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Table 1- Planting and harvesting dates in the years of research
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Table 2- Chemical properties of irrigation water
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Table 3- Physical and chemical properties of the soil

(o ilw) S Gos

" v 0dly (5 S0l o yial b
e e RS
A oY O oy —call
Y Yy Sl 2oy -0
VY V0 ovy Moy
VIOA VoY (oo siasiles 3 p,5) 5,0l ogaien oY
\VNid ARVA% (o,0) ac 50 S8 b a> j0 J59 Cusb -V
A/ /¥ (30,9) (3,05 dbki )o ()5 Cusb, -F
A+ A Y- (pH) S awyusl -0
\IFA AVAR (fo 1 iy (ow0) S glidil 8 jlae (SO oSl colan £
e yolic -Y
Ya- YA- (Ooeden 50 Caond) i I by -l
/A \Y/0 (Ogeden 10 Cond) Qi JB jaud -0
/oY AN u’JVI DS ey ¢
Y¥/-Y Yv/fa oXgdh (S Slge duoys —A




Y = V€ 4o/ V€Y limo; [AY 0,lond/ Y0 0,93/ iS2; 9 (5 W (51 05w owiige i

(o Cow) ;I Jlbe 15 956 (S1)L (5 5lal dilobw g (Sl y Ceom) gl (5 )Ll (sl lgs Y JSS

Figure 1- Rain flat irrigation strips (right) and rain flat sprinkler irrigation system in operation (left)
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Table 4- Combined analysis of variance for yield and water productivity data
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Table 5- Comparison of the average grain yield and water productivity in different treatments
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Table 6- Comparison of the average interaction effect of irrigation interval and water supply level on wheat grain
yield (kg/ha)
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Table 7 - Comparison of the average interaction effect of irrigation interval and water supply level on irrigation water
productivity and irrigation water + rainfall productivity (kg/mq)
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Introduction

Food security and increasing self-reliance in basic crops are important pillars of the country's economic
development plans. One of the most important challenges the self- sufficiency in wheat production is faced
with is the low water productivity. An effective and practical solution is to use water optimally and save the
water. Pressure irrigation increases water efficiency by preventing water waste. The advantages of irrigation
with the Rain flat system include reduced initial annual irrigation costs (compared to the drip tape irrigation
method), quick and easy installation without the need for welding, easy and quick assembly and reinstallation,
no need for specialized personnel and special tools for installation and assembly, and the ability to use it to
irrigate multiple fields. The water productivity index is used to evaluate optimal water consumption in
analyses and decision-making. This index is affected by the irrigation schedule. If the crop water requirement
is used correctly and appropriately in modern irrigation methods, in addition to reducing costs, it is possible
to save water consumption by increasing irrigation efficiency and help strengthen groundwater resources.
Therefore, this study was conducted to investigate the effect of irrigation intervals and different levels of
water supply in the rain flat sprinkler irrigation method on wheat yield and water productivity.

Methodology

This study was conducted in order to investigate the effect of irrigation interval and water supply level
on yield and water productivity of wheat in 2019 to 2021 in the form of split plots experiment based on
randomized complete blocks design in three replications. The experiment was carried out in agriculture
research and education center of Semnan (Shahrud). The soil texture was sandy loam. The main plots
included 3 irrigation intervals (4, 5 and 6 days in between) and the sub-plots included three levels of irrigation
(100, 80 and 60% of water supply). Sprinkler irrigation pipes (laterals) were placed at 4-meter intervals
between crop rows. The net irrigation water requirement was calculated using the Penman-Monteith method
and the amount of water consumption, wheat yield, and water productivity were determined and the best
treatment was identified.

Results and Discussion

Irrigation interval treatments of 4 and 5 days, with grain yield of 5410.6 and 5016.1 kg/ha and water
productivity of 1.169 and 1.077 kg/m?® were in the superior statistical group. The treatments of 100 and 80
percent irrigation requirement with average yields of 5520.7 and 5218.4 kg/ha had the highest yield, and the
treatment of 80 percent irrigation requirement with water productivity of 1.130 kg/m? had the highest water
productivity. The interaction effect of experimental treatments was effective on the studied traits. Thus, the
treatments of 4-day irrigation interval with 100% and 80% water requirement and 5-day irrigation interval
with 100% water requirement were superior with grain yields of 6352.4, 6172.5, and 6105.5 kg/ha,
respectively. The 4-day irrigation interval with 80% water requirement had the highest water productivity of
1.336 kg/m?.
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Conclusions

The results showed that in the rain flat irrigation method, increasing the irrigation interval to 6 days,
compared to the irrigation interval of 4 and 5 days, reduced the yield by 35.55 percent and 30.48 percent and
the water productivity by 35.55 and 29.61 percent. Because the irrigation interval treatments of 4 and 5 days
were in the superior statistical group in terms of yield and water productivity, the best irrigation interval is 5
days. By reducing the percentage of irrigation water supply to 60 percent of the water requirement, compared
to 80 and 100% of the water requirement, yield decreased by 39.17 and 42.50%, respectively. However, in
terms of water productivity, the treatment of 80% irrigation requirement with an average water productivity
of 1.130 kg/m3 had the highest water productivity and was placed in the superior statistical group. Although
the treatment with a 4-day irrigation interval with 80% water requirement did not have a statistically
significant difference in yield, compared to the 4- and 5-day irrigation intervals with 100% water requirement,
but it had the highest water productivity among the irrigation treatments. Therefore, with the rain flat
irrigation method, the percentage of water requirement can be reduced by 20 percent in the 4-day irrigation
interval.

Keywords: Irrigation interval, Rain flat, Water amount, Yield
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Table 1- Virtual water content (blue) of irrigated wheat in some countries and regions of the world

; ; & il O
<! il &
& (o p aSayie) ke[ Heis & P aSer) adbio | 598
Source Virtual water Country/region Source & Country/region
(md/tons) Virtual water
(m3/tons)
Muratoglu (2020); Veoo gVfen O Muratoglu D (W
Ehsani (2009) (2020)
Muratoglu (2020) AD- CAJERRE Ehsan (2009) D+ Rety
Muratoglu (2020); Yoo g VA PO Muratoglu Yoo (S5 ol oamie YL
Renault (2002) (2020)
Muratoglu (2020) Y., 8l Muratoglu YEA V18 4S5
(2020)
Renault (2002) \YY . G515 Renault (2002) VVY. e
El-Marsafawy et al. IXEN7Y L 6l 5y Muratoglu VeV _Feo e
(2018); Renault (2020);
(2002) Sun et al.(2013)

(Fader etal., 2010) 1338-Y++¥ 5,90 y5 k> Joizo Gblw (ol OUE ()5l 3 xS0 y0) o (6 jlwvdumnit (5 jlxo T =Y S

Fig.1-Simulated virtual water (m3/Kg) of irrigated cereals in temperate zones of the world in 1999-2003
(Fader et al., 2010)
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Table 3-Net irrigation water requirement, yield, and water use efficiency (WUE) of irrigated wheat in
different regions of Iran (Heydari et al., 2005)
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Abstract

The concept of virtual water has been highlighted in the 21st century as a key indicator to evaluate the
optimal use of water in the production of agricultural products, especially in the face of the water shortage
crisis. This study analyzed the virtual water of irrigated wheat, known as one of the strategic agricultural
products, in Iran and investigated the differences in the amount of virtual water of irrigated wheat in different
provinces and climates of the country. The results indicated that the amount of virtual water of irrigated wheat
in Iran is in a wide range of 284-3523 m? ton'! with an average of 1400 m? ton1, being 50% higher than the
average values found in a number of other countries (930 m? ton't). The highest amount of virtual water
(1539-3523 m? ton) is in the provinces of Khuzestan, Kerman, Semnan, Bushehr, Sistan and Baluchestan,
Isfahan, Fars, Yazd, some areas of Qom, Kermanshah, South Khorasan, North Khorasan, Chaharmahal and
Bakhtiari, and East Azarbaijan with an average of 2610 m? ton'. Also, the lowest amount of virtual water
(284-586 m® ton™!) can be seen in the provinces of Mazandaran, Hamedan, Golestan, Kordestan, Kohkiluyeh
and Buyer Ahmad, some areas of South Khorasan, Markazi, Hormozgan, and Ilam with an average of 451
m? ton’. The study showed that most of the areas under cultivation of wheat in Iran (about 53% of the
irrigated wheat lands) are located in areas with water shortage crisis. The advantage of wheat cultivation in
terms of water requirement and water use efficiency varies in different provinces. In terms of virtual water
content, wheat cultivation is suitable in two provinces of Golestan and Ardabil, which relatively do not have
water shortage problems and have low virtual water content of irrigated wheat. Khuzestan province also is
preferable for wheat cultivation if the irrigation management is improved, due to the suitable climate and
warm weather and the possibility of using winter rains in the growing season and quick ripening of the crop.
But, wheat cultivation is not suitable in some regions of Iran, especially in the central and southeastern
regions. The results of this study emphasize the necessity of optimal management of agricultural water
resources and the strategic selection of areas under wheat cultivation based on the national cropping pattern
from the aspect of advantage of production related to water requirements, water resource limitations,
improving productivity and reducing virtual water content, reducing of crop wastes, and more attention on
virtual water trade of wheat.

Keywords: Production, Water consumption, Water resources management, Water shortage
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Abstract

Knowledge of soil moisture status can significantly impact irrigation planning and, consequently, water
management in the agricultural sector, which is the most expensive recipient of water resource allocation.
Soil moisture measurement using the porous block method, based on electrical resistance measurement, is
one of the techniques for assessing moisture levels. Developing an understanding of its construction can
effectively reduce costs, increase accuracy, simplify moisture measurement, and achieve these goals. This
study aims to enhance the understanding of soil moisture measurement through the development and
assessment of porous blocks constructed with glass mat fibers, specifically P200 and P186 types.

Materials and Methods

In this regard, two types of glass fibers, P200 and P186, were used in the construction of a block with a
fibrous structure. The accuracy of moisture measurement was then evaluated in 10 different soil textures. To
prepare the soil, it was dried, pounded, and passed through a 2-mm sieve before being placed into a pot. After
installing three replicates of each block in the pot, the soil was saturated. At various intervals until the soil
dried, the electrical resistance of the block and the soil moisture were measured using the gravimetric method.
To assess the accuracy of the blocks, the moisture readings from the blocks were compared with those
obtained from the gravimetric method, and statistical indices such as R2 (coefficient of determination), RMSE
(root mean square error), nRMSE (normalized root mean square error), MAE (mean absolute error), and D-
index (index of agreement) were calculated.

Results and Discussion

The results showed that ELE glass fibers absorbed 2.6 and 0.5 times more water than P200 and P186
fibers, respectively, over 180 seconds. A comparison of the fitting curves for the wicking behavior of the two
fibers indicates that the quadratic curve provides a better fit than the linear curve. Additionally, the results
showed that solution absorption in P186 decreased earlier than in P200. Therefore, it appears that P200 fibers
are more effective at absorbing the solution and, subsequently, the water from the soil environment. The
results also indicated that ELE and P200 fibers exhibited a similar decreasing trend in moisture over the first
15 minutes; however, after that point, the moisture reduction rate in P200 continued at a lower slope. P200
fibers demonstrated behavior more akin to ELE fibers during both moisture reduction and solution
absorption. The findings reveal that the porous blocks constructed with P200 fibers achieved superior
accuracy in measuring soil moisture, yielding an error margin of approximately 5%. Notably, the findings
indicate that the P186 and P200 fibers exhibit optimal accuracy in medium soil textures, outperforming their
performance in other soil types. Specifically, the P186 fibers achieve their highest accuracy in soil textures
characterized by a sand content between 50-70% and clay content below 35%. Similarly, the P200 fibers also
demonstrate robust accuracy within the same sand and clay content ranges, but they extend their effectiveness
to include soils with sand content ranging from 20-50% and clay content around 28% .Conversely, the results
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suggest that both P200 and P186 fibers struggle with accuracy in soil textures that exhibit either high clay or
high sand content. This highlights the importance of soil composition in the performance of these fibers for
measuring soil moisture, indicating that they are less reliable in extreme soil conditions. Furthermore, the
study highlighted a decline in measurement accuracy at elevated soil moisture levels, indicating that these
blocks are most effective within a soil moisture range of 25-40% by weight.

Conclusion

In conclusion, this research underscores the potential of utilizing glass mat fibers in the construction of
porous blocks to improve soil moisture measurement accuracy. By refining this methodology, the findings
contribute valuable insights toward optimizing irrigation practices and advancing water management
strategies in agriculture. Enhanced accuracy in moisture readings not only promotes efficient water usage but
also supports sustainable agricultural practices, ultimately benefiting food production and environmental
conservation efforts.
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Fig . 1 - Agroecological zoning (AEZ) of irrigated agricultural lands was obtained, covering more than 90 percent of the irrigated
agricultural lands of the province. Each color represents an agroecological zone, which is identified by an 8- or 9-letter code.
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Table 1 - Characteristics of the identified agroecological zones that cover more than 96 percent of the province's irrigated agricultural
lands (For further details on climate and soil codes, see van Wart et al., 2013 and Koo & Dimes, 2013, respectively.). The remaining 4
percent of the total agricultural land area is not covered by the system.
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Table 2. 5-year average (2017 to 2021) cultivated area (hectares), yield (kilograms per hectare) (Agricultural Jihad Organization of Fars
Province. 2023) and applied water (m? per hectare) of irrigated plant crops in Fars Province.
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Fig. 2- The Impact of cropping pattern optimization on the Fars province agricultural applied water. Estimates were made using the

SAWA system based on a 10-year average of meteorological data (2011-2021) and a 5-year average of crop area statistics and
information (2017-2021). The colors in each column belong to a plant or plant group and correspond to each other.
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Fig. 3- The impact of the use of shade net (50%o radiation deficit) on the Fars province agricultural applied water in the current and
optimal cropping patterns. Estimates were made using the SAWA system based on a 10-year average of meteorological data (2011-
2021) and a 5-year average of crop area statistics and information (2017-2021). (shade net was not defined for wheat, barley, alfalfa,

foliage corn, rice, cotton, grain corn, sugarbeet, potato, chickpea, lentil, onion and canola.). The colors in each column belong to a plant

or plant group and correspond to each other.
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Fig. 4 - The effect of mulch on on the Fars province agricultural applied water in the current and optimal cropping patterns. Estimates

were made using the SAWA system based on a 10-year average of meteorological data (2011-2021) and a 5-year average of crop area
statistics and information (2017-2021). The colors in each column belong to a plant or plant group and correspond to each other.
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Fig. 5- Effect of aerobic rice cultivation on the Fars province agricultural applied water in the current and optimal cropping patterns.
Estimates were made using the SAWA system based on a 10-year average of meteorological data (2011-2021) and a 5-year average of
crop area statistics and information (2017-2021). The colors in each column belong to a plant or plant group and correspond to each
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Fig. 6 - Changes in the Fars province agricultural applied water (million cubic meters) in the context of transferring vegetables from
field conditions (open space) to greenhouse conditions in the current and optimal cropping patterns. Estimates were made using the
SAWA system based on a 10-year average of meteorological data (2011-2021) and a 5-year average of crop area statistics and
information (2017-2021). The colors in each column belong to a plant or plant group and correspond to each other. It should be noted

that transition to greenhouse only affects the applied water of vegetables and applied water of other plants remains unchanged in either
the current or optimal cropping patterns.
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Fig. 7 - Changes in the Fars province agricultural applied water (million cubic meters) in current conditions and adaptation strategies
to water scarcity. Estimates were made using the SAWA system based on a 10-year average of meteorological data (2011-2021) and a 5-
year average of crop area statistics and information (2017-2021). The colors in each column belong to a plant or plant group and
correspond to each other.
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correspond to each other.
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Introduction

Over-withdrawal of water in the agricultural sector of Iran is one of the most important factors that
threatens the sustainability of agricultural production and natural resources. Therefore, appropriate
approaches should be used to eliminate this factor. In this study, the water saving capacity in the irrigated
agricultural sector of Fars province was examined using some options that decrease irrigation demand in
fields and orchards. These options are: (1) optimization of cropping pattern with the aim of minimizing water
use, (2) using shade net in gardens and vegetable farms, (3) using straw mulch in gardens and farms though
implementation of conservation tillage, (4) changing the current flooded rice cultivation system to aerobic
system, and (5) transferring vegetable production from the farm to the greenhouse. The effects of the options
were assessed individually and in combination.

Methodology

The System for regional Agricultural Water balance and Accounting (SAWA) set up for irrigated
agriculture lands in Fars province was used. The core of this system consists of a plant simulation model
(SSM-iCrop2). For each of the water saving option of this study, a separate SAWA system was prepared and
the amount of irrigation water used in agriculture in the province was estimated and compared. The system
provides crop yield and irrigation water under farmer’s and potential conditions as influenced by climate,
soil, management and crop. The system estimates were based on 10-year meteorological data (2011-2021),
5-year average crop area statistics (2017-2021), and yield, price, and cost of production data for plants in
2021.

Results and Discussion

The results showed that the applied irrigation water in agriculture in the province for farmers' conditions
(not for potential or optimal conditions) under the current cropping pattern is 4619 million cubic meters per
year (net irrigation water without considering irrigation efficiency and uneven water distribution).
Optimization of the cropping pattern reduced this figure by 35% (a reduction equivalent to 1616 million
cubic meters per year). Optimizing the cropping pattern was done with the aim of minimizing the amount of
irrigation water applied under farmers' conditions in the entire province provided that the farmers profits in
the optimized pattern would not change and the area under cultivation of perennial plants and legumes, which
play an important role in agricultural sustainability, would not decrease.The implementation of 2 t/ha straw
mulch vias conservation tillage for all crops except for rice and alfalafa in the current and optimal cropping
patterns reduced the net applied water by 8 and 10%, respectively (equivalent to 384 and 292 million cubic
meters per year), the use of shade net (decreases solar radiation by 50%) during the summer months in the
current and optimal cropping patterns reduced the applied water by 29 and 24%, respectively (equivalent to
1331 and 713 million cubic meters per year), and the use of aerobic rice cultivation system instead of flooding
system in the current and optimal cropping patterns reduced the applied water by 4 and 1%, respectively
(equivalent to 185 and 37 million cubic meters per year). Transferring vegetable production from the field to
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the greenhouse in both the current and optimal cultivation patterns was able to reduce the applied irrigation
water by 4 percent (equivalent to 167 and 137 million cubic meters per year, respectively). However,
combination of water saving options in the current and optimal cropping patterns could save irrigation water
by 66 and 48% (equivalent to 3048 and 1444 million cubic meters per year), respectively.

Conclusions

The findings of this study indicate that the evaluated options provide safe and effective solutions for
addressing water scarcity in the irrigated agriculture of Fars Province. Therefore, it is recommended that
executive officials, policymakers, and agricultural sector stakeholders work toward eliminating barriers and
promoting the widespread adoption of these valuable options through evaluation and additional studies. By
doing so, sustainable agricultural practices can be achieved, contributing to a healthier environment and
preventing further ecological degradation.

Keywords: Aerobic rice cultivation, Cropping pattern optimization, Mulch, Shade net.
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Fig. 1- Laboratory flume schematic
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Introduction

Labyrinth weirs have a longer length than linear weirs and therefore pass more flow in the fixed width of
the channel. Investigating a labyrinth weir with the highest efficiency at a fixed width can help reduce
construction costs and also allow flow to pass at a lower height. However, investigating physical models to
determine a labyrinth weir with a more appropriate efficiency will be costly. While using simulation software,
in addition to reducing costs, allows for the creation of different labyrinth weir shapes in the software. The
discharge coefficient of a labyrinth weir is affected by various parameters, one of which is the apex ratio.
These parameters can be effective on the nappe interference, local submergence, and the creation of
turbulence in the flow. In this study, the effect of different apex ratios in a labyrinth weir will be investigated.

Methodology

In this research, the flow in triangular and trapezoidal Labyrinth weir was investigated using FLOW 3D
software and RNG k-g model.To investigate the effect of the apex ratio, nine labyrith weir models were
simulated with magnification ratios L’'W=2, /'W=3, and L/W=4. Three triangular labyrith weir models with
an apex ratio of zero, three trapezoidal labyrith weir models with an apex ratio of 0.125, and three trapezoidal
labyrith weir models with an apex ratio of 0.250 were simulated. Also, to investigate the effect of the weir
wall angle with the channel wall, a trapezoidal labyrith weir model with an apex ratio of 0.25 on the side was
investigated.

Results and Discussion

Investigations showed that with an increase in the water head ratio (HvP) and also with an increase in the
magnification ratio, the local submergence and the nappe interference increases and causes a decrease in the
discharge coefficient in the triangular and trapezoidal labyrinth weir. Although it seems that the greater
distance between the two sides of the trapezoidal labyrinth weir at the apex compared to each other, caused
a decrease in local submergence and an increase in the discharge coefficient, but the results showed that the
triangular labyrinth weir had a better performance. By increasing the apex width up to 20 ¢cm in a trapezoidal
weir, a larger area will be created upstream of the weir apex with a lower velocity and more turbulence will
be created in the flow near the apex. On the other hand, creating a lower velocity at the apex will cause the
flow to move to the sides, which will cause the flow to move to the sides and create more turbulence on the
sides and will reduce the discharge coefficient. Also, the results showed that trapezoidal labyrinth weir with
apex width on the sides had lower performance because the amount of nappe interference and local
submergence at the apex will be higher.
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Conclusions

The study of the k-¢ RNG turbulence model and comparison with laboratory data showed that the model
used had acceptable accuracy in simulation. Increasing the water head ratio has caused a decrease in the
discharge coefficient in the weir in all models. The reason is the increase in local submergence and napee
interference. Local submergence causes the effective length of the labyrinet weir to decrease. Also, the nappe
interference causes resistance to the flow and reduces the discharge coefficient. Increasing the magnification
ratio causes more nappe interference and local submergence at downstream of weir and causes transverse
curvature in the flow and collision of transverse jets and creates turbulence at upstream of weir. As a result,
these factors will cause a decrease in the discharge coefficient. At the same magnification ratios, the
trapezoidal labyrinth weir has a lower efficiency than the triangular labyrinth weir. It seems that although the
nappe interference and local submergence at the apex of the trapezoidal labyrinet weir has decreased, the
perpendicularity of the flow at the apex to the weir wall will cause more turbulence and reduce performance.

Key words: Local submergene, Nappe interference, Trapezoidal labyrinth weir, Triangular labyrinth weir
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Figure 1- The location of the experimental site, the placement of solar distillation systems, and the method of
supplying saline water from the drainage channel
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Table 1- Measured quality parameter values of the drainage water collected from the drainage channel
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Figure 2 - Schematic representation of the pyramid solar still components and dimensions, along with an image of a
colored solar pyramid designed to increase evaporation
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Figure 3 - Schematic representation of the experiment performed in early spring, involving various salinity levels at a
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Table 2 - Precision and error percentage of the measuring devices employed in the research
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Table 3 - Calculated volume of saline drainage water and required freshwater in different treatments of the solar
distillation system
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test days in (a) spring and (b) summer.
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Extended Abstract
Introduction

Freshwater scarcity is a critical global issue, especially in arid and semi-arid regions like the Middle
East and North Africa (MENA), where water demand is rising due to population growth and increasing
competition across agricultural, domestic, and industrial sectors. To address these challenges, utilizing
unconventional water sources such as seawater, brackish water, and agricultural drainage water becomes
essential. Among the various desalination methods, solar desalination has emerged as a sustainable and cost-
effective solution, particularly for remote areas with abundant solar radiation but limited freshwater
resources. Pyramid solar stills, due to their simple design, low operational costs, and minimal maintenance
requirements, provide an efficient and environmentally friendly approach to freshwater production. These
systems harness renewable solar energy, making them a clean and sustainable alternative that reduces reliance
on fossil fuels and minimizes environmental impact. As a result, pyramid solar stills are a practical and viable
option for decentralized water supply in water-scarce regions.

Methodology

The experiment was conducted at the Soil and Water Research Farm of the University of Tehran, located
in Karaj, to evaluate the freshwater production efficiency of pyramid solar stills under varying salinity levels
and water depths. The study area covered a total surface of 70 m? (20 m x 3.5 m). Saline water required for
the stills was sourced from a drainage canal. Five pyramid solar stills with glass covers were used, each
having a base area of 1 x 1 m and a height of 0.18 m. Three different water depth scenarios were investigated:
D; (1 cm), D2 (3 cm), and D3 (5 cm). Additionally, five salinity levels were considered: S; (5000 puS/cm), Sz
(10000 pS/cm), S3 (20000 pS/cm), Sa4 (30000 uS/cm), and Ss (40000 pS/cm). The experiment was conducted
during both spring and summer to account for seasonal variations in meteorological conditions. Finally,
different regression models were developed to predict the performance of pyramid solar stills under varying
water depths and salinity levels, and their accuracy was evaluated using two statistical indices, R? and RMSE.

Results and Discussion

Meteorological analysis showed that peak ambient temperature and solar radiation occurred between 12
PM and 3 PM in both spring and summer, with temperatures decreasing as solar radiation declined. The key
driver of freshwater production in solar still pyramids was the temperature difference between the water and
the glass cover, which enhanced evaporation. Water temperature analysis at depths of 1 cm, 3 cm, and 5 cm
indicated faster heating at shallower depths, with a peak of 50°C at 1 cm depth. Freshwater yield decreased
as salinity increased from 5000 to 40000 uS/cm, with reductions of up to 20% at a depth of 5 cm. Similarly,
increasing water depth from 1 cm to 5 cm at 5000 uS/cm salinity reduced freshwater production by 12%.
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This decline was attributed to increased osmotic pressure lowering the evaporation rate. Overall, system
performance decreased with rising salinity and water depth, though efficiency remained higher in summer.
Nonlinear models, including power, rational, and polynomial models, provided better predictions than linear
models, highlighting the nonlinear nature of system performance concerning salinity and water depth.

Conclusions

This study underscores the importance of optimizing solar still designs to enhance fresh water
production under different environmental and operational conditions. The findings reveal that the
temperature difference between the water and glass cover plays a crucial role in the distillation process, with
higher temperature gradients leading to improved evaporation rates. Additionally, the results show that
reducing water depth and salinity significantly boosts system performance. Nonlinear models were found to
be more effective than linear ones in predicting the performance of the stills, reflecting the complex
relationships between key variables. Moreover, the research emphasizes the need for considering local
environmental conditions, such as latitude and solar radiation, for optimal design. Overall, these insights
provide valuable guidance for improving solar still efficiency in arid and water-scarce regions.
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