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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 2nd and 3rd 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
-2

 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
-1

 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
o
 37´ N and 

32
o
 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 

Class 

Densities Total 

porosity C. sand F. sand Silt Clay Bulk Particles 

% Mg m-3  % 

80.1 15.1 1.8 3.0 Sand 1.631 2.596 37.17 

Chemical properties 

ECe
† 

pH†† 
CaCO3 OM 

dSm-1 % 

1.5 7.31 1.3 0.14 
†    In soil paste extract         †† 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.  
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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
st
 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
nd

 treatment was use of 10 -15 cm rice straw 

pieces as surface mulch applied in a rate of 8 Mg ha
-1

 on soil surface, R8. The 3
rd

 

treatment involved the use of 4 Mg ha
-1

 rice straw as a soil surface mulch, R4. A 

fishing net was used to stabilize the straw on soil surface. The 4
th

 treatment was 

the incorporation of 16 Mg h
-1

 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
th

 

treatment involved the incorporation of 16 Mg h
-1

 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 

42.5 °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:  
                                                                                                            

 

 

where n is the number of observations and  is the daily average and  the 

absolute value of deviation of xi from . 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.  

http://en.wikipedia.org/wiki/Average
http://en.wikipedia.org/wiki/Summary_statistics
http://en.wikipedia.org/wiki/Statistical_dispersion
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TABLE 2. Mean absolute deviation calculated for air and soil temperatures 

measured at various depths, weighed average soil temperature, TC, for 

studied sandy soil 

 

Depth 1 cm 6 cm 15 cm 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 18.83 3.06 

Winter 2013 

FC 3.06 2.43 1.84 1.83 1.79 10.95 1.89 

15% D 3.49 3.10 2.72 2.67 2.59 14.57 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 

 

Treatment Date 

Paramet

er  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 
Plastic 

Mulch 

09-08-12 

T max 48.5 45.2 43.2 43.0 42.8 48.6 

T min 30.5 30.3 30.2 30.0 29.8 29.0 

t max 15:00 16:00 17:00 18:00 19:00 13:00 

t min 7:00 9:00 9:00 10:00 11:00 6:00 

Rice Straw 

Mulch 4 
Mg ha-1 

09-08-12 

T max 38.9 38.5 38.3 38.2 38.0 48.6 

T min 31.9 32.4 32.7 32.6 32.4 29.0 

t max 14:00 15:00 17:00 18:00 19:00 13:00 

t min 8:00 9:00 10:00 11:00 11:00 6:00 

Rice Straw 

Mulch 8 

Mg ha-1 

09-08-12 

T max 37.8 37.6 37.4 37.4 37.2 48.6 

T min 31.8 31.7 31.5 31.9 31.7 29.0 

t max 15:00 16:00 18:00 19:00 19:00 13:00 

t min 7:00 9:00 9:00 9:00 9:00 6:00 

Bentonite 16 

Mg ha-1 in top 

10 cm soil 
layer 

09-08-12 

T max 40.4 40.0 39.8 39.7 39.6 48.6 

T min 29.9 31.9 31.9 32.8 32.6 29.0 

t max 14:00 15:00 16:00 18:00 20:00 13:00 

t min 7:00 9:00 10:00 10:00 11:00 6:00 

Bentonite 16 
Mg ha-1 in 

top 20 cm 

soil layer 

09-08-12 

T max 39.7 39.6 39.3 39.4 39.2 48.6 

T min 29.5 31.2 33.0 33.2 33.0 29.0 

t max 13:00 13:00 16:00 17:00 17:00 13:00 

t min 7:00 8:00 9:00 11:00 11:00 6:00 

Control 09-08-12 

T max 39.8 39.0 38.8 38.4 38.3 48.6 

T min 28.2 32.3 32.2 32.0 31.8 29.0 

t max 13:00 18:00 19:00 20:00 21:00 13:00 

t min 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 

 

Treatment Date 
Parameter  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 
Plastic 
Mulch 

 13-8-
12 

T max 48.1 42.4 42.3 42.1 42.0 58.6 
T min 28.6 29.7 29.6 29.4 29.3 33.7 
t max 15:00 18:00 18:00 19:00 20:00 14:00 
t min 7:00 9:00 9:00 10:00 11:00 7:00 

Rice Straw 
Mulch 4 
Mg ha-1 

 11-8-
12 

T max 38.6 38.5 38.1 38.0 37.8 47.5 
T min 31.3 32.2 32.0 31.9 31.7 29.7 
t max 17:00 18:00 19:00 19:00 19:00 13:00 
t min 9:00 10:00 12:00 11:00 12:00 6:00 

Rice Straw 
Mulch 8 
Mg ha-1 

 13-8-
12 

T max 46.6 41.2 40.0 39.7 39.6 58.6 
T min 30.8 31.6 30.8 30.6 30.4 33.7 
t max 16:00 17:00 17:00 18:00 19:00 14:00 
t min 8:00 9:00 9:00 9:00 10:00 7:00 

Bentonite 
16 Mg ha-1 
in top 10 
cm soil 
layer 

 10-8-
12 

T max 40.7 40.3 40.0 39.9 39.7 46.6 
T min 28.8 30.1 30.8 30.7 30.5 29.2 
t max 14:00 16:00 18:00 19:00 20:00 13:00 

t min 7:00 8:00 9:00 9:00 11:00 7:00 
Bentonite 
16 Mg ha-1 
in top 20 
cm soil 
layer 

 10-8-
12 

T max 41.1 39.6 39.5 39.2 39.0 46.6 
T min 29.6 29.7 30.7 31.7 31.4 29.2 
t max 15:00 16:00 17:00 17:00 17:00 13:00 

t min 7:00 8:00 9:00 9:00 9:00 7:00 

Control 
 10-8-

12 

T max 42.5 40.7 39.6 39.4 39.2 46.6 
T min 28.2 29.6 31.0 30.7 30.6 29.2 
t max 15:00 15:00 18:00 19:00 20:00 13:00 
t min 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 

 

Treatment Date 
Paramete

r  
Soil Depth  

Air 
1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 
Plastic 
Mulch 

17-08-
12 

T max 46.6 41.8 41.3 41.2 41.0 55.0 
T min 27.7 28.4 30.0 29.9 29.7 33.6 
t max 15:00 18:00 19:00 20:00 21:00 15:00 
t min 7:00 9:00 9:00 10:00 11:00 7:00 

Rice Straw 
Mulch 4 
Mg ha-1 

14-08-
12 

T max 40.2 38.9 38.5 38.3 38.2 53.2 
T min 30.8 31.0 31.2 31.0 30.9 33.5 
t max 15:00 17:00 18:00 20:00 20:00 15:00 
t min 9:00 9:00 8:00 8:00 8:00 7:00 

Rice Straw 
Mulch 8 
Mg ha-1 

17-08-
12 

T max 44.6 39.7 38.3 37.6 37.5 55.0 
T min 29.5 29.5 29.4 29.4 29.3 33.6 
t max 15:00 16:00 16:00 17:00 19:00 15:00 
t min 6:00 7:00 8:00 7:00 9:00 7:00 

Bentonite 16 
Mg ha-1 in 
top 10 cm 
soil layer 

13-08-
12 

T max 48.2 41.0 38.0 37.9 37.7 58.6 
T min 31.6 32.2 32.0 31.8 31.7 33.7 
t max 15:00 16:00 17:00 18:00 18:00 14:00 
t min 7:00 8:00 8:00 9:00 9:00 7:00 

Bentonite 16 
Mg ha-1 in 
top 20 cm 
soil layer 

13-08-
12 

T max 42.5 42.0 41.0 40.9 40.7 58.6 
T min 32.1 32.1 31.4 31.2 31.1 33.7 
t max 15:00 16:00 17:00 18:00 18:00 15:00 
t min 5:00 6:00 8:00 9:00 9:00 7:00 

Control 
13-08-

12 

T max 43.9 43.1 42.9 42.7 42.6 58.6 
T min 24.1 26.6 26.4 26.2 26.1 33.7 
t max 13:00 15:00 15:00 16:00 17:00 14:00 
t min 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 

 

Treatment Date 
Parameter  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 
Plastic 

Mulch 

27-08-

12 

T max 59.4 57.4 54.7 52.5 52.3 67.5 

T min 27.4 25.9 26.7 26.3 26.2 30.7 

t max 13:00 14:00 15:00 15:00 16:00 14:00 

t min 7:00 7:00 8:00 8:00 9:00 7:00 

Rice Straw 

Mulch 4 
Mg ha-1 

25-08-

12 

T max 49.2 40.8 38.3 36.2 36.1 67.6 

T min 34.9 33.3 31.8 30.6 30.5 31.5 

t max 14:00 17:00 17:00 18:00 19:00 13:00 

t min 5:00 9:00 9:00 10:00 11:00 6:00 

Rice Straw 

Mulch 8 

Mg ha-1 

27-08-
12 

T max 55.0 48.8 46.7 46.4 46.3 67.5 

T min 27.5 26.9 26.7 26.5 26.3 30.7 

t max 14:00 15:00 16:00 17:00 18:00 14:00 

t min 7:00 6:00 7:00 8:00 9:00 7:00 

Bentonite 

16 Mg ha-1 
in top 10 

cm soil 

layer 

21-08-

12 

T max 46.9 46.0 42.1 39.6 36.7 54.7 

T min 29.2 31.8 31.5 31.0 29.8 32.5 

t max 15:00 16:00 18:00 17:00 17:00 15:00 

t min 
7:00 7:00 7:00 8:00 8:00 7:00 

Bentonite 

16 Mg ha-1 

in top 20 
cm soil 

layer 

21-08-

12 

T max 44.2 43.0 42.0 41.9 41.7 54.7 

T min 33.0 33.2 32.5 32.3 32.2 32.5 

t max 15:00 16:00 18:00 19:00 19:00 14:00 

t min 
6:00 6:00 9:00 10:00 12:00 7:00 

Control 
21-08-

12 

T max 41.9 41.5 41.2 41.1 40.9 54.7 

T min 23.2 31.3 29.3 29.1 29.0 32.5 

t max 15:00 18:00 19:00 20:00 21:00 15:00 

t min 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, R8, B10, B20, 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 R8 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

-1
 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

-1
. 

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

-1
 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

-1
 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, B10, B20, R4, and R8 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 (ΔT/Δt) 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

-1
 for TP, R4, R8, B10, B20, 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

-1
 for TP, R4, R8, B10, B20, and C 

treatments, respectively. The highest value was obtained under TP treatment while the 
lowest value was obtained under R4 and it was lower than that obtained for R8. 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.  

 
 
 

 

 

 

 

 

 

 

 

 
 

 

 

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 B10, B20, and C slightly vary in evaporation rate. They 

recorded the highest values, while TP and R8 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 R4 and R8 

treatments. On the other hand, the treatments B10, B20, 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, R8, 

and R4 treatments which allow more time for soil moisture redistributions along 

the soil columns.  
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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 R4 R8 B10 B20 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 

6 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 

6 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, R8, B10, B20, 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 

 

 

Treatment Date 
Parameter  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 

Plastic 

Mulch 

26-01-13 

T max 27.8 27.5 27.4 27.3 27.2 28.4 

T min 15.2 16.9 19.5 19.5 19.5 12.0 

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 

Rice Straw 

Mulch 4 Mg 

ha-1 

26-01-13 

T max 23.8 22.7 22.4 22.2 22.1 28.4 

T min 14.4 14.8 15.1 15.5 15.5 12.0 

t 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 

Rice Straw 

Mulch 8 Mg 

ha-1 

26-01-13 

T max 25.0 24.5 23.8 23.7 23.5 28.4 

T min 18.0 18.7 19.2 19.1 19.2 12.0 

t max 15:00 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 

Mg ha-1 in 

top 10 cm 

soil layer 

26-01-13 

T max 22.0 21.8 21.2 20.9 20.7 28.4 

T min 11.3 13.6 13.6 13.9 13.7 12.0 

t max 14:00 15:00 16:00 17:00 18:00 15:00 

t min 7:00 8:00 9:00 10:00 11:00 6:00 

Bentonite 16 

Mg ha-1 in 

top 20 cm 

soil layer 

26-01-13 

T max 21.8 21.6 21.0 20.8 20.7 28.4 

T min 12.1 13.1 13.5 13.7 13.6 12.0 

t max 14:00 15:00 16:00 17:00 18:00 15:00 

t min 7:00 8:00 9:00 10:00 11:00 6:00 

Control 26-01-13 

T max 25.4 25.3 25.2 24.6 24.4 28.4 

T min 14.3 16.5 18.6 18.4 18.5 12.0 

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 

 

Treatment Date 
Parameter  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 

Plastic Mulch 
15-02-13 

T max 27.1 25.9 25.1 24.3 24.1 21.4 

T min 17.1 17.2 17.4 17.5 17.6 17.1 

t max 14:00 15:00 16:00 17:00 18:00 18:00 

t min 8:00 9:00 10:00 10:00 11:00 9:00 

Rice Straw 

Mulch 4 Mg 

ha-1 

06-02-13 

T max 22.2 22.0 21.7 21.5 21.4 20.8 

T min 17.2 17.5 17.6 17.5 17.4 17.4 

t max 15:00 16:00 18:00 18:00 19:00 15:00 

t min 9:00 9:00 10:00 12:00 13:00 10:00 

Rice Straw 

Mulch 8 Mg 

ha-1 

08-02-13 

T max 32.4 29.3 28.1 28.0 27.3 24.5 

T min 15.2 15.8 16.0 16.8 17.1 15.7 

t max 14:00 15:00 16:00 17:00 19:00 18:00 

t min 7:00 8:00 9:00 9:00 9:00 9:00 

Bentonite 16 

Mg ha-1 in top 

10 cm soil 

layer 

03-02-13 

T max 23.5 23.0 22.7 22.3 22.2 22.2 

T min 14.3 14.8 15.0 15.0 14.9 13.2 

t max 14:00 15:00 16:00 17:00 18:00 17:00 

t min 7:00 8:00 9:00 10:00 11:00 9:00 

Bentonite 16 

Mg ha-1 in top 

20 cm soil 

layer 

03-02-13 

T max 25.7 25.6 25.2 24.8 24.6 22.2 

T min 11.2 11.8 12.1 12.4 12.3 13.2 

t max 15:00 16:00 17:00 18:00 19:00 17:00 

t min 7:00 8:00 9:00 10:00 11:00 9:00 

Control 03-02-13 

T max 27.9 27.5 26.0 25.7 25.5 22.2 

T min 15.4 17.3 16.2 16.2 16.0 13.2 

t max 17:00 18:00 19:00 20:00 21:00 17:00 

t min 9:00 9:00 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 

 

Treatment Date 
Parameter  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparent 

Plastic 

Mulch 

27-02-13 

T max 38.2 36.9 32.4 32.2 32.0 26.4 

T min 18.6 19.4 19.2 19.4 19.5 19.2 

t max 14:00 15:00 16:00 17:00 18:00 16:00 

t min 8:00 9:00 9:00 10:00 11:00 10:00 

Rice Straw 

Mulch 4 Mg 

ha-1 

15-02-13 

T max 24.6 24.0 23.8 23.4 23.2 21.4 

T min 16.2 16.7 17.5 17.5 17.5 17.1 

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 

Rice Straw 

Mulch 8 Mg 

ha-1 

19-02-13 

T max 28.2 27.2 25.7 25.2 24.5 22.2 

T min 14.3 15.5 15.3 16.8 16.3 14.2 

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 

Mg ha-1 in 

top 10 cm 

soil layer 

08-02-13 

T max 25.0 24.7 24.3 24.0 23.8 24.5 

T min 16.3 16.2 16.2 16.3 16.2 15.7 

t max 14:00 15:00 16:00 18:00 19:00 18:00 

t min 7:00 7:00 9:00 11:00 12:00 9:00 

Bentonite 16 

Mg ha-1 in 

top 20 cm 

soil layer 

08-02-13 

T max 27.7 27.3 27.0 26.7 26.5 24.5 

T min 14.7 15.5 15.6 16.5 16.4 15.7 

t max 15:00 15:00 16:00 17:00 18:00 18:00 

t min 8:00 8:00 9:00 10:00 11:00 9:00 

Control 08-02-13 

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 

t 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 

 

Treatment Date 

Paramet

er  

Soil Depth  
Air 

1cm 6 cm 15 cm 25 cm 35 cm 

Transparen

t Plastic 

Mulch 

18-03-

13 

T max 37.0 36.8 35.5 33.7 33.5 25.0 

T min 14.9 15.8 16.0 16.6 16.5 15.3 

t max 14:00 17:00 18:00 19:00 20:00 16:00 

t min 7:00 7:00 7:00 9:00 9:00 8:00 

Rice Straw 

Mulch 4 

Mg ha-1 

27-02-

13 

T max 26.3 26.0 25.8 25.7 25.6 26.4 

T min 16.2 16.8 17.1 17.3 17.3 19.2 

t max 15:00 16:00 17:00 18:00 19:00 16:00 

t min 8:00 9:00 10:00 11:00 12:00 10:00 

Rice Straw 

Mulch 8 

Mg ha-1 

13-03-

13 

T max 37.2 37.0 36.9 36.5 36.4 32.2 

T min 20.7 20.8 21.2 21.4 22.7 22.7 

t max 15:00 16:00 17:00 18:00 19:00 17:00 

t min 8:00 9:00 10:00 11:00 10:00 9:00 

Bentonite 

16 Mg ha-1 

in top 10 

cm soil 

layer 

19-02-

13 

T max 23.8 23.3 23.0 22.5 22.4 22.2 

T min 15.4 15.6 15.7 16.0 15.9 14.2 

t max 15:00 16:00 16:00 17:00 18:00 18:00 

t min 8:00 8:00 9:00 10:00 11:00 8:00 

Bentonite 

16 Mg ha-1 

in top 20 

cm soil 

layer 

19-02-

13 

T max 25.3 25.0 24.0 23.7 23.2 22.2 

T min 13.0 14.9 15.0 15.5 15.0 14.2 

t max 14:00 15:00 16:00 17:00 18:00 18:00 

t min 7:00 8:00 9:00 10:00 11:00 8:00 

Control 
19-02-

13 

T max 26.3 26.2 25.0 24.9 24.6 22.2 

T min 16.9 18.5 17.6 17.6 17.7 14.2 

t max 17:00 18:00 19:00 20:00 21:00 18:00 

t min 7:00 8:00 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, R8, B10, B20, 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 B10 and B20 

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  at a more 

thickness soil layer.  

  

The arrangement of treatments in descending order for the uppermost soil 

temperature fluctuation was TP, C, B10, B20, R4, and R8 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 (ΔT/Δt) 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
-1

 for TP, R4, R8, B10, B20, 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
-1

 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 B10, 

B20, and C almost have the same evaporation rate, and recorded the highest values 

of evaporation rate, then followed by R4 then R8 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
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 0.1394 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 soil, i.e., control.  
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تقليل التباينات الحرارية في األراضي الرملية تحت ظروف مناخية 

 مختلفة

 
                 ، علي يوسف جنيد  د حكامـ، عصام محم أحمد عبد العليم الخربوطلي

 دـو سمير علي محم

 .مصر   –االسماعيلية   – جامعة قناة السويس –كلية الزراعة  – قسم األراضي والمياه

 
في العادة ما تعاني األراضي الرملية في المناطق الجافه من التباين الشديد في درجة 

تهدف هذه . النباتات المنزرعة ىمثل هذا التباين قد يكون له تأثير ضار عل. حرارتها

( 2تحديد النظام الحراري ألراضي اإلسماعيلية خشنة القوام؛ ( 1: ى الدراسة ال

تقدير ( 3ارة التربة تحت ظروف مناخية مختلفة؛ دراسة التباينات في درجة حر

دراسة تأثيرات بعض المعامالت السطحية ( 4معدالت التبخير من سطح التربة؛ 

تمت هذه الدراسة تحت الظروف المناخية لفصلي . الهدفين الثاني والثالث ىعل

تغطية سطح التربة بالبالستيك  ىاشتملت المعامالت المدروسة عل. الصيف والشتاء

الشفاف، التغطية بقش األرز، خلط البنتونيت مع الطبقات السطحية للتربة، و 

أظهرت النتائج المتحصل عليها أن النظام الحراري لتربة اإلسماعيلية . الكنترول

استجابت درجة حرارة التربة للتغيرات في . Hyperthermicخشنة القوام هو 

تباين  ىكان اعل. بالصيف في الشتاء مقارنة ىدرجة حرارة الهواء بصورة اعل

حراري للتربة تحت البالستيك الشفاف واقل تباين تحت قش األرز في فصلي 

درجات حرارة التربة العالية تحت البالستيك قد تكون ضارة . الصيف والشتاء

ادي . للنباتات المنزرعة في فصل الصيف بينما قد تكون مفيدة في فصل الشتاء

وقش األرز الي خفض معدالت التبخير من سطح  تغطية سطح التربة بالبالستيك

كان لخلط البنتونيت مع الطبقات السطحية . التربة وبالتالي تقليل فقد التربة للماء

توصي هذه . التباينات الحرارية او معدالت التبخير ىللتربة تأثيرات قليلة سواء عل

او الشتاء  الدراسة باستخدام التغطية السطحية بقش األرز سواء في فصل الصيف

 .لتقليل التباينات الحرارية وكذلك تقليل فقد التربة للماء بواسطة التبخير من السطح
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