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Figure 1- Schematic of Gharasoo river plan
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Table 1- Manning roughness coefficient for Gharasoo river in the studied area
n Right canal n Main canal n Left canal Distance from downstream [m]
0.045 0.036 0.045 3396.639 to .000
0.045 0.030 0.045 3396.639 to 6374.857
0.050 0.028 0.050 6374.857 to 10520.43
0.040 0.025 0.040 10520.43 to 11714.28
0.048 0.030 0.048 11714.28 to 13600.91
0.045 0.025 0.045 13600.91 to 15026.23
0.045 0.030 0.045 15026.23 to 15909.50
0.045 0.025 0.045 15909.50 to 18409.03
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Section 15 Section 59
N ol

Siwdaadio (yig, N3903 15 > s o5 3903 15 > e

Dr';];i';]eon;e Volume E;gﬁ;gcfanpcﬁ ntration % Error Volume under concentration hydrograph EI(')/roor
Power Low 182.49 0.018 182.49 0.018
Quick 182.49 0.018 182.49 0.018
Central 182.49 0.018 182.49 0.018
Van Leer 18251 0.029 18251 0.029
Van Albada 182.50 0.024 182.49 0.018
Min-Mode 182.51 0.029 182.49 0.018
Super Bee 182.50 0.024 182.50 0.024
Sewby 182.48 0.013 182.49 0.018
Quick Tvd 182.49 0.018 182.49 0.018

Umist 182.50 0.024 182.49 0.018
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Figure 9- Effect of different empirical relation to predict capacity of suspended sediment on the sediment distribution
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Introduction: The concentration changes of suspended load along the river reach and the contributing
factors are of importance for hydraulic and environmental engineers. The first step to calculate the concentration
of suspended sediment load is determining the flow hydraulic characteristics along a river reach. Although most
of flow in nature are unsteady, the quasi-steady flow condition was considered to be simple in this study and the
water surface profile along the river reach with irregular cross sections was calculated by standard step-by-step
method. In order to calculate suspended sediment load under non-equilibrium condition, the advection-diffusion
equation with source term was numerically solved. In the present sediment model, ten discretization methods,
five relations for calculating capacity of suspended sediment load, eight relations for diffusion coefficients and
eight relations to calculate particle fall velocity were used and their effects on suspended sediment distribution
along 18480 m of Gharasoo river were investigated.

Results and Discussion: The HEC-RAS model output was used to calibrate the present hydraulic model.
The models were run with the conditions as same as Manning roughness coefficient and river geometry
conditions. The results showed that the calculated water surface profile along the river reach by two models are
completely overlapped each other. In other words, the present model has a very good accuracy to predict the
water surface profile in the river reach. As most commercial 1-D models (same as HEC-RAS) only consider the
equilibrium condition for sediment transport and the bed or total load sediment, comparing the results of
present sediment model with them seems not to be reasonable. Therefore, to validate the present suspended
sediment model and finding the best method of discretization, an especial shape concentration hydrograph was
introduced to the present model as input hydrograph and the model was run when the source term has been
deleted deliberately. The volume below the input concentration hydrograph and calculated hydrographs in
different cross sections was compared to each other. Comparing the hydrographs showed that the maximum
error in calculating the volume of concentration hydrograph with the input hydrograph was 0.029% implying
that the model satisfies the conservation laws as well as reliable programing. Among ten discretization methods,
the best method for discretization of the advection-diffusion equation was Van Leer's method with the least error
compared to other methods. After validating the model, effect of five relations for calculating capacity of
suspended sediment load was investigated. The results showed that using the Wife equation estimated the
amount of suspended sediment higher than other equations. The Toffaletti equation also estimated suspended
sediment load lower than other equation. Among eight particle fall velocity formulas, Stokes relationship
estimated the fall velocity larger than other equations. Hence, the Stokes equation application decreases the
possibility of suspending the sediment particles. However, employing Van Rijn and Zanke relationships resulted
in a greater suspended sediment load distribution along the river reach. Among eight relationships for diffusion
coefficients, Elder and the Kashifipour - Falconer equations exhibited the lowest and the highest amount of
diffusion in the concentration hydrograph, respectively. Furthermore, the calculated suspended sediment
concentration under non-equilibrium conditions was 11.7 % higher than that under equilibrium conditions along
the river reach.

Conclusion: Most 1-D numerical models only simulate the bed and total loads sediment transport under
equilibrium condition while sediments are transported under non-equilibrium conditions in nature. Sediment
transport under non- equilibrium conditions may be greater or lower than the equilibrium condition known as the
capacity of sediment transport. In this research, a numerical model was developed to simulate the suspended
sediment transport in a river reach under non-equilibrium conditions. The amount of suspended sediment
concentration was calculated for each sediment grain size. The results showed that the distribution of suspended
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load along the river reach is not significantly sensitive to the fall velocity relations while the type of sediment
transport equation affected the suspended sediment transport concentration. The concentration of suspended
sediments for non-equilibrium conditions was also 11.7% higher than the concentration of sediments in

equilibrium condition.

Keywords: Gharasoo River, Kermanshah, None-equilibrium condition, Numerical simulation, Suspended
sediment
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Table 1- Changes in rainfall and minimum and maximum temperatures for RCP2.6 scenario relative to baseline

RCP2.6

olo (MM) 2.6 (W0,U s Ol g (°C) 2.6 aweS glod (7€) 2.6 iy glod
Month Relative precipitation variations RCP2.6 T Minimum T Maximum
Jan 111 181 1.95
Feb 1.01 1.64 217
Mar 1.08 1.58 2.19
Apr 1.03 1.65 2.3
May 0.98 1.65 2.38
Jun 1.11 1.55 2.06
Jul 0.96 1.61 2.05
Aug 0.66 1.88 241
Sep 0.72 2.2 2.63
Oct 1.03 2.22 25
Nov 1.14 2.02 2.22
Dec 1.16 1.95 1.97
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Table 2- Changes in rainfall and minimum and maximum temperatures for RCP8.5 scenario relative to baseline

RCP8.5

olo (Mm) 8.5 yi,b (o Ol pupds (°C) 8.5 ayeS s> (°C) 8.5 aipin o3
Month Relative precipitation variations RCP8.5 T Minimum T Maximum
Jan 0.91 1.45 2.18
Feb 0.82 1.37 2.48
Mar 0.91 1.61 2.68
Apr 1.04 1.79 2.56
May 0.99 1.62 2.34
Jun 1.09 1.67 2.15
Jul 1.26 2.06 2.28
Aug 0.97 2.29 2.67
Sep 0.68 24 291
Oct 0.84 2.47 291
Nov 0.99 231 2.73
Dec 0.98 1.88 2.35
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Figure 2- Land use map of Borujerd city by spatial separation
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Table 3- Information on the floors of residential buildings and usable surface

. W ylod lw dluaas
Olid dlued L ylois b JS slans F5wwmo S gly 3lani L yloid b plw 3lani S s
Number of Total number of Number of residential Number of other hans i )

floors buildings blocks buildings Number of parking
buildings
b 12110.25 274 1836 -
aib ¢ 9569 385 2184 -
aib dw 10559.75 1200 360 -
aib )l 6592.75 720 472 483
aib 3009.25 520 490 879
Sy g A b 1734 434 300 1512
o> 43573 3533 5642 2874
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Table 4- Area of required ceilings and volumes of parking lots

H Sl luay 5 : - 31y s sl > luno
S o 9b B lgpes JS Colme & srwx‘ > eSS b JS poen
o (s>15") () (s<15) (M) m)
Number 0fgab|e The total area of Non-dai ry area All parking lots
residential blocks the gables P g
530 1361361 7314453 718500
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Legend:
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Figure 3- Surface water map
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Introduction: Due to climate change that is happening, the security of water and food in Iran has caused
many worries, which include small towns like Boroujerd. A comprehensive assessment is necessary as well as
the productivity of water resources, because it can provide information for government agencies and the public
to develop appropriate patterns. The aim of this study is the use and productivity of water resources in Borujerd
city, the aim of this study to utilize appropriately the existing water resources in the city of Boroujerd and it is
based on recycling and reusing water resources and reduced harvesting of ground water. So the potential of
water saving and return to the cycle has been evaluated, and the results can be used as a potential solution for
water shortage in Boroujerd in the future.

Materials and Methods: Water, energy, and food security globally are achieved through a communication
approach, an approach that integrates governance and management into all over sectors and scales. A
communication approach can support the transition to a green economy which aims instead, among other things,
the use of resources and policy coherence. Given the increasing communication between sectors in space and
time, reducing economic, social and adverse environmental concerns can increase overall resource efficiency,
more benefits and provide human rights for water and food. Therefore in a relationship-based approach, common
policy and decision making an approach which reduces the composition and creates collaboration among sectors
is in need.

Currently, the most reliable tool to produce climate scenarios is the paired 3D Atmosphere-Oceans General
Circulation Models which called AOGCM in this paper. AOGCM is based on the physical relationships that are
presented by mathematical relations. In formulating its AR5 synthesis report, the IPCC has made use of new
RCP scenarios of greenhouse gas (GHG) emissions. The IPCC society has used new scenarios as trajectory
representatives of various concentrations of greenhouse gases. New scenarios have four key trajectories called
RCP2.6, RCP4.5, RCP6.0 and RCP8.5 that are based on their radiative stimulus in 2100 and different
specifications of the technology level, social and economic situation and future policies.

LARS-WG is a random weather generator that can be used to simulate atmospheric data at a station under
current and future climate conditions. The first version developed in Budapest in 1990 as part of an agricultural
risk assessment in Hungary, then reviewed and moderated by Semenov in 1998. This model produces a daily
time series of minimum and maximum temperature, rainfall and solar radiation.

Results and Discussion: Concerning precipitation variations, it can be concluded that changes in winter
months from January to March in RCP2.6 will decrease by 20%. Rainfall variations in the spring are the same
and have equal status with the base time. In summer, two scenarios experience a 40% reduction, in fall, RCP2.6
shows a 20% increase in rainfall and the scenario RCP8.5 shows about 10% precipitation reduction. The two
scenarios show at least 1.5 degrees Celsius increase and the highest increases are in fall, and in October, a rise of
2.5 degrees has seen. Maximum temperature changes which indicate the temperature increase to 2 degrees at
least in both scenarios. In scenario RCP8.5, in winter and fall, the maximum tem?erature is increased to 2.5 and
3 degrees, respectively. Boroujerd’s water and sewage company harvests 22 hm” (MCM) water annually for its
population of 240,654 people. If the necessar%/ measures are taken for gray and black water purification,
Boroujerd’s dail;r city sewage that is 35416/6 m” daily, can return to the water cycle. The city's total wastewater
is 12,750,000 m® per year and it is possible to prevent underground water harvesting with purification. Rainfall is
another important resource never utilized in Boroujerd. The gable roof and those with more than 15 degrees
gradient can be used to collect the rainwater in the high rainfall season. The total roofs are 136.13 ha and
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according to the average rainfall 0/454m, it can be the maximum use of this resource. The annual volume of
precipitation for this city is 612612/45m® which is significant. Supposedly, it could provide 3.6% of fresh water.
Also, if the volume of sewage is considered for purification, the amount of available water source reaches
13362612/45m* which can meet 60/74% of current water demand.

Conclusion: Rainwater is not used as a natural resource in Borujerd city and flows into seasonal rivers as
runoff. It can be said that harvesting rainwater is an opportunity to reduce water shortage in the future. Rainwater
system transferred through the water pipelines and sewage system. It is possible to store rainfall and water
remained after snow melts for dry seasons and its surplus can be used to supply. Also due to climate changes and
agriculture in Borujerd city, a plan should be provided to reduce the use of water in the summer which is
expected to be implemented shortly.

Keywords: HADGEM2 Model, Climate changes, Water resources, Water-Energy-Food Nexus
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Figure 3- The value of Hydraulic conductivity in aquifer (m/day), (A) after calibration, (B) before calibration
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Introduction: The issue of seawater intrusion has become an environmental problem considering the
increasing trend in groundwater extraction from coastal aquifers. Increased groundwater exploitation and lack of
coastal aquifers management have caused seawater intrusion into coastal aquifer. The intrusion has led to the
salinization of aquifers, causing many problems in the exploitation of water resources. This pumping has
continually increased the risk of seawater intrusion and deterioration of freshwater quality in the sari-Neka
aquifer. Seawater intrusion limits the usage of groundwater for agriculture, industry, and public water supply.

Materials and Methods: For the present study, Sari-Neka aquifer was selected. The study area is located in
the southern shores of the Caspian Sea, in the northern part of Iran. The MODFLOW version 2000 is used to
simulate a steady-state and transient groundwater flow system in Sari-Neka aquifer. To simulate solute transport,
MT3DMS and SEAWAT are used. In MT3DMS, advection package, dispersion, and source/sink mixing
packages are used. The numerical code MT3DMS does not consider the effect the density. Thus, SEAWAT --
Variable Density Flow package was initialized. The necessary data for modeling of groundwater flow can be
categorized into water resources data, meteorological data, hydrodynamic characterization, topography map, and
geological information. To build the flow model, flow type (steady-state and transient state), initial conditions
(groundwater level in September 2010 for the steady-state) and type of boundary conditions (general head
boundary), flow package (LPF package), temporal discretization (48 monthly stress periods from September
2010 to August 2014 in transient condition) and monthly time steps were assigned to the model. To prepare the
flow and transport model grid, the study area was discredited horizontally into 3694 active square cells (500x500
m). The MT3DMS model was used to simulate the qualitative changes on the aquifer surface and the SEAWAT
model to simulate the depth of the aquifer. Therefore, the conceptual model of solute transport was prepared by
making the necessary changes in the conceptual flow model. September 2010 groundwater level data and TDS
and Cl data are taken as the initial conditions in the flow and transport model, respectively. The Caspian Sea
bordering the study area in the north is represented by a constant TDS concentration of 35000 mg/l and constant
CL282.2 meg/l. In this model, we entered the water heads of the observation wells, hydraulic conductivity,
storage coefficient, effective porosity, aquifer discharge, and aquifer recharge, porosity, Coefficient of molecular
water diffusion, Longitudinal dispersivity, Horizontal transverse dispersivity, vertical transverse dispersivity.

Results and Discussion: The calibration of the flow model was carried out for both steady and transient
conditions using the trial and error approach. Monthly groundwater levels of data from 14 observation wells
were used for calibration purposes. Steady-state calibration for the flow model was performed by comparing the
observed groundwater levels and calculated values of groundwater levels in September 2010. During calibration,
hydraulic conductivity values were adjusted, until groundwater level values calculated by MODFLOW were
matched the observed values within an acceptable level of accuracy (+1m). After steady-state calibration, the
transient model was simulated for the four year period between September 2010 and August 2014 that was
divided into 48 stress periods with monthly time steps. At the end of flow model calibration, the resulting
hydraulic conductivity ranged from 5.3 to 21. 6 m/day, while the resulting specific yield values were from %3.4
to % 5.9. The validation flow model was simulated for the period between September 2010 and August 2014 (12
stress periods). The values of the correlation coefficient in the steady-state model, transient model and validation
model in the flow model were obtained 0.99, 0.98, and 0.97, respectively. The results illustrate a good agreement
between the observed and calculated groundwater levels. The transport model was calibrated using TDS and CL
concentration data from September 2010 to August 2014 (8 stress periods) by adjusting parameters affecting the
dispersion process. To confirm the accuracy of the model, TDS and CL concentration data from August 2014 to
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September 2015 were used for validation purposes. By considering the TDS and CI concentration in September
2010 as the initial condition, the transient model was run. Transport model calibration was achieved through a
trial-and-error. The values of the correlation coefficient in the transport model for TDS are obtained 0.83 and
0.87 in the transient model and validation model, respectively. The values of the correlation coefficient in the
transport model for CL were obtained 0.82 and 0.86 in the transient model and validation model, respectively.

Conclusion: After the validation of transport model and assuming all the hydrogeologic conditions remain, a
predictive 6-year simulation run using SEAWAT model indicates that further seawater intrusion into the coastal
aquifers can occur in the study area.

Keywords: Coastal aquifer, Salt concentration, Sari-Neka aquifer, Seawater intrusion
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Table 1- Classification of products based on levels of
virtual water content
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Table 3- Spatial Prioritization of Cultivation of Products Based on the Combination of VW and UWV
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oW Prioritize with virtual water Prioritize with virtual water value
Class preference preference

A VW1 - UVW1 UVW1 - VW1
B VW1 - UVW2 UVWl- VW2
C VW2 - UVW1 UVW2 - VW1
D VW2 - UVW2 UVWZ- VW2
E VWl — UVW3 UVW1 — VW3
F VW -~ UVW,_ UVW, - VW,
G VW3 - UVW1 UVW3- VW1
H VW - UVW, UVW, - VW,
I VW, - UVW, UVW, - VW,
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Table 4- Virtual water of wheat in Kermanshah province (m3/kg)
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Kermanshah  Eslamabad  Sahne  Harsin Kangavar  Songhor Javanrood Ravansar  Salas  Ghasrshirin  Gilangharb  Sarpolzahab
fjjb““"] * 3.50 3.05 3.62 3.68 2.63 3.15 2.14 1.99 3.23 2.50 1.96 2.19
Virtual water — (p,5,Ls
m*/kg
& il O o
Share of blue % 88.6 81.9 88.6 89.6 79.9 85.8 61.6 69.7 71.3 79.9 82.1 82.1
virtual water
o sile O ot
Share of % 11.4 18.1 114 104 20.1 14.2 38.4 30.3 28.7 20.1 17.9 17.9
green virtual
water
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Table 5- Virtual water of spring sugarbeet in Kermanshah province (m*/kg)

sl alisle S U1 oY Ao w2 19 &S punilyy
Kermanshah Eslamababd Sahne Harsin Kangavar Ravansar
sl o caSo
Ime s (0755 e 2 0.59 0.554 0.624 0.605 0.437 0.444
Virtual water m>/kg
& 3o Of oo
Share of blue virtual % 98.7 98.6 98.5 99.1 98.4 98.3
water
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Table 6- Virtual water of Barley in Kermanshah Province (m3/kg)
s sLidle, 2Ul bt dizuo OB s’ F 39ilg> ) s gl NS Cd Jy e
o b Kermanshah Eslamabad Sahne Harsin Ka;ghavar Songhor  Javanrood Ravan;ar Ghasrshirin ~ Gilangharb ~ Sarpolzahab
i (555 1 2.78 286 262 253 226 302 202 1.79 1.36 1.19

Virtual water m®/kg
Silme o i

&
Share of blue % 82.1 78.6 84.6 84.0 73.9 80.6 50.0 61.1 46.2 58.3 60.0
virtual water
Sl O o

e
Share of green % 17.1 23.6 16.2 17.2 24.3 16.8 51.0 38.3 58.5 40.8 39.3

virtual water
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Table 7- Virtual water of Maize in Kermanshah Province (m3/kg)
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sl oliile,s Eslamabad ~ “° oA 29 39l ity oW Ot 3 AN S s
kermanshah Sahne Harsin  Kanghavar  Javanrood Ravansar Salas Ghasrshirin ~ Gilangharb Sarpolzahab
»)
oxe 2 e
i
Virtual water (5L 2.6 25 24 2.3 1.9 25 2.1 2.8 2 2.2 1.6
m3/kg
85l o i
‘ji
Share of blue o 99.5 99.3 996 998 993 99 994 995 975 98.2 95.2
virtual water
85l o
w0
Share of green % 05 0.7 04 0.2 0.7 1 0.6 0.5 25 18 48

virtual water
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Table 8- Virtual water of tomato in Kermanshah Province (m3/kg)

. i st . . . ; ni Oty pad NS S Jy
e : oliilays Ed R 9 &S Howw 39l il oM - N
"M’w »‘5 kermanshah Eslamabad Sahne Harsin Ka:\ghavar Songhor Javanrood Ravans)ar Salas Ghas':shlrl G|Iagghar Sa;gglza
_d) T (p)5 ks’ 0.363 0.344 0.373 0.361 0.354 0.323 0.385 0.293 0.372 0.133 0.093 0.095
Virtual water 3
m°/kg
Sl & g
<!
Share of blue % 99.2 99.0 99.2 99.6 98.8 99.1 98.7 98.9 99.3 90.2 86.2 84.6
virtual water
Sl & g
o
Share of green % 0.8 10 0.8 0.4 12 09 13 11 0.7 9.8 138 15.4

virtual water
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Table 9- Virtual Water of rainfed Wheat, Barley and Chickpea in Kermanshah province (m3/kg)

aliile SERYW wiono » 1SS 3 395 i, W s b OIS olas s
‘JSM »,9 kermans?:ah Eshar:labad Shahne l‘-;;s‘; Ka::ghavar So;:hor Jav’:;r’:od R’;a;lsar Salas Gdh;;)s}fi:i’n Gila’:gharb Sarpolza;:b
w3 pAS 2 eSa o)
Rainfed (5 skS 22 4 22 2 2.8 32 32 3 3.7 2.3 1.4 1.7
‘Wheat m3/kg
0 9> P S yio)
Rainfed (P55 230 4.00 2.10 2.10 2.90 3.40 3.89 3.28 4.35 3.40 1.90 2.30
Barley m3/kg
w3 395 2 oS )
Rainfed (PsSoks 1.9 2.1 2.7 1.8 1.5 0.8 43 25 3.4 2.5 2.4 3.1
Chickpea m’/kg
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Table 10- Cultivated area of products in Kermanshah province
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o ps
Wheat doyd 39 6.3 8.3 6.3 6.3 6.5 0.3 6.2 15 15 5.8 11.7
slaly @)y
Maize Loy 46.6 0.5 14 5.1 5.5 0 0.1 125 0.8 04 14.2 155
‘ié;:j Loy 55.4 1.6 3.2 13 16 0.3 1.2 29.4 0.1 0.2 0.8 2.6
Suz;;?;faet Loy 21.3 34.2 20.1 13.2 19.3 0.3
i
Bu;rljgy o) 24.6 3.6 21.7 7.2 10.1 29.1 0.04 14 0 0.9 0.4 0.7
Rain?gdaxvf/heat Loy 26.4 13.0 3.2 1.7 29 16.6 25 6.0 51 3.2 5.0 3.9
Rainfr::j garley o) 44.9 12.3 45 35 6.5 8.7 11 3.7 15 0.1 24 1.2
Rainf;; g;ckpea » 331 11.9 23 5.0 23 146 27 81 23 0.1 5.0 07
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Table 11- Zoning of cities based on the amount and value of virtual water product of wheat
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Table 12- Zoning of cities based on the amount and value of virtual water product of Maize
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Table 13- Zoning of cities based on the amount and value of virtual water product of Barley
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Table 14- Zoning of cities based on the amount and value of virtual water product of tomato
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Table 15- Zoning of cities based on the amount and value of virtual water product of sugarbeet

oLl S U1 oY Ao Oy 3 39S punilyy
kermanshah Eslamabad Sahne Harsin Kangavar Ravansar
e oof lad
e 2l E B E E E A
VW
e O w03
[A3L e 3] G Cc G G G A
uvw
2 P35 g gl O (35,1 9 ylde (bl 2 Uil (gl sl oo (guiizdiog =T g
Table 16- Zoning of cities based on the amount and value of virtual water product of of rainfed Wheat
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Table 17- Zoning of cities based on the amount and value of virtual water product of of rainfed Barley
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Table 18- Zoning of cities based on the amount and value of virtual water product of of rainfed Chickpea
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Introduction: Kermanshah Province with one million hectares of arable land play an important role in food
security and economy of Kermanshah province. For example, Kermanshah province holds third in wheat yield
per hectare; second in chickpea production; third in maize production; third in sugar beet yield per hectare; and
seventh in tomato production. However, unsustainable behavior of farmers in one hand and overuse of water
consumption have depleted water reserves which in turn has developed “prohibited plains” in the region. For
example, several regions such as Mahidasht, Islamabad, and Kangavar are consider as forbidden areas and still
extending in size. In addition, with the continued overuse of water resources we will soon experience huge
sinkholes across the province. Therefore, there is a need to study the content and value of virtual water in order
to zone cultivated areas based on virtual water. This could be an effective way to maintain water resources and
prevent environmental crises.

Materials and Methods: This study used quantitative documentary research method. Using secondary data
source, we collected data from various sources such as FAO data bank, Agricultural Jihad Organization data
source, Meteorological organization, Agricultural Research Center, and Department of Soil and Water
Management. This documentary research sought to investigate the content and value of virtual water used in
irrigated and rainfed farming across wheat, barley, chickpea, maize, sugar beet, and tomatoes during 2014-2015
using CROPWAT, AGWAT, and EXCEL software. In addition, the share of green and blue virtual water was
estimated in the study. Finally, 12 provinces were zoned from classes A to Z based on virtual water content and
value of the products.

Results and Discussion: Results revealed that wheat with )45 to ¥,5A m*/kg is the most consumable product

that about 60 percent of the cultivated areas of wheat are located in areas of the province that are inappropriate in
terms of content and value of virtual water. Also, tomato with the value of 0.09 to 0.38 m*/kg had the lowest
virtual water content and average value of virtual water. According to the results, the sugar beet product is in
desirable condition in terms of virtual water content and had moderate conditions in virtual water value. Finally,
about 80% of maize produced in areas that are not in a desirable position in terms of virtual water content and
value.

Results of green and blue virtual water showed that spring products such as sugar beet, tomatoes and maize
received their water requirement from surface and groundwater resources. In addition, the largest blue
component of wheat was related to Harsin city and the lowest was related to Javanrod city. For irrigated barley,
the smallest and the largest share of blue virtual water were related to cities of Qasr Shirin and Sahne
respectively.

Conclusion: Overall, the results of this study revealed that irrigated wheat and barley have a poor condition
in terms of the content and the value of virtual water. However, since wheat and barley are considered as a
strategic products policymaker should take appropriate measures in order to provide sustainable cultivation of
wheat and barley. For example, improved farming, plant breeding, changing the growing season according to
climatic conditions, developing cultivation in suitable areas, as well as applying appropriate pricing and support
policies, including training of beneficiaries, and improving insurance policies could provide appropriate
measures if Iran is to be self-sufficient in wheat and barley production.

Results of this study has practical significance for agricultural policymakers in lIran in general and
Kermanshah province in particular. For example, zoning of crop cultivation based on the content and value of
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virtual water provided in this study can be an effective tool in modelling cropping pattern and sound water
management policies. In addition, effective cropping pattern as well as sound water management resources
would encourage farmers to engage in climate smart agriculture. Moreover, cultivation zoning based on content
and value of virtual water is considered as a climate smart agriculture technique. This in turn would create
resilient farming system in the study area. Through resilient farming system, farmers better adapt to climatic
condition more effectively.

Keywords: Virtual water, Green virtual water, Blue virtual water, Virtual water value, Zoning
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Figure 1- Location of the study area and existing piezometric wells
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Figure 2- Trend of the water level changes of Lake Urmia over 2004-2017
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Figure 3- Trend of groundwater level changes in different years
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Table 1- Water level and concentration of Lake Urmia in different years
Jw (R arbypjly (W pes) Sockle Jgs
Year Lake level (m)  Salt concentration (9/L)  Density

1987 1276 230 1.16
1995 1277.8 166 1.11
2004 1274 260 1.19
2008 1272 340 1.25
2012 1270.6 400 1.29

2016 1270.3 426 13
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Figure 4- Geometry and domain of the study area and boundary conditions
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Table 2- Values of aquifer parameters after calibration

ol Jlde
Parameter Value
“5"']_”'\”“ c’“"'m_ ) 1 m/day
Hydraulic conductivity
pogate o 0.15
Specific yield

Table 3- Average of statistical parameters after calibration and verification

RMSE MAE
wly 033 025

Calibration

RS 0 032

Verification
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Figure 7- Saltwater-wedge variations in profile #1
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Figure 8- Saltwater-wedge variations in profile #2
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Figure 11- Groundwater level profiles in maximum and minimum Lake levels without density changes

s aply jlalold a at axlys Sl (e VIV il L oS ol
oad sl ol cdl JialS me VIV BY ( (uejpj ol
o ialidl g LtnlS e & sl ol (Sl W 5 VY (sln S5
Jolsd 3 g 0390 4y jlalols 36 oo lssal 3 e
alyd 5l 8, Aol Ly g odg: ey b e > Soop
O ldslio O JSS 50 duyoo (0B lise 4 g a8l ialS
9 L eyl anlyd sl Bl 3 dejpj O gdaw sladidg
4ol Glyien & Cunl 0ad plonil (JBe s (58)5 a5 > (g
O o 393 48,8 0updb I @l b &S Sboj cd )8
I i o8 Gloj 4 Cond pl Y 3g0> 5l Gl nejn
939 ol b e b o ialS canl anbyd 515 Sl s 8l cou
Slgi oo S (2R 5 phaljdl aomgs ) 5 clale ials g 38l

Al asly wejps O 5Ly il g Gials ys ook sl

Ol 595 = 4me ) 42l o o 81 (a5l
29 T 093 (5 9 pliny

235 ol 035 2 el ol (5o lire 18T s pslate
Silwdnd ool Gl b 48)S s )3 JS 51V 0)led Jidg
Loly b pd anbys Of pdaw Lials all s 4 S L > clls g9
gl Lalssll olan sl O e LinlS 10wyl cdale
o s gl 0l gl 5 slog) pslato a4 laz) . S i3l
o (@) edb o ad (15,8 <ol je WYY/A Gl o sl
WY/ an cdale s o 4l 5l ol bld & i,
5 ol bl & iy 3 ot () Sl 5 25 03y alS
Cab el AYYF a4 cdale s b sl

ST dl e gyl aal s ol o &l (a0 o5l
Sy 523 (58,8 5 5 a9
a8 Ol ol b adl oo U oyliw b alie g25l0 o]
s il g ialidl b asl s of cdale s @l 8t cdls oyl
sobaie pas ol a8 S jlas jd 50 ) Js.\;qa.;}glggi
AWYE AYVE OYYY anby of o 5 aw )5 ol yss 095
dpegyl aalyd 515 Sl o (lavolie (pimen § 43,5 duslie
Cyaao WS JLw BAYY/F ag)l dab o 15 JBls 4 VYYV/A
ol o gl bty s slool jglate @ Lol Jol dwalie ) .c8)8
A5 e g 995 ool Il cdls B as col AWYF 55 50 aslyd
el an byly s U as ooy il YWY L5 @ asly O daw
ol b ooly EalS WYY & asbyd O 515 s g odaw) Hlub
Ol czge o ¥ ol 4 aplys Ol tljEl o8 ol L
Las y5a Y BV oo ol 5l alold & dtay o) ol 5l
A iy (i Ol e 9 e Y i a2l Sl lelS
Y USs joicadl gialS ;e YU o /AF s anl ol alols
5 4S8 By i Sl Sl Gl Glie oS 05 00 csalie
Ol s LS e 5l pide oy o VYVE 4 WWYF jlasl
AYYY a0 WYE jlasby o s oS ccul Slej > (e
Ol e ¥ aal s Sl (B o cuwl e (py (l & Sy
oS loj g sl adly ilS 55 ¥ o 5 Kb clale ol asily
prS A S ebale ol 03,8 Iy ialS e Y oasbyy O 5l
Sl bty b aboul jelain 4 55 ped dunlie ) .l &l i3l
Oy 3l g b B 2o NYWYIA L5 5o dly s O s 4]
Ol bt g ab ooy Al AYY/E @ anl o 515 Il bty a



WA 15— 30,5 (¥ oylods FF al (S g ol 4,25 YAY

1295
1290
_ 1285
_E
% £ 1280 )
,7}: = Lake Elevation = 1274m
-~ % 1275 f. = = = Lake Elevation = 1276m
/ — - =Lake Elevation = 1272m
1270
0 500 1000 1500 2000
(y2e) 2L 5l alols
Distance from Lake (m)

FEe Syt U b a5 o s sy VY IS
Figure 12- Groundwater level profiles with density changes
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Figure 13- Groundwater level profiles in maximum and minimum Lake levels with density changes
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Introduction: Aquifers are the major source of freshwater in many parts of the world. Saltwater intrusion
(SWI) is a serious environmental issue since 80% of the world’s population live along the coast and utilize local
aquifers for their water supply. Globally, coastal aquifers are under threat from saltwater intrusion (SWI). SWI is
caused by changes in coastal aquifer conditions resulting from ground water extraction, climate drivers, sea-level
rise, oceanic over topping events, and land use change. Under natural conditions, these coastal aquifers are
recharged by rainfall events, and the regional groundwater flow towards the ocean counters the intrusion of
saltwater into the freshwater region. However, over-exploitation of coastal aquifers in some regions has resulted
in a reduction in fresh groundwater levels (and hence reduced natural flow) and this has led to an increase in
saltwater intrusion. Saltwater intrusion degrades the quality of coastal aquifer groundwater resource which can
lead to a reduction in crop yield efficiency, limitation on the drinking water resource as well as soil fertility and
salinity of operated wells. Such problems are more crucial where groundwater aquifers are shallow.

Materials and Methods: The aim of this study is to investigate the effect of Lake Urmia water-level
fluctuations on groundwater table and rate of the intruding or receding of salt water to the coastal aquifer. In
order to achieve this purpose, Rashakan coastal aquifer in the vicinity of Lake Urmia in the northwest of Iran
was simulated. In this study, SEAWAT model was used to simulate the problem. SEAWAT was specifically
designed for the simulation of Sl, although it has many other applications as well, notably the combined
simulation of groundwater flow and heat transfer. SEAWAT as a widely used, three-dimensional variable-

density groundwater flow and transport model has been developed by the USGS based on MODFLOW and
MT3DMS and includes two additional packages: Variable-Density Flow (VDF) and Viscosity (VSC). First, the

model was calibrated and then the simulations were defined in four scenarios as follows: a) The rate of the
intruding or receding of salt water to the coastal aquifer during recent years b) The effect of the drop-in lake
water level on groundwater level changes trend regardless of changes in lake water density c) The effect of the
drop-in lake water level on groundwater level changes trend in view of changes in lake water density d) The
effect of the drop-in lake water level on the rate of the intruding or receding of salt water.

Results and Discussion: In this study, simulations were carried out under four scenarios in order to
investigate the effect of Lake Urmia water-level fluctuations on groundwater table and rate of the intruding or
receding of salt water to the coastal aquifer. In the first scenario, in order to assess the rate of the intruding or
receding of salt water to the coastal aquifer in recent years, three profiles have been investigated in the north and
the center and south of the study area, and the results showed that in recent years there has been no significant
change in the displacement of the salt-water wedge and this change was less than 50 meters and only the upper
part of wedge connected to the lake was more affected by dropping water level of lake, which was due to retreat
of the boundary imposed by lake water recession. In the second scenario, the effect of the drop-in lake water
level on groundwater level changes trend, regardless of changes in lake water density, was investigated. The
findings of the study showed that if the concentration of lake water is considered constant, the increase and
decrease in groundwater level across the aquifer would be almost equal to the increase and decrease the lake
water level. In the third scenario, the effect of the drop-in lake water level on groundwater level changes trend in
view of changes in lake water density was investigated and the findings was also made with the second scenario,
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where the results showed that when the effect of the density changes is neglected, the groundwater level is
affected by the lake water level changes more than about 2 times that when the density changes are considered.
However, increasing and decreasing concentrations, and consequently increasing and decreasing the density,
may have a great effect on the reduction and increase of groundwater levels. In the fourth scenario, the effect of
the drop-in lake water level on the rate of the intruding or receding of salt water was also investigated. It can be
concluded that when concentration changes and as a result of variations in density are affected, by decreasing the
level of the lake, saltwater wedge would be intruded and when the effect of the density changes is neglected,
saltwater wedge would be receded.

Conclusion: The results of this study indicated that during recent years there has been no significant change
in the location of the salt water wedge, and this change is less than 50 meters. The upper part of wedge
connected to the lake is more affected by dropping water level of lake, which is due to retreat of the boundary
imposed by lake water recession. Also, the findings of the study showed that if the concentration of lake water is
considered constant, the increase and decrease in groundwater level across the aquifer will be almost equal to the
increase and decrease of the lake water level. When the effect of the density changes is neglected, the
groundwater level is affected by the lake water level changes more than by about 2 times that when the density
changes are considered. Despite the decreasing of about 7 meters of lake Urmia water level, due to increase the
density of water, the wedge has intruded. This research shows that in the event of an increase in the water level
of Lake and consequently a decrease in water density, Saltwater wedge would be receded.

Keywords: Coastal aquifer, Lake Urmia, Saltwater intrusion, SEAWAT model
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Figure 1- Study area
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Table 1- Scale for pairwise comparisons (Saaty, 1980)

Coo] U s e U lilko
U“ J:l&o ”LMM .:..‘u ' )j": 'b~ yw‘l‘!)w -:..w =‘ ‘}ﬁuﬁﬁb&o
Verbal é9 ree Strong Very strong or ree Intermediate
equivalent Equal Moderate  jmportance demonstrated Extreme values
importance importance Importance importance
) 1 3 5 7 9 2141618

Degree




VY Sl G095 b ol 635 0 M &1 gladge o O JUisl (slogs ylow (b3,

Ueylone s

[ s e

Determine Alternative ] [ Determine Criteria

Determine the group of decision-makers

} SRS e 09y Lyl

| |
v

v

<
A plie b (2 oy upile hS gy de by (BT g b ylme g e
Forming of group decision matrix with qualitative values Determine the weight of the criteria with three methods
J
l v 1 v
s
oS 4y S ol s ok ol Jre cilye alabs Ll
Converting qualitative values to L Entropy Shannon DEMATEL AHP
quantitavie values

| |

e
Run the COPRAS model

I

Analyze results and prioritize Alternatives

[ basy 5 cancasld 5 mls oo ]

(s Ol gld Y JS
Figure 2- Research Flowchart

1
W= —&
- Eel ")
Sl J1 (S iele dlad ()55 255 dnlos =¥ als jo
& sl s ()83l 8 (ile Al il ]
olye aluds ox5jle polis js Jlasl b (oo dckis 6,550k
T 4 B3l 5 e 0958 40MS jobo 4y 295 o drwlna

(A) (295 amlie usijle JSis =)

(Wi) &g s dsmsloee =Y

A oo 3 0jg oy o pe Y

‘(k) 6339 )g‘)l_a.a Ml?u dl)_: AXW=)0W 4]0)‘) &Jo -¥
D9 oo ol (Wi) 019 oy 32 ¥ dlsyo 0y Jolo

(xmax) 0329 Sl u’)—*f)ﬁ A ypolde Jl d):fu*i’l*‘ L-o
D9 g0 03] (e

295 e dpls (5 5Lol asls (F) by, 5l odlizel L -5

LI = ‘maxt

amt ()

Ll a3l Y Jsas L o (8) adady jl oolil L -V
29 oo duwle  B0lal

n—2

? ()

R.LI =198

i (1Sl Sl 2l Pl 3 pmaie iy (29)5
el sty (V) sy i (e Gusly e olis

=10k a= (5, Ta k= VDX2X3XX0 ij=12..,0;1%] 0

dlio Ly le slaaslys B o)lro dlaxi N g K calasly ) 5o
b o BN S paewas Sl | g (g5

Ol gy Sl esliwl Ly (s ()59 dislone Y al> yo
bl (o (g delone sl (e sl g 1 wrin
gl Gy el g cnl )3 2,15 3 (g duslie el
ol gwin (ko 29y 9290 Sladey O 3l aylne (1)
il 25 D90 ar o)l ()39 dlone lapls sl oad

Do dplons (V) datly ) jlaw j2 jole s (ke -
D Sl g oy ol Sy oad Jloy

g, = (5]l = YTX2X30 X

Bj=12,.,0; 1#] )

duslie Ly ple slads]yd @i lre dlawi N g K calasly ol 5o
Y

oLl (V) ataly j1 (0159 51o52) 0 Jloys 5l oy sl =

(V) adasly 5l oas Jols Jlays slaaylys Iy calasly ool 35 30 o

RV



WAQ 15— 81,5 Y o,leds FF als (S g ol 4,05 VY

(Y”‘L LYy 9 ng”) R.LI ‘;Dw ua:-lw -y ‘Jg»
Table 2- Random Index R.1.1 (Alonso & Lamata, 2006)
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Table 5—- Pairwise comparison matrix for AHP Method

Jbxe g9
Criteria ) ) ) )
type
C, C, C, Ca
A 6.1429 5.2857 47143 33691
A, 8.4286 6.4286 7.8571 42553
Az 4.4286 4.7143 47143 41808
Ay 5.5714 6.7143 4.4286 33968
As 7.8571 5.5714 5.8571 38713
Ag 3.2857 3.2857 4.7143 38730
A, 3.5714 3.5714 3.5714 33571
Ag 2.4286 3.2857 3.2857 43385

AHP (g, 1t (295 damtliio (uut yilo =T Jgu
Table 6- Pairwise comparison matrix for DEMATEL Method

)w

Criterion C: C2 Cs Cs
C, 1 3.620 5.924 2.904
C, 0.276 1 4.272 0.530
Cs 0.169 0.234 1 0.370
(o 0.344 1.886 2.704 1

DEMATEL (9, 81y 29; dmlio s ylo -V Jgao
Table 7- The Final decision making matrix

’l"“ (o7 C3 c4
Criterion

C1 0 0.286 1.143 3.143

C2 1.857 0 1429 1.714

C3 1571 1.286 0 1.429

C4 0.714 0.714 1.000 0

Lulyy 9 L1 g Fle A Jgu
Table 8- Matrix of Influences and Relationships

e D) &) &)
Criterion C. r R+ RrAN  (R- RAN ,,  RAN
' : ) K C) K ' K
C. 3415 3290 6.706 2 0125 3 0250 2
C, 4091 2138 6.228 4 1.953 1 0232 4
Cs 3635 3.064 6.699 3 0571 2 0249 3
Cs 2285 4934 7.219 1 2649 4 0269 1
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Table 9- Final ranking of criteria

e Abdas Jalos (339 a5, Jiasd 359 a5, OPW (29551 039 o,
Criteria ‘-”""‘_’ Rank  Dematel weights  Rank Entropy Shannon Rank
AHP weight weights

Cy 0.541 1 0.250 2 0.5030 1

C, 0.171 3 0.232 4 0.2330 2

Cs 0.067 4 0.249 3 0.2305 3

C, 0.221 2 0.269 1 0.0334 4

a5 2l (guad; -V Jos>
Table 10- Final Ranking of alternatives
926 Entropy-COPRAS “ AHP-COPRAS ) Dematel-COPRAS )
Scenario (N%) Rank (N%) Rank (N%) Rank

Ay 53.2565 5 61.2884 6 72.8180 5
A, 38.2379 8 45.6292 8 52.8571 8
Az 64.1004 4 71.2182 4 76.7488 4
Ay 53.2468 6 61.9298 5 70.8633 6
As 43.7898 7 50.4528 7 61.4535 7
As 80.0236 3 89.0615 3 90.1728 3
A, 81.9398 2 89.7575 2 98.1477 2
Ag 100.0000 1 100.0000 1 100.0000 1
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Introduction: Inter-basin water transfer projects include essential, various, complex parameters where
mostly have a qualitative inherent. Making an appropriate decision on these projects have not been convenient
due to diverse impacts and effectiveness of the parameters as well as irregular and qualitative intrinsic of the
criteria. The main objective of this study is the evaluating and prioritizing of the practical inter-basin water
transfer scenarios to Central Plateau of Iran employing three approaches of the analytic hierarchy process (AHP),
DEMATEL and Shannon Entropy, and proposing this approach for decision making in water resources.

Materials and Methods: In this study to supply municipal water consumption deficit of 580 Million cubic
meters for three provinces of Esfahan, Yazd, and Kerman, eight practical inter-basin water transfer scenarios
were selected. The scenarios transfer water from the great Karun watersheds, including Behesht-Abad, Bazoft,
Khersan, and Gukan basins, to the mentioned provinces located in the Central Plateau of Iran. Four criteria,
considering the proposed UNESCO criteria for the qualitative and quantitative evaluation of these projects, were
assigned including technical risks and performance difficulty (C1); political and social obstacles (C2);
environmental difficulties (C3); and prime cost of a cubic meter of water (C4). Upon employing three
approaches of the AHP, Shannon Entropy, and DEMATEL, the criteria weights for decision making were
determined. Finally, the selected eight scenarios of the study were prioritized, considering the positive and
negative measures within the multi-criteria decision making, by using the COPRAS technique.

Results and Discussion: Regarding the results of the AHP method, criteria with the highest and the lowest
importance were obtained as the technical risks and performance difficulty and the environmental challenges
respectively. In the following, results of the DEMATEL method, considering cause and effect graphs, as well as
the impact and influence of the criteria, revealed that criteria of C1, C2, and C3, got the second, fourth, and the
third ranks respectively, while the C4 criterion was placed in the first rank. Also, the results showed that the
former criteria, C1 to C3, were considered as cause criteria, and the latter one, C4, was an effect criterion. In the
following, the weight of the criteria was computed using the Shannon Entropy method. Accordingly, the C4
criterion, including the lowest weight (W; ) and the highest E; value, had a common impact on the scenarios.
While, the C1, with the highest weight and the lowest E; value, was selected as the most influential and essential
criterion. Then, the COPRAS technique was employed to find out the best scenario. The obtained results
revealed that the 8th scenario was selected as the best scenario and the most suitable one was based on the
assigned criteria. Moreover, the results showed that, except the scenarios 5 to 8 and the second one, other
scenarios had various weights by using the different weighting method.

Conclusion: In this study, eight inter-basin water transfer scenarios were evaluated upon four criteria,
including technical risks and performance difficulty; political and social obstacles; environmental challenges;
and prime cost of a cubic meter of water. In the following, weights of the mentioned criteria were determined to
employ three approaches of the AHP, Shannon Entropy, and DEMATEL, and COPRAS technique was used to
prioritizing of the criteria. The obtained results revealed that 8th scenario, including water transfer from the base
flow of the Behesht-Abad basin to Esfahan province, through the pumping and short water conveyance tunnel,
and from the Kheran-Kersan Dam 3 to Yazd and Kerman provinces was selected as the best scenario for water
transfer to central plateau of Iran. Application of the approach is recommended in complex decision making in
water resources management, mostly incorporated with conflicts and inhomogeneous qualitative and quantitative

1, 2 and 3- M.Sc. Graduate in Water Resources Engineering and Associate Professors, Department of Irrigation
Engineering, Aburaihan Campus, University of Tehran, respectively.

(*- Corresponding Author Email: roozbahany@ut.ac.ir)
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criteria, due to practical utilization of this method in the evaluation and prioritizing of scenarios. It is worth
noting that the proposed method was conducted in forms of fuzzy and crisp configurations.

Keywords: Inter-basin water transfer, Multi criteria decision making, COPRAS technique, Central plateau of
Iran
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Figure 1- The location of Chalekhmaz hydrometric stations in Lake Urmia basin
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Table 1- Statistical properties of used data

Falyb ApoS Al be Glre dlysdl Ot e (N
Parameter Min Max Mean STD CV Skewness
(68 oo o) i) 2 e 56 1994 541 5.22 0.96 1.26
Maximum flow discharge (m®/s)
(39 22 09) ) Ghoo 157 5290.42 701.69 1222.53 1.74 2.71

Suspended sediment load (ton/day)
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Table 2- The used Copula functions (23)
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e ™ ~1)(e* -1
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Frank 2] In 1+ 1 0+0
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Figure 2- Maximum flow discharge of Zarinehrood River in Chalekhmaz hydrometric station in period of 1992-2016
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Figure 3- Suspended Sediment loads of Zarinehrood River in Chalekhmaz hydrometric station in period of 1992-2016
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Table 3- Fitting the statistical distribution functions on studied maximum flow discharge and suspended sediment load

Sl (45l 3 S0 ko) (23 (595 2 0F) Qgmy (3o b
Parameter Max flow discharge (m%s)  Suspended sediment load (ton/day)
e @i AL oress 5054 Jomg
Distribution function Generalized Pareto Weibull
‘-i'zﬁj)l‘) - Q?“")‘)‘;] 5
Anderson-Darling 43,
iyl —Bg 5 galS” Rank 1
Kolmogorov-Smirnov
ST g ) 0.094 0.708
Anderson-Darling o Ll
iy yrown] =85 S 50lS Statistic 0217 0.100

Kolmogorov-Smirnov
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Table 4- Results of Kendall’s 7 statistic in evaluation the max flow discharge and suspended sediment load

Salib T s
Parameter Kendall’s
) dl‘“’ )l’. 9 0.75

Max flow discharge and suspended sediment load
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Table 5- Results of different copula functions evaluation in estimation the joint distribution of max flow discharge-suspended
sediment loads of Chalekhmaz station

32 2990 Jeado
Copula functions

byl bz
Evaluation Clyton AMH FGM
criteria
AIC -7.23 -7.10 -6.69
bias 0.07 0.14 0.20
N-S 0.94 0.73 0.40
RMSE 0.07 0.15 0.22
Teta 7.50 1.00 -0.47

Frank Galambos GH Plaket

-7.30 -7.36 -7.36 -71.22
0.06 0.05 0.05 0.10
0.94 0.96 0.96 0.87
0.07 0.06 0.06 0.10

20.00 9.29 9.97 20.00
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Introduction: The erosion, sediment transport, and estimation problems in the streamflow are the most
complicated and essential subjects in the river engineering studies. It is important to model and predict these
parameters correctly to determine the effective life of the hydraulic structures and drainage networks. On the
other hand, river flow discharge is considered as one of the main components of water resources, which affects
sediments. The increasing need of urban and rural communities for limited resources on the one hand, and issues
related to climate change and atmospheric precipitation over the past few years, more and more attention is paid
to the attitude of surface flows. The phenomena of erosion, sediment transport, and estimation of sediment load
in the rivers due to its damages are one of the most critical and complex issues of river engineering. The primary
goal of the frequency analysis is to relate extreme events to their frequency using probability distributions. In the
frequency analysis of meteorological and hydrological events, the observed data would be analyzed for a long
time at a basin. In these analysis, the assumption of independence and stationarity is considered. In fact, the basic
assumption is that the studied data are spatially and temporally independent. The main issue is identifying actual
distribution across different exiting distributions when using the frequency distribution to estimate the magnitude
of the event. There is no appropriate general distribution for all types of rainfall regimes, river flows, etc. On the
other hand, in order to analyze the frequency of a similar case, there is no agreement on the use of a particular
distribution function. The experience gained so far in the field of statistical analysis of hydrological data shows
that some data are more consistent with some specific statistical distributions.

Materials and Methods: In this study, the frequency analysis of total sediment load of the Zarinehrood
basin was investigated in the south-east of Lake Urmia with consideration of the peak flow discharge at the
Chalekhmaz hydrometric station during the statistical period of 1992-2016 using copula functions. At first, the
correlation of these data was investigated using Kendall Tau correlation statistics, and the correlation coefficient
was calculated as 0.75. In this study, Ali-Mikhail-Haq, Clayton, Frank, Galambos, Gumbel-Hougaard, Plackett,
and Farlie-Gumbel-Morgenstern copula functions were used. In the conventional method of estimating the return
period of extreme values, different statistical distributions are fitted on the studied data. After fitting the
statistical distributions on the data series, the accuracy of each distribution is evaluated by one of the goodness of
fit tests, such as the Kolmogorov-Smirnov test. After statistically controlling the goodness of fit test and
determining the acceptable distributions, the root means square error (RMSE) and the Nash-Sutcliffe criterion
are calculated to select the best fit model. Each of the fitting distributions that have the highest Nash-Sutcliffe
(NS) criteria, and the lowest RMSE is chosen as an appropriate distribution.

Results and Discussion: With the fitting of 65 different distribution functions into the series, the Weibull
distribution for total sediment load values and generalized Pareto distribution for peak flow discharge values
were selected based on the evaluation criteria as appropriate marginal distributions. The results of the evaluation
of the accuracy and efficiency of copula functions were studied by using root mean square error, Nash-Sutcliffe,
BIAS, and AIC statistics. In this regard, the results were compared with the experimental copula functions.
Finally, the Galambos copula was selected from the candidate copulas as superior copula function. The
conditional and joint return period of the total sediment load based copula was proposed with a probability of 10
to 90 percent.

In univariate mode, the lowest probability of exceedance is 50%. In a bivariate mode, this possibility is
presented more accurately. With a possibility of exceedance of 50%, it can be observed that the total sediment
load at Chalekhmaz station during the studied period is about 400 tons per day. This is about 56% higher than its
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univariate mode, which is the average long-term of the total sediment load is closer to the Chalekhmaz station.
Conclusion: By comparing the bivariate analysis and its return period with univariate mode, the results
indicated that more accurate calculation. Also the results showed the estimation of total sediment load is closer
to the total sediment load of the Chalekhmaz station in bivariate analysis mode. Also, the results showed that in
univariate mode, estimation of total sediment load at Chalekhmaz station was less than its actual value during the
two-year return period. Regarding the results, the generated return curves can be used as the type curves for the

management of water resources in the basin.

Keywords: Chalekhmaz, Copula function, Galambos, Lake Urmia, Marginal distribution
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2- Surface drip irrigation

3- Subsurface drip irrigation
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Figure 1- Schematic descriptions of the experimental device. 1-Reservoir 2- By-pass Assembly 3- Pump 4- Valve 5- Gage 6-
Filter 7- Main Pipe 8- Sub-main Pipe 9- Off-on Valve
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Figure 2- Schematic picture of wetted area distribution in surface and subsurface drip irrigation
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Table 1- Physical properties of soil samples

aiged ol Sk cdl Lo L s J& Sy Culas
Samples name Soil texture Sand% Silt%s  Clay%  Bulk density (gr/icm®) Ks (cm/h)
HT Clay 26 26 48 1.30 0.85
MT™ Sandy-clay-loam 50 18 32 1.36 0.92
LT* Loam-sandy 82 6 12 1.53 3.95

"Heavy texture (oS cdb)
“"Medium texture (Lwgie cib)
*Light texture (K cb)
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Table 2- Technical properties of used emitters

Celw 3 WY (o2
Emitter discharge (g=2 Lit/hr)

L WO JSVAUR L
Emitter discharge (g=4 Lit/hr)

&iF Bl cups
(Distribution uniformity)
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(Variety coefficients)
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Figure 3- Comparison of down wetted area of emitter for continuous and pulse surface drip irrigation
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Figure 4- Comparison of down wetted area of emitter for continuous and pulse subsurface drip irrigation
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Figure 5- Comparison of up wetted area of emitter for continuous and pulse subsurface drip irrigation
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Table 3- The coefficients of the suggested models with statistical indices
Eq. ) . ° a a as a, as ag a ag - - MAE RMSE R?
’ 1.745 0.754 0.613 0.126 0.207 0.174 0.118 0.824 -0.253 - - 0.0031 0.004 0.99
Eq. (5) b by b, bs b, bs bg b, bg bo - MAE RMSE R?
’ 0.885 0.76 0.733 0.347 0.205 0.147 0.085 0.87 0.057 0.039 - 0.0025 0.0033 0.99
Eq. (6) c c C Cs Cs Cs Ce cs Cs Cq - MAE RMSE R?
) 1171 0495 0514 -0.181 0.316 0.292 0.107 1.097 -0.308 0.058 - 0.0036 0.0044 0.95
Eq.(7) d d; d, ds ds ds ds d; dg dg - MAE RMSE R?
0.694 0.657 0.653 0.378 0.291 0.365 0.267 0.899 -0.188 0.777 - 0.0044 0.0057 0.99
Eq.8) e e e, e; e, es e e, eg e ew MAE RMSE R?
0.327 0.679 0.834 0.075 0475 0.124 0.096 2111 0.363 -0.021 0.814 0.0044 0.0056 0.99
Eg. (9) f f; f, fs fs fs fe f; fs fo fio MAE RMSE R?
1242 0435 046 -0.143 0.265 0.264 0.166 1431 0.168 0.064 0.494 0.0033 0.0044 0.96
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Table 4- Statistical parameters for the comparison of measured and predicted values of up and down wetted area in
continuous surface and subsurface drip irrigation

(Experiment) (Wetted area)
R? MAE (m?) RMSE (m?)
Ad Aup Ad Aup Ad AUP

LT-DI 0.99 (0.99) - 0.0031 (0.0503) - 0.0041(0.0686) -

MT-DI 0.99 (0.99) - 0.0029 (0.0394) - 0.0036 (0.0482) -

HT-DI 0.99 (0.98) - 0.0033 (0.0293) - 0.0044 (0.0377) -
LT-SDI-15  0.99 (0.99) 0.96 (0.88) 0.0024 (0.0743)  0.0037 (0.0133) 0.0031 (0.097)  0.0046 (0.0147)
LT-SDI-30 0.99 (0.99) 0.94(0.91) 0.0019 (0.0842) 0.004 (0.0084) 0.0024 (0.1091) 0.0052 (0.0128)
MT-SDI-15  0.99 (0.99) 0.97 (0.94) 0.0018 (0.0477)  0.0035 (0.0195)  0.0021 (0.0628)  0.0041 (0.0214)
MT-SDI-30  0.99 (0.99) 0.97 (0.84) 0.0034 (0.0509) 0.0045 (0.017) 0.0039 (0.0655) 0.0052 (0.0199)
HT-SDI-15  0.98 (0.96) 0.96 (0.95) 0.0039 (0.0354)  0.0031 (0.0152) 0.0046 (0.0436)  0.0036 (0.0165)
HT-SDI-30  0.99 (0.99) 0.96 (0.83) 0.0016 (0.0318)  0.0026 (0.0114) 0.0029 (0.0403)  0.0039 (0.0134)

The numbers in parentheses refer to the model of Karimi et al. 20152 (ssb e (¥+18) olan 5 o8 Jdo & bgsye 5l Jobs slacl)

LT, MT and HT refer to light texture, medium texture and heavy texture, respectively ( »,ls i 5 bugio « S il 4 o)Ll o g & HT
MT.LT)
DI AND SDI-15 refer to surface drip irrigation and subsurface drip irrigation with installation depth 15 cm, respectively
315y Bl VO s Bas b (oxdaw ) g (e (glojlad (o)l w4 0)L3l i 4, SDI-15 4 DI
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Figure 6- Comparison of measured and predicted values of down wetted area for continuous surface drip irrigation with 1:1
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Figure 7- Comparison of measured and predicted values of up and down wetted area for continuous subsurface drip
irrigation with 1:1 line
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Table 5- Statistical parameters related to comparison of measured and predicted values of up and down wetted area for pulse
surface and subsurface drip irrigation

Experiment  Pulse Wetted area
R® MAE (m?) RMSE (m%)
Ad Aun Ad AUD Ad Auo
LT-DI 30-30 0.98 - 0.0065 - 0.0082 -
LT-DI 40-20 0.99 - 0.0049 - 0.0059 -
LT-DI 20-40 0.99 - 0.0047 - 0.0057 -
MT-DI 30-30 0.99 - 0.0029 - 0.0036 -
MT-DI 40-20 0.99 - 0.0048 - 0.0056 -
MT-DI 20-40 0.98 - 0.0038 - 0.0051 -
HT-DI 30-30 0.99 - 0.0027 - 0.0034 -
HT-DI 40-20 0.98 - 0.006 - 0.0077 -
HT-DI 20-40 0.99 - 0.0046 - 0.0058 -
LT-SDI-15 30-30 0.91 0.92 0.002 0.0034 0.0032 0.0041
LT-SDI-15 40-20 0.98 0.98 0.0056 0.0016 0.0066 0.0019
LT-SDI-15 20-40 0.99 0.95 0.0043 0.0033 0.0055 0.0044
LT-SDI-30 30-30 0.97 0.89 0.0077 0.0036 0.0098 0.0055
LT-SDI-30  40-20 0.98 0.91 0.0061 0.0049 0.0073 0.0058
LT-SDI-30 20-40 0.95 0.97 0.0054 0.0021 0.007  0.0027
MT-SDI-15 30-30 0.99 0.97 0.0052 0.0031 0.0064 0.004
MT-SDI-15 40-20 0.98 0.98 0.0039  0.002 0.0048 0.0027
MT-SDI-15 20-40 0.99 0.96 0.0035 0.0037 0.0042 0.0044
MT-SDI-30 30-30 0.99 0.99 0.0032 0.0021 0.0041 0.0026
MT-SDI-30 40-20 0.99 0.99 0.0051 0.0035 0.0066 0.0044
MT-SDI-30 20-40 0.99 0.99 0.0034 0.0015 0.0045 0.0019
HT-SDI-15 30-30 0.98 0.96 0.0057 0.0054 0.0069  0.007
HT-SDI-15  40-20 0.99 0.99 0.0034 0.0026 0.0045 0.0033
HT-SDI-15 20-40 0.99 0.99 0.0039 0.0041 0.0051 0.0046
HT-SDI-30  30-30 0.97 0.98 0.0056 0.0025 0.0068 0.0031
HT-SDI-30  40-20 0.99 0.99 0.0035 0.0026 0.0044 0.0031
HT-SDI-30 20-40 0.99 0.93 0.0042 0.0067 0.005  0.0077
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Figure 8- Comparison of measured and predicted values of down wetted area for pulse surface drip irrigation with 1:1 line
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Figure 9- Comparison of measured and predicted values of down wetted area for pulse subsurface drip irrigation with 1:1

line
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Figure 10- Comparison of measured and predicted values of up wetted area for pulse subsurface drip irrigation with 1:1 line
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Table 5- Statistical parameters for general evaluation in surface and subsurface drip irrigation
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DI Continuous 0.99 - 0.0483 - 0.996 -
SDI-Down Continuous 0.99 - 0.0441 - 0.997 -
SDI-Up Continuous - 0.95 - 0.1338 - 0.951
DI Pulse 0.99 - 0.0548 - 0.994 -
SDI-Down Pulse 0.99 - 0.0795 - 0.99 -
SDI-Up Pulse - 0.96 - 0.109 - 0.96
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Introduction: Among irrigation methods, a drip irrigation system (surface and subsurface) is more
acceptable in arid and semi-arid regions due to high water use efficiency and potential crop yield. Pulse drip
irrigation (with suitable management practices) is one of the drip irrigation methods (includes a set of cycles,
each cycle consisting of the irrigation phase and a resting phase) that have high potential to improve the
uniformity of soil moisture distribution. Suitable design and management of pulse or/and continuous drip
irrigation systems substantially require a proper understanding of the moisture distribution pattern around the
emitter. One of the critical parameters concerning the moisture distribution pattern, taking into account the
wetted area of emitter. Important parameters of the wetted area include the down wetted area (Ay) for the surface
and subsurface drip irrigation system as well as the up wetted area of an emitter (A,,) for the subsurface drip
irrigation. Modeling the wetted area pattern and considering this parameter in design as one of the criteria for
increasing water efficiency in surface and subsurface drip irrigation systems is critical and important.

Materials and Methods: In this research, experiments were carried out in a transparent rectangular cube
with dimensions of (3 * 1 * 0.5 m) using three different soil textures (fine, heavy, and medium). The drippers
were installed at three different soil depths (surface, 15cm, and 30cm). The emitter discharge was considered 2.4,
4, and 6 lit/hr. Also, these experiments were carried out for two continuous and pulse irrigation systems. In pulse
irrigation, the pulse cycles were considered 30-30, 20-40, and 40-20 min. The first number refers to the irrigation
time, and the second number refers to the resting time of the system in each cycle. In this research, using a
nonlinear regression model, empirical models were developed to predict the wetted area of the moisture front.
The input parameters of the suggested model include emitter discharge, saturated hydraulic conductivity,
application time, soil bulk density, emitter installation depth, initial soil moisture content, pulse ratio (the ratio of
irrigation time to complete period of each cycle) and the proportions of sand, silt and clay in the soil.

Results and Discussion: The results of this study show that the highest and the lowest down wetted area (for
surface and subsurface drip irrigation systems) are related to sandy and clay soils, respectively. Also, the highest
up wetted area in the subsurface irrigation system is related to loamy and clay soils. The results of the
comparison between measured and simulated values of down and up wetted area indicated that these models
have acceptable precision and accuracy in estimating the wetted area of the wetting front in surface and
subsurface drip irrigation (with pulsed and continuous application). The comparison between the measured and
simulated down wetted area of the emitter (for surface drip irrigation with pulsed application) showed that the
R?, MAE and RMSE values varied between 0.98-0.99, 0.0027-0.0065 m* and 0.0034-0.0082 m? respectively.
Concerning statistical values, it is evident that these models have excellent performance in estimation of down
and up wetted area for subsurface drip irrigation. For subsurface drip irrigation with the pulsed application, the
values of R?>, MAE and RMSE for the down wetted area of emitter, ranged 0.91-0.99, 0.002-0.0077 and 0.0032-
0.0098, respectively. These models also estimate up wetted areas with less error, and the values of R?, MAE, and
RMSE for all treatments varied between 0.89-0.99, 0.0015-0.0067 m* and 0.0019-0.0077 m?, respectively.

Conclusion: This paper was aimed at presenting relationships for estimating the up and down wetted area of
emitter for surface and subsurface drip irrigation (with pulsed and continuous application). Regarding the
importance and applicability of empirical models, in this research, nonlinear regression models (NLR, which are
more widely used among researchers) were applied. For NLR method, different ten input variables (i.e., emitter
discharge, saturated hydraulic conductivity, application time, soil bulk density, emitter installation depth, initial
soil moisture content, pulse ratio (the ratio of irrigation time to complete period of each cycle) and the
percentage of sand, silt and clay) were considered. The results of this study indicate that the NLR model can
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University of Kurdistan, Sanandaj, Iran, respectively.

(*- Corresponding Author Email: bakhtiar.karimi@gmail.com)

DOI: 10.22067/jsw.v34i2.82228


mailto:bakhtiar.karimi@gmail.com

1A 5 — olo,s Y oyleds FF uls (S g ol 4,05 YPY

estimate the up and down wetted area, and the statistical indices values are within acceptable ranges.
Considering these relations in designing surface and subsurface drip irrigation systems can improve the
performance of these systems.

Keywords: Drip irrigation, Irrigation management, Moisture bulb, Simulation, Wetted area
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Table 1- The values of the parameters obtained from the proposed algorithms for Wilson River

Algorithm SSQ m K X
SOS 128.786 2.151 0.167 0.301
GA 138.805 1.999 0.328 0.300
PSO 128.786 2.152 0.167 0.301
ICA 128.792 2.155 0.164 0.301
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Table 2- Statistical Indicators for the Wilson River

Algorithm SSQ MSE
SOS 128.786 5.853
GA 138.805 6.309
PSO 128.786 5.853
ICA 128.792 5.854
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Table 3- The values of the parameters obtained from the proposed algorithms for Kardeh River

BE2 BEL Bad &b byl ol Cunrorr 011 3155 slass solyb
Number of Objective Functions Population size  Num Rep Parameter SOS
1lor2 lor2 50000 80 1000 S
Value
@ss &5 fae &5 05 s Comzoful Sohs ll
Coupling Rate Mutation Rate Num of Genes Population size  NumRep  Parameter GA
L
0.8 0.02 240 80 1000 -
Value
c2 c1 PUPOPS SV PR KPS Curoz o)l IS olaws el
Num Decision variable Population size Num Rep  Parameter PSO
1.49 1.49 240 80 1000 e
Value
Mal £y Sisod & 1,3 s Loti] Slias Cunes ol WSS ol shalyly
Revolution Rate  Correlation rate Num Colonizers Population size  NumRep  Parameter ICA
0.8 0.8 3 80 1000 e

Value
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Table 4- The values of the output flood hydrograph data are calculated by the algorithms for the Wilson River

o (2l (295 (2 losalie (29)5 (2 53959 (2 obj
(4l 31 2o yko) (Wl oo jo) (Wl ppcsSo o) (slw)
Routing Q Out (m°/s) Observed Q Out (m®/s) Q In (m®s) Time (hr)
ICA PSO GA SOS

22.000 22.000 22.000 22.000 22 22 0
21.784 21.784 21.784 21.784 21 23 6
20.000 20.003 19.914 20.003 21 35 12
20.195 20.177 19.486 20.176 26 71 18
29975 29.955 29.155 29.954 34 103 24
44566 44560 44.325 44.560 44 111 30
57.104 57.112 57.449 57.112 55 109 36
67.515 67.533 68.264 67.533 66 100 42
75,576 75599 76.496 75.599 75 86 48
80.424 80.455 81.281 80.455 82 71 54
81504 81520 82.125 81.520 85 59 60
80.285 80.294 80.597 80.294 84 47 66
75.871 75.872 75.867 75.872 80 39 72
69.817 69.813 69.590 69.813 73 32 78
61.811 61.805 61524 61.805 64 28 84
53.418 53414 53.285 53.414 54 24 90
44,140 44.147 44410 44.147 44 22 96
35.341 35.362 36.170 36.362 36 21 102
28.315 28.347 29.589 28.348 30 20 108
23417 23450 24.770 23.450 25 19 114
20.239 20.263 21.308 20.263 22 19 120
19.486 19.495 20.018 19.496 19 18 126
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Figure 3- The Output Hydrograph Routed Algorithms by Wilson River
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Table 5- The values of the parameters obtained from the proposed algorithms for Kardeh River
Algorithm  SSQ m K X
SOS 4552 4781 0.0215 0.344
GA 5.235 3.542 0.1770 0.373
PSO 4552 4781 0.0215 0.344
ICA 4462 4.640 0.0260 0.352
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Figure 4- The Output Hydrograph Routed Algorithms by Kardeh River
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Table 6- Statistical Indicators for the Kardeh River

Algorithm  SSQ  MSE

SOS
GA
PSO
ICA

4.552
5.235
4.552
4.562

0.505
0.581
0.505
0.506
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Table 7- The values of the output flood hydrograph data are calculated by the algorithms for the Kardeh River

(40U 1 xS0 ko) ol (liig, (2953 (2 Slosalin (2955 (2 $39)9 (o2 () o
Routing Q Out (m?s) (45U 2 GuSo 5%0) (4 5 anSlo o) o (F:r))
ICA PSO GA SOS Observed Q Out (m%s)  Q In (M%)
2.41 2.41 2.41 2.41 2.41 2.41 0
2.37 2.36 2.37 2.37 2.41 2.56 6
1.56 121 1.56 151 2.41 7.37 12
3.50 3.38 3.50 3.50 2.41 7.93 18
5.62 5.91 5.62 5.70 5.77 2.66 24
454 474 454 456 6.16 2.56 30
2.50 2.40 2.50 251 2.50 2.50 36
2.48 2.34 2.48 2.48 2.50 2.50 42
2.51 2.58 2.51 2.53 2.50 2.50 48
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Table 8- Comparison of different methods of researchers in recent years
to optimize nonlinear parameters of Wilson River

Algorithm SSQ m K X
NL-LSM (Yoonand 156.44 236  0.06 0.27
Padmanabhan 1993) 145.69 2.347 0.01 0.25
S-LSM (Gill 1978)  130.48 2.293 0.075 0.2769
LMM (Das 2004) 128.78 2.151 0.167 0.301
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Figure 5- The convergence of applied algorithms in the Kardeh-river
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Introduction: Flood is a natural phenomenon that can cause numerous financial and life casualties in civil,
industrial, and agricultural areas. Therefore, knowing its characteristics such as its peak during a period and in
different places of the river is of the utmost importance. In general, forecasting these characteristics and changes
in depth and flow in the river could be done using the flood routing methods. Flood routing is one of the most
important issues in water engineering projects. Hydrologic routing is common particularly in braided rivers and
rivers with the lack of mid-basin data. To do that, there is a need to perform cross-sections and determine the
river slope in every region. The Muskingum method is frequently used to route floods in the hydrology literature.
The implementation of metaheuristic algorithm methods has shown satisfactory results in this regard. Therefore,
in this study, we evaluated the efficiency of the Symbiotic Organisms Search (SOS) in estimating the optimal
parameter estimation of the Non-linear Muskingum model.

Materials and Methods: This study evaluated the performance of Symbiotic Organisms Search (SOS)
algorithm in estimating the optimum parameters of the Muskingum Non-linear model. To investigate the
research’s findings desirability, the results of the Symbiotic Organisms Search (SOS) were compared to the
results of other
Meta-Heuristic methods including the Genetic Algorithm (GA), the Particle Swarm Optimization (PSO), and the
Imperialist Competitive Algorithm (ICA). Meta-heuristics sample is a set of solutions which are too large to be
completely sampled. Meta-heuristics may make few assumptions about the optimization problem being solved,
and they may, therefore, be usable for a variety of problems. SOS algorithm simulates the interactions between
two species in a way that one species seeks to find the most suitable. SOS algorithm starts with an initial
population called ecosystem. In the early stages of ecosystem, a group of organisms (decision variable) are
randomly generated in the search space. Each organism is a candidate for a solution that corresponds to a certain
degree of fit, representing the degree of conformity with the intended purpose (amount of objective function).
This algorithm uses a new solution by mimicking the biological interaction between the two species in the
ecosystem. Three distinct phases (cross-use), commensalism, and parasitic, similar to the biological interaction
model in the real world, are introduced. Each interaction is defined based on the type of interaction. In this way,
the two-way profit represents the cooperation phase, the one-way profit represents the commensalism phase, and
the one-way profit and the other side losses represent the parasitic phase. In all phases, each is being interacted
randomly with the other. This process continues until the process is completed (reaching the maximum number
of iterations). In this research, the Kardeh River in Khorasan Razavi province was chosen as a real instance and
Wilson River as a previous instance (1974), to investigate the performance of algorithms used in the non-linear
Muskingum equation in the flood routing model. In this study, minimizing the sum of squares (SSQ) between
the volume of real and routed outputs was considered as an objective function to evaluate the optimum
parameters of K, X, and m in the non-linear Muskingum equation. The obtained optimum parameters from
algorithms for both rivers showed that the SOS, PSO, and ICA algorithms could approximate the SSQ to optimal
value and all meta-heuristic algorithms could route the output flood as well.

Results and Discussion: The SSQ algorithm results for the rivers showed the minimization of the sum of
squares (SSQ) which MSE was equal to 5.85 and SSQ was equal to 128.78 for the Wilson River, and MSE was
equal to 0.505 and SSQ was equal to 4.55 and had better functionality than the GA algorithms same as the PSO
and ICA algorithms. The meta-Heuristic methods were from solutions which succeeded to estimate these
parameters. In this study, the novel Symbiotic Organisms Search (SOS) was used to estimate the non-linear
Muskingum model parameters. The observational data of two river studies of Kardeh and Wilson Rivers were
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employed. The results of SOS implementation were compared to other meta-heuristic algorithms such as GA,
PSO, and ICA to investigate the SOS functionality. In this research, firstly, the experimental example used by
the researchers was investigated to survey the optimum Non-linear Muskingum flood routing model parameters.
The results showed the SOS precise estimation was comparable to the previous methods. According to the
results, the SSQ was improved by using the objective functions as compared to the other reported algorithms at a
rate of 7% in GA, and 0.004% in ICA. In the second experimental river, which is a real flood routing, estimated
statistical parameters for the Kardeh River were 0.5059 for MSE and 4.5528 for SSQ in the SOS algorithm. This
shows that the appropriate functionality of the Symbiotic Organisms Search algorithm in estimating the optimum
Non-linear Muskingum flood routing model parameters. Finally, this research work highlights the SOS ability to
optimize the Muskingum model parameters.

Conclusion: In the SSQ flood stream, SOS showed good performance, such as the PSO and ICA algorithms.
In this regard, SOS was 13% better than the GA in the objective function SSQ and MSE, and improved the
objective function SSQ and MSE by 0.002 and 4%, respectively, in respect to the PSO and ICA. This denotes the
appropriate functionality of the Symbiotic Organisms Search algorithm in estimating the optimum non-linear
Muskingum flood routing model parameters. The findings indicate the SOS ability to optimize the Muskingum
model parameters. Therefore, using the SOS in flood routing with the Muskingum model is recommendable.

Keywords: Braided rivers, Hydrologic routing, Metaheuristic, Meta-Heuristic, Muskingum model,
Optimization
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Figure 1- Typical Q/I curve
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Table 1- Physical and chemical properties of studied soils

S oyl SN e s O Begs ol BE i »
: pH 5 las . S - CaCO; SB S Sk el
Soil (1:2.5) . Silt Clay o (%) * * Texture
number &l{w‘ (%) (%) OO/(-): (CEC cmol, kgl) (Ke) (Ks)
EC (% mg kg
dSm
1 8.01 1.60 39 38 0.39 21 35 443 37 ClayLoam
2 8.10 1.48 60 15 0.04 9 55 350 15 SiltLoam
3 7.91 1.43 19 17 0.19 11 30 92 14 SandyLoam
4 7.95 2.33 34 19 2.14 17 325 431 52 Loam
5 8.08 1.39 49 26 0.70 16 45 406 345 Loam
6 7.80 1.02 35 33 0.14 18 25 302 21 ClayLoam
7 7.85 141 55 12 0.18 8 35 382 35 SiltLoam
8 7.91 0.99 42 35 0.07 19 40.5 239 16 ClayLoam
9 7.98 1.27 13 32 0.19 18 325 286.5 145 SandyClayLoam
10 7.97 1.90 50 22 0.09 14 15 264 16 SiltyLoam
11 8.08 1.30 43 37 0.17 20 335 283 16 Silty ClayLoam
12 7.80 1.19 50 23 0.30 14 31.75 311 17 Loam
13 7.93 1.35 59 8 0.02 6 42.5 338 13 SiltLoam
14 7.92 1.18 47 38 0.39 21 33 3235 15 Silty ClayLoam
15 8.0 1.01 51 25 0.19 15 325 335 155 SiltLoam
16 7.8 1.23 46 31 0.25 18 475 308 17 ClayLoam

(3 5 Jboy ra%}yaibl;;»l L odds (5,50 lac) :KE ‘(QT b odd (5,50 lac) :KS *
Ks: extracted with water, Ke: extracted with netral ammonium acetate
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Table 2- The values of Q/I parameters in studied soils

JE oy Nl Lol iy
20 o Uy - e e b g O el
S o lows s JB (g by (6 8L 09l Cud )b e Jals s
: o Jols (PBC) (ARS) el s
Soil number K ' (mmol kg™)/(mmol L%)°8 s (KD
(mmol kg™ Kx (mmol L) (mmol kg™
(mmol kg™)
1 34.829 12.040 33.562 0.679 22.789
2 11.800 0.163 24.498 0.475 11.637
3 10.656 2.103 27.590 0.310 8.553
4 29.766 6.533 28.945 0.803 23.243
5 27.730 10.453 24.506 0.705 17.277
6 6.685 0.544 31.015 0.198 6.141
7 38.593 16.228 25.674 0.872 22.365
8 15.040 1.272 32.395 0.435 13.768
9 11.848 1.720 30.972 0.327 10.128
10 15.305 5.400 26.561 0.358 9.509
11 14.440 3.393 45.834 0.241 11.046
12 6.219 4.950 27.000 0.047 1.269
13 16.463 5.918 23.329 0.452 10.545
14 21.188 6.588 39.433 0.371 14.630
15 17.748 6.633 29.975 0.372 11.151
16 17.043 8.358 32.047 0.271 8.685
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Figure 2- Q/I curves of potassium in the studied soils
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Table 3- Correlation coefficients between Q / | parameters in studied soils

Sty RIS pess sty SR
Jals 8 D ey (6,8 Jals 8 S
(AK") (AR (PBCX) (Kx) (K1)

AK® 1
AR 0.90%* 1
PBCX -0.08 -0.29 1

Kx 0.09 0.25 0.05 1

KI 0.71** 0.81** 0.04 0.70%* 1

07 o 3 )l ginn g Vi prows )3 I ime X
** Significant at P< 0.01 and * Significant at P< 0.05
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Table 4- Correlation coefficient between Q / | curve parameters of potassium and soil properties
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Introduction: Potassium is the second essential nutrient for plants. Potassium has a high abundance in the
soil, but only a small part of it can be used. The principal forms of potassium in the soil are solution potassium,
exchangeable potassium, non-exchangeable potassium, and structural potassium. To evaluate the state of
potassium in the soil, three forms of soluble, exchangeable, and non-exchangeable are used. The Q/I curve is
used to describe the availability of potassium, due to the competition between calcium, potassium, and
magnesium ions by soil exchange sites. This curve represents the supply power of soil potassium. The objective
of this study was to investigate soil potassium Q/I curve and relationships between its parameters and soil
characteristics in some calcareous soils of Lorestan province.

Materials and Methods: In this study, 16 topsoil samples (0-30 cm) were obtained from the calcareous soils
of Lorestan province. The experiment was carried out by a completely randomized design with three
replications. To prepare the Q/I curve, six suspensions were prepared from each soil sample containing 1 g of
soil and 10 ml of calcium chloride 0.01 M and 10 milliliters of potassium chloride with concentrations of 0.33,
0.66, 1, 1.33, 2 and 2.5 mmol. The solutions were shaken for one hour. They were then left for 20 hours to reach
the balance. The samples were centrifuged and the soluble and solid phase were separated and then the soluble
potassium solution was read using a potassium flame photometry. Calcium and magnesium concentrations were
measured by titration with EDTA. Then, 20 ml of 1 M ammonium acetate (NH40OAC) was added to the solid
phase of each sample. Then, the concentration of exchangeable potassium was measured using a flame
photometer. Then the Q/I curve was plotted for each sample. In addition, the association analysis was performed
using a stepwise multivariable regression method.

Results and Discussion: According to the Q/I curve, AR, (potassium activity ratio at equilibrium) ranged
from 0.087-0.047 (mmol.L™). The maximum amount of PBCK (potential buffering capacity) was observed in soil
No.11 with value of 45.834 (mmol.kg™)/(mmol.L™)%° and the lowest value obtained for soil No.13 with value of
23.329 (mmol.kg™ )/(mmol.L%)%°. In fact, in soils with PBCX, the soluble potassium activity has a lower
oscillation and is better buffered. The low amount of PBC™ in soil No.13 indicates low soil power to supply
potassium and the necessity of using potassium fertilizers. The lowest and most easily converted easy potassium
(AK®) were observed for soil No.12 and 4 with a value of 1.269 and 23.243 (mmol.kg™) respectively. There was
a negative correlation between PBC and ARX, suggesting those hiogh—PBC soils, lower AR®, are more stable
than those with lower PBCK. The KL (available Potassium) with AK” and Kx (Hardly exchangeable K) showed a
significant and positive relationship (r=0.70, p<0.01). Therefore, it can be concluded that by increasing each of
the two parameters AK® and K*, the amount of potassium (KL) is increased. Also, a positive and significant
correlation was found between potassium potential buffering capacity with clay content (r=0.79, p<0/01) and the
cation exchange capacity (r=0.73, p<0.01). Therefore, the cation exchange capacity of soils can be used to
estimate the buffering capacity of soils and therefore recommend potassium fertilizers. Available potassium
(KL) showed a positive and significant correlation with soil organic matter because its organic material is a part
of potassium. Also, organic matter can alter the amount of potassium by changing the pH value. Other Q/I curve
parameters, such as AR, Kx, and AK® did not show any significant correlation with any soil properties.

According to regression analysis, it was determined among all soil characteristics the only amount of clay can be
used as a proper attribute in order to estimate the potential of potassium in soil according to the following
equation: PBC"=17.857+0.482 Clay R? = 0.631. Also, the amount of organic carbon (O.C) was determined as
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the proper variable for estimating the KL value according to the following model: KL=14.468+9.017 O.C (R® =
0.318).

Conclusion: Due to potential buffering capacity (PBC") in these soils, it seems that soils can be able to
provide the absorbable potassium relatively. Therefore, fertilizer recommendation can be performed by
considering the amount of determined variables by the Q/I curve.

Keywords: Potassium, PBCK, Ak, Quantity-Intensity curve
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Table 1- Results of some of physical and chemical properties of the soil
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0-25 Sandy Loam 150 7.65 0.102 1.63 4.3 7.49 1.02
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Table 2- Analysis of variance of biochemical traits influenced by different concentrations of lead, effect of Mycorrhizal
fungus and studied cultivars

a > 49l e | SwwS1 ; ;
Oyt gl P2 @ o) oA ;Yo u - el el
S.0.v &33! sl Proline Catalase STy 039+ Chlorophyll  Chlorophyll
dF MDA APX H,0, a b
Bf*k 2 11.2315™ on 0.00003™  0.0037™ 0.2429" 0.0301" 0.0521"
0C
I:;‘; 2 31182  2173.4622 0.11438"  0.0417" 4.1995™ 4.1896"" 64.3197"
'}*')’S_*L" e 1 9.5119™ 31.9834™  0.02738™  0.0003™ 6.4483" 0.0024" 0.1198"
Myecorrhizal fungus
) 9 0.5676™  968.5293"  1.75043™  0.0999" 5.5712™ 5.9709™ 102.8802™
Cultivar
Croel 2 0.8710"™ 0.0976™  0.00095™  0.0043"™ 0.0099" 0.0032" 0.3203"
fungusxLead
SIS 18 0.3410™  769.7602°° 1.07133"  0.0336" 0.1954" 0.0818" 0.4436"
CultivarxLead
_@ust) 9 0.3880" 0.5373™  0.00026™  0.0043"™ 0.2995" 0.013™ 0.1191™
CultivarxFungus
el 18 0.3573" 1.0099™  0.00066™  0.004™  0.1213™ 0.0154™ 0.2291"
CultivarxFungusxLead
E”“ 118 0.4198 0.31182 0.00025 0.0043 0.1333 0.02548 0.1961
rror
(03] e 5 31.83 1.93 1.92 29.92 9.10 0.74 2.67
CV (%)

e ®

Biine et g do)3 Vg0 Jlainl o )3 s gxe cuiy 4
* **and ™: Significant at 5 and 1 percent and non- significant, respectively
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Figure 1- Effect of different concentrations of lead on malondialdehyde amount
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Figure 2- Effect of mycorrhizal fungus on malondialdehyde amount
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Table 3- Mean comparison of triple interaction of mycorrhizal fungusxleadx cultivar on proline and catalase activity

PUCRIGURT: o y ggjgf Yo ‘ z,b . ws ‘”)5).: Yl
Mycorrhizal N Prollne_l Catalase 1325850 o ) Prollne_1 Catalase
fungus Lead Cultivar (umol. g (ODg ) Mycorrhiza Lead Cultivar (uwmol. g (ODg )
FW) F.W.min™) I fungus FW) F.W.min™)

Shiraz 4253 0.86" Shiraz 41.445 0.81Y

Sepahan 30.61"™ 0.46% Sepahan 29.52N 0.42%

Sirvan 16.18" 1.08N° Sirvan 15.64"% 1.06%°

BC Roshan 14.95% 0.20% BC Roshan  14.73% 0.20"

g Marvdasht 18.18V% 1.20" E Marvdasht 17.66% 1.20"

S Sivand 29.9™N 0.17° S Sivand 29.89MN 0.16°

Bahar 29.21N° 1.26" Bahar 28.43° 1.247C

Pars 43.85° 1.57° Pars 40.43" 1.49%

@ Roshan 43.92° 0.27% Roshan 435F 0.26%

=2 Pishtaz 9.96° 0.90° 2 Pishtaz 9.19° 0.89°

= Shiraz 43.54F 0.77"VW = Shiraz 42.07°° 0.74%

9 IS Sepahan 18.16V% 0.24™ < Sepahan 17.72"% 0.23™

< £ Sirvan 52.12% 0.89° v S Sirvan 49.29° 0.88°7

2 8 BC Roshan 1413 1.047 X € BCRoshan  12.93 1.00%

S &  Marvdwsht  19.73" 1.17% = 8 5 M VX LM

o 2 . . 2 S 2 arvdasht 18.51 1.12

Q5 =) Sivand 25.44° 0.62% s E ) Sivand 25.28° 0.60%

31’ § o Bahar 46.82° 1.69% % E o Bahar 46.68° 1.65°

28 Pars 52.94% 0.02¢ > 8 Pars 52.47% 0.02°

T3 Roshan 37.84' 1.10MN 38 Roshan 36.97' 1.09MN

& Pishtaz 48.21° 051" S Pishtaz 48.1° 0.48%

s Shiraz 15.44% 1.17% < Shiraz 14,977 1.14"

z Sepahan 25.74° 0.35° Sepahan 24,99 0.31%®

Sirvan 21.87° 1.226H Sirvan 21.53° 1.17%

= BC Roshan 18.71VW 0.82Y e BC Roshan 17.8W¢ 0.78Y

S Marvdasht 32.41¢ 1.52° S Marvdasht 31.23" 1.53°

& Sivand 18.99%Y 1.11*M & Sivand 17.98* 1.09MN

= Bahar 20.33" 0.88%7 ~ Bahar 19.91™ 0.85"

Pars 24,93R 0.37 Pars 24.29R 0.35°

Roshan 33.46° 1.057 Roshan 32.68% 1.029%

Pishtaz 28.38° 0.27% Pishtaz 27.32° 0.25

] Soo8 By S5 Loy 5l pSile (eh0g,5 cud i 15,15 S5 (latals wix g0l Lolwl (o)l ixe gl oS yiiio gy (gld dlael gt ya g
In each column, means with at least one common letter are not significantly different based on Duncan's multiple range test. The
order of averages grouping is from uppercase to lowercase.
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Figure 3- Lead- cultivar interaction effect on APX activity
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Figure 4- Effect of different concentrations of lead on H,O, amount
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Figure 5- Effect of mycorrhizal fungus on H,O, amount
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Figure 6- H,O, amount mean in different bread wheat cultivars
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Introduction: Nowadays, increasing soil contamination by heavy metals is one of the most important issues
around the world, and is the focus of attention. Lead as the most dangerous heavy metal and persistent chemical
pollutant affects the environment, especially the metabolic and physiological activities of organisms and
ultimately cause serious damage to the environment and human health. The purpose of this study was to
investigate the effect of mycorrhizal fungus (Rhizophagus irregularis) on some biochemical traits of 10 wheat
genotypes in three different concentrations of lead heavy metal (0, 218 and 437 ppm) in soil.

Material and Methods: The present study was conducted as factorial experiment based on randomized
complete block design with three replications. The factors included lead in three concentrations (0, 218 and 437
mg / kg), mycorrhizal inoculum (addition and no addition), and 10 wheat genotypes (Shiraz, Sepahan, Sirvan,
Back Cross Roshan, Marvdasht, Sivand, Bahar, Pars, Roshan, and Pishtaz). Soil samples were prepared from a
depth of 0-25 cm of the research farm of Islamic Azad University, Karaj Branch. Samples were taken randomly.
After soil drying and passing through a 2 mm sieve, they were transferred to the soil science laboratory to
determine some of the physical and chemical properties. According to the soil test results, the soil was sandy
loam, a semi-light soil with 25% clay, 25% silt and 50% sand, with pH = 7.49 and salinity of 1.63 dS. m™, and
also free of heavy metals. The soil was sterilized for four hours by an autoclave at the temperature of 121 °C and
a pressure of 1.5 atm. After soil preparation, the lead was added to the soil at three concentrations of 0, 218 and
437 ppm, and stored in a pre-embedded bag with 60% moisture content to achieve a two-week equilibrium. In
order to inoculate the mycorrhizal fungus, after removal of 3-4 cm from the soil surface, Rhizophagus irregularis
(35 g) was added to the soil surface, then 30 to 40 seeds were placed on the soil surface and covered with soil. In
the control samples without mycorrhizal fungus, a certain amount of mycorrhizal fungus placed at 105 °C to kill
the fungus and then added to the pots.

Results and Discussion: Malondialdehyde concentration increased by increasing the concentration of lead.
The highest concentrations of proline were belonged to the level 218 ppm of lead, in Pars cultivar in both
treatments of with and without mycorrhiza fungus as well as Sirvan cultivar in the treatment of without fungi,
respectively. The activity of Catalase was highest in the treatment of 218 ppm of lead without fungus. Roshan
cultivar also showed high levels of ascorbate peroxidase activity in 218 ppm of lead. Similar to cultivar, BC
Roshan and Pishtaz cultivars also showed high ascorbate peroxidase activity in this concentration of lead. The
amount of hydrogen peroxide was reduced by changing the concentration of lead from 0 to 218 ppm, while its
amount increased at 437 ppm concentration. With increasing lead concentration, the amount of chlorophyll a
decreased while chlorophyll b increased. Using mycorrhizal fungus, the amount of malondialdehyde, proline and
hydrogen peroxide and catalase content decreased compared with control. It seems that lead, due to its
concentration in the environment, leads to the induction of oxidative stress and the formation of free radicals and
thus change in the amount of biochemical traits of wheat such as malondialdehyde, proline, hydrogen peroxide
and chlorophyll a and b and activity of catalase and ascorbate peroxidase. The genotype of the plant is very
important factor in tolerating the toxicity of lead, and it deals with various protective mechanisms. Not only the
plant genotype but also environmental factors such as the use of mycorrhizal fungus are effective in reducing the
harmful effects of lead, and helps plants tolerate the stress caused by lead toxicity.

Conclusion: Lead in the soil causes changes in the biochemical content of wheat cultivars. The amount of
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change depends on the plant's genotype, lead concentration, and other factors in the soil, such as symbiotic fungi.
As shown in the present study, mycorrhizal fungus was effective in eliminating the negative effects of lead
during symbiotic with wheat. It is suggested further studies to determine the concentration of lead and even other
heavy metals in wheat genotypes and to compare with Iranian national standards in order to overcome the
concerns about the entry of these metals into the diet.

Keywords: Ascorbate, Catalase, Cell, Chemical pollutant, Peroxidase, Proline
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Table 1- Some selected physical and chemical characteristics of the soil

. G L dlsesd b 4 . ol oS : , )
dbiopl s . Ohore b eely . Cosal g cke s sl
ool Sl oalp S
. . Soil
Region pH, EC. CEC N P K Ava.Fe OC lime Clay Silt Sand texture
of soil
dsm®  cmolykg™ % mg kg* %
plelg] i oy
Agh 7.8 0.8 155 0.06 45 90 3.42 094 17 225 63 145 Silt
Emam loam
D Mgl S jSBJLE 5 Clwogas I (& =Y Jgoa
Table 2- Some properties of the produced biochars
Gl e wes Geliplicsd s eeld ol o O Oie mEgpeS] oSl s
. pH EC CEC Ava.Fe c H N o Yield Ash
Biochar I I I
dSm cmol kg mg kg %
pASels
6.9 3.07 108.5 20.12 52.2 4.3 N.D.* 15.1 51.2 28.4
Wheat straw
_Qlf"z 3.25 60.7 20.20 55.8 4.5 N.D. 21.7 714 12.0
Particleboard
N.D.: Not Detected ..  lolis (b
Determined by subtraction of ash, C, Hand N from total ool S il (595 9 5a5up ¢0p2)S S Jlihe Ao yd ciglds 3y b 5l 0l draslieo e

mass.

S e D (5)IRSS ds 50 byl S 3 (el by &
2k 99 Lol Cumdoo A )93 Jsbo ) (Jaee IS Sl
lay) cazan VY bS5l am o005 00l psd  Bolal Ojguody dian
G el a5 5 VL lnS, (SPAD) iy lS sl
(Minolta _swd gew Jids IS ol&iws jl odlawl b oo )ygu0
5 bl paS Gyguo 4y 0lS g A5 (6 S0 3lI SPAD-502)
2oLy S sl as d VY gl o el FA) 00,8 Siis 5l
Lol s YL glaSy o Jlb pal cbale 0 i (0]
Cildyy o SB b ol e g (10) ol sl 51 solizl
() 3=l8 g0 el JoaSg)0m S0 )iae Sl ool Ly
SAS 158l 5 5l eolizel b Waosls uilyls 43356 133,5 c,Sojll
5 ool slajlass 131 4 byyo (slosSilbe aumlio 5 25 s
e 5 (LSD) s srinn olcld oo (9051 b o] S ooy
Excel )l35lp 5 bwes b jlged puizeed b )y duoyd B Jloss]

355 o

1- O - phenantroline

g8 Sygo & Gnlejl 1l CuiS g gl 5k

J5) 555518 13,5 sl S5 e b ol SIS b B 53
i JLe 9 (WB) pusSels i J185) rajsaJles Jols
oad bl (s jislaJLe ) o (Hjg 2oy VIO L (PB) plss
0 o (Fe-IWBL1) Sjg duoyd Y/ puiSols o glusl i Jlj)
Loyd V0 o glusl bsS g Jle; (Fe-IWB2) jg do)d
simsSo 355 ((Fe-IPB2) 35 2o 0 5 (Fe-IPBI) i35
b33 15515 5 (C) 1aLis Lo 5 (S) (p S5k 12 p S oo 1+) o]
750§ 03 ag ol 5 5l 08, 93 1 (Glycine max) Ly
Ao gy ialS sl (grbo i g g5, US (Bjgel 9 Slasiow
el e b CaiST 0,5 9lS 0 (sl yAIS 30 Lgws 1 dae Ve
oeals HlilE e p W ¥ 4 iy sl blS a5 b
Mo 4y jad (SB Ggel aomS ool p gygp0 polis D ey
elly 9 (TSP) o 5 ©lind pygw asio jl oS oS p)S o ¥+
4 (KCI) by a0 )18 gt S )5k 0 p)5 (o Vev o 40
NS okS oS (oo VO e & (g5 5 CudS h Syg0
ds-b > aciyesd 9 culS iy 4o S [CONHR)] o5) gt
BLsl La a8 4 gylol b olyon Sy ¢y 4 olS wiby Juad
g yhde O jledlatwl b by Jad Jsb 5 a5 Cagb) 03,5



IAQ L5 - olo 5 (Y oylos FF s (S g ol 4, FVY

otel38l sl Lol (iio b g (uj JE5 ol 59y 2 5290
{F0) Wgd oo o) G558 Pl cud )b

gl ebgy (9PN QoSuwg S (s gl
il ghdl jlam g J8 s ]l daw jl 0l a5 SEM
Amd oo Ui (V ) (ougy (S958Ul gSg S I oalil |
8le gl (8) (il gldl 5l S8 paiSolS s JIE5 e oS
)l 55955 45V Ll 5 a8l o So S o5l L g3 ()
TAsd b (€) il bl 5l S (oS ;5 edaw (Jg
i85 93 o paw (pizmen MBloe )5 0jlNl L (Jg pieS
il oUlg asbe Blad 5 Blo (il gl 5l JS
35 (o L] s Jblie JSi g )il 4 yolie Gl
5 03y g b (S35 b)) > (e J165 S5 a3l (YY)
55 ipan (FF) cl o iy G938 ol bl
)b alidl el ofag SLS > o p)lS (sl (S
sl gy oBaly 5 lie yobe )l (SB 5 O (o)l
S (V) s o il 1y 368 exlil ST g sl ahe S
L sl il s (0) ol 5 (B) piSls i J15 ko
S5 s ol 295 e 0dnliio 08 g iy S50 4y 2
b (e o cd¥s giloglidl jl (il gl
(FF ) o) bl ey ool Saslol

i jsLa L j oba Jole (slaog )5 lasuide

FTIR b (ujsla]le; gaw Jole (slaog S (olulid j5late
G ) JSs s 4B S Fee ¥ oM™ e Job 0,505
B ol 1y (B) lgs s 5 5 (8) pasSels s
Sla Sy 4 bgye TF—¥Yee CMT g0 Jab o3g1oe 3 Sy
S gy900 (lols 09,5 (it o)l g gl (90
YAY-=YAO CM™? oo Job 03gae y3 K o(A) 2L o (-OH)
3 S (8) 3 Loluas! (C-H) Sosladl  —sis oliols,l 4
(COOH) iS58 ke 09,8 &2 bogrya Voo O™ g Jobo
it Sl 4y gy VEFI-10 em ™ asly 5 Sy g (A)
1 S (A 5 F) w5l o (C=C) Silog,l dils 3,8 4593 Kigw
i3 oS gy Lols 09,5 4y bgs o VWYO-IYY- CM™ 350500
slaasly uos oyl o ede 4 usb . (Phenolic-OH)
WYV VA0 CM™ adgame 45 Sy (YA) ol i 51 JSetie
—Veve em™t esgae j3 Ko g (C-0) S @il 4 by
(Y 5 18) b e (C-H) Sileg,l ks )l 4 bgsye VIA-
Mg S pde e JLES 93y 53 0ad S5 ele glaog S
Jobs 48 (abe (glaog, S 503 9 (i JeuSgyden (oS 90,8
o2l U 53l e 3B 1) g Jo5 cditiad aus (sl 5puS]
cshabe slaog, S 08 o 95 (b5 gghaw g9y 2 1) 6 ynde

(a)

%T

COPH C-H

= = = = = = = = <OH (phenolic)

4000 3500 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber (cm-1)

(2) L™ (a5 9 (W) @5 8l (w3185 FTIR b Y S5
Figure 1- FTIR spectra of wheat straw biochar (a) particle board biochar (b)



FIY (Sl S Sy 50 bgw oo 39,05 &3y g b adpe 55 (T b oo gLdl w5 L5 (2 Ulg

S |
SEM HV: 15.00 kV WD: 7.621 mm MIRA\ TESCAN
SEM MAG: 2.00 kx Det: BSE 1

20 ym
View fleld: 108.3 ym Date(m/dfy): 01/16/19 IROSY"

. MIRA\ TESCAN
SEM MAG: 2.00 kx  Det: BSE 2 e
View field: 108.3 ym  Date(m/d#y): 01/15/19 IROST u

SEMHV: 1500V WD:7.911 mm

Test2

SEM HV: 15.00 kV/ WD: 6.323 mm
SEM MAG: 20.00 kx Det: BSE 2pum
View field: 10.83 pm Date(m/d#y): 02/17/19 IROSTn

s e 1
View falg 1083 um  Dateomiayy S2NTAY MY"

MIRAW TESCAN

() Glgs 35 (@) (BT L 2 ELil S0l glan 53U 5 (AT) @S0 ghuans 5L 5 b I SEM (gla s - Y JSCus
(©) 0T b oad glusdl (g (ham 55
Figure 2- SEM images from surface of wheat straw biochar (a), Fe impregnated wheat straw biochar (b), particle board
biochar (c), and Fe impregnated particle board biochar (d)
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Figure 3- Interactive effect of variety and fertilizer on soil hydroxylamine extractable Fe concentration after harvesting
(Means for columns followed by the same letters are not significant at LSD, P=0.05)
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Figure 4- Interactive effect of variety and fertilizer on spad no of soybean upper (a) and lower (b) leaves
(Means for columns followed by the same letters are not significant at LSD, P=0.05)
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The Ability of Iron-Impregnated Biochar in the Supply of Iron and Correction
of Soybean Iron Chlorosis in a Calcareous Soil
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Introduction: Iron deficiency is one of the most important nutritional disorders in plants, particularly in
calcareous soils and deeply affects the yield and quality of the product. Due to the major role of iron in the
synthesis of chlorophyll, chlorosis occurs in young leaves in deficiency conditions. In such condition, biochar
can help to increase OM, soil fertility level, and iron use efficiency and, to reduce iron chlorosis. The aim of this
study was to investigate the effect of iron- impregnated biochar on the availability of iron and the elimination of
soybean iron chlorosis in a calcareous soil.

Materials and Methods: Calcareous soil with iron deficiency (0-30 cm) was collected from the east of
Golestan province and prepared for cultivation. Two types of biochar were produced from wheat straw and
particleboard through slow pyrolysis (increasing 5 °C/min) at 300 °C for 2 hours under restricted oxygen
conditions in an electric furnace, and then impregnated with iron sulfate solution. FTIR spectra and SEM images
of biochars surfaces were also provided. A pot experiment was conducted as a factorial based on a completely
randomized design with four replications. Factors were biochars (wheat straw biochar (WB) and particleboard
biochars (PB) each one with 2.5% wi/w), iron impregnated biochars (Fe impregnated wheat straw biochar 2.5%
w/w (Fe- IWB1) and 5% wiw (Fe-IWB2), 2.5% w/w (Fe-IPB1) and 5% w/w (Fe-IPB2) Fe impregnated
particleboards, Fe- Sequestrene (S) and control without Fe and biochar (C), and two soybean cultivars (Williams
and Saman). The sown pots were maintained near the field capacity for 12 weeks. Then, SPAD numbers,
concentration and uptake of active iron in young and senile leaves and active iron content in soil were
determined after harvest.

Results and Discussion: With increasing application of iron impregnated biochar, active iron content
increased in the soil. SPAD numbers of the upper leaves of both soybean cultivars in Fe impregnated biochars
were significantly higher than those of non-impregnated biochars and control treatments (P < 0.05). Iron
chlorosis symptoms in soybeans decreased following the increased application of Fe impregnated biochars,
consequently, there were no iron chlorosis symptoms in 5% Fe impregnated biochar treatments. Also, the active
iron concentration of the upper leaves and the amount of leaf active iron uptake significantly increased as a result
of Fe impregnated biochars application in both soybean cultivars compared to control and non-impregnated
biochars (P < 0.05). The highest concentration of active iron in upper leaves was observed in 5% w/w Fe
impregnated biochars treatments, but its value for cultivar Williams in Fe impregnated wheat biochar was higher
than that in Fe impregnated particleboard biochar. The results of the SEM images indicated that wheat biochar
had more quantity of and fine pores (also CEC) than that of the particleboard biochar, and the surface areas of
both biochars were rough and dark after impregnation with iron, indicating the adsorption or accumulation of
iron at their surfaces. Also, there was a significant positive correlation between the active iron concentration with
SPAD numbers in the upper leaves (r = 0.88 **) and dry weight of soybean shoots (r = 0.87 **). Cultivars
responses to Fe impregnated biochars showed that iron uptake and active iron concentration in the upper leaves
of Williams variety were significantly less than those of Saman variety at both levels of Fe impregnated biochars
(P < 0.05), which indicates that cultivar Williams is more susceptible to the iron chlorosis. The results of this
experiment and reports from other studies show that the application of impregnated biochars from nutrients
besides increasing SOM, permeability and soil moisture, CEC and soil fertility level, also increases the
acquisition and use efficiency of iron in the plant.

Conclusion: The results of this study showed that due to the strong adsorption of soil iron, non-impregnated
biochar application in the level of 2.5% had no significant effect on the concentration and uptake of active iron
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and spad numbers of the plant. However, using Fe impregnated biochar and increasing their application in
calcareous soils with iron chlorosis resulted in a significant increase of active soil iron content, concentration and
uptake of active iron and SPAD numbers of the plant, and, conversely, a decrease of leaf chlorosis. Therefore,
besides improving the physical, chemical and biological properties of the soil, the application of Fe impregnated
biochar can also be a promising approach to eliminate iron chlorosis in sensitive plants, particularly soybeans in
calcareous soils.

Keywords: Biochar, Chlorosis, Impregnation, Iron, Soybean
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1- Brachiaria homidicola

2- 3,4 dimethyl pyrazol phosphate
3- Dicyandiamide

4- Artemisia
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6- Cow Manure

7- Vermicompost
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Figure 1- Interaction of fertilizer sources and nitrification inhibitors on concentration of lettuce nitrate in first harvest
U: Urea, VC: Vermicompost, CM: Cow Manure
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Figure 2- Interaction of fertilizer sources and nitrification inhibitors on concentration of lettuce nitrate in second harvest
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Figure 3- Interaction of nitrogen fertilizer and nitrification inhibitors on lettuce nitrogen concentration
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Figure 7- Interaction of nitrogen fertilizer sources and nitrification inhibitors on leaf dry weight in pot
U: Urea, VC: Vermicompost, CM: Cow Manure
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Introduction: Nitrification inhibitors are compounds that slow biological oxidation of ammonium to nitrite
by reducing the activity of Nitrosomonas bacteria, without affecting the subsequent oxidation of nitrite to nitrate,
either by inhibiting or interfering with the metabolism of nitrifying bacteria. The first step of nitrification is
inhibited (i.e., the activity of Nitrosomonas bacteria) by the nitrification inhibitors, while the second step for
oxidation of nitrite (NOy) to nitrate (NO3") is normally not influenced. In recent years, numerous compounds
have been identified and used as nitrification inhibitors, particularly in agricultural soils. They are chemical
compounds that slow the nitrification of ammonia, ammonium-containing, or urea-containing fertilizers, which
are applied to soil as fertilizers, such as thiourea, carbon Sulfide, thioethers, ethylene, 3-amino-1,2,4-triazole,
dicyandiamide (DCD), 2-amino-4-chloro-6-methyl pyrimidine, ammonium thiosulphate and 3,4-
dimethylpyrazole phosphate (DMPP). These inhibitors reduce the losses of nitrogen in soil. Some nitrification
inhibitors are very effective in the efficiency of the nitrogen fertilizers. Recently, a lot of attention has been paid
to nitrification inhibitors from an environmental point of view. Some nitrification inhibitors are very expensive
and not economically suitable for land application. Nonetheless, many farmers and researchers apply these
compounds for many purposes in some specific places. On the other hand, there are many inexpensive natural
nitrification inhibitors such as Artemisia powder, Karanj (Pongamia glabra), neem (Azadrachta indica) and tea
(Camellia sinensis) waste which can compete with the artificial nitrification inhibitors such as 3, 4-
dimethylpyrazole phosphate (DMPP), dicyandiamide (DCD) which are very common nitrification inhibitors.
Applying 1.5 kg ha™ of DMPP is sufficient to achieve optimal nitrification inhibition. 4-dimethylpyrazole
phosphate (DMPP) can significantly shrink nitrate (NO5) leaching. 4-dimethylpyrazole phosphate (DMPP) may
also decrease N,O emission and the use of DMPP-containing fertilizers can improve yield. The aim of this study
was to compare the effect of 3, 4-dimethylpyrazole phosphate (DMPP), Dicyandiamide (DCD) and powder
Artemisia (ART) at the presence of Urea, cow manure and Vermicompost.

Material and Methods: Effects of three nitrification inhibitors, (3, 4-dimethylpyrazole phosphate (DMPP),
Dicyandiamide (DCD) and powder Artemisia (ART)) at the presence of three nitrogen sources (Urea, cow
manure and Vermicompost) were investigated in a calcareous soil under lettuce cultivation in a greenhouse
condition. The changes in the soil mineral nitrogen (nitrate and ammonium), plant nitrogen, nitrate
accumulation in leaves and some of growth characteristics such as lettuce chlorophyll content, leaf area index,
leaf dry weight and root dry weight were determined. The experiment was carried out in a completely
randomized factorial design with three replications. Soil ammonium and nitrate concentration were measured
during the experiment. The growth characteristics of lettuce were also measured at the end of experiment.
Nitrogen and nitrate contents were also determined in lettuce leaves.

Results and Discussion: The results of the experiment showed that soil nitrate decreased at the presence of
three nitrification inhibitors but the soil nitrogen ammonium increased significantly. Application of nitrification
inhibitors also reduced the concentration of nitrate in the lettuce leaves during two harvesting times. Moreover,
the nitrogen concentration in the plant increased at the presence of nitrification inhibitors. The application of
nitrification inhibitors influenced the plant growth characteristics and changed the lettuce growth characteristics.
Chlorophyll content increased significantly in lettuce leaves. Leaf area index, leaf and root dry weight of lettuce
increased notably when 3, 4-dimethylpyrazole phosphate (DMPP) and powder Artemisia (ART) nitrification
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inhibitors were applied to the soil samples. These growth characteristics, however, reduced significantly when
dicyandiamide nitrification inhibitors was applied to the soil samples. In addition, the symptoms of toxicity were
observed in lettuce plant when dicyandiamide nitrification inhibitors were applied to the soil samples. In general,
the highest efficiency of nitrification inhibitors was recorded at the presence of urea fertilizer source and the
greatest efficiency was observed initially for powder Artemisia (ART) and then for 3, 4-dimethylpyrazole
phosphate (DMPP) and dicyandiamide, respectively, when urea fertilizer was applied to the soil samples. There
was a positive correlation between soil nitrogen content and plant nitrate in the first and second harvest. The
correlation between soil ammonium and plant nitrate (in the first and second harvest) and soil nitrate was
negative.

Keywords: Nitrification inhibitors, Lettuce, Urea, Cow manure, Vermicompost
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Figure 1- Differences between canola cultivars in terms of phosphorus uptake efficiency (PACE), phosphorus efficiency (A)
and phosphorus use efficieny (B)
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Introduction: Due to the compatibility of canola with different conditions, economic value, its price and
importance of rotation with cereals, it has the highest level of cultivation area among the oilseed crops in Iran.

Phosphorus (P) deficiency is a widespread macronutrient deficiency and is one of the major limiting constraints
for canola production. Despite its importance, it limits crop yield on more than 40% of the world’s arable land
and 70.2% in Iran. Moreover, global P reserves are being depleted at a higher rate and according to some
estimates, there will be no economic P reserve by the year 2050. This is a potential threat to sustainable canola
production. Most of the P applied in the form of fertilizers may be adsorbed by the soil, and would not be
available for plants lacking specific adaptations. It is widely accepted that the most realistic solution to the
problem of P deficiency is to develop new plant cultivars that adapt to P-deficient soils. Phosphorus efficiency is
a term that generally describes the ability of crop species/genotypes to give higher yield under P-limiting
condition. Plant species as well as genotypes within the same species may differ in P efficiency. This study was
conducted to determine the effect of phosphorus fertilization on the grain yield and phosphorus efficiency
indices in different canola cultivars.

Materials and Methods: The present study was carried out at the research farm of the Mahidasht
Agricultural Research Station located 20 km away from Kermanshah (with elevation of 1265 m). This
experiment was conducted as factorial in a randomized complete block design with three replications with 2
factors including canola varieties and different amounts of phosphorus fertilizer. The first factor consisted of five
triple superphosphate (TSP) levels (0, 16, 32, 49, and 61 kg per ha) and the second factor consisted of three
cultivars (Okapi, Opera and Zarfam). This research was conducted on soil where the amount of available
phosphorus was lower than the critical level required for canola (15 mg kg™). Prior to sowing, all phosphorus
treatments with 30 kg ha™ of zinc sulfate fertilizer as well as one-third of nitrogen fertilizer (100 kg ha™ urea)
were applied during planting and mixed thoroughly with the soil. The remaining urea fertilizer was applied at
two stages of stem growth (120 kg ha™) and early flowering (100 kg ha™). Each experimental plot had an area of
12 m% Irrigation method was sprinkler. Grain and straw yield were determined after the harvest and seed
samples (harvesting stage) were taken and rinsed with distilled water, oven dried at 70 °C, ground, digested and
analyzed for determining the P concentration. Analysis of variance was performed using SAS software and mean
comparisons performed by Duncan’s multiple range tests (P < 0.05).

Results and Discussion: The results showed that the interaction effects of phosphorus fertilizer rate and
canola cultivars on leaf P concentration, grain and straw yield, grain P concentration and uptake, and P
efficiency indices were significant. In average of the two-years, the highest grain and straw yields (3203 and
4613 kg ha™, respectively) were obtained from 300 kg ha™ P fertilizer rate for Okapi cultivar. Under the P
deficiency condition, no significant difference was observed between cultivars in terms of grain yield.
Significant differences were observed among three cultivars in terms of P efficiency. Opera cultivar was efficient
in absorption (0.84) and Zarfam cultivar was efficient in phosphorus utilization (152 kg grain / kg fertilizer), but
Opera was phosphorus efficient. With application of phosphorus fertilizer, phosphorus use efficiency decreased
and the highest amount was found for the control treatment which produced 169 kg seeds per kg of phosphorus.
The lowest amount of this characteristic was obtained for 300 kg phosphorus fertilizer treatment. Considering the

correlation between phosphorus stress factor and P uptake efficiency, it seems that P efficiency was dependent
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on P uptake (R? = 0.477 ™) rather than P utilization (R* = 0.076 ™).

Conclusion: Phosphorus uptake efficiency can be used for selecting P efficient cultivars of canola under
farm condition. Application of Opera and Okapi cultivars with 80 kg of fertilizer per ha in similar conditions of
this experiment would be advisable and excess phosphorus fertilizer application would not significantly increase
grain yield. Selecting suitable varieties could decrease application of chemical fertilizers in the soil.

Keywords: Canola, Efficiency, Phosphorus concentration, Phosphorus utilization, Uptake
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Table 1- Statistical description of sediment properties
P sy AweS  aby oSbe Slre Bl 2l Oyt o oo p-value
Variable Unit Min Max Mean Standard deviation Coefficient of variation
pH - 7.8 8.4 8.186 0.166 0.02 0
EC dsm? 0206 0.757 0.423 0.127 0.3 0.097
N (%) 0.005 0.05 0.162 0.008 0.05 0
P mgkg? 2 226 9.73 4.41 0.453 0.2
K mgkg? 933 472 2411 95.11 0.39 0.013
oM (%) 0.141 0.759 0.318 0.158 0.497 0
BD g cm?® 1.3 1.72 1.52 0.111 0.072 0.043
Clay (%) 6.88 20.9 13.88 3.734 0.269 0
Silt (%) 4 38 24.22 8.61 0.355 0.016
Sand (%) 41.1 89.1 61.86 11.7 0.189 0.007
CCE (%) 0.75 19.7 10.1 5.21 0.516 0.085
POM (%) 0.018 0.172 0.08 0.034 0.424 0.125
WDC (%) 0 12.12 3.51 3.51 0.998 0
Tensile strength kPa 20 141.05 457 26.72 0.584 0
Dm - 2.7 2.993 2.9 0.072 0.025 0.02
dg mm 0.042 0.548 0.182 0.012 0.643 0
og - 6.44 15.87 12.2 2.38 0.196 0
MWD mm 0.012 0.099 0.064 0.0198 0.311 0.087
Gravel (%) 19.32  49.6 34.3 8.3 0.242 0.075

Og 5 SB )b jhb wtin 5, 5ke Ag ¢ JUST3 10 DM ¢l 5 (25T, LB ey WDC ¢glo)s JT o3l POM ¢ sl gl iy S CCE ¢ 60l ogascs o> BD
ol SLSB b wtin :S5ke MWD 5 l)y osin jlxe Gl 5ol
BD: Bulk Density, CCE Calcium Carbonate Equivalent, POM Particulate Organic Matter, WDC Water Dispersible Clay, Dm Fractal dimension, dg
Geometric Mean Diameter, cg Geometric standard deviation, MWD Mean weight Diameter
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Table 2- Statistical description of sediment properties

o sl WS Ay osbe see Sl Sl P-
Variable Unit Min Max Mean Standard Coefficient of value
deviation variation
g clale
(Sediment g. I* 13.288 137.813 51.392 23.785 0.463 0.001
concentration)
oM % 0.34 2.9 1.56 0.491 0.381 0.063
N % 0.02 0.04 0.0297 0.0064 0.269 0.003
P mg. kg 6.8 314 14.29 5.89 0.499 0
K mg. kg'1 177 641 318.5 124.9 0.476 0
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Table 3- Comparison of the mean of some soil properties in studied land uses

) . T este S ok
. _. 8
e S il CFELEE ey O oS . &l
o) &4 et sl Clay Gravel Organic i
) . sand matter Particulate
Land use Soil texture Bulk Density () ) OM
(] Cm'3) ' (X) ' (X) (7)
225> 2 B0 =S pd 1.52° 144> 59.12°  29.6° 0.2° 0.082°
Disturbed pasture Sandy loam
°>)95d Cwd & yo . 9] . 9]
Undisturbed e 1.43° 17.36* 486°  28.7° 0.57% 0.107°
Loam, Sandy loam
pasture
o cblis 15 5 pgd o) rb oy
A bl “"LSA} Sandy Loamy sand’ Sandy l.58a 928C 77.28a 42.9a 025b 00740
Protected forest
loam
Eyeae S - Py 152 1448> 624> 358 0.22° 0.057¢
Artificial forest Sandy loam
bl o I gze BT gl gt b 4D S e gy b dlasl
Numbers followed by the same letter are not significantly differentns.
o313 (y (Nhwpd ol s —€ Joi>
Table 4- Correlation coefficients between data
: PSR @ > oS Ol S JE o,
Slesbe © ) Cyw o 51
oM $A Clay Sand J> ool
BD CCE WDC
oM J’I o3lo 1
BD mls JS> -0.428™ 1
Clay ., 0.475" 057" 1
Sand s -0.587" 0.578™ -0.87" 1
CCE Jsbo S @lis)S 0.203" -0.364™ 0.59™ -0.621"™ 1
WDC sy LB e, 0.009 -0.296™ 03717 -.307" 0.482" 1
D JsT ax -0.552™ 0.565™ -0.829™ 0.814™ -0.483™ -0.378™
dg @l jhd s (Sile -0.433" 0.536" -0.84” 0.922" -0.704™ -0.3777
OOl wiis jline Bl ol 0.304™ -0.507™ 0.889™ 0.81" 0.713™ 0.422™
MWD IS s s Sl 0.082 -0.146 0.3117 -0.327" 0.369™ 0.288"
Gravel o}, S -0.375” 0.476™ -0.498™ 0.594™ -0.383" -0.069
o> JHoale 0.384" -0.115 0.215" -0.293" -0.024 -0.174
P-OM
ey ) odla 0.327" 0.268" 0.288" 0.352" -0.265™ -0.16
Sediment-OM
gy clale 0.091 -0.102 0.072 -0.147 -0.032 -0.369"”

Sediment Concentration
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Figure 2- Changes in a: mean weight diameter, b: tensile strength, c: dispersible clay, d: fractal dimension in different land
uses
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Figure 3- a: amount of erosion, b: sediment concentration, c: organic matter and d: particle size distribution of sediment in
different land uses after rainfall simulating
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Introduction: Interrill erosion is one of the major types of erosion playing key role in the transport of fine
particles of the soil, particularly in arid and semi-arid regions, which leads to the decrement of soil fertility and
surface water pollution. Land-use change is one of the main ways which reflect the interaction of human
activities and the natural environment and can impact soil aggregation, aggregate stability, and erodibility.
Hence, this research aimed to evaluate the susceptibility of soils under different land-use types (four types) to
interrill erosion using both rainfall simulation test and soil aggregate stability indexes. The location of study area
was around Jiroft city.

Materials and Methods: This study was conducted in four types of land use around Jiroft city in southern
Iran, including disturbed pasture, undisturbed pasture, protected forests, and artificial forest. For each land use,
25 points were selected (A total of 100 points for all land uses). To measure soil physical and chemical
properties, disturbed and undisturbed soil samples were collected from each point at a depth of 0—20 cm. The
samples were transported to the laboratory where these samples were then air-dried. Some soil properties such as
texture, organic carbon, electrical conductivity, soil acidity, calcium carbonate equivalent, and bulk density were
measured, and available nitrogen, phosphorus, and potassium in the soil and sediment samples were also
determined. Furthermore, some characteristics of soil particles, including the geometric mean diameter,
geometric standard deviation, particulate organic matter, water-dispersible clay, tensile strength of soil
aggregate, mean weight diameter and fractal dimension of aggregates were determined. To assess how
susceptible are soils to interrill erosion, rainfall simulator was used to generate rainfall with an average intensity
of 60 mm/h.

Results and Discussion: According to the results, the undisturbed pasture revealed the highest content of
organic matter, particulate organic matter, clay, and tensile strength, while the minimum values of bulk density,
sand percentage, and fractal dimension have been observed in this land use. For this reason, it is assumed that the
aggregates of undisturbed pasture (intact rangeland) show more stability than other three land uses. The
maximum and minimum values of bulk densities were observed in the protected forest (1.58 g cm™) and
undisturbed pasture (1.43 g cm™), respectively. On the other hand, the highest value of aggregates fractal
dimension, as well as minimum values for mean weight diameter and dispersible clay in the protected forest
demonstrated that this land use had either no aggregate or its aggregates were very fine. As a matter of fact, lack
of organic matter and insufficient clay content can be considered to be the reasons for poor aggregate stability in
this land use. The highest and lowest values for tensile strength of soil aggregate were found in the undisturbed
rangeland (64.82 kPa) and protected forest (34.38 kPa), respectively. The variations in the tensile strength of soil
aggregate can be attributed to the changes in the contents of clay and organic matter in different land uses.
Moreover, despite the maximum amount of total organic matter in the undisturbed pasture (or intact rangeland),
the amount of sediment organic matter in this land use was lower than the other three land uses. It is because of
the fact that most of the OM in this area was of a stable organic matter type, which was under the soil surface
and was accordingly protected from surface erosion. The particle size distribution of sediment was smaller in the
undisturbed pasture, whereas it was found to be larger in the protected forest. The reason can be attributed to the
coarse-textured soil in the forest compared to the finer-textured soil in the undisturbed pasture (or intact
rangeland). In addition, the highest sediment concentration and the highest rate of erosion were observed in the
disturbed pasture. The artificial forest accounted for the minimum sediment concentration, while the artificial
forest, as well as the protected forest, revealed the lowest erosion rate.
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Conclusion: The results of the current research demonstrated the high rate of interrill erosion in all land uses
so that the disturbed pasture and artificial forest accounted for the highest and the lowest rate of erosion (7 and 2
ton/ha) respectively. According the results, intrinsic soil characteristics such as soil texture played major role in
some land uses, while for the others, the slope impact was more crucial. On the other hand, both erosion rate and
sediment concentration revealed the same trend under four different land uses of the study area. Therefore,
because of the fact that the highest and the lowest rate of erosion, as well as sediment concentration, were found
to be in the disturbed pasture, and the artificial forest, respectively, therefore the sediment concentration can be
considered to be an important index for soil erosion. Due to high rates of erosion occurring in the study areas,
some measures have to be undertaken to prevent and control soil erosion in this area. To achieve this aim,
preventing people from entering the vulnerable area, avoiding livestock grazing, protecting existing plants and
restoration of native plants can be mentioned as efficient measures to improve conditions.

Keywords: Dispersible clay, Fractal dimension, Rainfall simulator, Sediment, Tensile strength of aggregate
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Table 1- Geographical information and soil texture of the studied areas
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Table 2- Physical and chemical properties of the studied soils
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Soil @s/my ~ PH Cgfb%'#;?e matter P Ca Fe Sand Silt Clay
sample %) (%) (mgkg?) (mgkgh) Mmgkgh) (%) (%) (%)
A 0.77 7.18 19.00 0.54 735.0 355 5.6 28 35 37
B 0.65 7.88 13.22 1.00 807.8 80.8 5.2 40 29 31
C 0.66 8.22 12.56 0.83 871.0 36.7 8.0 32 27 41
D 0.85 8.17 14.69 0.80 688.4 56.0 6.2 44 24 32
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Table 3- Adsorption parameters of Langmuir, Freundlich, Linear and Van Huay isotherms for four soil samples

S sAiges (Langmuir) sy (Freundlich) gdaig

Soil sample G k; ri kg n ri s
A 491E-01 8.28E-02 0.984** 0.019 8.52E-02 3.88E-01 0.955** 0.032
B 3.07E-01 7.64E-02 0.867** 0.037 5.73E-02 3.61E-01 0.839** 0.040
C 4.17E-01 9.29E-02 0.998** 0.007 7.96E-02 3.70E-01 0.962** 0.026
D 4.01E-01 5.84E-02 0.976** 0.021 4.87E-02 4.53E-01 0.925** 0.037

S gdiges (Linear) s (Van Huay) slsa o9

Soil sample k re S m n ri S
A 7.89E-03  0.723* 0.132 2.81E-02 5.26E-02 0.929** 0.040
B 459E-03  0.598* 0.096 2.35E-02 3.08E-02 0.805** 0.044
C 6.77E-03  0.704* 0.122 3.01E-02 4.50E-02 0.925** 0.036
D 5.47E-03  0.755* 0.090 3.28E-03 4.06E-02 0.918** 0.038

Doy Y g dod B Jleis] zolaw )0 (6)b xe gyl Gze pis (godind i iy 4y ik g % NS
NS, * and **: Indicate no significant, significant at 5% and 1% probability levels, respectively.
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Figure 2- Relationship between soluble and adsorbed phosphorous (laboratory and Langmuir isotherm) for four soil samples
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Table 4- Constant parameters of Kinetics adsorption equations in soil sample C

(Pseudo-first-order) Jg! 4y wo dwi (Pseudo-second-order) g3 daw yo dw

ge ky e s Je [ e s

2.16E-01 1.44E-01 0.236NS 0.028 2.26E-01 8.54E-01  0.539* 0.022

(Intra-particle diffusion) (le,> 5,5 3945

1
n c T S

(Kuo and Lotse) iy 5 o5

m re S

1.33E-03 1.77E-01

0.884** 0.011 6.76E-03 1.32E+01

0.974** 0.005

(Pandaetal) ., 1Sen 4 153l
k n re s
1.53E+01 4.97E-02

0.953** 0.281 9.70E-02

(Barrow and Shaw) 4ls 4 9,1

m n re S
1.29E-01 7.88E-02 0.968** 0.005

Do Y g dop B il zolaw )0 (6)b gxe gyl pxe pis (godind i oy 4y i g % NS
NS, * and **: Indicate no significant, significant at 5% and 1% probability levels, respectively.
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Figure 3- Comparison of adsorbed phosphorous changes over a 72-hour period in kinetics experiment and Kuo and Lotse
equation
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Table 5- Linear correlation coefficients (r) between Langmuir adsorption coefficients and soil properties

S gl ol p
. i Gm L
Soil parameters
EC 0.46 NS -0.74NS
pH -0.53NS  -0.19NS
(Calcium carbonate percentage) pelS by, o5 0.75NS  -0.07NS
(Organic matter percentage) J ssbo 10> -0.97*  -0.13NS
(P) yaud -0.28NS  0.83NS
(Soluble calcium) Jsloxo pads -0.92NS  -0.47NS
(Fe) oyl 0.24NS  0.48NS
(Sand percentage) s Jus ) -0.70NS  -0.82NS
(Silt percentage) cduw tuo ) 0.49NS  0.48NS
(Clay percentage) s, sy 0.6INS  0.8INS

o> O Jleis] e 53 (g)ld gime g (gl gixe pie (goniBO Ui (i 4 ik NS
NS, *: Indicate no significant and significant at 5% probability level, respectively.
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Introduction: Over application of phosphorous-containing fertilizers is common among the farmers. Excess
amounts of phosphorus can potentially cause more phosphorous losses through water flow on the soil surface or
leaching into the soil profile. The ability of highly phosphorus-fertilized soils to maintain excessive amounts of
phosphorus and prevent losses largely depends on the phosphorus adsorption capacity of the soil. The purpose of
this study was to investigate and compare phosphorous adsorption isotherms in soil samples of four agricultural
areas located in Qazvin plain and determine the most appropriate equation to describe the equilibrium adsorption
in the studied samples. Identification of the most accurate model of adsorption kinetics using the investigated
kinetics equations in one of the soil samples was another objective of this study. The linear regression analysis
and correlation between physical and chemical properties of different soils with adsorption coefficients of
Langmuir equation was also investigated. Based on mentioned points, the results of this study can help to
increase the availability of applied phosphorous for plants, reduce phosphorous losses and proper management of
phosphate fertilizers consumption in the study areas.

Materials and Methods: In order to study the soil properties and phosphorous adsorption, soil samples of
four villages included Zaaferan (A), Koochar (B), Mehdi Abad (C) and Kamal Abad (D) were taken from 0 to 30
cm depth and stored in plastic bags after air drying. Batch experiments using a standard method recommended
by the SERA-IEG17 group were used to determine the amount of phosphorous adsorbed to soil particles. The
steps to perform the equilibrium were as follows:

1- Dry soil samples were crushed and passed through a 2 mm sieve.

2- One gram of the soil sample was placed in a 60 ml container.

3- 0.01 M CacCl, solution was prepared and different concentrations of phosphorous including 0, 5, 10, 15,
20, 30 and 80 mg/l were created by adding certain amounts of KH,PO, to this solution. 25 ml of these solutions
were added to each soli sample to give a 1:25 soil to solution ratio and three drops of chloroform were added to
each container to prevent microbial activity.

4- The suspension samples were placed in a shaker machine (250 rpm) at 25°C for 24 hours.

5- Then, the samples were removed from the shaker and allowed to settle for one hour and then passes
through a fine filter (Mesh 42).

6- Phosphorous concentration was measured by the molybdate-vanadate method followed by
spectrophotometric determination at 470 nm.

7- The amount of phosphorous adsorbed in each soil sample was calculated from the difference of the initial
and secondary concentration values.

The adsorption Kinetics experiment was similarly performed, with the exception that one soil sample with
average adsorption value (sample C) was selected and the phosphorous solution at a concentration of 20 mg/I
added to the soil samples. Phosphorous contact times with soil were considered as 0.17, 0.5, 1, 2, 4, 8, 16, 24, 48
and 72 hours. In this study, using CurveExpert 1.4 software and by matching Pseudo-first-order, Pseudo-second-
order, Intra-particle diffusion, Kuo and Lotse (1974), Barrow and Shaw (1975) and Panda et al. (1978),
equations on the data obtained from kinetics adsorption experiments, and the coefficients were estimated in these
equations (adsorption parameters). Furthermore, by calculating the coefficient of determination (R?) of these
equations and the standard error of the estimate (s), the most appropriate and accurate model of phosphorous
adsorption Kkinetics for the soil sample was determined. Similarly, from Langmuir, Freundlich, Linear and Van
Huay equations, the most appropriate isotherm was determined for estimating phosphorous equilibrium
adsorption in the studied areas. Also, correlation and linear regression analysis were performed to determine the
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relationship between the physical and chemical parameters of the soils and the coefficients of Langmuir isotherm
using Minitab software.

Results and Discussion: According to the results, the highest coefficient of determination (R?) and the
lowest standard error of the estimate (s) for all four samples were related to Langmuir, Freundlich, Van Huay
and Linear equations, respectively. Therefore, in this study, Langmuir isotherm was the most accurate model for
estimating equilibrium adsorption of the phosphorus to the soils of the study areas. However, the Freundlich and
Van Huay equations also showed a good correlation with the laboratory data. Comparison of the results of
various studies in these fields showed that the type of isotherm corresponds to phosphorous adsorption data in
each experiment is related to the physical and chemical properties of soil and adsorption sites. The amounts of
maximum phosphorous adsorption capacity (q, coefficient in Langmuir equation) for the soil samples A, B, C
and D were 0.49, 0.31, 0.42 and 0.4 mg/g, respectively. In kinetic study, Although, Kuo and Lotse, Barrow and
Shaw and Panda et al. equations had a coefficient of determination (R“) above 0.95 ; the highest accuracy was
related to the Kuo and Lotse equation with R? of 0.974. The coefficients of this model included k (reaction rate)
and m (constant coefficient) were 0.007 I/gr.min and 13.2, respectively. Based on the results of this study and
other adsorption studies, soil physical and chemical properties including EC, PH, soil calcium content, clay
content and porosity were among the parameters affecting adsorption rate and the type of the most accurate
equation of adsorption estimation. Considering the soil properties that were most correlated with adsorption
coefficients, it can be concluded that the high percentage of clay and low levels of organic matter and soluble
calcium are the main causes of the high phosphorous adsorption in soil. The correlation coefficients (r) of these
three soil parameters with the maximum adsorption capacity (q.,) were 0.61, -0.97 and -0.92, respectively.

Conclusion: According to the results of this study, Langmuir was the most accurate isotherm model and the
soil sample of Zaaferan area has the most adsorption capacity with gqm of 0.49 mg/g, which is related to low
levels of soil organic matter. Therefore adding organic matter to the soils can be used as a solution to increase
cultivated plants access to applied phosphorous and reduce phosphorous adsorption into the soil and thus reduce
losses and leaching of excess phosphorous in the profile or soil surface.

Keywords: Correlation coefficient, Equilibrium, Kinetics, Langmuir isotherm, Linear regression
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Figure 1- The geographical position of study region in Dashtestan county, Bushehr province, Iran
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Figure 3- The measured daily evapotranspiration by Lysimeter in six prime months of the years (2001-2003)
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Table 1- Comparison between actual evapotranspiration of SEBAL with different amounts of L and lysimeter data

DATE Lysimeter SEBAL
(mm/day)
L=0 L=0.2 L=0.4 L=0.5 L=0.6 L=0.8 L=1
2/1/1380 (22/3/2001) 5.38 4.21 4.82 5.21 5.31 5.33 4.81 4.77
9/2/1380 (29/4/2001) 7.86 5.18 6.27 6.91 7.34 7.52 7.23 7.57
3/3/1380 (24/5/2001) 8.88 6.35 7.82 8.22 8.42 8.63 8.48 8.74
31/3/1380 (21/6/2001) 8.4 5.71 5.69 6.77 7.64 7.82 7.38 7.50
20/4/1380 (11/7/2001) 3.87 3.22 3.71 3.51 3.57 3.61 3.71 2.21
3/6/1380 (28/5/2001) 9.3 7.31 7.36 8.35 8.79 8.92 8.50 8.48
RMSE 1.53 1.26 0.97 0.72 0.60 0.84 0.94
P_value 0.009 0.02 0.05 0.01 0.002 0.006 0.04
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Figure 7- Determination of soil line coefficient from near infrared and red bands in Landsat 7 in 25 August 2001
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Table 2- The comparison of estimated evapotranspiration of surface energy balance algorithms in
MODIS, ETM+ and TM with lysimetric data

SENSOR METHOD P-VALUE MBE(MM/DAY) R () RMSE(MM/DAY) SE(MM/DAY)

= SEBAL 0.05 -0.076 0.97 0.85 0.14
S SSEB 0.002 -1.30 0.96 1.38 0.26
9 TSEB 0.003 -2.60 0.90 2.70 0.57

SEBAL 0.04 -1.08 0.99 1.04 0.10
i SSEB 0.02 -1.63 0.98 1.56 0.24
< TSEB 0.02 -2.86 0.92 2.76 0.75

SEBAL 0.03 -1.16 0.97 1.14 0.28
= SSEB 0.02 -2.13 0.98 1.97 0.14

TSEB 0.009 -3.26 0.94 3.06 0.28
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Introduction: The exact estimation of evapotranspiration has significant importance in the programming of
irrigation development and other distribution systems and water usage. Since the main user of water in the
country is the agriculture sector, therefore, the exact estimation of plants’ water demand has been adverted
extensively. The assessment methods of reference evapotranspiration are classified in two types of direct and
indirect. The calculation of reference evapotranspiration in scientific and in vitro form and with high accuracy is
possible by using lysimeter but in comparison to the indirect methods that are based on the climatic data of
weather stations, the use of lysimeter is unfortunately inefficient. This is not just for the time consuming and
high cost of lysimeter but it is for the limitation of weather stations and spottiness of the estimated values; in this
way it is not possible to expand the obtained results to the large scale. Remote sensing is an authentic technique
for the assessment of evapotranspiration in large scale which do not consume much time and money. The
existence of different satellites by having different spatial and temporal resolution, redouble the importance and
usability of this technique

Material and Methods: Actual evapotranspiration assessment in the region were done based on SEBAL,
SSEB and TSEB algorithms on 46 imageries of MODIS, seven imageries of Landsat7 (ETM+) and seven
imageries of Landsat5 (TM) in years of 2001-2003. Multiplicity of imageries of MODIS show the proper time
resolution of this sensor and is a reason for less errors in the assessment of reference evapotranspiration. In the
evaluation of the three algorithms of SEBAL, SSEB and TSEB in the three satellites.

Result and Discussion: In the evaluation of the three algorithms of SEBAL, SSEB and TSEB in the three
satellites, MODIS shows the least errors (respectively, RMSE=0.856, 1.385 and 2.7 mm/day), then Landsat7 is
placed in the second class by having higher spatial resolution (respectively, RMSE=1.042, 1.56 and 2.76
mm/day) and Landsat5 has the highest errors (respectively, RMSE = 1.14, 1.97 and 3.06 mm/day). NDVI was
found at the lowest amount in the beginning of cultivation period because of germination and sparseness of
vegetation, and increase respectively by increasing temperature and crop canopy. L factor has a significant
importance in the assessment of SAVI which is related to the area crop coverage percentage. Amount of L has
been estimated as L=0.6 that has the least errors in comparison to the others.

Conclusion: In this study, the proper amount for L factor in estimation of the SAVI amount was about 0.6
which was based on the investigations on soil correction factor, the results of statistical indexes and the type and
dispersal of vegetation in the region. The accuracy estimation of evapotranspiration of two single-source
algorithms of SEBAL and SSEB and one two-source algorithm of TSEB in Bushehr province were evaluated.
SEBAL algorithm presented more exact results based on statistical indexes among two single-source algorithms
and the obtained results in 95% level of this algorithm showed significant differences with lysimetric
measurements. This algorithm was chosen as the premier algorithm in the region. Two-source algorithm of
TSEB showed the highest amount of errors. Satellite imageries by having higher spatial resolution estimated
evapotranspiration with higher accuracy, the reason of which is proper choosing of cold and hot pixels.
Although, because of having proper time resolution and variation of image numbers and also presenting of more
time series in comparison to ETM+ and TM, MODIS was more adverted. ETM+ which is located on Landsat
satellite was lied in the second place because of its resolution and having higher spatial resolution.

Keywords: Evapotranspiration, Lysimeter, NDVI, SAVI
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8- Near real time

9- Land Data Assimilation System, CLDAS

10- China Meteorological Administration, CMA

11- China Meteorological Forcing Dataset, CMFD

12- The Satellite Application Facility on Climate
Monitoring, CM SAF
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1- Radiative extinction process

2- Radiative Transfer Models, RTM

3- National Centers for Environmental Prediction and
the National Center for Atmospheric Research
Reanalysis, NCEP/NCAR

4- European Centre for Medium-Range Weather
Forecasts, ECMWF

5- Global Land Data Assimilation System, GLDAS

6- Interim Reanalysis, ERA-Interim

7- Japanese 55-year Reanalysis, JRA-55
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4- National Oceanic and Atmospheric Administration,
NOAA

5- National Centers for Environmental Prediction,
NCEP

6- Downward shortwave radiation flux

7- Air Force Weather Agency’s (AFWA) Agricultural
Meteorology modeling system (AGRMET)

8- Climate Data Operator
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1- Digital Elevation Model, DEM

2- National Aeronautics and Space Administration,
NASA

3- Goddard Space Flight Center, GSFC
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Figure 1- Map of studied radiation sites in Iran and classification of the studied sites based on altitude and climate types
(UNESCO)
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Figure 2- Zoning maps of measured daily SSR, estimated GLDAS and bias map (difference between estimated GLDAS and
measured daily SSR) in Iran in the time period of (2012-2015)
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Figure 6- Seasonally variations of R?, MBD, RMSE and RMABD error (comparison of GLDAS and measured SSR in arid,
semi-arid and Coastal area of Iran
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Introduction: Surface Solar Radiation (SSR) as the largest source of land-surface energy is an important
parameter in meteorological and climatological studies. Limitations in ground-based measurements have
encouraged the users to approach low cost and reliable methods to estimate radiation components, for the regions
where the ground-based radiation data are sparse. Different methods have been developed for estimating SSR
including empirical models, radiative transfer models, semi-empirical models, and models based on satellite and
reanalysis products. In most studies in Iran, empirical methods have been investigated. Despite the simplicity of
these models, they do not accurately represent SSR variations because of not considering all the parameters
affecting radiation variations, at large spatial scales with different climates. The Global Land Data Assimilation
System (GLDAS) is a combination of measured and satellite data that uses advanced land surface modeling and
data assimilation methods. One of the strengths of this model that makes GLDAS unique is that it has global
coverage, high spatial-temporal resolution and is available for free. GLDAS is a terrestrial modeling system
uncoupled to the atmosphere. This work was aimed to evaluate SSR derived from GLDAS using ground
measurements over Iran from 2012 to 2015 on a daily basis.

Materials and Methods: In this study, measured SSR in 24 radiometer stations of Iran from 2012 to 2015
was extracted. Since the measured data are associated with some errors, the quality of the data must be checked
and screened before use. In this study, Moradi's proposed method was used to control data quality. The studied
areas were classified into three zones of coastal, arid and semi-arid climates based on Digital Elevation Model
(DEM) and UNESCO climate classification approach. The GLDAS SSR outputs were extracted with a spatial
and temporal resolution of 0.25° grid cell and 3-hourly from 2012 to 2015. The GLDAS is one of the LDAS
projects and has been extended jointly by the National Aeronautics and Space Administration (NASA) Goddard
Space Flight Center (GSFC) and the National Oceanic and Atmospheric Administration (NOAA) National
Centers for Environmental Prediction (NCEP). The purpose of GLDAS is to produce high quality temporal and
spatial land surface data. GLDAS drives three land surface models: Mosaic, Noah, and CLM. GLDAS
assessments SSR at the land surface using a method and cloud and snow products from the Air Force Weather
Agency's (AFWA) Agricultural Meteorology modeling system (AGRMET). Since the GLDAS data are created
using the gridded Binary format, the nearest neighborhood interpolation method was used to match these data
with ground-based data and GLDAS datasets were generated for station points using CDO software. In this
study, GLDAS datasets were compared against measured SSR datasets by four validation metrics. The metrics
used are determination coefficient (R?), the mean bias error (MBD), the mean absolute error (MABD), relative
mean absolute error (RMABD) and root mean squared error (RMSE).

Results and Discussion: Statistical analysis showed that the performance of GLDAS in SSR evaluation is
reasonable in Iran with a high-efficiency coefficient of 0.88. Also, it was shown that the GLDAS has a higher
ability to estimate SSR under clear sky (warm seasons) conditions than cloudy conditions (cold seasons). Similar
to the obtained results, Trager-Chatterjee et al. (2010); Jia et al. (2013); Boilley and Wild (2015) and Heidary
Beni and Yazdanpanah (2017) also showed that the ERA- Interim, NCEP-DOE, RegCM4 and angstrom model
are also more capable of estimating SSR in warm seasons. Seasonal bias variations at three studied areas showed
that the most changes occurred in summer and least changes in winter. The highest overestimation was also
observed in the coastal areas in summer and the lowest overestimation in the semi-arid regions in spring. The
evaluation of the GLDAS performance against the site measured SSR data suggests that the GLDAS tends to
underestimate in 71% of the studied stations. Moreover, the stations located in the arid region provided a better
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estimation of SSR as compared with semi-arid and coastal locations. These results were compared with those of
Boilley and Wald (2015) that showed ERA-Interim and MERRA reanalysis models have high uncertainty in
areas with tropical humid climates, and in regions with arid climates, models perform better in SSR estimation.
Our findings were also in good agreement with their results.

Conclusion: GLDAS SSR outputs can be used for agricultural studies. This is due to the facts that arid and
semi-arid climates are dominant in Iran and the growing season is mostly in the warm season.

Keywords: Evaluation, GLDAS, Iran, Surface solar radiation
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