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2.34+2.04 1.47+2.10 4.4545.49 176 29 11 s
Tomato
2.71+1.65 1.42+0.92 3.31+5.39 190 22 9 Onion;L,
1.00+0.72 1.40+0.93 10.92+16.31 259 31 14 S
Potato
2.70+0.30 0.80+0.10 2.30+1.10 207 28 cucumber s
3.11+1.91 1.92+1.47 8.45+11.11 138 17 Melon o3, >
o
2.64+1.90 1.41+1.03 10.32+12.68 156 29 9 S
Watermelon
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2.67+2.04 1.78+1.69 20.69+39.64 241 26 12 Wheat cos
5.50+6.35 2.91+2.74 12.39+27.75 296 37 12 Barley ;-
1.50+0.59 1.40+0.69 1.50+1.20 37 14 3 Rice w
2.49+2.75 1.53+1.51 8.83+12.47 267 33 13 Rapeseed ;1
3.09+1.89 1.40+1.50 14.90+32.80 301 36 12 Alfalfa axis,
6‘4:99.].: Q).S
2.00+1.80 1.50+1.10 10.00+11.00 104 19 8
Fodder corn
6.46+4.67 3.99+2.52 9.20+11.87 121 18 7 Cotton «.z,
1.40+0.69 1.08+0.26 5.25+8.82 103 10 2 Soybeen (g
1.25+1.55 0.59+0.31 5.15+6.69 85 13 6 Beans L.
1.40+1.11 0.84+0.68 10.29+10.91 126 17 8 =
Sugar beet
3258220 2104212 25.00+0.00 47 4 1 P
Sugar cane
blo)i.t;_ﬂ
2.48+2.73 1.37+1.54 3.74+4.76 166 23 6
Sunflower
7.3645.47 4.84+3.78 57.39+60.37 88 19 4 Pistachio ai.,
6.41+6.28 2.77+2.11 8.44+20.38 126 20 7 Date L >
]
3.52+2.35 2.77+2.11 1.95+1.68 132 15 6 ?
Pomegranate
1.32+2.96 0.51+0.35 3.61+6.90 211 27 12 Walnut 45 5
1.42+0.70 0.74+0.40 1.17+1.08 123 9 5 Fig =l
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Jel g sla
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S6 g Js
1.55+0.80 0.83+0.45 7.13+16.32 264 17 6 Orange and
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3.48+3.38 2.70+1.96 18.39+24.40 120 12 6 Olive 405
1.50+0.88 0.91+0.59 6.58+26.86 149 25 9 Almonds slsl,
2.58+1.60 1.88+1.56 1.1742.93 126 6 2 Saffron ) ac;
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Fig. 1- Comparison of applied Irrigation water in different crops (columns of the same color are statistically placed in
same cluster)
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Extended Abstract
Introduction

In terms of water consumption in different sectors, in Iran as in other countries, a significant
part of surface and groundwater resources is used in agricultural sector. For the amount of water
consumed in Iran's agricultural sector, different numbers have been reported in various sources.
In the past three decades, water consumption in agricultural sector in various sources and
methods has been reported between 44 and 86 billion cubic meters (Movaheddanesh, 1994;
Ghodratnema, 1998; Mohammad-Vali-Samani, 2005; Nasseri et al., 2017; 2018). The physical
water productivity is also one of the important indicators of irrigation management, which is
determined by using the amount of product produced per unit of applied irrigation water. Abbasi
et al. (2017) estimated and analyzed water productivity values in Iran for different years. They
estimated the values of water productivity varying from 0.94 to 1.29 kg/m® and average being
1.07 kg/m3. Abbasi et al. (2019) also showed that water productivity index in Iran had an
upward trend with a slope of 0.045 kg per year. It varied from 1.0 kg/m® in 2008 to about 1.45
kg/m? in 2017. Past researches regarding the estimation of water consumption in agricultural
sector have been reported with estimation methods such as water balance method, which was
not accurate and was associated with errors. On the other hand, the figures presented for the
amount of water consumed in agricultural sector are very different and there are doubts about
their accuracy. Despite the importance of the issue, accurate information on the amount of
irrigation water for agricultural crops in different regions of Iran is not available and this issue
has always been one of the main concerns of the water industry managers and planners.
Therefore, carrying out a research work that leads to more accurate numbers about the amount
of applied irrigation water for different crops, can be of great help to the decision-making of
officials related to water and agriculture. The main goal of this article is a comprehensive
evaluation of water management indicators in agricultural sector (including the water
productivity and applied irrigation water for different crops).
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Methodology

Field measurements including applied irrigation water and crop yield were carried out for at
least one cropping season in the production hubs of each crop. Twelve crops included 12 wheat,
rice, barley, fodder corn, alfalfa, sugar beet, sugar cane, beans, sunflower, cotton, rapeseed, and
soybean, 17 garden crops included saffron, apple, olive, orange, tangerine, peach, nectarine,
plum, lemon, fig, grape, date, pomegranate, walnut, almond, pistachio, and cherry and 6
vegetable and summer crops were tomato, watermelon, potato, cucumber, melon, and onion.
These crops covered more than 85% of the cultivated area and irrigated lands in different
provinces. For each crop, applied irrigation water was measured in a crop season and the yield
for one year or the average of two years, but for garden plants, due to climate changes and frost
damages, the average yield of 1-3 years was determined and used in the analysis. Physical water
productivity of irrigation water from the ratio of crop yield to applied irrigation water and water
productivity from the ratio of crop yield to water (total volume of irrigation water and effective
precipitation) and gross income per unit of applied irrigation water was calculated from the
product of crop yield in the sales price divided by the applied irrigation water. In this research,
the cluster analysis model was used to determine the homogeneous crops.

Results and Discussion

The results showed that applied irrigation water for different crops varied from 3984 for
rapeseed to 32500 cubic meters per hectare for sugarcane. So that the weighted average applied
irrigation water of 35 studied crops was determined to be 8032 cubic meters per hectare.
This index was 9162, 7669 and 7247 cubic meters per hectare for garden, agricultural, vegetable
and summer crops, respectively. Also, the total applied water used for the 35 studied crops was
estimated at 61.7 billion cubic meters and the total irrigation water for other crops that were not
evaluated in this research was estimated at 9.4 billion cubic meters. The total water used in
irrigated crops was estimated at 71 billion cubic meters, which was about 70% of the total
renewable water in Iran. The weighted average of irrigation water productivity and water
productivity of the studied crops was determined as 1.9 and 1.5 kg/m?, respectively. Saffron
and pistachio provided the highest gross income per unit of irrigation water and sugarcane,
soybean, barley, fodder corn, wheat and alfalfa had the lowest values.

Conclusions
The results of this research provided valuable information for managers and decision makers
in different provinces of Iran.

Keywords: Applied irrigation water, Physical productivity, Cluster analysis, Gross income
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Fig. 1- Geographical location of the border of the watershed and the study area of Qaderabad-Mader Solaman plain
located in Fars province
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Fig. 2- Conceptual model of the research process
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Table 1- The status of the number of wells and programmable water volume (million cubic meters) from underground
water sources in the Qaderabad-Madarsolaman
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Table 2 - Status of the amount of water that can be supplied annually from surface water sources in the Qaderabad-
Madarsolaman
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Table 3 - Agricultural calendar and cultivated area of crops of the current cultivation pattern of Qaderabad-
Madarsolaman plain in 2021-2022
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Fig. 6 - The amount of irrigation water for different agricultural crops in the current cultivation pattern of the
Qaderabad-Madarsolaman plain in the crop year 2021-2022
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Fig. 7-The volume of irrigation water and the cultivated area of different agricultural crops in the current cultivation
pattern of the Qaderabad-Madarsolaman plain in 2021-2022
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Table 4 - The number of crops, cultivated area, production cost, yield, price, income and economic efficiency of

the proposed cultivation pattern in the Qaderabad-Madarsolaman plain in 2021-2022
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Table 5 - The results of physical and economic water productivity for crops in the proposed cultivation pattern of
the Qaderabad-Madarsolaman plain
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Extended Abstract
Introduction

The sharp drop in the water level of the underground aquifers in the plains shows the lack of
a suitable approach to create synergy between all the stakeholders in the water sector in the
management of water resources. On the other hand, the undeniable limitation of water resources
has led to the adoption of integrated water resources management as a requirement. In this
regard, in an agricultural plain, there should be a matching of underground water resources with
programmable water in order to reduce the severity of the created crisis and help to balance the
plain over time. Therefore, avoiding acreage expanding in the agricultural sector and increasing
water productivity should be on the agenda of decision makers, especially in the planning of
cropping patterns.

Methodology

This research has been carried out with the aim of improving the cultivation pattern in
improving the physical and economic productivity of water in the Qaderabad-Madarsolaman
plain of Fars province. The required data of the products include crop calendar, price at the time
of harvest, production cost, yield, monthly programmable amount of plain water and monthly
irrigation water amount of each crop related to crop year 2021-2022, which is in the form of
documents from Jihad- Agriculture Organization. and the Regional Water Company of Fars
province was collected. Data analysis was done by mathematical programming method using
GAMS software.

Results and Discussion

The results showed that after implementing the model and determining the optimal
cultivation pattern, the number of agricultural products in the plain increased by 50%. So that
the number of products reached 18 products from 12 products. Also, the area under cultivation
of crops in the optimal cultivation pattern decreased by 27% and reached 3861 ha from 5303
ha. Meanwhile, the amount of irrigation water of the optimal pattern caused a 26% reduction in
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the consumption of underground water resources. In addition, the amount of crop production in
the current and optimal model was 8,469,3000 and 6,947,060 kg, respectively, and the decrease
in the cultivated area has caused an 18% decrease in this index in the optimized model.
However, the economic efficiency of the entire plain in the current and optimal model was
calculated as 1975.37 and 2035.60 billion rials, respectively, which indicates a three percent
increase in the optimal model. With regard to the direct effects of the modification of the
cultivation pattern of the Qaderabad-Madarsolaman plain, including the increase in the number
of agricultural products of the plain and the introduction of six crops with the highest economic
water productivity into the optimal cultivation pattern, as well as the reduction of the area under
cultivation of crops in the optimal cultivation pattern, and the increase of the economic
efficiency of the entire plain in this pattern, it is expected that the index of physical productivity
and economic productivity of the whole plain will also change. So, the physical water
productivity index of the whole plain in the current and optimal model was obtained as 2.56
and 2.84 kg/m?, respectively. In the same way, the water economic productivity index of the
whole plain was calculated as 59,607 and 83,086 rials per cubic meter, respectively.

Conclusions

The modification of the cultivation pattern in the Qaderabad-Madarsolaman plain resulted
in the annual saving of 8.64 million cubic meters of water, an 11% increase in physical
productivity, and a 39.4% increase in the economic productivity of water. Based on this,
focusing on the water productivity index in the form of improving physical and economic
productivity can be followed as a suitable approach to create synergy between all stakeholders
and beneficiaries of the water sector in the management of water resources in the agricultural
sector. In this approach, by focusing on increasing water productivity, in a defined time period,
while minimizing the amount of production reduction, and by increasing the livelihood level of
the users, it is possible to reduce the agricultural water consumption in the plains to the amount
of programmable water.

Keywords: Climate change, Farmer's livelihood, Programmable water, Water shortage
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Table 3 - Range of changes in irrigation water volume, yield And water productivity in the studied fields based on the
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Table 4 -The difference of irrigation water, yield And water productivity in drip and surface irrigation system
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Extended Abstract
Introduction

Razavi Khorasan province is one of Khorasan provinces in northeastern Iran, the center of
this province is Mashhad. The area of this province is 118854 square kilometers. Due to having
high evaporation potential and low rainfall, which is mostly associated with inappropriate
distribution, this region is among the dry and semi-arid regions of our country, so that water is
considered the most important factor limiting the growth and development of agriculture.
Nowadays, limitations in water resources has made it necessary to create ways to increase water
productivity. This is a proof of the importance of careful planning and finding the use of
different irrigation methods to increase the water productivity of agricultural activities. By
examining the sources, it was found that the volume of water used in the cotton crop varies in
different regions and with different irrigation systems. This research aims to measure the
volume of applied water, the yield and productivity of cotton under the management of farmers
in Razavi Khorasan province (Bardaskan, Nyshabor, Sabzevar, Khaf, Roshtkhar and Sarakhs
cities) and compare the amount of applied water with the water requirement of cotton in these
six plains (city) with the national document and It was also calculated by Penman-Monteith
method with meteorological data.

Methodology

This project was carried out in the field in order to determine the useful water of cotton in
the fields under the management of farmers during one cropping season (2018). Six cities of
Bardaskan, Nyshabor, Sabzevar, Khaf, Roshtkhar and Sarakhs were selected in Razavi
Khorasan province, which have the largest area under cotton cultivation. At first, based on the
data required by the project, a questionnaire containing necessary information for investigation
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and logical conclusion was prepared. The required data of the selected farms in each city were
either measured or through face-to-face interviews with the farmer or were calculated and
completed according to the data of the previous two stages. The measurements were carried out
in type of water source, irrigation network and method and water source discharge, total level
The field and area under cultivation of cotton crop, variety, planting arrangement, planting date,
soil texture, electrical conductivity of irrigation water and soil saturation extract, date of first
irrigation, irrigation cycle and different irrigation methods, etc. The Measured Applied water
were compared with the net irrigation water requirement estimated by the Penman-Monteith
method using the last 10 years meteorological data (2009 to 2018) and also with the national
water document values. Crop yield was recorded at the end of the growing season and water
productivity was calculated as the ratio of yield to total water (irrigation applied water and
effective rainfall).

Results and Discussion

The results showed that the volume of applied water, the amount of cotton yield and the
water productivity in Bardaskan region were 7369 m3/ha, 4583 kg/ha and 0.638 kg/m3,
respectively. The amount of applied water, the amount of cotton yield and the water
productivity in Nysahabor region were determined as 9773 m®ha, 3554 kg/ha and 0.528 kg/m?,
respectively. The amount of applied water, the amount of cotton yield and the water
productivity in Sabzevar region were 9173 m®/ha, 3033 kg/ha and 0.225 kg/m?3, respectively. In
Khaf region the amount of applied water, the amount of cotton yield and the water productivity
were 14791 m®/ha, 2821 kg/ha and 0.194 kg/m?, respectively. The amount of applied water, the
amount of cotton yield and the water productivity in Roshtkhar region were 11281 m®ha, 3466
kg/ha and 0.327 kg/m?, respectively, The amount of applied water, the amount of Cotton yield
and the water productivity in Sarakhs region were determined as 9004 m%ha, 2113 kg/ha and
0.265 kg/m3, respectively. The average amount of applied water, the amount of cotton yield and
the water productivity in above six regions were 9830 m®ha, 3078 kg/ha and 0.357 kg/m?,
respectively. Also, the average volume of irrigation water, yield and productivity of water in
the surface irrigation method were 10175 m®/ha, 2892 kg/ha and 0.318 kg/m? respectively, and
in the drip irrigation method 7242 m3/ha 4470 kg/ha and 0.649 kg/m? were obtained.

Conclusions

In Razavi Khorasan province, underground water sources are facing a reservoir deficit.
Therefore, efforts towards better use of extracted water and reducing exploitation of
underground water resources are inevitable. In this project, the water given by the farmers for
cotton production during one cropping season was measured in the six plains of Bardaskan,
Nyshabor, Sabzevar, Khaf, Roshtkhar and Sarakhs cities, without interfering farmer’s
irrigation schedule; these plains had the largest area under cotton cultivation in Razavi

)



Investigating of the Volume of Irrigation Water, yield and water productivity in ...

Khorasan province. The method of irrigation of the fields was surface and drip irrigation (tape).
The results showed that the average volume of water, yield and water productivity in these
planes were 9830 m%/ha, 3078 kg/ha and 0.357 kg/m?® of water, respectively. The difference
between the volume of applied water, performance and water efficiency in two methods of
surface and drip irrigation was significant. Under the drip irrigation system, comparing surface
irrigation method, the volume of applied water was 30% less (7242 m*/ha versus 10175 m%/ha),
the yield was 55% higher (4470 kg/ha versus 2892 kg/ha) and the water productivity was about
104% higher (0.649 kg/m?® of water vs. 0/318 kg/m? of water.

Keywords: Irrigation management, Irrigation methods, Surface irrigation, Drip irrigation
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Table 1- General characteristics of selected plum orchards in Chenaran region
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Table 2- General characteristics of selected plum orchards in Mashhad region
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Table 3-The range of changes of some measured parameters in selected orchards
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Table 4-The range of changes of some measured parameters in selected orchards with drip irrigation method
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Table 5-The Range of Changes of Some Measured Parameters in Selected Orchards With Surface Irrigation Method
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Table 6- The statistical investigation of irrigation water volume, yield, water productivity in two region, by t-test
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Table 7- Comparison of the volume of irrigation water with the calculated impure water requirement of plum
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Table 8- The impure water requirement of plum for different irrigation methods based on the national document and
the book "Estimation of Water Required of Garden Plants™
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Extended Abstract
Introduction

Due to the limitation of water resources in the production of agricultural products in the
country and the need to improve water productivity in the production of horticultural products
on the one hand and the economic importance of plum production in the country on the other
hand, the investigation of management indicators such as the volume of irrigation water, yield
and irrigation water productivity is necessary in the production of plums in the country. Plums
are one of the most important orchard products, and the livelihood of a large number of
farmers in different regions of the country, including Khorasan-Razavi province, depends on
this product. Therefore, the current project was carried out with the aim of direct and field
measurement of the water content of plum varieties in orchards under the management of
local farmers in the producing regions of this product in the province. According to the latest
statistics published by the Ministry of Agricultural Jihad (Statistical Yearbook of the
Department of Agriculture of Khorasan Razavi Province in 2022), the area under plum
cultivation in Mashhad and Chenaran regions is 328 and 75 hectares, respectively, and the
yield per unit area in those two mentioned regions is 3905 and 6028 kg/ha, respectively.

Methodology

In Khorasan Razavi province, two regions with highest area under plum cultivation were
selected for evaluation, Chenaran and Mashhad. To conduct this research, 10 orchards in
Chenaran region and 10 orchards in Mashhad region have been selected. The volume of
irrigation water was measured in these 20 orchards during the irrigation season. The
measurements were carried out in different irrigation and planting methods, various soils,
different salinity of irrigation water and soil, and different plum varieties during the growing
season of 2021-2022 without interfering with the farmer's irrigation management. The
measured values were compared with the gross irrigation water requirement estimated by the
Penman-Monteith method using the last 10 years meteorological data and also with the
national water document values. Plum yield was recorded at the end of the growing season
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and water productivity was calculated as the ratio of yield to total water (irrigation applied
water and effective rainfall).

Results and Discussion

The results showed that the amount of applied water, the amount of plum yield and the
water productivity in Chenaran region were 10899 m3/ha, 21.73 ton/ha and 1.9 kg/m3,
respectively. The volume of applied water, the amount of plum yield, and water productivity
in Mashhad region were determined as 10229 m3/ha, 13.11 ton/ha and 1.42 kg/m3,
respectively. The volume of plum irrigation water in the regions varied from 4999 to 16862
and its weighted average (based on the cultivation area) was 10256 m3/ha. While the average
gross requirement of irrigation water in the regions using the Penman-Monteith method using
meteorological data of the last ten years and the national water document was 14964 and
12173 m3/ha, respectively. The average yield of plum in the selected orchards varied from
5560 kg/ha to 89800 kg/ha and the average was 14713 kg/ha. Irrigation water productivity in
selected orchards varied from 0.4 to 7.09 and the average was 1.53 kg/m3. The applied water
productivity in the selected orchards was 1.51 kg/m3.

Conclusions

According to the results of this research in Chenaran and Mashhad, the weighted average
volume of irrigation water and the irrigation water productivity in plum orchards are 10256
m3/ha and 1.53 kg/m?, respectively. The volume of irrigation water to produce plum in these
two regions was about 31% more than that in country and the irrigation water productivity
was about 32.6% less than that in country. The volume of irrigation water, yield and irrigation
water productivity in plum orchards in drip irrigation method were 9920 m3/ha, 18827 kg/ha
and 1.88 kg/m?3, respectively, and in surface irrigation method they were 11433 m®/ha, 14804
kg/ha and 1.31 kg/m?3 respectively. The yield of plum and the irrigation water productivity in
drip irrigation method, compared to the surface irrigation method, increased by 27 and 43%,
respectively, and water consumption decreased by 13%. Comparing the volume of irrigation
water used by farmers in the plum orchards with the gross irrigation requirement, shows that
the farmers have no enough water for irrigation and unintentionally, they follow deficit
irrigation in the plum orchards, and in fact, the farmers use water available for them. The
average Yyield of plums with drip irrigation method was equal to 18.83 ton/ha, which is about
65.75% higher than the average yield of plums in the country. Based on this, plum cultivation
in both regions and also the use of drip irrigation method in plum orchards cab is
recommended.

Keywords: VVolume of irrigation water, Irrigation methods, Water productivity, Yield of plum
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Fig. 1- The location of the field study area and Moghan irrigation network map.
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Table 1- General characteristics of Moghan irrigation and drainage network (Akhavan, 2012).
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Table 2- The condition of the main canals of Moghan irrigation and drainage network (Akhavan, 2012).
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Table 3- Characteristics of 2" grade canals and other facilities of Moghan irrigation and drainage network
(Akhavan, 2012).
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Table 4- General characteristics of the geosynthetic coating in the studied channel.
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Fig. 2- A view of the destruction of pumping channel 3 during operation.
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Fig. 3- Geomembrane lining sections of the pumping channel 3 (Parts 1-3).
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Table 5- Determining the average amount of canal water leakage by the inlet and outlet flow method.
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Table 6- The amount of water leakage from canals with different coatings in references
(DeMaggio, 1990; USBR, 1976; Nayak et al., 1996; Nofziger, 1979; Sarkar and Majumder, 1995; Salemi, 1999; Fipps
and Leigh, 2000).

(Lit/day/m?) cuss ol JUE iy b Sa¥ g9
Seepage Rate (Lit/day/m?) Type of Canal Linings
U9 9N
A YYVY Unlined Canal
Al loges
AR Portland Cement
o1 oS0 S
A Compacted Earth
@..te )?l
A Brick Lining
\tal Natural Bed
Y-w Plastic
O
y/¥ Concrete
sl
V=YY Granite
o1 oS0 S
VY =Y Compacted Soil
) Yo
V0 Y0 Clay Bed
o s
YAY —\YEA Loamy Bed
VEY —YAY- Sandy Bed
a¥-v\$ de o9 JUE
Unlined Canal

YY-AS *
Concrete
V-4 Jaske Y/D colies 4 LDPE | ous iigy JUIS

LDPE Lined Canal (Thickness 2.5 mm)

Sl o g M) e bai)l5S 5> i JUI 5l s ljee o @

DB o &Y pj 50 lheegds LY aASGI wazgl 8,5 JUK o ool (il Jleisl Slga ) Cundg (o) 2
230,55 samlie )] ;0 oo ,56 4eSd o)l 5l s a5l LIS cpl 4ol s asgs b as sl Lis
ol 053 5l Semdysay )8, lieests GGy 9 om wse W JUIS O aS (o 61Nl o A2y
EIV ERGIPWY QT Job oo poi b s i 0 Al odslive Sl ol o4lge 4o JUIS o
ol il 56 HDPE ()l pansss 090 objges woldl (1) (conldl lo ol )y 51 ooy j5kaie 4y
Sorzsonz «onSeS Al Jds e g 0yl (YL (g 5 290 b clagh) (Sl wad glow s Lo S
Jlasl g,00l3l 05d s ol iy 5l ologizn )0 'zae b 5 B3l 950 5 e 5l LB6 (Sl o5 oy

Jlail sl calio glod jo b pliesgiy Glodyy Oy phite plme slaaoil s 5 Yl

L Wave

\A4



oo (55l 4wl SJUE 51 Of Culd Lials ;3 o oo (LAY 3 Slos ol yxe Julod

o JSolobS VYV e v (gog0e slajlid o x> ooy lis
Loy aSCoss (So0Ng and Koerner, 1999) ausbs oo 3L
oets wlos,S Ly Take et al (2007) a5 a5 jlon
Slonga 358 Glyeagsy 5l cuis lB1 s g BB
5wl vszs ol S5 b zse cnl 9, > Flose
Joe Sl 1 53,55 0z (nl Saesls ) iz

D9 Glyeagsy ;o (Sb

Jlail el ilsioe 0,5 5 8T (slajs, 55 olpensss
Lot (Vb slociond ;0 ol yrongis el Yo 5 conlial
o o el ayo3 2l o] jran gl i pl &y 05
5 "398 odne YU Caos 4y xSge jsb 4 lyeagis b
3 b wales LSas ol o S8 2ee sla eVl
&y oy sl Sl L e opl wdds

ol ogbior mpy s 3l Ol gl el liees)

Slallas Lol t05.8 co o5 (g0g0e ,Lid Jil o ax ST Sloo

role (5 yll S SBJUE 53 (ol mowgd pldey ol -V IS
Fig. 7. Implementation of geomembrane covering in Moghan irrigation network channels.
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Extended Abstract
Introduction

The performance of geomembrane liners depends on proper design, installation, and
maintenance. Geomembranes exhibit thermoplastic behavior, expanding and contracting
significantly with temperature changes. This can lead to issues like wrinkling and uplift, which
can compromise the liner's seepage control function. Proper maintenance is also essential, as
geomembranes are sensitive to mechanical damage that can greatly reduce their effectiveness.
In Iran, geomembrane lining of irrigation canals has been implemented in several projects,
including the Moghan Irrigation Network. However, comprehensive studies on the performance
and durability of these liners are lacking. This study aimed to evaluate the effectiveness of
geomembrane liners in controlling seepage from Pumping channel No. 3 of Moghan, and
identify any issues related to their design, installation and operation. The results can help guide
the rational expansion and optimal utilization of geomembrane lining for improving agricultural
water productivity in Iran.

Literature Review

Geomembranes exhibit thermoplastic behavior, expanding and contracting significantly
with temperature changes. Geomembranes layers have a high coefficient of thermal expansion,
causing wrinkling or waves in parts of the liner when heated. Proper temperature is critical for
seam welding to avoid inadequate bonding and uplift of the geomembrane on slopes. Long-
term wrinkles can also become failure points. Proper maintenance is essential for the sustainable
operation of geomembrane projects, especially for exposed liners. Preventing mechanical
damage (intentional and accidental) is crucial for the liner's durability and effectiveness.
Geomembranes are sensitive to intentional damage (cutting, burning, abrasion, impact, etc.)
which can greatly reduce the liner's seepage control capacity.

Methodology

The Moghan irrigation network, particularly Pumping Channel No. 3, has been a focal
point for evaluating hydraulic performance, seepage control, and durability in irrigation
systems. This channel, which spans 28 kilometers, is crucial for drawing water from the
irrigation network and has a capacity of 2.3 m¥s, irrigating approximately 3,500 ha of
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Agricultural land and industrial units. Research conducted on this channel has employed the
inflow-outflow method to measure average seepage rates, which were found to be around 46.86
liters per day per square meter. This rate is considered moderate, compared to other
geosynthetic-lined channels, highlighting the need for ongoing maintenance and monitoring to
manage water loss effectively. Field inspections have revealed significant deterioration in the
channel's walls and floor, leading to operational challenges. In 1999, significant repairs were
made to three critical sections of the canal, covering 8 kilometers in total. However, these
repairs proved insufficient, as severe damage reoccurred within two years of service. This
situation emphasizes the necessity for robust construction practices and the potential benefits
of using advanced materials, such as geomembranes, to enhance the durability and performance
of irrigation channels. The research indicates that while immediate repairs can address some
issues, long-term solutions are essential for maintaining the integrity of the irrigation
infrastructure.

Overall, the evaluation of Pumping Channel No. 3 illustrates the complexities and
challenges faced in managing irrigation systems, particularly regarding hydraulic efficiency
and seepage control. The findings suggest that integrating geosynthetic materials could
significantly improve the channel's performance and longevity, thereby optimizing water
resource management in the Moghan region. Continuous assessment and adaptation of
maintenance strategies will be crucial in ensuring that the irrigation network meets the
agricultural demands of the area effectively.

Results and Discussion

The average seepage rate along the canal reaches was 46.86 liters per square meter per day.
No sedimentation or damage was observed during field inspections. The results demonstrate
the acceptable short-term effectiveness of well-installed geomembrane liners in controlling
water losses. Properly designed and maintained geomembrane liners can significantly reduce
seepage, improving agricultural water productivity. However, geomembranes require careful
consideration in design, construction and operation to avoid issues like thermal wrinkling and
mechanical damage that can compromise their seepage control function.

Conclusion

Controlling seepage from water storage and conveyance systems is essential in water-scarce
countries like Iran. Geosynthetic liners, especially geomembranes, are rapidly expanding in Iran
due to their unique waterproofing capabilities and other advantages like quick and easy
installation. However, comprehensive studies on the performance of these liners are lacking.
Rational expansion, proper utilization and optimal investment requires comprehensive
evaluation of completed projects. This study's results indicate the acceptable short-term
effectiveness of well-installed geomembrane liners in controlling water losses. Therefore,
geomembrane liners can contribute to improving agricultural water productivity by
significantly reducing seepage, if they meet waterproofing requirements. However, long-term
performance and durability require further investigation.

Keywords: Geotextile, Seepage Control, Irrigation Canal Lining, Hydraulic Performance,
Water Conservation.
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Fig. 1. The plan of the irrigation network

02935 e ONSU BB sl S5k Jgo! Y Jgo

Table 1- The criteria of Qazvin’s sewage treatment plant design
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Table 2. The time intervals for sampling the effluent
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Table 3. The values of qualitative parameters for the effluent from Qazvin’s sewage treatment plant
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Table 4-The proposed cropping pattern for the use of the effluent from Qazvin’s sewage treatment plant
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Abstract

Due to the scarcity of water resources and ever-increasing demand for it, treated
wastewater, if meeting agricultural standards, can serve as an alternative or supplementary
water source for achieving sustainable agriculture. In this study, considering the water shortage
problem and the presence of arable lands in the province of Qazvin, especially in the Buin Zahra
region, the potential of using the effluent of Qazvin’s sewage treatment plant in Buin Zahra’s
irrigation and drainage network was investigated. In the first phase, the environmental status of
the Buin Zahra region was studied, and subsequently, for one year (2019-2020), monthly
samples were taken from the raw wastewater inflow and the treated effluent. Physical, chemical,
and microbial analyses of these samples were conducted to evaluate the efficiency of the Qazvin
sewage treatment plant. Based on the area's cropping pattern and the quality requirements of
agricultural products, a plan for the development of the irrigation and drainage network was
devised, considering the quantity and quality of the produced effluent. The evaluations included
gravitational transfer, significant aquifer depletion, soil characteristics, and the area's cropping
pattern. Taking these factors and the social acceptance of the plan into account, the network
development was proposed using 20.8 million m® of effluent annually, covering 2000 ha of
Buin Zahra's lands, and the appropriate cropping pattern and irrigation system were determined.
Finally, given the importance of health and environmental issues, a comprehensive program for
monitoring the quality of various components of the plan, including effluent, soil, agricultural
products, and project workers, was prepared and presented to ensure the sustainable and safe
use of this resource.

Keywords: Irrigation, Sewage, Sustainable agriculture
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