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Fig. 1- The flume in experimental research of Samadi Rahim et al (2019)
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Fig. 2- 3D view of Geometric divergent compound channel, a without vegetation, and b) with vegetation
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Extended Abstract

Introduction

Compound channels are hydraulic sections consisting of the main channel and flood plains. In natural
rivers, the formation of a compound cross-section is common because, during floods, a part of the river
discharge is carried by the flood plains. In nature, flood plains are usually covered with vegetation that affects
the flow transfer capacity in the flood plain and the main channel. Knowing the hydraulic flow conditions
and the interaction of the main channel and the floodplain is necessary to protect human lives and facilities.

Many experimental and numerical studies have been carried out in compound channels with vegetation
(Myers et al., 2001., Hosseini, 2004., Kang and Choi, 2006., Huai et al., 2009, Proust et al., 2013., Hamidifar
et al., 2013., Yonesi et al., 2014., Theoharris and Panagiotis, 2016., Hamidifar et al., 2016., Kumar et al.,
2016., Shankar and Kumar, 2018., Samadi Rahim et al., 2020., Dovlati and Rezaei, 2021., Shokri and
Mehdipour, 2021., Zang et al., 2022., and Samadi Rahim et al., 2023). According to the review of previous
studies, most of them have been done in straight compound channels, but the numerical study of asymmetric
compound channels with divergent floodplains covered by vegetation has rarely been of interest. Despite the
high accuracy of laboratory studies in investigating hydraulic phenomena, high costs, limited laboratory
space, and scale effects have also inclined researchers to use numerical methods. Numerical methods can be
very efficient for investigating the effects of different parameters on a phenomenon by spending less time
and money, provided that the numerical model results have been validated.

The current research aim is to study the flow mechanism numerically in a diverging compound channel
with vegetation and to investigate the relative depth change in the flow mechanism.

Methodology

For the purpose of this research, the 3D flow field in a compound channel with a divergent floodplain in
two cases, with and without vegetation, at three relative depths (the ratio of the flow depth in the floodplain
to the flow depth in the main channel) has been simulated. Flow3D was used and validated. Then, velocity
contours, velocity profiles, flow depth, and discharge in the flood plain and the main channel for the two
mentioned states were compared and analyzed.

Results and Discussion

Validation of the numerical model and comparison with the laboratory results showed that the numerical
model was able to predict the flow pattern. The results showed that in both cases, by the increase in relative
depth, the maximum velocity in the main channel decreased. In floodplains without vegetation, at the
beginning of the divergence, the depth-averaged velocity is about 80% of the main channel one. And as it
progresses towards the end of the divergence, this ratio gradually increases. The vegetation and its resistance
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to the flow caused a decrease in this ratio of 30 to 60 percent. By increasing depth, vegetation creates more
resistance to the flow, and the resistance vegetation effect dominated by the effect of relative depth. The
amount of depth-averaged velocity reduction in floodplain due to vegetation compared to the condition
without vegetation for the relative depths of 0.15, 0.25, and 0.35 was 85, 82 and 84%, respectively.
Accordingly, the depth-averaged velocity increase in the main channel was 12, 25, and 30%. The
investigation of the changes in the flow depth from the beginning to the end of the channel showed that for
Dr=0.15, floodplain without vegetation have led to an increase of 3.7% in the flow depth in the main channel
from the beginning to the end of the divergence area. The vegetation has prevented the rapid increase in flow
depth, and an increase of about 0.7% occurred gradually up to a distance of about two times the length of the
divergence area, and then there is a 1.5% increase in depth. At Dr=0.35, about 4.5% increase in flow depth
has occurred in the main channel, but despite vegetation, the flow depth has gradually increased by 1.7%.
Investigating the effect of vegetation and relative depth on the amount of flow passing through the main
channel and floodplain showed that the flow in the main channel is always higher than the flow in the
floodplain, and the highest amount of flow passes through the main channel in the case of vegetation. With
the increase in relative depth, the amount of flow passing through the floodplain has increased while the
amount of flow passing through the main channel has decreased. About 80% of the discharge has passed
through the main channel and 20% through the floodplain. With the increase in relative depth, the flow
through the floodplain has reached 38%. The vegetation has increased the flow through the main channel
between 4 and 9 percent.

Conclusions

In this research, the flow field is simulated in an asymmetric compound channel with a diverging
floodplain. The simulation is carried out at different relative depths for two cases, with vegetation and without
vegetation, using Flow3D. Numerical modeling results showed that in both cases, with the increase in the
relative depth, the velocity decreased. Also, the high-velocity core of the flow occurred in the center line of
the main channel and below the free surface. The quantitative value of the depth-averaged velocity difference
in the main channel and the flood plain in the relative depths of 0.15, 0.25, and 0.35 in the case of no
vegetation is 36%, 22%, and 20%, respectively, and with vegetation is 91%, 89%, and 90%. That is, with the
increase in relative depth, the difference in depth-averaged velocity in the floodplain and the main channel
has decreased, but in the case of vegetation, relative depth changing has not led to depth-averaged velocity
difference, and the difference is due to the presence of vegetation. By increasing the cross-section’s width
and decreasing the flow velocity, increasing the depth can be justified to keep the specific energy constant.
This phenomenon continued to occur with increasing relative depth. The vegetation and preventing the flow
from entering the floodplain has led to a gradual increase in flow depth at divergence region. The discharge
in floodplain is always lower than that in the main channel.

Key words: Divergent Floodplain, Flow3D, Relative Depth, Vegetation
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Fig. 6. a) Temporal performance of DO variation for different geometries of stepped-pyramidal weirs at flow
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Extended Abstract

Introduction

Water quality changes with the penetration of water from the surface of the earth to the subsurface layers,
which are accompanied by the passage of subsurface of earth crust with different chemical composition. The most
important issues is the increase in the concentration of iron and manganese. Therefore, almost underground water
sources have significant amounts of iron and manganese. At high concentrations, those may cause the growth of
iron and manganese bacteria, increase pathogenic microorganisms, create bitter taste and unpleasant smell in
water, create red and brown spots on appliances and blockage water distribution systems. One of the main steps in
the water purification process is the removal of iron and manganese ions. Among these methods, the use of
oxidation is more widely used due to less operational costs. Use of an aerator is the main part of this method.
Stepped weirs are one of the economical devices for the aeration of water that has acceptable performance. In this
research, application of a pyramid-shaped stepped weir with and without sill on increase the dissolved oxygen
concentration under various flow discharge was investigated experimentally.

Experimental Setup and procedure

Experiments have been carried out on a stepped-pyramidal weir model in the Hydraulic Modeling Laboratory
at of University of Guilan. The physical model of the stepped-pyramid weir is made of PVC panels with a constant
slope of 1:2 and the number of steps is 6, with dimensions of 4 cm high and 8 cm long. The weir was installed on
Iron’s tank with dimensions of 1.5 m length and 1.5 m in width and 1 m height. A centrifugal pump device with
maximum flow rate of 8 I/s was used to provide desired flow discharge. In order to measure the flow rate, an
ultrasonic flow meter was used with an accuracy of +0.01 I/s.
In each geometry of the weir and desired flow rate, first the concentration of dissolved oxygen in the water supply
tank was reduced to 2 mg/l using Na,SOs solution, then variation of dissolved oxygen concentration was measured
by 2 oxygen meters (DO meter) model AL200xi manufactured by Aqualytic company, which was installed on
both sides of the tank, until the dissolved oxygen concentration reached on its initial level.
In this research, totally 30 tests were carried out to consider effect of the stepped-pyramidal weir on increasing the
dissolved oxygen concentration.

Results and discussion

The performance of stepped-pyramidal weirs with different geometries at h/y. equal to 7.4 (flow discharge
of 2 1/s) for the first step indicates that for stepped-pyramidal weir without sill, the falling jet from the steps have
gradually decreased in thickness and it falls discontinuously in steps 5 and 6. By installing the sill at the end of
each step, although turbulence and mixing of air and water occurred by formation of hydraulic jump but due to the
reduction in the thickness of the falling jet, the intensity of mixing is low and, the performance of stepped-
pyramidal weirs with end sill reduced. For the mentioned flow rate, the time to reach DO to from 2 to 7 mg/l for
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different stepped-pyramidal weir geometries is 857 seconds on average which injected 2.3 mg.l/s dissolved oxygen
into the water content of recipient tank.
By increasing the flow rate to h/y. equal to 5.6 (flow discharge of 3 I/s) for the first step, the thickness of the falling
jet and corresponding flow velocity increases and the overall performance of the stepped-pyramidal weir to
increasing dissolved oxygen improved. For mentioned flow discharge, the time of increase of DO to reach its
initial level is 735 seconds on average, which dissolved oxygen injected by rate of 2.5 mg.l/s into the water content
of the recipient tank.

by further increase of flow discharge to 6 I/s (h/y; equal to 6) turbulence and mixing of air and water
intensified by formation of hydraulic jump. Also, in the mentioned flow and relative critical depth, more turbulence
was observed at the end of each steps along with the sill or labyrinth sill. The results show that, with the exception
of the SG3 geometry (stepped-pyramidal weir with sill and labyrinth with the space of 4h), the other structures had
similar performance. The results showed that the time duration of DO concentration from 2 to 7 mg/l is 395 seconds
on average, the lowest value of which was related to SG, geometry (stepped-pyramidal weir with sill) which could
inject dissolved oxygen on an average of 2.3 mg.l/s into water content of the recipient tank.
At the maximum h/y. equal to 3.2 (flow rate of 7 1/s) for the first step, the mixing of air bubbles and turbulence of
flow on each step causes the labyrinth sill with small length could better performance due to more separation of
falling jet of over passing. The time duration to reach the DO concentration from 2 to 7 mg/l is 294 seconds on
average. The SGs geometry (stepped-pyramidal weir with labyrinth having internal space of h) had the best
performance. In general, dissolved oxygen is injected into water content of the recipient tank at an average of 2.7
mg.l/s.

Conclusion

The results showed that at the low thickness of overpassing flow with h/y.> 10, simple stepped-pyramidal
weir had better performance than other geometries and could inject 2.9 mg.l/s of dissolved oxygen into the water.
The comparison of the results indicates that as the flow rate increases, due to the increase of turbulence and mixing
of air bubbles into overpassing flow at each step, the performance of the steps with a simple and labyrinth sill
improves, so that their performance to inject dissolved oxygen is from 2 to 3.3 mg.l/s. In general, among the
different geometries of the stepped-pyramidal weir, the SG, geometry had the best performance.

Keywords: Aeration, Dissolved oxygen, Labyrinth sill, Purification, Stepped-pyramidal weir.
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Figure 7- Global horizontal irradiance (GH), Diffuse horizontal irradiance (DH), high temperature (TEMP H) and
low temperature (TEMP L) for RCP 4.5 scenario in different months of 2030
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Extended Abstract
Introduction

In arid and semi-arid regions like Iran, which have recently faced a severe water crisis, evaporation
negatively impacts the quality of surface and groundwater resources. Increased evaporation rates lead to a
higher concentration of salts and minerals in water bodies, which degrades not only water quality but also
soil quality, leading to soil erosion and diminished crop yields. Controlling evaporation is therefore critical
in managing such crises and preventing further severe consequences.
The volume of water lost due to evaporation from water reservoirs, which have relatively large surface areas,
compared to the volume of stored water, exceeds the amount used in crop production. Advanced countries
use a variety of methods and cover the reservoirs to reduce evaporation from both water surfaces and soils.
These include physical methods (applying used tires, floating bolls, making light-permeable concrete slabs),
chemical methods (applying fatty alcohols, hexadecanol, octadecanol, etc.), as well as growing certain plant
species like duckweed.
Water management strategies such as water demand management, reusing wastewater, applying water
surface covers, and improving the efficiency of water resource use, particularly in agriculture are essential
Prioritizing water projects is also part of effective water management. However, methods that reduce
evaporation while also generating energy are considered superior. One of the best covers for this purpose is
solar panels for electricity generation.
Given Iran's low average precipitation (250 mm) compared to the global average (850 mm) and its high solar
energy potential, utilizing this valuable resource can be highly beneficial in controlling evaporation from
water surfaces. Consequently, this approach is cost-effective and economically viable compared to many
other methods and is crucial for water conservation (Nematollahi et al, 2015; Alvarez et al, 2006; Soltani et
al, 2018; Sepaskhah, 2018; Rezazadeh et al, 2020; Farzin & Alizadeh, 2015).

Materials and Method

In this research, climatic data for the city of Miandoab were obtained from the West Azerbaijan Province
Meteorological Organization; data were analyzed. Key factors such as temperature, precipitation, humidity,
solar radiation, and wind speed were studied to assess how the implementation of solar panels on irrigation
canals might reduce their impact.
The analysis was carried out using Meteonorm software, a unique blend of trustworthy data sources and
advanced calculation tools, providing access to normal years and registered time series. This software is used
worldwide to create climatic data for a plethora of locations. It allows for the analysis of annual and monthly
variations in temperature, precipitation, and solar radiation on a global scale, combined with databases and
interpolation algorithms for different scenarios covering the period of 2010 to 2200.
Weather forecasts were generated with algorithms using the HadCM3 model, which is based on a simple
autoregressive model, to produce realistic future monthly data (Remund et al, 2010). In the fourth IPCC
report, the main emission scenarios, B1, A1B, and A2 ranged from the most optimistic to the most
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pessimistic; these were replaced in the fifth report with RCP scenarios 2.6, 4.5, 6.0, and 8.5 (Mansouri et al.,
2018). Furthermore, the study utilized PVSYST software for comprehensive simulations of solar
photovoltaic systems, grid-connected, off-grid, and solar pump systems, analyzing shading effects and
enabling the input of meteorological data from various sources, including personal data input manually.
Finally, the analysis and reporting of these data were made possible (Khammar et al., 2020).

The optimization of photovoltaic systems depended on orientation according to the solar path (solar angle at
local noon) as well as axial deviation to achieve maximum solar irradiance. Inputting geographical
coordinates enhances the accuracy of the simulation results, adapting the projections to real-world settings.
These data are based on NASA satellite measurements available for various geographical locations
worldwide.

Results and Discussion

The study highlights the significant solar energy potential at the Miandoab wastewater treatment plant,
with an estimated annual production of 131,000 kilowatt-hours. This capacity is sufficient to power around
271 water pump motors for six hours per day, demonstrating the viability of integrating solar energy into
water management systems. Solar energy peaks in June, but higher summer temperatures reduce efficiency,
illustrating the importance of temperature considerations when designing and placing solar modules.
Additionally, floating solar panels serve the dual purpose of energy generation and reducing water loss
through evaporation, preventing approximately 467.7 cubic meters of water loss annually, a critical factor in
regions where water scarcity is a concern.
However, the study has some limitations. First, the analysis does not account for energy storage solutions
such as batteries, which would be necessary for consistent power supply during off-peak solar hours. Second,
while the panels reduce evaporation, their long-term impact on water quality and plant maintenance requires
further investigation. Additionally, variations in solar radiation throughout the year may affect power
consistency, especially during winter months. The economic analysis also assumes fixed energy prices and
solar tariffs, which could fluctuate over time.Practically, the integration of floating solar panels can lead to
self-sufficiency in energy production at the treatment plant, reducing dependency on external power sources
and providing a return on investment within approximately 6.2 years. Furthermore, surplus electricity could
be directed to nearby irrigation systems or local households, increasing the overall utility of the installation.
Environmentally, the reduction in evaporation and carbon dioxide emissions supports sustainable
development goals.

Conclution

The study concludes that floating solar panels offer a cost-effective, environmentally beneficial solution
to water evaporation and energy production. It is recommended that future work include detailed cost-benefit
analyses of energy storage systems to improve reliability, along with monitoring the impact of solar panels
on water quality. Expanding the project to similar facilities in water-scarce regions could further enhance
sustainability efforts and maximize the benefits of this technology.

Keywords: Energy Efficiency, Evaporation Reduction, Floating Covers, Solar Energy, Water Storage
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the average gross cotton irrigation requirement, calculated in three different ways.



- (8379 pguyo Lyl s 3 ay Csly3 3 o g (5 el Of (5590 )42 (S aSL 3,91 5

Codgiml-( (59031 b @113 Gl oesd 53 (5195 (S105ka g (b (5 kol (SS9, Ao T Jgua
Table 2- Comparison of surface and drip irrigation methods in Darab city with Student's t-test

Jles B)tw &ol3T a5 sl
p df Index
-Af4 |55 5 35ee
Yield
NI <JOFA & .6)%‘.*%1 W
Applied irrigation water
NS —<IY\D ¢ Solel ol Gose e

Irrigation water productivity

S &1 (559854 9 (IS 53 CaSo 0) (5l f o o US40 0,59LS) 3,500 (A LS (pSSile dunnglilo T Jgan
113 b e (518 glo ka8 g (e gyl (5L, 9 53 (asSe yio 52 0,5 5kS)

Table 3- Comparison of average yield index (kg/ha),

applied irrigation water (m®ha) and irrigation water

productivity (kg/m?) in two methods of surface and drip irrigation in Darab city

3 laibiwl glas 8 il GBI ol oSl 6okl oy el
Std. error Std. deviation Mean Irrigation method Index
YV /¥ FEYIY N2\ o
surface o Sloc
g5 glo ln i
Yoo YAY/A BA- - )15 sl Yield
Tape
VY8 YVY Y VAVASIA < Gl ol o
surface A
L s Applied irrigation
YEFA/D FAVS/A AT Sl sl water
Tape
2N I\ -6y b N I P
surface a
L s Irrigation water
AYY A¥Y -I9¥ )15 sl productivity
Tape

O am anli gl Ll enl o s liw 48 dus o
5,005 3939 (6, e NS i ad dw (o (5,0l
ool O (690 0 e Sl s 5 et 4 (0 JS0)
g sad oalive liw el dus (o (50 Sxe IS S

¢ Js)

44

Shls colw )Y lw o aw jo laools aSyl & axg5 b

slopazls glal Julos g 4520 09 00 (55l gex Lud g
Ol et an ol 50 s)lol OF (59050 9 pax> 0 Shoe
el 00l 03,51 (B L F) (slo IS 10 9wy plosl 4 5
50 0 Sae atlh WS 05l o cdmlin (F) S5 50



OV — V€ asiuo/ Y E+ ¥ LB/ A0 0,Lond/ Y0 2,93/ iR 9 5yl (51 05l  cwriigeo liuioes

Yeoo o
TVeee
3=
e} E Ovee
J D
ERRS
G O
giE 2000 -1
VS
>~ c
el g Y‘OOO -
g S
= O
"000 -
Yooo
Citeis

Lud g G115 ¢yl ybiw send a5 (HUSR 13 0555LS) dniy 5o 1wSluo A ble —£ WS
Figure 4- Comparison of the average of cotton yield (kg/ha) in the three cities of Larestan, Darab and Fasa

Yleee -

YEoee 4

Yoo
Yeoos
Avee
Qeee
fone
Yoor

Citeis

()LSJ» » 9;-5\4).:.4) d)LA‘ ol o>
Applied irrigation water (m3ha)

Lad 9 115 cybian, ¥ 3l yead duw 5 (US55 xSl i) iy (5 k! o oo (0uiloo Aunny o -0 JSU5
Figure 5- Comparison of the average of cotton applied irrigation water (m3%ha) in the three cities of Larestan,
Darab and Fasa

SA



- (8379 pguyo Lyl s 3 ay Csly3 3 o g (5 el Of (5590 )42 (S aSL 3,91 5

O’AQ -
Xy
35
_ X e a a
) >
-_— =
.3’ = +,00
A ©
v 5 a
— O
3§
v, =

.
q- % Q’YQ -
¥
4,8 ¥ 1

T

2
\§ = 0’\0 B
N— -

* 0

b)Y

olyls d

Citeis

Lud 5 1,1 ylinw ¥ 3w oend s 33 (eaSo o 3 0,5'5kS ) iy (65l T (6590 10 (60 Auany o =1 JSS
Figure 6- Comparison of the average of cotton irrigation water productivity (kg/m?) in the three cities of
Larestan, Darab and Fasa

a2l ST e (050 Gtz 5 990 o5
o 3l e i 5 05 a8Lal gLl L ke 4
5 S Gy e (205 Glej yo Les (SLSL (AalBl s
Yo ) S 28T il 503 (sgm 5l g 951 00d baojee
Sl o2 (2 Sls 4 4z g b sl 005y 0 Sloe talS S0
xSy ANl il iy Geie g)l50 50 o)k
2 Ay S ) mhe bl 3l Cluisl g LS
oas oolawl (g Lol O por (LS VAYFA) o 16 Ll
coSe e Ggeken VAV Oliee @y Ll Ay g)l5e S 0
SYENEESTIIN NS
5 o5 bl Cunds 5 Gl @S wlel 2
Sl g, g S 3l 09 o0 drog Gl O qlie (&S
Lasgi olo (LT Jgl g oleols ;3 Yo o 5 as dige bl o g
Vo ol o b 5508 s 5l g 005 Sale) ol po e
Ol e iy 0,90 40 o aulats (5,loleS G0 YO
55 iy obS (6l (ool o pd Bl (50 age )l
Veree B G xha lal by b Bble ol
Ul iz o 0gd a8 S Sl s LS pd S

54

S5 And
2l Gasere 2l 5 skl ol 2 gy ol 5o
2 Ll g olls ol slaplbved jo an )bl
eSiles alo lis Slalllas ol 00,8 sy (8 L]
a Ld g Olyls oyliw )Y Coiin gl 50 )kl o e
Se s caSeye ADYD 5 VVEYe AYSY Cig
Vo g A F oo @ g Sl jobay a5 0l (6,505l
o S (5508 puSles el 00 5lol £l 40 oy
CEe E)lie )0 i A e et Vg TP
eSils ol b ol (6 ,S0slasl Lud 5 Olls b,y
i A @ble ol G gl o o Sles LS
ol Cossay LSy a,SshS TrAL 5 OYVD LFY--
aS Ohle covin gl jo il atrin a5 b les
ol 00 0318 (6 it o g LBl 939 (5,98 yeS
BB 5 Jde K plod 90 4 Cund 3 Sles
A Jg cwl pglie (g8 4 ay oLS 0)ls (gl s
Ol et 93 )3 3 Sdee falS (LYo 5l (S a0
Js Gmmay a8l S (6550 09 Vb dd 5 i)Y



OV — V€ asiuo/ Y E+ ¥ LB/ A0 0,Lond/ Y0 2,93/ iR 9 5yl (51 05l  cwriigeo liuioes

AN 4y g sy S8 (sl Fige (o5, Baies lad gl
O el il jloslasn] o) 09upn 5 Jgame (il
ablo cpl & glial g)lpe (ooles Sl (22 L 5 i 5
Oaekee VOV Slasy glze U5 0 T Bpas g jeme
Gl s s P g S e (ygudee VO 4y S e
Gloailels davg 995 o0 arogi o) (nl 5l WS e oy
o ay el o (b s glal 2 aSTL 5kl g
e xS B ollpose 9 ol Oldgie S s
STl aS o lhe )0 ohg @ daSB a9 5l 6 S ol
ke 4 g dslrs o5l (o igd e )kl 5
@ a cils 5l 8 S g3l sl 0gd adlal gLl
sy on S5 S las s S5 5 (5,8 5 sliie 5o
» ol Gogese pasle Gl laaog ol cole, b

Sgr adlgss sl 5l jes ay Jeazxe

S8 asy gl sl 6)le sloykd ()Ll Lllu 59, 00
d"‘)s‘ O&A‘ e B ol )'1 b asl dswgs Ql.'l...;‘ 4
@ ol Bras jiolS 4 axg b og ood Gime el oy
> b (hgy d Sod g (pl j0 ey Ve e
o yte gakes WYY @ bl &y g )150 S (s Lol
5 & olass mls elal p oo Bl 5lal o rals
loykab o Lol b, 5l eoliad (Li et al., 2024) o Sen
‘_ng) 9 J..S|\.\> <_§L°° as I )’| 6\&]41.4 I cs’d"'“’)")
SOLLoLS le az )oY o ¥ o5 4 ailyy) JSlos
oSy TAF e ol wh, Jab ooy sie due AY/F
s ‘5‘).) 6&;:}5 g_:T @w el 00U wj., )L«.S.Q BN
Joles ge (b yie Lo OVIV @y az g5 b adhate (ol 5o

Sl ol aloe Cavoty (LS o CaSe e YARA

&y

Abbasi, F., Akbari, M., Naseri, A., Abbasi, N., Baghani, J., Jolani, M. Shahrokhnia, M.A., Nakhjavani-
Moghadam, M.M., Sepehri, S., Moayeri, M., Hasan-Oghli, A.R., Haghayeghi-Moghadam, A., Ghadami-
Firoozabadi, A. , Mousavi Fazl, H., & Yazdani, M.R. (2024). A review of water consumption
management indicators of different crops in Iran. Irrigation and Drainage Structures Engineering

Research, 25(94): 1-16.

Abbasi, F., Abbasi, N., & Tavakoli, A.R. (2016). Water productivity in the agricultural sector; Challenges
and prospects. Journal of water and sustainable development, 4(1): 141-144. (in Persian)

Abbasi, F., & Abbasi, N. (2023). An analysis of irrigation efficiencies over time in Iran. Iranian Journal of
Irrigation and Drainage, 17(6): 1025-1033. (in Persian)

Afshar, H. & Mehrabadi, H. R. (2016). Investigating the performance of cotton and its components in two
methods of drip and furrow irrigation. Seedling and Seed Quarterly, No. 4. (in Persian)

Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop Evapotranspiration, (guidelines for
computing crop water requirements). FAO Irrigation and Drainage Paper, No. 56.

Anon. 2021. Statistics of Fars Jahad-Agricultural Organization. (in Persian)

Anon. 2024. Agricultural Statistics. The First Volume of the Crops “Crop Year 2022-2023”. Bureau of
Statistics and Information and Communications Technology in Ministry of Agriculture, 126 p. (in

Persian)

Asadi, R., Hasanpour, F., Tabatabayi, S. M. & Kohi, N. (2012). Evaluation of surface and subsurface drip
irrigation systems on cotton yield in Orzuiyeh, Kerman province. Journal of Agricultural Sciences and
Techniques and Natural Resources, Water and Soil Sciences, 17(63): 11-20. (in Persian)

Aujla, M.S., Thind, H.S. & Butter, G.S. (2005). Cotton yield and water use efficiency at various levels of



- (8379 pguyo Lyl s 3 ay Csly3 3 o g (5 el Of (5590 )42 (S aSL 3,91 5

water and N through drip irrigation under two methods of planting. Agricultural Water Management,
51:167-179.

Ayars, J.E., Hutmacher, R.B., Vail, S.S., & Schoneman, R.A. (1991). Cotton response to nonuniform and
varying depths of irrigation, Agricultural water Management, | 9: 151-166.

Azari, H. M. (1996). Final report of the plan to determine evaporation and transpiration potential by lysimetry
method. Agricultural and Natural Resources Research Center of Golestan Province, Agricultural
Research, Education and Promotion Organization. (in Persian)

Bakhtiyor, K., Nazirbay, I., Yusupbek, E., Stevsn, E., & Lee, H. (2003). Irrigation scheduling study of drip
irrigated cotton by use of soil moisture neutron probe. International Water and Irrigation, 23(1): 38-41.

Cetin, O. & Bilgel, L. (2002). Effect of different irrigation methods on schedding and yield of cotton.
Agricultural Water Management, 54(1):1-15.

Eslami, A., Shahrokhnia, M.A. & Ghafouri, V. (2019). Presenting a simple program for managing drip
irrigation systems of cotton fields (case study: Darab and Larestan cities). Oilseeds Extension Journal,
2(2): 92-84. (in Persian)

Farshi, A.A., Shariati, M.R., Jarollahi, R., Ghaemi, M.R., Shahabi Far, M. & Tavalaie, M.M. (2015).
Estimation of water requirements for major garden and crop plants in the country. Publications of Soil
and Water Research Institute. (in Persian)

Feike, T., Khor, L.Y., Mamitimin, Y., Ha, N., Li, L., Abdusalih, N., Xiao, H., & Doluschitz, R. (2017).
Determinants of cotton farmers: irrigation water management in arid Northwestern China, Agricultural
Water Management, 187: 1-10.

Ghaemi, M. (2018). Irrigation method in cotton cultivation in Varamin region. Soil and Water Research
Institute. (in Persian)

Ghorbani Nasrabad, g. (2007). The effect of deficite irrigation in different stages of growth on the quantitative
and qualitative properties of cotton. Publications of the country's cotton research institute, final report. (in
Persian)

Ibragimov, N., Evett, S. R., Esanbekov, Y., Kamilov, B. S., Mirzaev, L, & Lamers, J. P.A. (2007). Water use
efficiency of irrigated cotton in Uzbekistan under drip and furrow irrigation. Agricultural Water
Management, 90(1-2):112-120.

Jafar Aghaei, M. & Jalali, A.H. (2013). The effect of irrigation water salinity on the yield and water use
efficiency of three cotton cultivars. Journal of agricultural and horticultural products processing
production, 2(5): 97-107. (in Persian)

Jolaini, M. & Mehrabadi, H.R. (2010). Investigating the effect of surface and subsurface drip irrigation
methods and round irrigation on the quantity and quality of cotton. The final report of the Agricultural
Engineering Research Institute. (in Persian)

Kiani, A.R. (2013). Cotton irrigation planning. Promotional publication of Agricultural Engineering
Research Institute. (in Persian)

Li, N., Shi, X., Zhang, H., Shi, F., Zhang, H., Liang, Q., Hao, X., Luo, H., & Wang, J. (2024). Optimizing
irrigation strategies to improve the soil microenvironment and enhance cotton water productivity under
deep drip irrigation. Agricultural Water Management, 305:1-15.

Nakhjavani Moghadam, M.M., Haghayeghi Moghadam, A., Jolaini, M., Sohrabi Meshkabadi, B., Eslami A.,
Khosravi, H., & Akhwan, K. (2019). Determination of Cotton water consumption. The final report of the
Agricultural Engineering Research Institute. (in Persian)

A



OV — V€ asbuo/ Y £+ ¥ LB/ A0 2,)loud/ Y0 2,95/ uiSR} 9 (55l (6 05l owiige iliuiod

Raes, D. (2012). The ETo Calculator, Reference Manual, Version 3.2. Food and Agriculture Organization of
the United Nations, Land and Water Division.

Rahimian M. & Kakhki, A. (2016). Calculation of water requirement of cotton plant by lysimeter method in
Kashmar region. Journal of Water and Soil Sciences, 21: 145-141.

Rao, S.S., Tanwar, S.P.S., & Regar, P.L. (2016). Effect of deficit irrigation, phosphorous inoculation and
cycocel spray on root growth, seed cotton yield and water productivity of drip irrigated cotton in arid
environment. Agricultural Water Management, 169:14-25.

Shirvanian, A., Haghighatnia, H. & Mehrjo, S. (2013). Determining the economic threshold of deficite
irrigation of cotton in Darab city. Journal of Agricultural Economics and Development, 28(4): 312-321.
(in Persian)

Silvertooth, J.C., Galadima, A. & Norton, E.R. (2001). Evaluation of Irrigation termination effects on fiber
micronaire and yield of Upland cotton. The University of Arizona.

Sohrabi Moshkabadi, b. (2013). Final report of determining the most appropriate time to start irrigation and
its effect on yield and quality of cotton fibers. Publications of the country's cotton research institute. (in
Persian)

Sohrabi Moshkabadi, b. (2016). Cotton water productivity of the country. Technical publication of Cotton
Research Institute, Agricultural Research, Education and Extension Organization. (in Persian)

Wanjura, D.F., Upchurch, D.R., Mahan, J.R. & Burke, J.J. (2002). Cotton yield and applied water
relationships under drip irrigation. Agricultural Water Management, 55(3):217-237.

Zwart S.J. & Bastiansen W.G.M. (2004). Review of measured crop water productivity values for irrigated
wheat, rice, cotton, and maize. Agricultural Water Management, 69:115-133.

\Al



Irrigation and Drainage Structures Engineering Research/\/ol.25/No.95/Summer /2024/P: 57-74

AERI

Original Research

Estimation of Irrigation Water Productivity Indicators and Cotton
Cultivation Yield in Conventional Agricultural Conditions of Larestan,
Darab and Fasa Cities (Case Study: Fars Province)

“A. Eslami , M M. Nakhjavani Moghadam , M.M. Ghasemi, A. Jokar

*Corresponding Author: Assistant Professor, Agricultural Engineering Research Department, Fars
Agricultural and Natural Resources Research and Education Center, Agricultural Research Education
And Extention Organization, Shiraz, Iran

Received: 1 October 2024, Accepted: 30 October 2024

Email: amireslami.50@gmail.com

https://doi.org/ 10.22092/idser.2024.367111.1593

Extended Abstract
Introduction

Recognizing and removing production obstacles such as climate changes and drought and water shortage
challenges, on one hand, and performance instability and Inappropriate product quality, on the other hand,
has doubled the importance of paying attention to applied research and transfer of technical knowledge to the
field of production. Therefore, the present research was conducted with the aim of investigating the impact
of farmers' management in different climates of cotton-producing areas of Fars province on the irrigation
water productivity index.

Methodology

This research was carried out in the field in order to determine the cotton irrigation water in the fields
under the management of farmers during one cropping season (2018-2019) in Larestan, Darab and Fasa areas
in Fars province. A total of 20 experimental farms were selected. Registration of irrigation program and
measurement of water source flow using WSC flume device and volumetric meter were also done. After
determining the flow rate of the water source, according to the number of hours of irrigation, the applied
irrigation water in each irrigation turn was determined in each of the selected fields. The simplest method
that can be used in farmers' fields to estimate the physical productivity of irrigation water of a plant is to
measure the yield and amount of irrigation water during the cropping season. In order to estimate the pure
water requirement of cotton in the study areas, first, the reference evapotranspiration was calculated using
the ETo-calculator software (Raes, 2012) according to the FAO Penman-Monteith method. The
meteorological information used included daily average maximum and minimum air temperature, maximum
and minimum relative humidity, wind speed at a height of 10 meters (m/s) and the number of sunny hours
per day in a statistical period of 10 years. In order to determine plant coefficient values in different stages of
cotton growth, first, according to field observations, the four stages of cotton growth were determined. Then
the plant coefficients related to each growth stage were selected based on the proposal of FAO publication
56 (Allen et al., 1998). Considering the efficiency of 60 and 90% for surface and drip irrigation systems,
respectively (Abassi et al., 2015), the gross water requirement of farms was obtained.
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Results and Discussion

The average yield of cotton in Larestan, Darab and Fasa cities is 4300, 5775 and 3080 kg per hectare,
respectively. As it is known, the lowest crop yield was obtained in Fasa district, which could be due to high
soil salinity. According to the research of Nakhjavani Moghadam et al. (Nakhjavani Moghadam et al., 2019),
the average yield of cotton in the country is reported to be 3383.5 kg per hectare, which has increased by 27
and 70 percent in Larestan and Darab, respectively, and the cotton average yield in Fasa is 9 The percentage
has decreased. The average amount of irrigation water in selected farms and 18 farms that were irrigated by
surface irrigation method was 9944 and 9899 cubic meters per hectare, respectively. The average water
productivity in the selected farms of the province was 0.5 kg/m3, which is 16.3% higher than the national
average reported by Nakhjavani Moghadam et al. Also, the average water productivity in the surface
irrigation method was 0.49 kg/m3. The average water requirement of cotton in the selected farms of Fars
province was calculated as 849, 888 and 989 mm, respectively, based on 10-year meteorological data,
meteorological data of the project implementation year and the national water document. Surface and drip
irrigation methods in Darab city did not have significant statistical differences in any of the indicators.

Conclusion

Taking into account the latest statistics on the area under cotton cultivation in Fars province (19,269
hectares), the volume of water consumed in all the cotton fields of the province is estimated at 191 million
cubic meters per year. The results showed that the average indicators of yield, irrigation water and
productivity of cotton irrigation water in 18 selected farms of the province that were irrigated by surface
method were 4450 kg/ha, 9899 m3/ha and 0.5 kg/m3, respectively. Based on the results of this research, it is
recommended that the optimal planting and harvesting dates are observed by the operators on June 20 and
November 1, respectively. On the other hand, by accepting the amount of regulated deficit irrigation (20-
25%) during the growth period, the optimal irrigation water amount regardless of the leaching coefficient for
the cotton plant in these areas with the surface irrigation method should be considered between 9000 and
10000 cubic meters per hectare. It is also emphasized that before planting, farmers should take the soil sample
and test it and perform optimal fertilization management according to the recommendations of experts.

Keywords: Cotton yield, Irrigation water, Irrigation management, Water requirement
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Table 1- Physical characteristics of the primary soil sample
(o y8) & 30 51 g0 oSy Clasuiv RTTAS 0329 0399
Atterberg range (%) Compaction characteristics Classification Srpr)]e;csisal
Proctor ;951 Harvard »,lg,l»
.. L. .. L. X Ll
Sl gt s oldilas gk, Wil Cagb, Wil W ‘:;j, ”
Liquid  Plasic  Shrinkage e oSl ke or5Sle G G
Limit Limit Limit Optimal Maximum Optimal Maximum ligs S
moisture density moisture density (uscs?)
Wop () Tdmax Wop () Vamax
(gcm?) (gcm?)
47.5 23.59 16.48 234 1.61 211 1.58 CL 2.7
Table 2- Chemical characteristics of the primary soil sample
(A 52 oY1y (51 ko) Loyge! (A 52 oY1y 51 ko) Loy9sS
pH EC Anions (meq lit") Cations (meq lit")
O] (dSm™)
COs* HCOy Cr SO Mg Ca? Na*
7.88 1.47 - 8.6 10.0 2.87 3.0 4.0 145

! United States Soil Classification System
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Table 3- The type and percentage of salts used to prepare synthetic samples

digod b ylows Sod g9 S 2
Sample number The type of salt The percentage of salt
E-0 - 0.0
E-0.5 0.5
E-1 1
E2 Sodrlj: ;:);nate 2
E-5 5
E-10 10
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Fig. 5- One-dimensional Consolidation Test Devices
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Table 4- Chemical analysis of syntethic soil samples
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Sum of cations Sum of anions (dS m™) ifi pt'
K* Na*  Ca® Mg?* SO Cr  HCOy COs* specilications
215 - 145 4 3 21.47 2.87 10 8.6 - 147 7.88 EO
23.75 - 18.75 2 3 28.85 2.85 10 14 2 2.02 7.90 E05
46.46 - 38.46 2 6 37.69 1.69 20 10 6 280 7.89 El
139 - 130 1 8 126.78 12.78 10 96 8 1258 7.91 E2
514.77 - 460 22 32 524.73 14.53 27 430 532 5180 7.92 ES5
766 - 710 20 36 770.69 137.09 392 1364 1052 7430 7.91 E 10
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Table 5- Compaction characteristics of synthetic samples
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Table 6- The effect different percentages of sodium carbonate on volume and linear shrinkage of samples
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Average initial Average volume Average initial Average linear (ds/m) . o
moisture (%) shrinkage limit (%) moisture (%) shrinkage limit (%) Sodium carbonate (%)
S Lals
56.37 14.65 55.66 16.24 1.47
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Fig. 6- The effect of sodium carbonate on volume shrinkage of samples
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Table 7- Free swelling tests of samples containing sodium carbonate

(JSCwlyshs) (0,95 jLid PP Moy B (32,3) adgl cugb, Wged 0 lowd

Swelling pressure (kPa) Swelling percentage 1o (g em™) Initial moisture (%) Sample number
10.20 11.8 1.66 15.42 S-G7
10.10 12.0 1.64 15.42 S-G6
10.05 11.8 1.63 15.42 S-G2
100.0 33.0 1.63 20.38 E-1-G4
58.0 325 1.59 20.38 E-1-G6
30.5 14.5 1.72 19.53 E-2-G1
220 6.6 1.68 19.53 E-2-G2
38.0 8.5 1.69 19.53 E-2-G3
17.0 115 1.76 20.08 E-5-G1
220 115 1.75 20.08 E-5-G2
30.0 116 1.70 20.08 E-5-G3
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Table 8- The mean of free swelling tests of samples containing sodium carbonate

(JSewlygls) (o0y95 Ui P19 Moy | (32 3) gl b, Wigod 8, lowd
Swelling pressure (kPa) Swelling percentage Ta (@em?) Initial moisture (%) Sample number
10.12 11.87 1.64 15.42 S
ot Olo,S E-1
79.0 32.75 1.61 20.38 E-1 sodium
carbonate
it lo,S E-2
30.17 9.87 1.70 19.53 E-1 sodium
carbonate
it Olo S E-5
23.0 11.53 1.73 20.08 E-1 sodium
carbonate
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Fig. 11- Variation of swelling pressure with EC changes
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Extended Abstract

Introduction

Swelling and shrinking soils are problematic soils that destroy structures built on them if their behavior
is not recognized and the necessary measures are not taken. The potential of swelling or shrinkage soils
depends on various factors, such as the type of clay minerals and the chemical properties of the water. When
developing the theoretical concept of swelling soil, factors such as mineralogy, soil structure, and pore water
affecting physical factors (such as density, moisture value, and plastic properties) should be considered.
Determining the swelling percentage and swelling pressure of clay soils is an important tool to explain and
predict the behavior of clay soils. One of the most important properties of clay soils is their sensitivity to
volume changes due to swelling and contraction, which lead to soil movement. According to the studies
conducted on various aspects of swelling, shrinkage and also the effect of the amount and type of salinity on
soil properties such as structure, grain stability and shear strength, it seems that much research on the effect
of the amount and type of salinity on the swelling and shrinkage behavior of soil has not yet been conducted,;
therefore, this research attempts to investigate as much as possible the effects of different amounts of sodium
carbonate on the swelling and shrinkage behavior of clay soils. Several objectives were pursued in compiling
and conducting this research, including investigating the effects of different amounts of sodium carbonate on
swelling percentage, swelling pressure, volumetric and linear shrinkage, and determining the effects of
chemical characteristics such as EC on the indices of shrinkage and swelling.

Methodology

In order to investigate the effects of the amount of sodium carbonate on the swelling and shrinkage
properties of soils, synthetic samples with different amounts of sodium carbonate were used in this study.
For this purpose, a sample of clay soil from Kamalabad region of Karaj was first prepared. In order to identify
and determine the physical and mechanical properties of the soil used, identification and classification tests
were carried out including granularity, Atterberg limits, compaction properties, specific gravity, swelling and
shrinkage indices and also chemical properties were studied on the samples based on ASTM standards.
The shrinkage limit was used to determine the shrinkage capacity and specifications of the samples. There
are two methods, volumetric and linear, to determine the shrinkage limit. The laboratory method for
determining the shrinkage limit is provided as a standard by the ASTM Institute under the number D-427.
To determine the percentage of swelling and the swelling pressure of soils with different proportions of
sodium carbonate, the swelling test was carried out according to the standard (ASTM D4546). First, the soil
sample prepared by the dynamic method was tamped into special rings, and then each of the rings containing
the sample was placed in a normal consolidation device.

Results and Discussion

The results show that the sodium carbonate salt had no significant effect on the optimum moisture values
and the maximum dry density of the soil samples tested. With the increase in the amount of EC, caused by
the change in the amount of sodium carbonate in the original soil, the linear shrinkage and volume shrinkage

)


https://doi/

Investigating the Effect of sodium carbonate on the swelling and shrinking behavior of clay soils...

limit also increased with an almost regular trend, and for the sample with EC=12.58 ds/m, the linear shrinkage
and volume shrinkage limit decreased.

The results show that when the sodium carbonate content is increased from zero to 1%, the swelling
percentage increases with a sharp slope, and when the sodium carbonate salt content is increased to 2%, the
swelling percentage decreases from 32.75 to 9.87. If you increase the percentage of sodium carbonate salt
from 2 to 5%, the percentage of swelling increases from 9.87 to 11.53 with a slight slope. As you increase
the EC from 1.47 to 2.8 (dS/m) the inflation percentage increases from 11.13 to 32.75 and as you increase
the EC from 2.8 to 12.58 (dS/m) the inflation percentage decreases from 32.75 to 9.87 and as you increase
the EC from 12.58 to 51.8 (dS/m) the inflation percentage increases from 9.87 to 11.53.

The graphs of changes in swelling pressure with changes in EC and percentage of sodium carbonate
also showed that with an increase in EC from 1.47 to 2.8 (dS/m), the level of swelling pressure increased
from 10.12 to 79 kilopascals, with an increase in EC from 8 2.58 to 12.58 (dS/m), the swelling pressure
decreased from 79 to 17.30 with a steep increase, and with the increase in EC from 12.58 to 51.8 (dS/m), the
swelling pressure decreased from 17.30 to 23 with a very slight increase. By increasing the percentage of
sodium carbonate from zero to 1 %, the source pressure increased, and by increasing the percentage of salt
from 1 to 2 %, the source pressure decreased, and by increasing the percentage of sodium carbonate from 2
to 5 %, the source pressure decreased with a slight gradient.

Conclusions

Based on the surveys and experiments carried out as part of this study, the following conclusions can
be drawn and established:
- From the results of the density test of synthetic samples, it was concluded that the effect of sodium carbonate
depends on the amount of salt; thus, up to about 1% with the increase of salt content, there is no particular
relationship between salt content and optimum moisture and maximum dry density, but at values between 1
and 5%, optimum moisture decreases and maximum dry density increases.
- From the results of the swelling test of synthetic samples, it was concluded that the effect of sodium
carbonate depends on the amount of salt; thus, up to about 1%, the swelling pressure increases with increasing
salt content, but at values between 1 and 5%, the swelling pressure decreases.
- From the results of the volume contraction test of synthetic samples, it was concluded that the effect of
sodium carbonate salt depends on the amount of salt; thus, up to about 1%, the amount of volumetric
shrinkage decreases with the increase of the salt percentage, but at values between 1 and 10%, the amount of
the volumetric shrinkage limit increases.
- From the results of the linear shrinkage test of synthetic samples, it was concluded that the effect of
sodium carbonate salt depends on the amount of salt; so that up to about 1%, the linear shrinkage limit
increases with the increase of salt content, but at values between 1 and 5%, the number of linear shrinkage
decreases.

Keywords: Linear shrinkage, Problematic soils, Soil salinity, Swelling characteristics, Volume shrinkage
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Table 1- Different levels of irrigation management transfer in different countries of the world (Kloezen and
Samad, 1995)
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Table 2- Tasks, requirements and legal positions of participatory irrigation management and establishment of WUA

in Iran
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Table 3- Obstacles and problems of participatory management and transfer of irrigation management in Iran (Water

Research Institute. 2019)

ol b
Syl

The main obstacle:
Sustainability

ol b
S Yo S e (8 S SIS
The main obstacle:
Formation of participatory

ol b
The main obstacle:
Policy making in participatory

management management
5 5 ol 5 ol
ol T2 &y G5k &£ &y ok &£ &l
Examples Secondary Examples Secondary Examples Secondary
P obstacles P obstacles P obstacles
SIS 5 cblis slaay o PELY
- e =) el e 5 YRR
s a5 Lags LSL‘M@.}“’ d.)La.‘él LS)JJ.{;AJW Qs . d}ﬁ)ub’){ J>L\;
. e e e (N8 ) o olys 2,Slos
Sl § Sy cano oy @ o wlbls)l s
KNS} loin] canliol whble
EICN PRI
> 4y e WKl Cans
dhw)auédhm ) B ’ Lj) RoA EERE
; 2,8 ol S ass Sl 5 Oyl (g .
okl » ]S slass!
T b Syl ol S it N Lol 5 Gl 8 Lo 39 T
, ojsn bl gt o plee
& b T
el s s
—dailgs j3 p3Y il dgueS’ g by i )yl a3 solasdl EyS 8 ply 0 Cuoglie bl
il sl Sy gann il ol o i
ol Cldys g )l 4 (Suly 9> pige sl Jials
EnEadgine Cind el

wsloan] o3

Copde JEl S8z ogas 0 Gl lu,b (¥
sly Jbo gl o9 paie (Fladsas 4 )kl
Sl 5 of Sl 5l gl 000 5 (6,145 sloas o
o2 3l Jee slollins (glongs (O wals a5,
¢ oot JiSly slacdgiome b coslite ¥ ol LS|
<l slas il Jrwyn sble 5 Gsi> paiias (Sinly
J dols o mlie 4 (lailaie o 2ol a) e
Vol @ dilaie @l g Glrope g jlxe) Of i)

glly 5o st L by el S

At 1 K5l g ot oy Joie 055 () 25l wle e
e =he ladgie suss Bkl (S g LSl
¥ o] il 5 bS5 syl ogas 1o st
5 okl Sl Cupae Kb g sl atd anlys
5 2l slagion Gl cass @l pol sledSas
38 Glal 5 ol e gi,aeliy Glgie 5 55 5les

1)) pld )8 g)l5 obie wtine BT g ) oad Syl )l g Syl )
b 5550 S og) S aule 3 (655liS Sler iy S 5 O Cigheo atniisly
AEee ol ¥ gl 50 ll S5L GBI T g (6yalsS (63 penly cilalllas

V¥



Ol! 3 )l o e Sy JURT g Of (35, Lie S e A 9 Jils

G572 5 oS (e jlee Slateld j50 azlie plons S
o S ksl g eolamdl o elazml Lyls ool
g5 il o b gl szl (So5d gla Sy 9 b
Statement of the ) 55,5 Ll o) casilejlu 4 lo JSis
5 zuls _wlwl 5 (Iranian Chamber of Commerce, 2013
3 oly aiedse loygiiS Copae g ceal doay
5 S52, ol bl o DYy ae culos wiile placis
o @l 5 Jod ol bl o ol oo
a3 oolel Bl mn S b chanles
Ol plolis coeny gl 25l cypae
4 p0ye pdpe &y Sy olaliel ggi du plaie) slaiel (il
ol Jo sln solening ol g Sl @30 4 e300 9 oo
Sl y)lie 5 mome wdlad ol me S e
(¥ (sl Kot o j0 (o ol bl 5l ciloy
44z (Vipoye & Ol o pae slacdgtus ools il
Oleslite i Gl (F ol olamdl (5,8 S 5 T )
|, og5 a8 ol 58 T sl e (0 5 ol syas
o el Jgtane 4L wils o 528 O cili> Jytams
.(Iran Water Management Think Tank, 2016) wils_ce
Ll 5 mlis 45 oo Wit sla s s opdle
s &1 ] 2l S ol )0 AT ggdge 8 s ylulis IS
slaJSas collad g obml 5 ol (5 )lie o pae S
e 55 glongae 5 Bl il el 43S s
Slesle 5o Jstas ol I8 51 28l o el ulul
g ool ez ol gl Gl 65,
(s et Cos (el b e Jlaws (ol1 0 00
sl @lye &8, sy p3Y slacolos g b Kgeud i
ool 5 5523 s 3l 505 S5 (55 IS ol 00
i o o S «ledl olusl s 5 diged (gl ansl digs)

lilie Ol Gles ;o 5l Sii 1) 95 Tewmds

)

5 g et g b ol dslone SisSa (y09r conlials
OF 958 5 Shlzel (355 (28ly 5 5350 (A (O] e
3 Gylopo e saplhis  sloix! jgel Sledlas slp
axg5 0 cand (A S g Ol sla o390 sl g Olalllas
158l 5 gl slopladl (sl p3Y olSle bl
S S 5 O slaoggp sl g anlllas o (o pae g
099 nlioliy cns (V- cglojl slacdled 5 lapladl 4
S Slie o e S b drng s g g bl GRS
5 Ohigel patd ansles () (LSl caws o (5L
2 il b sl sl olaiied 5 oo e @y
e 5 G)IS e 8ly 5 Jeol oS Lin
SSHlie Copae lpe cov ol g ol Slals
09 5Soanly 5 0bj el 5 bzl 655 (O (L]
@ azg by S5 sl sy Jeslligiws 5 Joe
2 s OF elainl gloplls 5 onldl slocglis
aile HgiS y0 oo 1>l slaghl conlin 2ol 9 (2L
o3l g (Il Gl ) nlyal 2538 Gl skl

=

Copde drwg lp ol w5l eslaiwl ¢ LLdS o
ool es e (VF “)_’,%j sl s b G)L:-.’] oSl
~aenai 9 (il Slud> jo Gladied g ol10 po
Sl (55l o pie g pol GlaJSas b Loy (65
E3o3e (Faoipy 2D olx pol slaJSas sl

O oo 51 angy Boliiul Core ;5 45 Ceul (oo L
&S 5lie S pae S 0y deil pasu Jolss g (gie 0
39 E 990 Condl o8 )a (Jg el 0 385 50 (5 L]
I95S )3 Eadge Sy g SIS g onti ) 4 IS 4z
b Sas cnl o ls (6 yinn dawgd g G 5 JoaSS 4y 515
4 9o obl (oadly bles 51pl g hlo e 0 5s bl 2 il
O i) ool 40 gl ol Glal g lid Jleel
Gk 5l gleeslel 5 ((Sind (s Shped slopladl

Ao by ol (! 5l dn g Jd a8 bl 036 059, eMbl bl 5

A5 b5yl Glpl Glelid )8 g 15 5548 (JICA) Kl Ml
2 Grade

-0



AY = 1Y e o/ V€Y linasli/ A0 2,Lond/ Y0 5,93/ (iR} 5 5yl (S 85w cwiige Wil

OB 0 6,50 5 e slol Gl (S olas
5565 3 SausleS Sl s 99 2 bawgi (e sl
Copde (gilwosly (Josdlygiws pl Ban s F @U
oRIBl wszge ylpoye el aable (25 Lae
Soleed 9 &5 Lo ool Hoben 5 (53,8 slaguilys
el )l 5 T e i ppke gl 0 ol 5liS
0055 akepllss a5 coul T aney ol 50 azgi BB &S
Ol e jo 4z ol 25 lie 0o sleedsn sl,>!
5 bl bl ey o il 0 4z g (b
S)ls 2 Sl sleollins il (Sales
S3bwosly (> 53 9 28L «(55)slaS sle )l59 w9 9
e g s glacdls, 5l ea (S5 )lie o e
L sladlhie Jlue aSbuiljl 05 soliiwl woz Sl
Db g Conl asen] ol ,5lasS SIS Gland § lacwlys
5 9] Cewsay 3blie l5yslas o I, Bl 0l
Pl o Cwl (6908 05 saulaglyl 5 gamatas
Ol Oke 0 &5 yeblen (Jedlljgiws ol (50,8 ol

Deinly gax dax g ggdge (el sal oLl

Bolgiin g (0¥ 42
S pde pegat 50 6 Al (Vb mhaw e e
Olpl s s 9 ooz 0 6olel o pae Jlil g (35l
slaSazn oparh gedse sl Samn Jdo w
5 Sy sl cole b b 5 8ne
£ ol hol ames 5 ljle sl Silea
g Losloy; ;o Ges Jds @ rizres 5 cslac ]l
Sogot s don il ol lisyse saxe slaply
Sgaxe 3)lge lp b oadd Slles jouS o (prmlie
p3Y Suidge Lol [zl ST L oads Izl JelS & )j900

BB Gl 5 (659lS (s2pnly Sllllae o S pe ol daS aude )3 (555l
AFee o B Y b ol SBL

azoggacly olojle Sl (ST 5 wis,S oo 28l
Al o ol &lis 0505 Conl 5 JSCie aS &g Cawods
2 SIbl o o5 cwl (6% Jane )bl le
g 0a oddaie slools,ld wlul p Ol avass g Jgos
s T o1 bl 15 wiloas 48, b Lasls |8 Skes
S g L o (ladalinn] g oilsd (ludans 09 oo
At Ego90 Gledn OISCw 5l Ay ol o eliws
005 (95 0P (oY e LRI ulul 2 g iges (51
S5y as VYAV g 2l oad e LSe g oy
ol el abionn TV oole Y ass (bl sl 0ailogyane
SDFOAYSIY - OAY 8l & (ljs Cuid wogan) (o3l
(S po e @8 Capde by (VT YIVY 250
(i 9 e Ol gl cblis g g laeS
s wtSey s bl slass 5 clends
4 sSena by K 8y banie o sleex
S 3 0sd B olimg, WIg Ssls slacS
ol ;I8 T5 ((oaliwsy (S9la3 losle) (55,5LeS oo )l55
T o p3¥ (glacasd b ¢ la saiailss aSiyl 4y g pioe Cuns
2 4l 35 g anl anils 3gzg (9,8 Sliy sl L)
b el ool ol 03wl o92 90 Ol jae gl
waailojlo |y 1588 10 oyl oy pllss cakizen (clagSIl
Flod (i 55 (55 )lie Sy e By el (g 08
Sl Co pae sl 5680 059y g el ailsg,
6500 Slaladl Joboran 5 oliadS liwl oblo}b o L
5 Ol 9 95,40,5 5 (LD wle Culs g (938 Culs o
Sloys wlel el oald paibele loe
5 ©ikeS ol &ylye dacudlad pl o sswlcwwsa
S oyled) (Symie a\YAA LT o g8 ol
Co i drwgi Jeadljgiws leie co |y (AA S /YO/VY -
Trb 90 olped 4 ai (pl &5 oS Ay O (5L

0y o) Ly Y Uik SRR o ;| ‘T‘)L?‘i‘? ksl s
ez @iy S5 Ol cigls 55liS O gl by Ol (Sl g e

V&



Ol! 3 )l o e Sy JURT g Of (35, Lie S e A 9 Jils

5,5 oy db sl 03gas ol 4iS Ol o poe glp
g.j Lsdlﬁ @5’43)"45 @L..o )‘ Sy solaw! 4 |) )5,“.5
3 6559 sbaged g baldl 4> g Sile o eein,
G 3l 05 pald b (ot g Ol (qazm> hgow atile)
sbul 5 Slie Copae gloasly sl o
@by Sy b 5 055, b yeiS o0 pol sla s
9 baylai Jloy Aold pl o 5 sl 00y axlse
wile) j5iS 5 ez o Cupae ;o sar slas S,
9 “:“—‘ L;J..\.gL..p ‘;'a—l L;:m Lgl.a:)‘)l.' ol:ul Lchbu:u
)Lu ‘J.A‘B.c L)"‘ 4d€ g0 ol 00 Cj.la.a (g_)—| W)b
5 Sk sod )l e own g adlhe &
Sopins 1) o ool Ll slaoigp 5l laaisgel o

.‘b)'l...a‘_,’.a
@l >lg j0 lls oy dxel> Basled 5 5
Gilwad b b aisl assls |y o3 bls )l g Jolss jqus
Casi 5iS 5o ol (elatzl Cupae (pag (il 5 p3Y
3 b uizes Slidss Oluwhe 5 bolKails Logd
Supde ogar 3 welx g Syp leeien Guew
o0l 5 ol andly (555, B 6kl S5l
9 Sld Oluwwie g olKiils o a3¥ bl yiol5l
SolKiws 5 g w0l jlaakiso 5 clax! laass
sbojon b ogarnlys cwl 6900 Joe 2]
Erogo b oo 600 oole SVis 5 Jlare (Slalllas
Slawio 5 LoKiils )0 goo50 Coglsl 9 ol ools
a5 ,9iS Ol Copae yo ol ol Cusal az g b o Slahss

el Gl s aill (LS gl iy ol 20

gkl 4 by lailato o 3 O g0 )]l JoSo slagSl lgte
g b )5 S &y Jore bl

ol 5 ol al> e 3 5 5l Sloe 9> )3 Cuadly
o8 slrog T slml 5l Lo 5 el ouile abgie Slas
Mg sla sl 5l iz golaas o pol slaJSis 5 O
aoyd i 53 Loy b JlSe aeleepss 3300 i)
B0 (slacre) hans £50mme (1 (525 oyl slogas)
Soime)y (2,5 YO) o)y 5l adgs (gols sl
sgdly g Plaw pogdle cslasy 513,005 L)1
Wi @l oz Alie pl o a4 b j0 0 S
slodseis collad 5 6T IS8 5 (5l Zu e Sov
S 3 ool g Ol slogtlly sl H9aS 0 po
Clen ooy )T (6,5 IS 5 olml (sl wiloads (ailo o5
5 ol bl a5 adg gla sl yo pol la JSas
g 1) 6 S el oY (slapasilSe (612

Olyieas 2dgo o culew glool)) (5,25 S5 5 ogdle
Slgs os g b 5 Wb sl g Gl oY b
oy plosil g D9 S5 890 50 9 (Shyd Sl O g0
5 el 4 gainl aseie 5 Lol o), il
Seiwl w5 Y sl g alddS sleasl
5 bl ol p o] oS 5l eyl 5 ol
o529 sob 4 b a5 Cunl cage ol T (5lly sl o2
o) (nl 53 )9S eIl g (ol B3L)1L0 S Az g5 Gl
lipo e slaglejle sbml sl abgiye (Lo 550,
D9 Cusli Wb g oyl ot Coenl (WUAS wiile)

o ol GladSes gylul g oSl
5 oo Slse 3 Sy a5 anils o3Y (gl lisle 5 bl
Grizmed ool Ol ez hgod com ol L Ly
SSOlie Su e g9090 (b 5 (2L e slaale
Ol et 4 4295 b ol dneg (BB Oliee 4 b j925 5o
alie Bl 0505 g ol Glp Lol suslid ol L]

) saaz Lalys g Gluied Cunsy a5 j9i8 0 O

S g ol gl ol 1l 5 > gl olS5 13 1 S ko ke aigl
4 5 1S (Sanles |y el | Sglite (598 wilgiee (B Ll 0,8 )15 G

AR



AY = 1Y e o/ V€Y linasli/ A0 2,Lond/ Y0 5,93/ (iR} 5 5yl (S 85w cwiige Wil

P g B

Ol ygel yi8s O 8 )lie Co e 8,03 Lol IS Ly oY wasge o 51 1) 093 Lol 5lye allin s0in o
o slopllss ;i35 S poe lladl sy L yade 1250 (LBT 5 «(55,5l8 slezr &)l Syl ciglas (55 ,5L8
3l Calom g dnwgs (i yaalip 09,5 ) £y (e SS9 9 g Sla Sl g o)) ol SlBS B ksl
890 wiey)l SleMbl (2 Bl g by plosal) das gt ol (lnl (pliws; el 635 0 Oleslos a5 sla gl
55 gn el lia el g8 5o ool

&

Abernethy, C. (1997). Irrigation system management. Lecture notes of the course: Irrigation system
management, WEM Program, School of Civil Engineering, AIT University, Bangkok, Thailand.

Alizadeh, N., Rais al Sadat, S.A., Jalilvand, S., Dehghani, S., Kia Hosseini, S.M., Mehrin Far, A.R., Zarnegar,
H. R. & Kangari, H. (2019). Guidelines for the formation of water groups and the creation of a water
management unit in the rural production cooperatives, Central Organization for Rural Coperatives
of Iran (CoRC), July 2019, 42 p. (In Persian)

Hamdy, A. (2007). Irrigation management transfer: Monitoring and evaluation concepts and approaches,
Proceedings of the 4" Asian Regional Conference & 10" International Seminar on Participatory
Irrigation Management, May 2-5, 2007, Tehran, Iran.

Hasan, M. Qureshi, A.S. & Heydari, N. (2007). Implementation of irrigation management transfer in Iran; A
proposed framework. Proceedings of the 4™ Asian Regional Conference & 10" International Seminar
on Participatory Irrigation Management, May 2-5, 2007, Tehran, Iran.

Heydari, N. (2003). Recent trends in management of irrigation networks. Proceedings of the 11™ Conference
of Iran's National Committee on Irrigation and Drainage: Improving Agricultural Water
Productivity, December 24-25, 2003. Iranian National Committee on Irrigation and Drainage
(IRNCID), Tehran, Iran. (In Persian)

Heydari, N., Mamanpoush, A.R., Shahrokhnia, M.A., Khoramian, M. & Karimi, M. (2007) Potentials and
obstacles on irrigation management transfer: a case study of four irrigation networks in Iran.
Proceedings of the 4" Asian Regional Conference & 10" International Seminar on Participatory
Irrigation Management, May 2-5, 2007, Tehran, Iran.

Iran Water Management Think Tank (2016). Presentation by Mr. Mohsen Tarawat, Vice Chairman of the
Board of Directors of Rahrovan Sepehr Andishe, an innovative company and producer of smart water
and electricity meters, at the meeting of the participatory management of ground water, Iran Water
Management Think Tank, Kerman Chamber of Commerce, January 31, 2016, Kerman, Iran. (In
Persian)

Jabari, A. & Jangi Marei, A. (2009). Policies and programs for the development of farmers' participation in
the management of irrigation and drainage networks. Proceedings of the 5™ technical workshop on
the participation of water users in the management of irrigation and drainage networks, January 15,
2009, Iranian National Committee on Irrigation and Drainage (IRNCID), Tehran, Iran. (In Persian)

Joy, K.J. (2007). Broadening the framework of participatory irrigation management: from efficiency to
sustainability and equity. Proceedings of the 4™ Asian Regional Conference & 10" International
Seminar on Participatory Irrigation Management, May 2-5, 2007, Tehran, Iran.

Kloezen, W. H. & Samad, M. (1995). Synthesis of issues discussed at the international conference on
irrigation management transfer (Wuhan, China, 20-24 Sep.1994). Short report series on locally
managed irrigation, no.12, International Water Management Institute (IWMI) , Colombo, Sri Lanka.

VoA



Ol! 3 )l o e Sy JURT g Of (35, Lie S e A 9 Jils

Munoz, G., Garces-Restrepo, C., Vermillion, D.L., Renault, D. & Samad, M. (2007). Irrigation management
transfer: Worldwide efforts and results. Proceedings of the 4™ Asian Regional Conference & 10%
International Seminar on Participatory Irrigation Management, May 2-5, 2007, Tehran, Iran.

Policy text. (2018). Solutions of water and environmental science experts for the implementation of the
program of the Ministry of Energy in the water and sewage sector. Policy texts derived from the
conference of Ministry of Energy, Energy Research Institute, January, 2018, Tehran, Iran. (In
Persian)

Sheikh Hosseini, M., Mirzaei, F., Lashgari, A.R. & Nasiri, M. (2018). Water users Associations formations
in the Qazvin plain irrigation network, past, present, future. Proceedings of the 4" Iran Water and
Soil Engineering and Management Congress. November 13-14, University of Tehran, Agriculture
and Natural Resources Campus, Karaj, Iran. (In Persian)

Statement of the Iranian Chamber of Commerce (2013). Statement of the Iranian Chamber of Commerce in
the Conference on the Crisis of Groundwater Resources Management, National Center for Strategic
Agriculture and Water Studies of the Iranian Chamber of Commerce, Tehran, Iran. (In Persian)

Statement of the Iranian Chamber of Commerce (2021). Statement of the Iranian Chamber of Commerce
regarding the organizing of water users associations in order to optimal use of water in the
agricultural sector. Water Committee of the National Center for Strategic Studies of Agriculture and
Water of the Iranian Chamber of Commerce, June 2021, Tehran, Iran. (In Persian)

Taghipour, M. Abbasi, A. Naimi, A. & Taghipour, M. (2014) Requirements and necessities in the
establishment of water users associations. Proceedings of the first national conference on ways to
achieve sustainable development: agriculture, natural resources and environment, Tehran,
https://civilica.com/doc/196764. (In Persian)

Vermillion, D.L., (1997). Impacts of irrigation management transfer (A review of evidence). Research report
no. 11, International Water management Institute (IWMI), Colombo, Sri Lanka.

Water Research Institute. (2019). Reviewing and compiling the requirements and obstacles of participatory
management of agricultural water in the country's plains. Research report, Department of
Quantitative and Qualitative Management of Watersheds, Water Resources Studies and Research
Department, Water Research Institute, Ministry of Energy, Tehran, Iran.

AR



Irmigation and Drainage Structures Engineering Research/\ol.25/No.95/Summer /2024/P: 93-110

AERI

Technical note

Issues and Challenges of Participatory Management and Sustainable
Irrigation Management Transfer in Iran

N. Heydari *

*Corresponding Author: Associate Professor; Agricultural Engineering Research Institute (AERI); Agricultural
Research, Education and Extension Organization (AREEO); Karaj; Iran

Received: 19 August 2024, Accepted: 1 October 2024

Email:nrheydari@yahoo.com

https://doi.org/10.22092/IDSER.2024.366787.1588

Abstract

Participatory irrigation management (PIM) and at utmost level irrigation management transfer (IMT)
are processes that have been carried out in the water sector of most countries all around the world for more
than two decades. In Iran, such activities have also been carried out in different aspects including
mainstreaming of its literature; entering it into the programs, laws, and macro-level policies, the
establishment of a few number of Water Users Associations (WUA), and implementing PIM on a limited
scale and in some pilot projects in recent years. According to surveys, the process of this issue in the country
has been slow, scattered and has faced different problems and challenges. The review of scientific sources
and the investigation and analysis carried out for the problem finding regarding the subject in this study
indicate that the implementation of the PIM and IMT programs have various issues and challenges in Iran,
which important ones are:1) issues of being in charge of the matter, 2) lack of necessary coordination, parallel
work and interference of different agencies in each other's affairs 3) absence or lack of necessary
determination and will regarding the issue despite its importance and different emphasis in the laws and
macro-level documents, 4) the long time passed and the necessity of various changes in the structure of water
management due to the growing crisis of water shortage in the country, 5) centralization and not having or
not giving the necessary place to WUA from the aspects of the structure, the description of duties and
authorities and their ultimate independence, 6) weaknesses in the empowerment of WUA and necessary
facilitations for their formation and sustainability, 7) lack of necessary infrastructures and inconvenience of
work from various aspects such as non-volumetric delivery of water, closure and or non-implementation of
some related laws and regulations, indecision of the relevant organization in doing their work, and
competition of water distribution companies to create WUA and relevant conflict of interest issues, 8) lack
of necessary research and field studies regarding the issue, 9) the emergence of new challenges in the
objectives of the subject and the introduction of some new terms in the discourse of the definition of WUA,
specifically in Iran, such as the introduction of the term “land use” into the topic, i.e., calling it as water and
land exploitation associations instead of just WUA, and 10) special issues and challenges in the creation and
stability of well or underground water users associations (W-WUA). A lot of time (more than three decades)
has passed since the introduction of PIM to the scientific and executive literature on water management.
There is a long pause in its complete and effective implementation in Iran. During this period some new
debates in the country's water management such as creating local water markets, water accounting, water
reallocation, etc., have emerged. Moreover, the growing shortage of water resources and the issues of climate
change over this period bring the continuation of PIM in the country into a new field and environment. All
these necessitate newer studies for revisions in PIM and IMT implementation methods and approaches by
taking into account the socio-cultural issues of the regions and on a case-by-case basis.
Keywords: Exploitation system, Laws and policies, Stakeholder, Water Users, WUA.
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