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Abstract

:

The imbalance between precipitation and water evaporation has caused crop yield reduction, drought, and desertification. Furthermore, most parts of the world are short of water, including China. We proposed a low-cost polymer multilayer film to reduce water evaporation by only passing through several sunlight wavelengths necessary for photosynthesis. A series of experiments were conducted to characterize the influence of partial sunlight on the reduction of water evaporation. Evaporation containers and evaporation pans were placed in open-air (CK), under a glass shed (GS), and under a glass-shed covered with multilayer films (GMF). Our results showed a significant reduction in water evaporation under GMF. Cumulative soil surface evaporation of CK, GS and GMF over 45 days was 80.53 mm, 68.12 mm, and 56.79 mm, respectively. Under GMF, cumulative water evaporation from soil and pan surfaces decreased by 29% and 26%. The slope (   β 1  ≠ 0 )   of simple linear regression showed a significant relationship between evaporation time and cumulative water evaporation (p = 0.000 < α = 0.05 shown in the ANOVA table). The correlation coefficient was more than 0.91 in all treatments, suggesting a strong positive linear relationship. This study may contribute to future drought resistance and agrivoltaic sustainability development.
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1. Introduction


There is a continual drive to conserve water consumption and increase irrigation efficiency in agriculture, particularly in areas with limited water supplies [1,2,3]. Crop irrigation accounts for 70% of global water extractions and reserves more than 40% of globally available calories [4,5,6]. Water scarcity and associated uncertainty are generally increasing worldwide, including in several major river basins, according to the study in reference [7]. In the coming decades, social changes and climate change in many parts of the world will aggravate the water shortage problem [7,8,9,10,11]. Evaporation increases as the humidity drops, the air warmer, or the wind stronger [12]. However, not all of these weather elements contribute equally to water evaporation. The main factor increasing evaporation is the vapor pressure deficit [13]. Evaporation occurs when water vapor diffuses to air at the air–water interface [12]. Therefore, the key to alleviating evaporation is reducing the interaction at the air–water interface.



Researchers have conducted various approaches in the early stages to reduce water evaporation. Since then, worries about water resources have prompted the development of techniques that reduce soil evaporation [14,15,16,17,18,19,20,21], increase soil moisture conservation [22] and reduce water consumption [23]. Among these techniques, mulches are applied to the water soil surface as a protective layer to decrease water evaporation. Mulches have been used worldwide to reduce water evaporation from the soil and pan surfaces, such as gravel mulches [24,25,26,27], organic mulches (crop wastes and trimmed branches) [28,29], synthetic mulches (asphalt and plastic sheets) [1,2,19,28,30], and shading mulches of materials [31,32]. Mulching has numerous advantages for plants and crops. However, with its use, many organic and synthetic mulches deprive the soil of light, water, and air and add excessive heat, dangerous bugs, and high acidity levels. It often seems like the disadvantages of mulching may outweigh the benefits [33]. Furthermore, transport and application costs are high, and the product is bulky [34]. Therefore, there are gaps in discovering a more effective and multi-benefit approach that increases crop yield, provides many investment opportunities to farmers, saves the ecological, and conserves water and soil moisture in the agriculture field. To protect agricultural land from the risks of using mulches on agricultural lands, cover the effects of climate change, find solutions to the water scarcity of farming lands, and address population growth needs, studies have used agrivoltaic techniques to reduce water evaporation and provide multi-benefits across food, energy, and water nexuses [21,22,23].



In the present study, we proposed polymer multilayer films as a multi-benefit approach for water-saving in agriculture. Compared with other techniques, it has many advantages, including a practical, low cost, and sustainable process that can reduce water evaporation. The solution is based on spectral separation to select the red, blue, and far-red light from the sunlight for the photosynthesis of plants. The rest of the sunlight can generate electricity by a CPV (concentrated photovoltaic) design. The Multiplication Co-extrusion (MCE) process, which is capable of economically and continuously producing, has been adopted to prepare alternately superimposed multilayer films [35,36,37]. Our previous work has confirmed that the film has excellent UV resistance and can be used outdoors for a long time [38]. This new approach has the effect of removing most sun radiation from the surfaces of water, soil and plants/crops, such as removing the yellow and green light, the infrared, and the ultraviolet rays. Thus, it can solve the factors that influence water loss, crop yield reduction, drought, and desertification. The impact of partial sunlight on the soil surface or evaporation pan may be quite different from the impact of the total sunlight spectrum. Therefore, in this study, the main objectives are: (1) to determine the impact of partial sunlight on cumulative water evaporation from the soil and pan surfaces; and (2) to investigate how polymer multilayer films can reduce water evaporation.




2. Materials and Methods


2.1. Experimental Site


The experiments were conducted in the Fuyang City, Anhui Province; the experiment site is at latitude 32°58′ N and longitude 115°55′ E and is 4 m above sea level. Fuyang City is located at the southern end of the Huanghuai Plain in the northwest of Anhui Province, on the south edge of the warm temperate zone, which belongs to the warm temperate zone semi-humid Monsoon climate. The monsoon is obvious; the four seasons are distinct, the climate is mild, and the rainfall is moderate. The annual average rainfall is 820–950 mm. The active accumulated temperature more significant than 0 °C has an annual average of 5359–5474 °C. The annual sunshine hours are 2200–2500 h, the frost-free period is 220–230 days, and the average relative humidity is 58.5%.




2.2. Experimental Materials


In the experiment, air-dried loamy soil was used. Table 1 shows the basic physical and chemical properties of soil. The soil properties were tested by Sichuan Huabiao Testing Technology Co. Ltd., Chengdu, Sichuan 610016, China.



The evaporation container (white plastic buckets) has a high-temperature resistance of +130 °C, a low-temperature resistance of −30 °C, and weighs 406 g. The container has a top diameter of 26.0 cm, a bottom diameter of 22.0 cm, and a height of 28.5 cm, with a nine holes diameter of 1 cm at the bottom.



For Chinese standard pan evaporation (Model ADM7, built-in China), a 274 g, stainless-steel metal cylinder with a bottom cover was used, which had 5 mm wall thickness, 20 cm diameter, 11 cm depth, and a stainless-steel metal screen [2,39,40].



Climate Stations: We set up three weather stations. The first was in bare soil (CK), the second was under a glass shed (GS), and the third was under a glass-shed covered with multilayer film (GMF). Micrometeorological data were collected at 24-h intervals (from 8:00 a.m. to 8:00 a.m. the next day). Air temperature (°C), wind speed (m    s  − 1    ), relative humidity (%), and solar radiation (W    m  − 2    ) were the variables collected using data loggers.




2.3. Sunlight Splitting Technology


The splitting technology used polymer multilayer films based on the physical principle of optical interference to separate sunlight into two parts. The first part is the transmittance spectrum wavelengths, and the other part is the reflection spectrum wavelengths. The transmittance spectrum includes blue light with a 450 ± 30 nm wavelength, red light with a 650 ± 30 nm wavelength, and far-red light with 735 ± 30 nm. The reflection spectrum wavelengths include 60% visible light, infrared, and ultraviolet rays. The transmittance spectrum can be optimized to affect the expression of optimizing the range to improve the temperature under the film and the leaf water potential, which affects the stomatal conductance on soil water evaporation and plant/crop growth. The reflection spectrum wavelengths can generate electricity. Polymer materials with different refractive indices were decided using polycarbonate (PC) and polymethyl methacrylate (PMMA). Figure 1a shows the spectral of the two mixed polymer films. Film A has a higher reflectivity in the 850–1150 nm range, whereas film B has a higher reflectivity in the 500–600 nm range. The blue curved transmission spectrum can be generated by merging these two films, as shown in Figure 1b. The necessary two peaks have been achieved within the blue-light and red-light zones. The two films are applied to bent glass panels [38,40,41].




2.4. Experimental Design and Procedures


We used loam soil from the 0 to15 cm layer of an agricultural field, the most common soil type used in the area for agriculture. The soil was air-dried for 78 h and then carefully mixed to achieve a uniform moisture content distribution. The screens were placed inside the evaporation containers to prevent soil particles from leaking through the tiny holes in the bottom. The air-dried soil was packed at a depth of 25 cm into the evaporation containers. The soil-filled evaporation containers were placed at a 10 cm water depth (Figure 2) (48 h). Water was moved by capillary force from the bottom holes to the surface of the soil containers for 48 h. The evaporation containers were then removed from the water tank to discharge gravity water for 24 h through the bottom holes, while the soil containers were covered with plastic covers to prevent soil evaporation. We then weighed the evaporation containers. Three experimental treatments were designed; evaporation containers and pans were placed in CK and under GS and GMF (Figure 3). Three replicates were used in each experiment.



The evaporation experiment was carried out in natural settings with the initial soil water content of the field capacity. When it rained, the evaporation containers were covered with plastic covers. Every day at 8:00 a.m., we weighted evaporation containers using an electronic scale of 30 ± 1 kg. At the same time, the on-site water evaporation pans were weighed. The experiments lasted 45 days in the summer season from 8 May to 25 June 2021. Using data loggers, weather stations measured the daily temperature, relative humidity, wind speed, and solar radiation conditions.




2.5. Experimental Data Analysis


The soil surface evaporation volumes (   E  m s    ) were calculated as the weight changes in the evaporation containers every day. Evaporation pan weight changes were recorded on the same day as the pan evaporation volume (   E  m p    ). The soil surface evaporation    E  m s     (kg/day) and the pan surface evaporation    E  m p     (kg/day) were converted into the soil surface evaporation    E  s s     (mm/day) and the pan surface evaporation    E  s p     (mm/day) by the following Equations [26]:


   E  s s   =  E  m s   × 1000       cm  3    kg   − 1     ×   10     mm  1    cm   − 1        A  s o i l      



(1)






   E  s p   =  E  m p   × 1000       cm  3    kg   − 1     ×   10     mm  1    cm   − 1        A  p a n     ,  



(2)




where    A  s o i l     is the area of the soil surface, cm2;    A  p a n     is the area of pan surface, cm2. The following formula was used to calculate the dry soil mass      M s    [26]:


   M s  =    M  d s     1 +  θ  d s     ,  



(3)




where      θ  d s     is the water content of the air-dried soil [m3/m3], and    M  d s     is the mass of the air-dried soil in kg. The volumetric water content (   θ v   ) of soil is the amount of liquid water per unit volume of soil. By dividing mass by density, volume is calculated as follows [42]:


   θ v  =    θ g   ρ  s o i l      ρ  w a t e r     ,  



(4)




where    θ g    is gravimetric water content (kg),    ρ  s o i l     is the density of the air-dry soil (g     cm   − 3    ),    ρ  w a t e r     is the density of water, which is close to 1 g     cm   − 3    . The mass of water per mass of dry soil is known as gravimetric water content (   θ g   ) [42], and it is the mass of water per mass of dry soil. The value of    θ g    is obtained by subtracting the weight of dry soil (   m  d r y    ) from the weight of wet soil (   m  w e t    ), and then dividing by the weight of dry soil.


   θ g  =    m  w e t   −  m  d r y      m  d r y     .  



(5)







The weight changes of the evaporation containers before and after they were placed in the water tank was a measurement of the absorbed water (Maw). On the first day (   M 1   ), the initial masses of the soil water were calculated as [26]:


   M 1  =  M  a w   +  M s  ×  θ  d s   ,  



(6)




where    M s    is the dry soil mass in kilograms, and    θ  d s     is the air-dried soil water content in m3/m3. The surface evaporation on the  i  th day is given as    E  m s i     ( i  = 1, 2, …, 45), while the masses of the soil water on an  i th day (   M i   ) are shown as:


   M i  =  M  i − 1   −  E  m s i − 1     i = 2 ,   3 ,   … … … ,   45   .  



(7)







On the  i  th day, the soil water content    θ i    is estimated as follows:


   θ i  =    M i     M s        i = 1 ,   2 ,   … … … … ,   45    s  .  



(8)








2.6. Statistical Analysis


The linear regression model:


  y =  β 0  +  β 1  x + ε   ,  



(9)




where    β 0    is the regression line’s y-intercept,    β 1    is the regression line’s slope and,  ε  is the error term. The population parameters are    b  0     a n d    b 1    and the sample statistics used to estimate    β  0     a n d    β 1    are    b  0     a n d    b 1   .


   y ^  =  b  0     +  b 1  x ,  



(10)




where   y ^   is the anticipated y value for a given x value,    b 0    is the line’s y-intercept, and    b 1    is the line’s slope



The gradient (   β 1   ) is tested for significance between the cumulative water evaporation and evaporation times. If the gradient of the line (   β 1  ≠ 0  ), there is a relationship between cumulative water evaporation and evaporation times. Test for significance of the slope coefficient of the regression model using a level of   α = 0.05   [43]. The SPSS25.0 program was used to estimate the linear regression equation, R2 (coefficient of determination), R (correlation coefficient), and ANOVA.





3. Results


3.1. Cumulative Evaporation of Water from the Soil Surface


As time functions, the cumulative soil surface evaporation processes in three treatments are shown in (Figure 4a). The cumulative soil surface evaporation in CK over 45 days was 80.53 mm, compared to under the GS and GMF were 68.12 mm and 56.79 mm, respectively. Partial sunlight had a considerable impact on reducing cumulative evaporation.



The SPSS statistical analysis outputs in Figure 5 and Table 2, Table 3 and Table 4 explain the relationship between evaporation time and cumulative soil surface evaporation in the CK, under GS, and GMF.




3.2. Cumulative Evaporation of Pan Surface


The cumulative evaporation processes of the pan surface are shown as a function of time (Figure 6a). The cumulative evaporation of the pan surface of the CK over 45 days was 278.76 mm, compared to 262.74 mm, and 206.49 mm under GS and GMF. Figure 6d shows the mean temperature during the experiment period in the three treatments. There is a relationship between the temperature and the solar radiation; when the temperature becomes high, the solar radiation also becomes high. We note through Figure 6a,c that when the solar radiation is high, the amount of water evaporation is high in the CK and GS, while the solar radiation under GMF is low. The amount of water evaporation is low.



The SPSS statistical analysis outputs in Figure 7 and Table 5, Table 6 and Table 7 explain the relationship between evaporation time and cumulative pan surface evaporation in the CK, and under GS and GMF.





4. Discussion


4.1. The Soil Surface Evaporation and the Mechanism of Evaporation Reduction under the GMF


Due to surface evaporation, the capillary force drives soil water to the soil surface via the soil profile. Water from the soil surface evaporates to form water vapor and diffuses into the atmosphere. Evaporation occurs when water vapor diffuses to air at the air–water interface. The evaporation restriction mechanism under the multilayer films is as follows: Firstly, the multilayer polymer films were applied to separate sunlight wavelengths. The red, blue, and far-red light from the sunlight is selectively transmitted for the photosynthesis of plants. The other wavelengths, such as yellow, green, infrared and ultraviolet rays, were reflected (Figure 8a). It can generate electricity by concentrated PV (Figure 8b). Secondly, the sunlight passing through polymer multilayer films enhances the environmental conditions. Therefore, it can reduce the interaction at the air–water interface and avoid water vapor diffusion. Thirdly, GMF prevents direct sunlight from reaching the soil surface; as a result, the processes of the capillary force can be reduced, preventing liquid water from rapidly diffusing off the soil surface. Finally, due to poor vapor diffusion, the moisture or vapor contained within the soil surface is relatively high under partial sunlight, avoiding water evaporation from the soil surface.



After the multilayer films separate the sunlight, the plant’s growth is not affected. We conducted experiments for planting forage in the Hulunbuir Prairie in Hailar, Inner Mongolia province (Figure 9). Compared with the control group without the polymer multilayer film, the forage yield under GMF increased by 20%.




4.2. Cumulative Evaporation of Water from the Soil Surface


As time functions, the cumulative soil surface evaporation processes in three treatments are shown in (Figure 4a). The cumulative soil surface evaporation in CK over 45 days was 80.53 mm, compared to under the GS and GMF were 68.12 mm and 56.79 mm, respectively. Partial sunlight had a considerable impact on reducing cumulative evaporation. Throughout the 45 days, the control treatment CK had the highest cumulative evaporation, and then GS and the GMF had the lowest cumulative evaporation. Compared to the CK, the GS and GMF have reduced evaporation from the soil surface by 15% and 29%, respectively. The cumulative soil surface evaporation value under the GS is higher than a GMF (Figure 4b); this explains that a GMF decreases evaporation significantly.



The evaporation of the soil surface is influenced by the soil water content weather conditions (solar radiation, wind speed, air temperature, humidity). The weather conditions were directly exposed to CK and GS’s soil surface in this experiment. The evaporation process under GMF did not affect soil water content. The soil water content in the CK and GS influenced the evaporation process over the first ten days. The water evaporation from the soil surface was fast, and the soil water content dropped rapidly. After evaporation, the rapid loss of soil water in the first few days resulted in a soil water shortage. The partial sunlight limited the soil water evaporation to optimize the soil surface under GMF from start to finish. Figure 4b,c shows the gradual loss of soil water content. Evaporation was high in the first eight days, in the second twelve days it was unstable, and the evaporation processes have remained consistent for the last 25 days (Figure 4b). By the end of the 45 days, soil moisture conservation under GMF was 39%, compared to 33% and 27%, respectively, in the GS and CK.



The SPSS statistical analysis outputs (Figure 5) and Table 2, Table 3 and Table 4 explain the relationship between evaporation time and cumulative soil surface evaporation in the CK and under GS and GMF. The coefficients table is the most crucial. It contains the coefficients for the regression equation and tests of significance. The ‘B’ column in the coefficients (Table 4) in CK and under GS and GMF, respectively, gives us the regression line’s gradient values and intercept terms. The simple linear regression equation is shown in Figure 5 for the three treatments. The critical information from Table 2 is the R2 values of 0.925, 0.913 and 0.925 in CK and under GS and GMF, respectively. This indicates that only gestation models can explain 92.5%, 91.3%, and 92.5% of the cumulative soil surface evaporation. That is relatively high, so predictions from the regression equation are reasonably reliable. It also means that only 7.5%, 8.7%, and 7.5% in CK and under GS and GMF, respectively, of the variation, is still unexplained.



Simple linear regression was carried out to investigate the relationship between evaporation time at cumulative soil surface evaporation. The scatterplot showed a strong positive linear relationship between the evaporation time and cumulative evaporation, confirmed by a correlation coefficient (Table 2) of 0.962, 0.957, and 0.962 in CK and under GS and GMF, respectively. Simple linear regression showed a significant relationship between evaporation time and cumulative soil surface evaporation (p < 0.000) shown in the ANOVA (Table 3) in CK, under GS, and GMF, respectively. The slope coefficient for gestation in the ‘B’ column (Table 4) was 1.420, 1.196, and 1.023 in CK and under GS and GMF, respectively. Hence, the cumulative soil surface evaporation (mm) increases by 1.420, 1.196, and 1.023 in CK and under GS and GMF, respectively.




4.3. Cumulative Evaporation of Pan Surface


The cumulative evaporation processes of the pan surface are shown as a function of time (Figure 6a). The cumulative evaporation of the pan surface of the CK over 45 days was 278.76 mm compared to 262.74 mm, and 206.49 mm under GS and GMF. Solar radiation influenced the evaporation process. The partial sunlight efficiently reduces evaporation. Figure 6a,c note that the evaporation from the pan surface is related to the sun’s influence on the three treatments. The evaporation was higher on the CK and then under the GS. However, it is the lowest under GMF. That means the total sunlight has the effect of more than partial sunlight on evaporation. Thus, under GMF, the amount of the sun reaches less than in CK and GS. Compared to CK, cumulative pan surface evaporation under GS and GMF was decreased by 6% and 26%, respectively. The cumulative pan surface evaporation value under the GS is higher than under GMF (Figure 6b); this explains that a GMF decreases evaporation significantly.



This proves that the multilayer film allows only spectrum wavelengths that provide plants with photosynthesis and blocks several sunlight wavelengths that are unnecessary for photosynthesis. Over 45 days, the average solar radiation under GMF was 28 W    m  − 2     compared to GS and CK, which were 40 W    m  − 2     and 51 W    m  − 2     respectively. The findings support that the influence of GMF significantly impacts crop quality and yield.



Our next objective is to construct an optical polymer multilayer film with two transmission peaks at 660 nm and 450 nm to reduce water evaporation by more than 50% and enhance power generation efficiency in this unique agrivoltaic system.



The SPSS statistical analysis outputs (Figure 7 and Table 5, Table 6 and Table 7) explain the relationship between evaporation time and cumulative pan surface evaporation in the CK and under GS and GMF. The coefficients table is the most crucial. It contains the coefficients for the regression equation and tests of significance. The ‘B’ column in the coefficients (Table 7) in CK and under GS and GMF, respectively, gives us the values of the gradient and intercept terms for the regression line. The simple linear regression equation can be shown (Figure 7). The critical information from Table 5 is the R2 values of 0.991, 0.989, and 0.986 in CK and under GS and GMF, respectively. This indicates that only gestation models can explain 99.1%, 98.9% and 98.6% of cumulative pan surface evaporation. This is relatively high, so predictions from the regression equation are reasonably reliable. It also means that only 0.9%, 1.1%, and 1.4% in CK and under GS and GMF, respectively, of the variation is still unexplained, so adding other independent variables could improve the fit of the models.



Simple linear regression was carried out to investigate the relationship between evaporation time at cumulative pan surface evaporation. The scatterplot showed a strong positive linear relationship between the evaporation time and cumulative evaporation, confirmed with a correlation coefficient (Table 5) of 0.996, 0.995, and 0.993 in CK and under GS and GMF, respectively. Simple linear regression showed a significant relationship between evaporation time and cumulative pan surface evaporation (p < 0.000) shown in the ANOVA (Table 6) in CK and under GS and GMF, respectively. In the ‘B’ column (Table 7), the slope coefficient for gestation was 6.405, 6.078, and 4.828 in CK and under GS and GMF, respectively. Hence, the cumulative soil surface evaporation increases by 6.405, 6.078, and 4.828 in CK and under GS and GMF, respectively.





5. Conclusions


In the present study, we studied the impact of partial sunlight on soil surface evaporation and pan surface evaporation. We concluded as follows:



The cumulative soil surface evaporation in the CK, and under the GS and the GMF was 80.53 mm, 68.12 mm, and 56.79 mm, respectively.



The cumulative evaporation of the pan surface in the CK and under the GS and the GMF was 278.76 mm, 262.74 mm, and 206.49 mm, respectively.



The results showed a significant reduction in water evaporation in the soil and pan surfaces by 29% and 26% under the GMF.



The soil water content under the GMF, the GS, and the CK conserved water at 39%, 33% and 27%, respectively. According to the data logged by meteorological stations for three experimental treatments, solar radiation under GMF was reduced by 45% compared to that in the CK.



SPSS examined the correlation between cumulative soil and pan surfaces evaporation and evaporation time. The coefficient of determination and the correlation coefficient indicated a positive and perfect linear relationship.



Using the glass covered with polymer multilayer film in our novel agrivoltaic techniques could help overcome the challenges of water scarcity, food and energy demand.
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Figure 1. The splitting sunlight technology used polymer multilayer films to separate sunlight (a) The spectrum of the individual polymer films and (b) the spectrum of the combined polymer films. 
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Figure 2. The evaporation containers filled with dried soil are put into a 10 cm water depth tank. 
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Figure 3. The design of three experiment treatments, evaporation containers and pans evaporation placed (a) in the open-air, (b) under a glass shed, and (c) under a glass-shed covered with multilayer film. 
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Figure 4. The effect of three treatments on the evaporation of water from the soil surface is (a) soil surface evaporation of each day (mm), (b) cumulative soil surface evaporation (mm), and (c) soil water content (%). 
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Figure 5. Cumulative soil surface evaporation and evaporation time under three treatments basis on the fitting equation in the (a) open-air, (b) under glass shed, and (c) a glass-shed covered with multilayer interference film. 
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Figure 6. The effect of three treatments on the evaporation of water from the surface of the pan (a) pan surface evaporation (mm) (b), cumulative pan surface evaporation (mm), (c) solar radiation (W/m2), and (d) mean temperature (°C). 
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Figure 7. Cumulative pan surface evaporation and time under three treatments basis with the fitting equation in the (a) open-air, (b) under glass shed, and (c) a glass-shed covered with multilayer interference film. 
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Figure 8. Polymer multilayer film applied to novel agrivoltaic system (a) Spectra are required for plant photosynthesis and solar power generation and (b) A novel agrivoltaic system applied in the agricultural field in Fu yang City, Anhui province. 
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Figure 9. The photo of forage planting experiments in the Hulunbuir Prairie in Hailar, in Inner Mongolia province. 
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Table 1. Soil’s basic physical and chemical parameters in the experiment region.
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	Soil Properties
	Value
	Units





	pH
	8.21
	



	Organic matter
	4.37
	   g     kg   − 1     



	Total nitrogen
	0.034
	%



	Hydrolyzable nitrogen
	28.4
	   mg     kg   − 1     



	Available phosphorus
	2.3
	   mg     kg   − 1     



	Quick-acting potassium
	163
	   mg     kg   − 1     



	Bulk density (ρbulk)
	0.995
	   g     cm   − 3     



	Porosity (ε)
	0.617
	%



	0 to 2 μm (Clay)
	8.49
	%



	2 to 50 μm (Powder)
	79.79
	%



	50 to 2000 μm (Sand grain)
	11.69
	%
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Table 2. The output of the SPSS shows the model Summary (b) of the three treatments.
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Mode

	
R

	
R2

	
Adjusted R2

	
Standard Error of the Estimate






	
Theopen-air




	
1

	
0.962 a

	
0.925

	
0.923

	
5.38838




	
Glass shed




	
1

	
0.957 a

	
0.915

	
0.913

	
4.83042




	
Glass-shed covered with multilayer film




	
1

	
0.962 a

	
0.925

	
0.924

	
3.86032








(a). Predictors: (Constant), (d) Evaporation time and (b) Dependent Variable: Cumulative soil surface evaporation (mm).
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Table 3. The output of the SPSS shows the analysis variance (ANOVA a) of the three treatments.
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Mode

	
Sum of Squares

	
df

	
Mean Square

	
F

	
Significant






	
Theopen-air




	
1

	
Regression

	
15,299.080

	
1

	
15,299.080

	
526.925

	
0.000 b




	
Residual

	
1248.489

	
43

	
29.035

	

	




	
Total

	
16,547.569

	
44

	

	

	




	
Glass shed




	
1

	
Regression

	
10,851.165

	
1

	
10,851.165

	
465.058

	
0.000 b




	
Residual

	
1003.316

	
43

	
23.333

	

	




	
Total

	
11,854.481

	
44

	

	

	




	
Glass-shed covered with multilayer interferenc film




	
1

	
Regression

	
7936.507

	
1

	
7936.507

	
532.577

	
0.000 b




	
Residual

	
640.790

	
43

	
14.902

	

	




	
Total

	
8577.297

	
44

	

	

	








a. Dependent Variable: Cumulative soil surface evaporation (mm) and b. Predictors: (Constant), Evaporation time (d).
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Table 4. The output of the SPSS shows a coefficients a table of the three treatments.
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Model

	
Unstandardized

Coefficients

	
Standardized Coefficients

	
t

	
Significant




	
B

	
Standard

Error

	
Beta






	
Theopen-air




	
1

	
(Constant)

	
23.049

	
1.464

	

	
14.109

	
0.000




	
Evaporation time (d)

	
1.420

	
0.055

	
0.962

	
22.955

	
0.000




	
Glass shed




	

	
(Constant)

	
20.245

	
1.464

	

	
13.824

	
0.000




	
1

	
Evaporation time (d)

	
1.196

	
0.055

	
0.957

	
21.565

	
0.000




	
Glass-shed covered with multilayer film




	
1

	
(Constant)

	
15.758

	
1.170

	

	
13.464

	
0.000




	
Evaporation time (d)

	
1.023

	
0.044

	
0.962

	
23.078

	
0.000








a. Dependent Variable: Cumulative soil surface evaporation (mm).
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Table 5. The output of the SPSS shows the model Summary b of the three treatments.
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Mode

	
R

	
R2

	
Adjusted R2

	
Standard Error of the Estimate






	
Theopen-air




	
1

	
0.996 a

	
0.991

	
0.991

	
8.06559




	
Glass shed




	
1

	
0.995 a

	
0.989

	
0.989

	
8.45129




	
Glass-shed covered with multilayer film




	
1

	
0.993 a

	
0.986

	
0.985

	
7.75029








a. Predictors: (Constant), Evaporation time (d), and b Dependent Variable: Cumulative pan surface evaporation (mm).
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Table 6. The output of the SPSS shows the analysis variance (ANOVA a) of the three treatments.
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Mode

	
Sum of Squares

	
df

	
Mean Square

	
F

	
Significant






	
Theopen-air




	
1

	
Regression

	
311,340.197

	
1

	
311,340.197

	
4785.890

	
0.000 b




	
Residual

	
2797.312

	
43

	
65.054

	

	




	
Total

	
314,137.510

	
44

	

	

	




	
Glass shed




	
1

	
Regression

	
280,374.615

	
1

	
280,374.615

	
3925.477

	
0.000 b




	
Residual

	
3071.247

	
43

	
71.424

	

	




	
Total

	
283,445.862

	
44

	

	

	




	
Glass-shed covered with multilayer film




	
1

	
Regression

	
176,910.569

	
1

	
176,910.569

	
2945.219

	
0.000 b




	
Residual

	
2582.882

	
43

	
60.067

	

	




	
Total

	
179,493.452

	
44

	

	

	








a. Dependent Variable: Cumulative pan surface evaporation (mm) and b. Predictors: (Constant), Evaporation time (d).
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Table 7. The output of the SPSS shows a coefficients a table of the three treatments.
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Model

	
Unstandardized

Coefficients

	
Standardized Coefficients

	
t

	
Significant




	
B

	
Standard

Error

	
Beta






	
Theopen-air




	
1

	
(Constant)

	
−10.969

	
2.445

	

	
−4.486

	
0.000




	
Evaporation time (d)

	
6.405

	
0.093

	
0.996

	
69.180

	
0.000




	
Glass shed




	

	
(Constant)

	
−13.106

	
2.562

	

	
−5.115

	
0.000




	
1

	
Evaporation time (d)

	
6.078

	
0.097

	
0.995

	
62.654

	
0.000




	
Glass-shed covered with multilayer film




	
1

	
(Constant)

	
−12.265

	
2.350

	

	
−5.220

	
0.000




	
Evaporation time (d)

	
4.828

	
0.089

	
0.993

	
54.270

	
0.000








a. Dependent Variable: Cumulative pan surface evaporation (mm).
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