.
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This could be done by trialing to lower its temperature during the hottest days of
summer and/or worming up during the coldest days of winter.

Soil temperature can be managed in numerous ways, which includes
mulching, tillage, irrigation, drainage, cover crop or shading, and application of
dark or light powder. The management procedures depend on whether the
temperature of soil needs to be increased or reduced (Lal and Shukla, 2004).
Anikwe et al. (2007) observed that, the average soil temperature under
transparent plastic mulch was predominantly higher than that under black plastic
mulch by about 1 — 2 °C. However, the soil temperature under non-mulched
condition was lower by 1 — 3 °C compared to the soil temperature under mulch.
In another study transparent plastic mulch resulted in increasing the mean daily
topsoil temperature by about 2.5 — 3.2 "C than that under non-mulched soil during
the early growing season. However the difference in the topsoil temperature was
less pronounced as the plant canopy grew (Zhao et al., 2012). Recently, Yaghi
et al. (2013) also indicated that plastic mulch generally raised soil temperature,
whereas transparent plastic mulch raised the limits of the soil temperature by 6.4,
5.9 and 5.6 'C at soil surface, 5 cm, and 10 cm soil depth, respectively. While
black plastic mulch raised the limits of the soil temperature by 3.1, 2.7 and 2.4 °C
respectively at the same previous soil depth, compared with non-mulched soil.
Kirnak et al. (2003) reported that, the plastic mulches has an ability to improve
soil moisture, consequently, improves nitrogen availability for plants.

Zhang et al. (2009) used wheat straw in a rate of 0.8 kg m? as a surface
mulch. They observed that, soil temperature under mulch was higher during the
colder weather and lower during warmer weather compared with non-mulched
soil. Olasantan (1999) and Fabrizzi et al. (2005) found the same trend.
Meanwhile, the magnitude of the change in soil temperature due to mulching
varies between studies. This variation could be attributed to the mulch application
rate and/or climate conditions. In addition to the effect of straw mulch on soil
temperature, Dahiya et al. (2007) concluded that, due to the evaporation property
of the surface placed straw layer, mulching treatment reduced soil water loss on
an average by 0.39 mm d* compared to non-mulched soil during the study
period.

Very few published studies have examined the effects of bentonite application
on soil thermal properties and heat flow. In this regard Zvomuya et al. (2008)
reported that, application of drilling mud (aqueous suspension of bentonite
primarily Na-montmorillonite) provide evidence of significant alteration of the
investigated important micrometeorological parameters. Surface albedo decreased
by 15% to 18%. The lower albedo meant that a greater proportion of incoming
shortwave solar radiation was available for partitioning into soil heat flux and
other components of the surface energy balance equation. This partly explains the
observed increases in soil heat flux at 0.05 m depth with mud application,
resulting in corresponding increases in soil temperatures measured in the soil
layer above the soil heat flux plates. By modifying heat flow and temperature in
the root zone, drilling mud application may alter critical ecosystem biophysical
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and physiological processes, with important implications for overall biological
productivity. The direction and magnitude of such changes, in conjunction with
all other ecological effects, will ultimately define the sustainability of the practice
in this ecosystem (Zvomuya et al., 2008).

Materials and Methods

The soil used in the current investigation was coarse texture soil collected
from the Experimental Farm of the Faculty of Agriculture, Suez Canal
University, Ismailia, Egypt. The coordinates for this location are 30° 37" N and
32° 16" E. The air dried soil samples were subjected to chemical and physical
analysis. Some selected chemical properties were determined using the methods
described by Sparks (1996), and the investigated physical properties were
determined as described by Klute (1986) and presented in Table 1. The soil was a
Typic Torripsamments according to the system outlined by Soil Survey Staff
(1993).

TABLE 1. Some chemical and physical properties of investigated soil

Physical properties
Particles size distribution Texture Densities Total
C.sand | F.sand | Silt | Clay Bulk | Particles | porosity

Class

% Mg m* %
801 | 151 J 18] 30 Sand 1.631 | 2596 37.17
Chemical properties
EC,' oH'" CaCO, oM
dSm™* %
1.5 7.31 1.3 | 0.14

T In soil paste extract T In soil water suspension 1:2.5

Column preparation

Total of 18 PVC soil columns were used in the current investigation. These
PVC columns were 0.005 m in wall thickness, 0.19 m in diameter and 0.45 m in
length. The bottom end for each column was sealed with perforated cap. Just
above the bottom end, a layer of pre-washed cheesecloth was placed. Each
column was packed with 0.40 m total soil depth, with the same bulk density, at
which the soil was found in the field. Incremental packing of soil samples
involved the use of five centimeters soil depths packed in each column. Each soil
depth was packed using a “powder funnel” with a plastic extension tube in order
to reach deep down in the column. The extension tube was gradually raised to
minimize particles segregation as packing proceeded (Bellini et al., 1996). A
wooden rod, with a studded surface, was used during the successive packing soil
sections, to bring the soil bulk density to the desired value, and to prevent partial
particles layering within each soil section.

Egypt. J. Soil Sci. 56, No. 2 (2016)



190 A. A. EL-KHARBOTLY et al.

During successive packing total of 5 temperature sensors (LM35), for each
soil column, were placed horizontally in holes drilled along the side of the
columns at depths of 0.01, 0.06, 0.15, 0.25 and 0.35 m from the soil surface. To
minimize lateral temperature transfer, the columns were insulated from outside
with 1cm Styrofoam layer covered with aluminum foil sheet.

After these six treatments have been begun, each one included three soil
columns. The 1% treatment dealt with covering soil surface by 1.25 mm thickness
transparent polyethylene sheets, TP, where a hole of 1cm diameter was made in
the center of each TP sheet. The 2™ treatment was use of 10 -15 cm rice straw
pieces as surface mulch applied in a rate of 8 Mg ha™* on soil surface, R8. The 3"
treatment involved the use of 4 Mg ha™ rice straw as a soil surface mulch, R4. A
fishing net was used to stabilize the straw on soil surface. The 4™ treatment was
the incorporation of 16 Mg h™ of the bentonite (1 Na:1 Ca - bentonite) mixed
with the top 0.1 m soil layer before packing, B10. Similar to this treatment, the 5™
treatment involved the incorporation of 16 Mg h™ bentonite but mixed with the
top 0.2 m soil layer, B20. The last treatment was the control, C.

Moisture and temperature measurements

After packing the columns, irrigation water from Ismailia canal was added to
bring soil moisture content to its field capacity. Soil columns were subjected to natural
evaporation, where the first level of evaporation extended until its moisture content
reduced by 15% from soil field capacity. Such reduction was detected by weighing
the soil columns with a digital balance (30kg + 1.0g) at constant time every day.
During the evaporation process each soil segment represented a layer specified for
determining soil temperature. Afterwards, the specified soil column was excluded for
soil moisture determination. It was dissected into 0.10 m soil sections (the upper
section was divided into top 0.02 m and 0.08 m sections). The remaining two soil
columns were subjected to the second and third evaporation levels until soil moisture
content reduced by 30%, and 45% depletion from soil field capacity. Then, the soil
columns were also excluded for soil moisture determination in a similar manner
applied to the first one. During all evaporation levels, soil, air temperatures were
recorded every one minute using data acquisition system. The recorded data were
averaged for each hour period. Also, the evaporation from the water column was
recorded for every stage. This described experimental setup was conducted twice,
during summer 2012 and winter 2013, to detect the effect of treatments under
different climatic conditions.

Results and Discussions

Soil temperature regime of Ismailia sandy soils

The changes in sandy soil temperatures with soil moisture contents and climatic
conditions were investigated. The different climatic conditions were maintained by
running the same experimental setup and procedures during August, 2012 for summer
conditions and during January and February, 2013 for winter conditions. It was found
that during summer, the maximum weighted average soil temperature recorded was
425 °C on August, 13, 2012. The minimum weighted average soil temperature in
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summer was also recorded at the same day, it was 26.6 °C. So, the mean weighted
average of soil summer temperature based on the period of measurement for Ismailia
sandy soil was 34.5 °C. During the winter, the maximum weighted average soil
temperature recorded on February, 8, 2013 and was 27.0 °C. Meanwhile, the
minimum weighted average soil temperature recorded on February, 3, 2013 and was
16.4 °C. Using the abovementioned two values, the mean weighted average winter
temperature based on the period of measurement for Ismailia sandy soil was 21.7 °C.
The difference between mean summer and mean winter soil temperatures was 12.8
°C. By using these values and according to Soil Survey Stuff (2006), the soil
temperature regime of Ismailia sandy soil is Hyperthermic. Knowledge of the soil
temperature regime is fundamental to understand the development and formation of
specific soils and to classify and map soils in a consistent manner. It is used for
locating areas suitable for agricultural crops, managing the soil-plant-water systems in
agriculture, and as ecological indicators of plant distributions and wildlife habitats
(Mount & Paetzold, 2002 and Tejedor et al., 2009). The spatial distribution of soil
temperature regimes is essential for accurately inventory the soil resource.

One simple statistical parameter to provide a tool for assessment of soil
temperature fluctuation was the Mean Absolute Deviation (MAD). The mean
absolute deviation of a data set is the average of the absolute deviations from its
mean and is a summary statistic of statistical dispersion or variability (Spiegel
and Stephen, 1998). It can be calculated from the following equation:

L1 _
Mean absolute deviation=- YL, |x, - 7|
n

where n is the number of observations and X is the daily average and Ixz- — %[ the

absolute value of deviation of x; from x. The MAD was calculated for the soil

temperature measured at the 5 aforementioned depths, the weighted average soil
temperature, and air temperature during the summer of 2012 and the winter of 2013.
The data presented in Table 2 indicated that, at all soil moisture levels and during both
seasons the maximum MAD was obtained for the upper most 2 cm soil section. It
became almost constant with depth at 15 cm. The data also revealed that, at soil
moisture levels of 100% F.C. and 15% depletion, ) MAD values were obviously
lower than that at 30 and 45% depletions during the summer.

Effect of soil surface treatments under summer conditions

Soil temperature fluctuations

Effects of aforementioned six treatments on soil temperature fluctuations,
measured at five depths from soil surface with four different moisture levels,
were presented in Tables 3- 6. The results showed that, the greatest fluctuations in
soil temperature were found in the uppermost soil section, 1cm depth, for all
investigated treatments under all soil moisture levels. For such upper layer, the
minimum soil temperature was recorded between 6:00 and 9:00 AM, while the
maximum temperature was recorded between 13:00 and 17:00 PM. The value of
such temperature was damped with depth and its time was lagged.
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TABLE 2. Mean absolute deviation calculated for air and soil temperatures

measured at various depths, weighed average soil temperature, T, for
studied sandy soil

Depth lcm 6cm 15cm 25¢cm 35¢cm >MAD Tc
Moisture level Summer 2012
FC 3.07 1.89 1.82 1.85 1.84 10.47 1.60
15% D 3.80 3.12 2.61 2.61 2.61 14.75 2.55
30% D 6.10 4.85 4.85 4.85 4.85 25.50 4.71
45% D 5.71 3.10 3.34 3.34 3.34 1883  3.06
Winter 2013
FC 3.06 243 1.84 1.83 1.79 10.95 1.89
15% D 3.49 3.10 2.72 2.67 2.59 1457 2.68
30% D 3.43 2.83 2.61 2.59 2.58 14.04 2.48
45% D 2.45 2.08 1.99 1.99 1.97 10.48 1.90
TABLE 3. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 100% soil field capacity
during summer 2012
Paramet Soil Depth Air
Treatment Date er 1cm 6 cm 15¢cm 25cm 35cm
Transparent Tmax 485 452 432 43.0 42.8 48.6
Plastic 09-08-12 T min 30:5 30:3 30..2 30.‘0 29.‘8 29:O
Mulch tmax  15:00 16:00 17:00 18:00 19:00 13:00
tmn  7:00 9:00 9:00 10:00 11:00 6:00
Rice St Tmax 389 38.5 38.3 38.2 38.0 48.6
Ice Straw Twnm 319 324 327 326 324 290
Mulch 4 09-08-12 . . . . . .
Mg ha* tmax  14:00 15:00 17:00 18:00 19:00 13:00
tmin 8:00 9:00 10:00 11:00 11:00 6:00
Rice St Tmax 37.8 37.6 37.4 37.4 37.2 48.6
Muchg  09.08.12 Twn 318 3L7 315 319 317 200
Mg ha* tmax  15:00 16:00 18:00 19:00 19:00 13:00
tmn  7:00 9:00 9:00 9:00 9:00 6:00
Bentonite 16 Tmax 404 40.0 39.8 39.7 39.6 48.6
Mg ha™ in top 09-08-12 Tmin 299 31.9 31.9 32.8 32.6 29.0
10 cm soil tmax  14:00 15:00 16:00 18:00 20:00 13:00
layer tmn 7:00 9:00 10:00 10:00 11:00 6:00
Bentonite 16 Tmx 397 39.6 39.3 39.4 39.2 48.6
Mg hatin 09-08-12 Tmin 295 31.2 33.0 33.2 33.0 29.0
top 20 cm tmex 13:00 13:00 16:00 17:00 17:00 13:00
soil layer tmn 7:00 8:00 9:00 11:00 11:00 6:00
Tmax 39.8 39.0 38.8 38.4 38.3 48.6
Tmin 282 32.3 32.2 32.0 31.8 29.0
Control 09-08-12 tme 13:00 18:00 19:00  20:00  21:00  13:00
tmn 7:00 11:00 12:00 12:00 14:00 6:00
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TABLE 4. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 15% depletion from soil
field capacity during summer 2012

Soil Depth -
Parameter icm 6cm 15¢cm 25cm 35¢cm Al
T : Tox 481 424 423 221 2.0 58.6

ransparen 13-8- Twn 286 297  29.6 29.4 29.3 33.7

Treatment Date

f\’,'lﬁtc'ﬁ 12 tmx 15:00 18:00 18:00  19:00  20:00  14:00
tmn 7:00  9:00  9:00  10:00 11:00  7:.00
Rice Straw T 386 385 381 380 378 475
b 11-8- Tmn 313 322 320 319 317 297
Mg ha 12 tmx 17:00 18:00 19:00  19:00  19:00  13:00
tmn 900  10:00 12:00 11:00  12:00  6:00
Rice Straw Tmx 466 412 400 397 396 586
Ao 3 13-8- Tmn 308 316 308 306 304 337
Mg ha™ 12 tmx 16:00 17:00 17:00  18:00  19:00  14:00
tmn 8:00  9:00  9:00  9:00  10:00  7:00
Bentonite Tmax 407 40.3 40.0 39.9 39.7 46.6
16Mgha 1o Tmn 288 301 308 307 305  29.2
in top 1|0 12 tmx 14:00 16:00 18:00  19:00  20:00  13:00
cm sol
layer Umin  7:00 8:00 9:00 9:00 11:00 7:00
Bentonite Tme 4L1 396 395 392 390 466
16Mgha’ oo Tmn 296 297 307 317 314 292
in top 2|0 12 tme 15:00 16:00 17:00  17:00  17:00  13:00
cm soli
layer tmin  7:00 8:00 9:00 9:00 9:00 7:00
Tmx 425 407 396 394 392 466
Control 10-8- Tmn 282 296 310 307 306 292
12 tmx 15:00 15:00 18:00  19:00  20:00  13:00

tmn  7:00 7:00 8:00 9:00 10:00 7:00

TABLE 5. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 30% depletion from soil
field capacity during summer 2012

Paramete Soil Depth

Treatment Date r lcm 6 cm 15cm 25cm 35cm AIr
T Tmax 46.6 41.8 41.3 41.2 41.0 55.0
rﬁ;,'}:ggrce”t 17-08- Tmn 277 284 300 29.9 29.7 336
Mulch 12 tmx 15:00 18:00 19:00 20:00 21:00 15:00
tmn  7:00 9:00 9:00 10:00 11:00 7:00
Rice Straw Tmax 402 38.9 385 38.3 38.2 53.2
Mulch 4 14-08- Tmn 308 31.0 31.2 31.0 30.9 335
Mg ha't 12 tmax 15:00 17:00 18:00 20:00 20:00 15:00
tmn  9:00 9:00 8:00 8:00 8:00 7:00
Rice Straw Tmax 44.6 39.7 38.3 37.6 375 55.0
Mulch 8 17-08- Tmn 295 29.5 29.4 29.4 29.3 33.6
Mg ha™* 12 tmx 15:00 16:00 16:00 17:00 19:00 15:00
tmn  6:00 7:00 8:00 7:00 9:00 7:00
Bentonite 16 Tmax 482 41.0 38.0 379 37.7 58.6
Mg hain 13-08- Tmin 316 32.2 32.0 31.8 31.7 33.7
top 10 cm 12 tmx 15:00 16:00 17:00 18:00 18:00 14:00
soil layer tmn  7:00 8:00 8:00 9:00 9:00 7:00
Bentonite 16 Tmax 425 42.0 41.0 40.9 40.7 58.6
Mg hain 13-08- Tmn 321 321 31.4 31.2 31.1 33.7
top 20 cm 12 tmax 15:00  16:00 17:00 18:00 18:00 15:00
soil layer tmn 5:00 6:00 8:00 9:00 9:00 7:00
Tmax  43.9 43.1 42.9 42.7 42.6 58.6
Control 13-08- Tmn 241 26.6 26.4 26.2 26.1 33.7
12 tmax  13:00 15:00  15:00 16:00 17:00 14:00

tmin  6:00 8:00 8:00 9:00 10:00 7:00
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TABLE 6. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 45% depletion from soil
field capacity during summer 2012

Parameter Soil Depth Air
Treatment Date lcm 6 cm 15¢cm 25cm 35cm
T 594 574 547 525 523 675
Tr""P”ISp?re”t 27-08- Twn 274 259 267 263 262 307
M?JSICIP(]: 12 tme 13:00 14:00 1500 1500  16:00  14:00
twn 7:00 7:00 800 800  9:00  7:00
. Tmx 492 408 383 36.2 361 676
leimw 25-08- Twn 349 333 318 306 305 315
Mg ha 12 tm  14:00 17:00 17:00  18:00  19:00  13:00
twn 500  9:00  9:00 10:00 11:00  6:00
Rice Straw Tmx 550 488 467 464 463 675
Muleh 8 27-08- Twn 275 269 267 265 263 307
Mg ha 12 tmx 14:00 15:00 16:00  17:00  18:00  14:00
tmn  7:00 6:00 7:00 8:00 9:00 7:00
Bentonite T 469 460 421 39.6 367 547
1Mghat oo Twn 292 318 315 31.0 298 325
in top ;IO . tmx 15:00 16:00 18:00  17:00  17.00  15:00
cm sol
layer tmin  7:00 7:00 7:00 8:00 8:00 7:00
Bentonite T 442 430 420 419 417 547
18Mgha' o Tmn 330 332 325 32.3 32.2 325
in top 2|0 19 tm  15:00 16:00 18:00  19:00  19:00  14:00
cm soli
layer Lmin 6:00 6:00 9:00 10:00 12:00 7:00
Tmx 419 415 412 411 409 547
Control 21-08- Twn 232 313 293 29.1 290 325
12 tmx  15:00 18:00 19:00  20:00 21:00  15:00

tmin  6:00 8:00 9:00 10:00 11:00 7:00

The obtained amplitude values did not have a specified trend. However, they
were increased as soil moisture decreased, but the differences were not
homogenous. This could be attributed to the different air temperatures during the
four days of observation, so the soil columns were subjected to different ambient
temperatures. To overcome this situation, a relative amplitude, R.A., was
introduced. Its value can be calculated by dividing the amplitude of soil
temperature by the amplitude of air temperature. The relative amplitude R.A. of
the uppermost soil temperatures were 0.918, 0.357, 0.306, 0.536, 0.520, and
0.592 for the treatments TP, R4, Rg, Big, B2, and C, respectively, at whole soil
field capacity. Its values at 15% depletions were 0.783, 0.410, 0.635, 0.684,
0.661, and 0.823 for the investigated treatments, respectively. At 30% depletion
they were 0.883, 0.477, 0.706, 0.667, 0.418, and 0.795, respectively. Also, the
R.A. at 45% depletion were 0.870, 0.396, 0.747, 0.797, 0.505, and 0.842 for the
previous treatments, respectively. The values indicated that, the lowest R.A. was
recorded under rice straw mulch treatment.

August, 9, 2012 was a promising day to evaluate the effect of the above
mentioned treatments under the same soil moisture level and climatic conditions.
Therefore, the abovementioned R.A. had the same trend as well as the absolute
fluctuation. At that day the soil moisture was at a whole field capacity. The maximum
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air temperature was 48.6 °C and the minimum was 29.0 °C, so the fluctuation in air
temperature was 19.6 °C. Where maximum fluctuation of soil temperature occurred
in the uppermost soil layer, so it is more convenient to determine the effects of the
investigated treatments on the temperature fluctuation of such layer. The greatest
fluctuation in soil temperature was 18.0 °C recorded under TP treatment with
maximum of 48.5 and minimum of 30.5 °C. The effects of transparent plastic in rising
soil temperature were early studied by Emmert (1957). Munguia et al. (1999) reported
that the net radiation is higher in the plastic mulched field than that in the non-plastic
mulched field. He attributed that to the substantial effect of the spectral properties of
the plastic mulch on the short and long wave radiations. Yaghi et al. (2013) found an
increase in the soil temperature by 6.4, 5.9 and 5.6 °C, at soil surface, at 5 cm and
10cm soil depth, respectively, under transparent plastic mulching.

On the other hand, the smallest fluctuation was 6.0 °C for Rg treatment with
maximum and minimum values of 37.8 and 31.8 °C, respectively. Increasing the
application rate of rice straw from 4 to 8 Mg ha™ reduced the maximum soil
temperature from 38.9 to 37.8 °C where the minimum values were approximately
equaled. Consequently, fluctuation of the uppermost soil layer was reduced from
7.0 to 6.0 °C with doubling the application rate of rice straw from 4 to 8 Mg ha™.
The rice straw mulch depressed soil temperature because it has a higher albedo
and a lower thermal conductivity than the bare soil. Consequently, it reduces the
solar energy reaching the soil surface and reduces temperature increases during
warm conditions as reported by Horton et al. (1996). Zhang et al. (2009)
observed that, soil temperature under 8 Mg ha™ straw mulch was lower than non-
mulched soil by about 4.0 °C during the warm season.

Incorporating bentonite with soil had a little effect on soil temperature
fluctuation. It was 10.5 for B10 and 10.2 for B20 treatments compared to 11.6 °C
for the control. The obtained results for the effect of bentonite incorporation on
soil temperature was contradicted with that reported by Zvomuya et al. (2008).
They concluded that, bentonite application at 16 Mg ha™ as drilling mud resulted
in an increase in mean daily soil temperature. Such disagreement with this result
could be ascribed to different application procedure, incorporation and surface
spraying as mud. Also, the study of Zvomuya et al. (2008) was conducted at the
cold climate of Canada. The arrangement of the treatments in descending order
for the uppermost soil temperature fluctuation was TP, C, By, By, R4, and Rg as
indicated from Table 3. So it can be concluded that straw mulch was the most
efficient treatment in reducing soil temperature fluctuation during the summer
conditions of Ismailia, Egypt, when soil moisture content was kept at field
capacity. Almost similar trends were found for all the investigated treatments at
other soil moisture levels.

To illustrate the effect of the different treatments on soil temperature, the time
rates of weighted average soil temperature change (AT/At) were calculated on
August, 9, 2012, where all treatments were at whole field capacity and subjected
to the same climatic condition. The values obtained for time rates of soil
temperature change during the heating period were 1.43, 0.70, 0.62, 0.72, 0.75,
and 0.76 °C h™ for TP, Ry, Rg, Bio, Bz, and C treatments, respectively. The
maximum time rate of heat gain was recorded under TP treatment. This could be
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attributed to the fact that, transparent plastic mulch allow the incoming short-
wave radiation to strike the soil surface. It reducing the loss of such received
energy by evaporation, long-wave radiation, and conduction to the adjacent air
layer, which leads to raising the rate of heat gain by these covered soil compared
to other treatments (Wu et al., 2007). On the other hand, the smallest time rate of
temperature rising was obtained under R8 treatment. Most likely because it has a
higher albedo and lower thermal conductivity than uncovered soil, therefore,
straw mulch reduces the solar energy reaching the soil and so reduces temperature
rising during the warm conditions (Horton et al., 1996). However, bentonite
incorporation resulted in a small decrease in time rate of soil temperature rising.
Such decrease was more when the incorporation of bentonite was made in the
uppermost 10 cm soil layer, and could be attributed to the presence of much
amount of water to be evaporated at the soil surface.

The time rates of soil temperature falling during two cooling periods, from 0:00
AM to time of minimum temperature and from time of maximum temperature to 0:00
AM on next day, were also calculated for all treatments. Its obtained values were -
0.78, -0.39, -0.49, -0.50, -0.53, and -0.51 °C h™ for TP, R4, Rs, Bio, By, and C
treatments, respectively. The highest value was obtained under TP treatment while the
lowest value was obtained under R, and it was lower than that obtained for Rg. Shinde
(1997) reported that increasing the application rate of straw mulch increasing the
outgoing from the soil. In regard to bentonite incorporation, such effect was trifling.

Soil moisture evaporation

In order to evaluate the effect of the investigated treatments on water
evaporation from soil, evaporation rate, in g water per soil column per day, was
calculated. Figure 1 elucidates the changes in evaporation rates, in g water per
soil column per day, as a function of time, days. All investigated treatments
nearly have the same manner of increasing evaporation rate to reach its maximum
values then starts to decrease again.
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Fig.1. Effect of different soil surface treatments on evaporation rate for Ismailia
sandy soil during summer 2012
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Such behavior in evaporation rate did not agreed with that described by Hillel
(2004) except for the first stage, which stated that, the draying process has been
observed to occur in three recognizable stages, namely: constant rate stage,
falling rate stage, and slow rate stage. The duration of each stage lasts depends on
the intensity of metrological factors that determine atmospheric evaporativity as
well as on the depth and the conductive properties of the soil itself. This ideal
manner in evaporation process from non-cultivated soil may not be accomplished.
The changes in the climatic conditions during the first seven days of observation
were the reason that leading to increase evaporation rate rather than keeping it
constant. Hillel (2004) referred to the constant rate stage as weather controlled
stage, indicating the high effect of climatic condition on this stage. He also
concluded that constant-rate stage of evaporation really makes sense only in
connection with laboratory experiments under constant evaporativity. In natural,
conditions evaporativity varies continually due to changes in the intensity of
incoming radiation during the day-night cycles, while the other two stages,
falling rate and slow rate, were observed as showed in Fig.1.

The treatments Biy, B, and C slightly vary in evaporation rate. They
recorded the highest values, while TP and Rg treatments were similar but
recorded the lowest evaporation rate values. The effect of plastic mulch in
reducing water evaporation was reported by Yang et al. (2012) and Liu et al.
(2013). They concluded that, transparent plastic mulch could prevent about
93% of soil water evaporation, so the soil moisture conservation was improved.
In the same context Sarkar et al. (2007) reported that, straw mulch forms a
barrier to the evaporating soil surface and alters micro-climate which acts as a
driving force for evaporation. Because of this reason, soil moisture depleted at a
slower rate from the top soil layer under straw mulch. For bentonite treatments,
Sheta et al. (2006) reported that, bentonite application alters the water
evaporation from soil when its application rate exceeds 5%. In our study the
highest application rate was 1%.

The soil moisture distributions along the soil column were determined at the
three investigated depletion levels, the obtained results were presented in Table 7.
Data showed that, all investigated treatments exhibited very similar moisture
distribution patterns at 15% and 45% depletion levels. However, at the
intermediate depletion level, 30%, and especially for the upper soil sections, TP
treatment recorded the highest soil moisture content followed by R, and Rg
treatments. On the other hand, the treatments By, B,o, and C recorded the lowest
soil moisture contents as it approaches air dry conditions at the soil surface. The
reason for these findings may be the slow evaporation rates obtained for TP, Rg,
and R, treatments which allow more time for soil moisture redistributions along
the soil columns.

Egypt. J. Soil Sci. 56, No. 2 (2016)



198 A. A. EL-KHARBOTLY et al.

TABLE 7. Effect of bentonite incorporation and surface mulching on soil moisture
distribution at different depletion levels for Ismailia sandy soil during
summer 2012

Treatment TP R. Rs B1o Boo C
Depth (cm) At 15% Depletion from Soil Field Capacity
1 0.0984 0.0858 0.0974 0.1082 0.0968 0.0868
6 0.1008 0.1043 0.1134 0.1090 0.1035 0.1049
15 0.1192 0.1202 0.1226 0.1178 0.1166 0.1163
25 0.1302 0.1332 0.1244 0.1253 0.1355 0.1248
35 0.1445 0.1447 0.1333 0.1426 0.1422 0.1436
At 30% Depletion from Soil Field Capacity
1 0.0953 0.0767 0.0714 0.0204 0.0248 0.0267
0.0926 0.0950 0.0849 0.0830 0.0924 0.0837
15 0.1022 0.1026 0.1034 0.1053 0.1054 0.0943
25 0.1049 0.1107 0.1126 0.1153 0.1119 0.1132
35 0.1234 0.1200 0.1239 0.1278 0.1253 0.1220
At 45% Depletion from Soil Field Capacity
1 0.0152 0.0143 0.0150 0.0117 0.0110 0.0071
0.0393 0.0437 0.0397 0.0422 0.0373 0.0355
15 0.0857 0.0848 0.0851 0.0876 0.0856 0.0811
25 0.1043 0.1026 0.1038 0.1011 0.1059 0.1084
35 0.1130 0.1124 0.1125 0.1107 0.1129 0.1124

Effect of soil surface treatments under winter conditions

Soil temperature fluctuation

The effects of previously described six treatments on soil temperature
fluctuation under winter conditions of 2013 were also investigated. Data of soil
temperature fluctuations measured at five depths for the soil at four different
moisture levels of the investigated treatments were presented in Tables 8 - 11.
The obtained results revealed that, the greatest fluctuations in soil temperature
were detected in the uppermost 1 cm soil section. For such depth the minimum
soil temperature were recorded between 7:00 and 9:00 AM, while the maximum
temperatures were recorded between 14:00 and 17:00 PM. Values of soil
temperature were damped with depth and its times were lagged. The damping of
temperature with depth and time lag of soil temperature are a natural phenomenon
in soil temperature behavior. The relative amplitude R.A. of the uppermost soil
temperatures were 0.768, 0.573, 0.427, 0.652, 0.591, and 0.677 for the treatments
TP, R4, Rg, B1g, Bag, and C, respectively, at whole soil field capacity. Its values at
15% depletions were 2.326, 1.471, 1.955, 1.022, 1.611, and 1.389 for the same
treatments, respectively. At 30% depletion they were 2.722, 1.953, 1.738, 0.989,
1.477, and 1.443, respectively. Also, the R.A. at 45% depletion was 2.278, 1.403,
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1.737, 1.050, 1.538, and 1.175 for the treatments, respectively. The values
indicated that, the lowest R.A. was recorded under straw mulch treatment. By
comparing the data for R.A. obtained during the summer with that obtained
during the winter, it was found that, the R.A. values during the winter were
higher than that obtained during the summer for all the investigated treatments.
This could be indicated that, the soil temperature amelioration is more necessary
during the winter compared to the summer conditions.

TABLE 8. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 100% field capacity
during winter 2013

Soil Depth )
Parameter Air
Treatment Date lcm 6cm 15cm  25cm  35cm
T max 27.8 275 274 27.3 27.2 284
Transparent
) T min 15.2 16.9 195 195 195 12.0
Plastic 26-01-13
Mulch t max 14:00 15:00 16:00 17:.00 18:00 15:00
t min 7:00 9:00 10:00 11:00 10:00 6:00
) T max 23.8 22.7 22.4 22.2 22.1 28.4
Rice Straw
T tmin 14.4 14.8 15.1 155 155 12.0
Mulch 4 Mg 26-01-13
hatl 1 max 15.00 16:00 17:.00 18:00 18:00 15:00
t min 9:00 9:00 10:00 10:00 11:00 6:00
. T max 25.0 245 23.8 23.7 235 28.4
Rice Straw
T min 18.0 18.7 19.2 19.1 19.2 12.0
Mulch 8 Mg 26-01-13
hatl t max 1500 17:00 18:00 19:00 20:00 15:00
t min 8:00 8:00 10:00 11:00 11:00 6:00
Bentonite 16 T max 22.0 21.8 21.2 20.9 20.7 284
Mg ha™ in T min 11.3 13.6 13.6 13.9 13.7 12.0
26-01-13
top 10 cm t max 14:00 15:00 16:00 17:.00 18:00 15:00
soil layer t min 7:00 8:00 9:00 10:00 11:.00 6:00
Bentonite 16 T max 21.8 21.6 21.0 20.8 20.7 28.4
Mg hatin T wmin 12.1 13.1 135 13.7 13.6 12.0
26-01-13
top 20 cm t max 14:.00 15:.00 16:00 17:.00 18:00 15:00
soil layer t min 7:00 8:00 9:00 10:00 11:.00 6:00
T max 25.4 25.3 25.2 24.6 24.4 28.4
T min 14.3 16.5 18.6 18.4 185 12.0
Control ~ 26-01-13
t max 14:00 15:00 16:00 16:00 17:00 15:00
t min 7:00 8:00 9:00 9:00 10:00 6:00
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TABLE 9. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 15% depletion from
soil field capacity during winter 2013

Soil Depth
Parameter Air
Treatment Date lcm 6cm 15cm  25cm  35cm
T rex 271 259 251 243 241 214
Transparent o T i 171 172 174 175 176 17.1
Plastic Mulch t e 1400 1500 16:00 17:00 18:00 18:00
t i 800 900 1000 10:00 11:00 9:00
T mex 22 20 217 215 214 20.8
Rice Straw T min 172 175 176 175 174 174
Mulch4 Mg 06-02-13
hal t e 15:00 16:00 1800 18:00 19:00 15:00
t in 9:00 900 1000 12:00 13:00 10:00
T e 324 293 281 280 273 245
Rice Straw T in 152 158 160 168 171 15.7
Mulch 8 Mg  08-02-13
ha'l t rmax 14:00 15.00 16:00 17:00 19:.00 18:00
t i 700 800 900 900  9:00 9:00
_ T mex 235 230 227 223 222 222
Bentonite 16
Mg ha™ in top 030215 T i 143 148 150 150 149 132
10 cm soil e 1400 1500 16:00 17:00 18:00 17:00
layer
Y t i 7:00 800 900 10:00 11:.00 9:00
T rex 257 256 252 248 246 22.2
Bentonite 16
P T i 112 118 121 124 123 13.2
Mgha“intop g g 4~ ™"
20 cm soil t max 1500 1600 17:00 18:00  19:00 17:00
layer
Y t i 7:00 800 900  10:00 11:00 9:00
T mex 279 2715 260 257 255 222
T min 154 173 162 162 160 13.2
Control 03-02-13
t e 17:00 1800 19:00 20:00 21:00 17:00
t i 9:00 900 11:00 11:00 10:00 9:00
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TABLE 10. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 30% depletion from
soil field capacity during winter 2013
Soil Depth )
Parameter Air
Treatment Date lcm 6cm 15cm  25cm  35cm
T max 38.2 36.9 324 32.2 32.0 26.4
Transparent T i 186 194 192 194 195 192
Plastic 27-02-13 . . ' ' ' '
Mulch t max 14:00 1500 16:00 17:00 18:00 16:00
t min 8:00 9:00 9:00 10:00 11:00 10:00
T max 24.6 24.0 23.8 23.4 23.2 21.4
Rice Straw T min 162 167 175 175 175 171
Mulch 4 Mg 15-02-13
hal t max 15:00 16:00 17:00 18:00 19:00 18:00
t min 8:00 8:00 9:00 10:00 11:00 9:00
T max 28.2 27.2 25.7 25.2 24.5 22.2
Rice Straw T min 143 155 153 168 163 142
Mulch 8 Mg 19-02-13
ha't t max 14:.00 15:.00 16:00 17:00 18:00 18:00
t min 7:00 8:00 9:00 9:00 10:00 8:00
Bentonite 16 T max 25.0 24.7 24.3 24.0 23.8 24.5
L T i 16.3 16.2 16.2 16.3 16.2 15.7
Mg ha™in 08-02-13 = ™
top 10cm t max 14:00 1500 16:00 18:00  19:00 18:00
soil layer ) ) . . . .
t min 7:00 7:00 9:00 11:00 12:00 9:00
Bentonite 16 T max 21.7 27.3 27.0 26.7 26.5 24.5
L T mi 14.7 155 15.6 16.5 16.4 15.7
Mg ha™in 08-00-13 = ™
top20cm t max 15:00 1500 16:00 17:00  18:00 18:00
soil layer ) ) ) ) ) )
t min 8:00 8:00 9:00 10:00 11:00 9:00
T max 30.0 29.4 27.9 27.4 27.0 24.5
T min 17.3 19.1 17.8 18.3 18.1 15.7
Control 08-02-13
1 max 17:00 18:00 18:00 19:00 20:00 18:00
t min 8:00 9:00 9:00 11:00 12:00 9:00
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TABLE 11. Maximum and minimum air and soil temperatures with their
corresponding times for different soil depths at 45% depletion from
soil field capacity during winter 2013

Paramet Soil Depth Air
Treatment Date er Iem 6cm  15cm  25cm  35cm

Tmx 370 368 355 337 335 250

T?gﬁgﬁ{f” 18-03- Twn 149 158 160 166 165 153
Mulch 13 tma 14:00 17:00 1800 19:00 20:00  16:00
tmn 700 7:00 7:00 900 9:00 800

Tmx 263 260 258 257 256 264

Rm Iimw 27-02- Tmn 162 168 171 173 173 192
Mg ha' 13 tmx 15:00 16:00 17:00 18:00 19:00 16:00
tmn 800 9:00 10:00 11:00 12:00  10:00

Tmx 372 370 369 365 364 322

Rlizi Iigagw 13-03- Twn 207 208 212 214 227 227
Mg ha't 13 tmax 15:00 16:00 17:00 18:00 19:00 17:00
tmn 800 9:00 10:00 11:00 10:00 9:00

Bentonite Tmx 238 233 230 225 224 222

1i?] ':gg fl‘g Y 19-00- Tmn 154 156 157 160 159 142
om 50" 13 tmx 1500 16:00 16:00 17:00 18:00  18:00
layer tmn 8:00 8:00 9:00 10:00 11:.00 8:00

Bentonite Tmx 253 250 240 237 232 222

1& ':gg gg Y o0 Tmn 130 149 150 155 150 142
om 20“ 13 tmx 1400 1500 16:00 17:00 18:00  18:00
layer tmn 700 800 9:00 10:00 11:00 8:00

Tmx 263 262 250 249 246 222

Control 19-02- Tmn 169 185 176 176 177 142
13 tmx 17:00 18:00 19:00 20:00 21:00 18:00

tmn 7:00 800  9:00 10:00 11:00 8:00

January, 26, 2013 was a promising day to evaluate the effects of the
investigated treatments under the same soil moisture level and exact climatic
conditions. On that day, soil moisture was at a whole field capacity. The
maximum air temperature was 28.4 °C and the minimum was 12.0 °C, so the
fluctuation in air temperature was 16.4 °C. Because the maximum fluctuation of
soil temperature was done in the uppermost soil layer, it was more appropriate to
determine the effects of the treatments on the temperature fluctuation of such soil
layer. The temperature fluctuations obtained for the uppermost soil layer were
12.6, 9.4, 7.0, 10.7, 9.7, and 11.1 °C for TP, R4, Rg, B1o, Bog, and C treatments,
respectively. The highest soil temperature fluctuation was obtained under TP
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treatment, with maximum value of 27.8 °C and minimum value of 15.2 °C. It also
gave the highest maximum soil temperature. The difference between maximum
soil temperatures obtained for TP and C was 2.4 °C. A value of 3.0 °C improved
in soil temperature of the upper layer under transparent plastic mulch was
reported by Yang et al. (2012). Our findings came in agreement with that
reported by Li et al. (2011). They found that, soil temperature under transparent
plastic showed a strong diurnal cycle with the highest temperature at 14:00 to
16:00 PM and lowest at 7:00 AM. Moreover, they reported that, the diurnal
variation in soil temperature was 2 — 6 °C higher under plastic mulch compared to
bare soil.

Rice straw resulted in a high maximum soil temperature and slightly low
minimum values compared to C treatment. During the cold season, Zhang et al.
(2009) observed that, soil temperatures under straw mulch were higher than that
observed for the bare soil. During the colder periods, the input of solar radiation
energy is lower and there is a net loss of soil heat energy to the atmosphere,
resulting in a temperature decrease in soil profile.

Incorporating bentonite with soil resulted in decreasing soil temperature
fluctuation from 11.1 for C treatment to 10.7 and 9.7 °C for By and By
treatments, respectively. Mixing the bentonite with the upper 20 cm soil layer
gave a lower soil temperature fluctuation compared to C and B10 treatments. This
may be attributed to the effect of bentonite on soil moisture distribution ata more
thickness soil layer.

The arrangement of treatments in descending order for the uppermost soil
temperature fluctuation was TP, C, By, B,g, R4, and Rg as indicated from Table 8.
So, it can be concluded that rice straw mulch was the most efficient treatment in
moderating soil temperature fluctuations during the winter conditions of Ismailia,
where soil moisture content was kept at soil field capacity. Similar conclusion
was also stated during the summer period. So it can be recommended that, rice
straw mulch is the most suitable practice for moderating soil temperature
fluctuations during both summer and winter seasons. Almost similar trends were
found for all investigated treatments at other soil moisture levels.

To elucidate the effects of the investigated treatments on soil temperature, the
time rate of weighted average soil temperature changes (AT/At) were calculated
for January, 26, 2013, where all treatments were at whole field capacity and
subjected to the exact climatic conditions. The values obtained for the time rate of
weighted average soil temperature rising during the heating period were 0.9500,
0.7111, 0.5000, 0.8375, 0.9714 and 0.9571 °C h™* for TP, R,, R, B1g, By, and C
treatments, respectively. The maximum time rate of temperature rising was
recorded under B20 treatment. Similar result was found by Zvomuya et al. (2008)
after bentonite application as drilling mud to sandy loam soil. They reported that
bentonite application resulting in up to 18% decrease in soil albedo, which is an
important parameter affecting the soil surface energy balance. The obtained
values of both TP and B20 treatment were approximately the same. On the other
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hand, the lowest time rate of weighted average temperature rising was obtained
under R8 treatment. Most likely because it has a higher albedo and lower thermal
conductivity compared to other treatments.

The time rate of the weighted average soil temperature falling during two
cooling periods, from 0:00 Am to the time of minimum temperature and from
time of maximum temperature to 0:00 AM next day. For all the investigated
treatments, the obtained values were -0.5187, -0.4600, -0.3133, -0.5750, -0.5529,
and -0.4912 °C h™ for TP, R4, R8, B10, B20, and C, respectively. The highest
value was obtained for B20 treatment, while the lowest value was obtained for R8
treatment. The presence of straw mulch on the soil surface insulates the soil from
colder temperature, to some degree. Therefore, heat losses from the soil are
somewhat lower under straw mulching than bare soil and soil temperature which
are consequently higher (Horton et al. 1996).

Soil moisture evaporation

Figure 2 represents the changes in evaporation rate, in g water per soil column
per day, as a function of time. Nearly all investigated treatments have the same
manner of initial high values of evaporation rate that rapidly decreased, then still
stable at a low rate level. These two stages of evaporation could be named falling
rate stage and slow rate stage as described by Hillel (2004). The treatments By,
B, and C almost have the same evaporation rate, and recorded the highest values
of evaporation rate, then followed by R, then Rg then TP. The TP treatment
recorded the lowest evaporation rate, as the plastic sheets prevents most of the
evaporated water vapor from escaping to the atmosphere. The water vapor was
condensed on the inner surface of the plastic sheets and returned again to the soil
surface.
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Fig. 2. Effect of different soil surface treatments on evaporation rate for Ismailia
sandy soil during winter 2013
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Soil moisture distribution along soil columns was presented for the six
treatments at the three soil moisture depletion levels of 15, 30, and 45% from
field capacity (Table 12). The investigated treatments exhibited very similar soil
moisture distribution patterns. However, the lower soil section of soil columns at
15% depletion level represents soil moisture content more than its initial value.
The reason for this finding may attributed to the rainfall occurred at the beginning
of the experiment. At higher depletion levels such high values did not recorded,
probably because the prolonged time period that cause soil water to redistribute.
At 30% depletion level both R4 and R8 recorded higher values of soil moisture
contents at the soil surface, while all treatments recorded low values at 45%
depletion level. For both 30 and 45% depletion levels, TP treatment recorded
higher soil moisture content in the middle and lower sections of the soil column.

TABLE 12. Effect of bentonite incorporation and surface mulching on soil moisture
distribution at different depletion levels for Ismailia sandy soil during

winter 2013
Treatment TP R4 R8 B10 B20 C
Depth
(cm) At 15% Depletion from Soil Field Capacity
1 0.0751 0.0877 0.0739 0.0624 0.0694 0.0722
6 0.1013 0.1149 0.1129 0.1127 0.1076 0.1018
15  0.1217 0.1213 0.1164 0.1228 0.1229 0.1045
25  0.1266 0.1227 0.1183 0.1328 0.139%4 0.1538
35  0.1587 0.1515 0.1579 0.1535 0.1399 0.1555
At 30% Depletion from Soil Field Capacity
1 0.0241 0.0592 0.0529 0.0266 0.0130 0.0138
6 0.0765 0.0854 0.0804 0.0832 0.0893 0.0853
15  0.0861 0.0856 0.1003 0.1000 0.1057 0.0935
25  0.1131 0.1063 0.1096 0.1088 0.1074 0.1108
35  0.1499 0.1416 0.1250 0.1257 0.1239 0.1313
At 45% Depletion from Soil Field Capacity
1 0.0041 0.0054 0.0070 0.0132 0.0042 0.0028
6 0.0514 0.0561 0.0517 0.0812 0.0659 0.0415
15  0.0609 0.0840 0.0750 0.0842 0.0850 0.0868
25  0.0930 0.0915 0.0949 0.0882 0.0902 0.0962
35 0.1301 0.1037 0.1107 0.0947 0.1014 0.1119
Conclusion

The previous discussion signposted that, during both summer and winter
conditions rice straw mulch was a favorable treatment to moderate fluctuation in
soil temperature, and reducing maximum value of soil temperature as well. Such
practice may well be used for enhancement of plant growth. Contrary, transparent
plastic mulch resulted in much fluctuation in soil temperature, with high
maximum values. This effect may be harmful for some plant species, especially
during summer. Bentonite incorporation also had an effect on moderating soil
temperature fluctuation, which was better than untreated soail, i.e., control.
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