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1- Principal component analysis (PCA)
2- Gamma test (GT)

3- Relative error (RE)

4- Root mean square errors (RMSE)
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Table 2- Results of PCA of the effective factors on sediment yield in the study area
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Component name 2329 gl OWly M2y e i)y ey
Spacial value Variance (%) Accumulative variance (%)
i 3.99 33.25 33.25
First component
P32 e 2.59 21.59 54.84
Second component
e e 198 16.52 71.36
Third component
Pk e 1.39 11.60 82.97
Fourth component
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Fifth component
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Table 3- The values for each parameter vectors in each component

o b sl Jol addje poredlze  pgwallie  plenadlie e adlie
Variable name Symbol First Second Third Fourth Fifth
component  component  component  component  component
Sl AL oSl X, -0.48 0.08 -0.34 -0.25 0.68
Mean annual precipitation
Sl (o9 oo Xy 033 0.87 0.18 -0.08 0.005
Mean annual discharge
il 4 s (Gl (90l Ao )
Outcrop of erosion sensitive rocks Xy 0.77 -0.32 0.48 -0.16 0.05
(%)
ol X 0.87 0.27 0.24 013 0.02
Area
kol anlyl Jsb X, 0.72 0.24 01 055 0.07
Main chnnel lenght
kol alpl palbL el Xs 092 0.15 0.07 0.12 -0.26
Main channel gross slope
oehsl)S erd Xy 021 -0.38 0.18 0.71 0.17
Gravilious coefficient
el sl s X, 0.27 0.78 01 -0.16 0.25
Main channel meandering coefficient
by bgle o X -0.64 0.59 0.38 0.24 -0.13
Mean slope of basin
. o ol
te m_yﬁ &%, . X,. -0.59 0.46 0.59 0.06 0.13
Mean elevation of basin
walnl oisaj oS5 X 0.06 021 073 0.58 0.12
Channel draining density
Laaly] o2l Dl a2 Xye 0.17 0.42 -0.66 0.09 0.4

Channels branching coefficient
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Table 4- Percentage of presence of the parameters in the top ninety hybrids models

) >k dod Il N2y
Row Parameter Symbol  Percentage of presence
1 Wl ik ol X, 1086
Mean annual precipitation
2 Sl o oeile Xy 1655
Mean annual discharge
Outcrop of erosion sensitive rocks (%)
4 colus Xs 1271
Area
5 cho! calyl Jsb Xs 13.26
Main chnnel lenght
5 _.401 alyl alsb cs X, 276
Main channel gross slope
7 3eslS e Xy 7.8
Gravilious coefficient
) LA‘”‘ d‘“‘)‘f‘ 635)0%3‘3: o po o Xy 9.22
Main channel meandering coefficient
9 4 bougio X 239
Mean slope of basin
10 4> b ) X 1.29
Mean elevation of basin
] - . .
1 el piSay 5l X, 8.47
Channel draining density
12 anlyl sy Slotil Xy 5.34

Channels branching coefficient
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Introduction: Soil erosion and sediment transportation decrease water resources, and cause many social and
economic problems. On the other hand, sediment transportation by rivers causes problems such as water quality
degradation, reservoirs sedimentation, redirect of rivers, or decrease in their transportability. Therefore, finding
the proper methods in sediment yield study in watersheds is essential in planning and management of land and
water resources. Climatic characteristics, physiography, geology, and hydrology of basins are the most effective
factors in producing and transporting sediments according to several sources, but the role and impact of some
factors are more pronounced than the others in different areas. As a result, the objective of this study was to
investigate and identify the most important climatic, physiographic, geological, and hydrological factors in
several watersheds of the northeastern part of Iran, by applying Gamma Test (GT) and principal component
analysis (PCA) techniques.

Materials and Methods: In this study, the data of discharge flow and suspended sediment concentration,
and daily flow discharge recorded in 15 hydrometric stations in Mashhad and Neyshbour restricts and required
maps were provided from the Regional Water Company of Khorasan Razavi, Iran. After drawing statistical bar
graph period of suspended sediment, daily discharge, annual precipitation, and relatively adequate data, stations
with the longest period and with the lowest deficit data were selected to determine the common statistical
periods. Therefore, in this study, the time period of 1983-1984 to 2011-2012 was selected, and the run test was
applied to control data quality and homogeneity. Then, the most effective factors of sediment yield were
determined by principal component analysis (PCA) and Gamma Test (GT).

Results and Discussion: The results of the principal component analysis showed that 90 percent of the first
five components justify the changes. Among the factors, area and gross gradient of the mainstream from the first
component, the average annual flow rate of mainstream, meandering waterways of the mainstream from second
component, and drainage density of third component were identified as the most important influencing factors on
suspended sediment production. Ninety superior combinations of 1500 proposed combinations were obtained by
Gamma Test to evaluate the effects of each parameter on suspended sediment yield. To determine the order of
importance of the entered parameters, first, Gamma Test was performed on all 12 parameters. Gamma values of
all cases for each proposed combination were compared. The results showed that the impact of these statistics
was lowered by eliminating high gamma parameters and the removal of low values. The data analysis revealed
that the low levels of gamma and high accuracy of ratio to find the desired outputs from entries. By lowering the
gradient, the complexity of the model was lowered and more suitable model was provided. As a result, high
levels of gradient represented the complexity of the final model. The results of the percentage values of each of
the 12 variables were considered among the superior equations for estimating the suspended sediment
composition. In this regard, the mean annual discharge, main channel length, area, average annual rainfall, and
percentage of the outcrop of erosion sensitive rocks with a total of 63 percent of the proposed equations were the
most important factors affecting the sediment yield in the study area. The average height parameter of area, the
average and gross slope of the mainstream had the lowest presence among the optimized compounds.

Conclusion: Based on the results of the principal component analysis, the two factors of basin area and gross
slope of the mainstream were selected as the most important factors affecting the amount of annual suspended
sediment load, respectively. Based on the results of the Gamma Test, 12 main variables affecting suspended
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sediment load were identified and the effect of each of them on the production and transport of suspended
sediment was determined. Based on the comparison of the results of the two methods of PCA and GT, it can be
concluded that if the purpose of research or study is to prepare a model with the highest accuracy in estimating
suspended sediment load, the 12-variable model of GT includes factors related to physiographical, geological,
climatic and hydrological factors are suggested. However, if the preparation of a model with appropriate
accuracy and a limited number of input variables is considered, a 5-variable model derived from the PCA
method is proposed. At the same time, if the purpose is to prepare a model with the least input variables and their
easy access and calculation and initial estimation of suspended sediments, a bivariate model (based on basin area
and gross slope of the mainstream factors) resulting from PCA is proposed. According to the results of the
present study, it can be concluded that the study of more parameters has provided grounds for evaluating their
importance in sediment yield. Finally, due to the correlation of many parameters with each other, a limited

number of parameters that have a more important role in suspended sediment estimation, were selected. Another
finding of this study is the increase in the accuracy of the sediment model’s preparation due to achieving more
important and effective parameters in sediment yield and identifying them in order to investigate the best
sediment management measures in watersheds. It is suggested that similar research should be done in other
watersheds with different conditions in terms of climatic conditions, topography, geology, and so on.

Keywords: Annual rainfall, Gamma test, Principal component analysis, Suspended sediment
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Figure 1- Daily meteorological data for Mashhad, Iran, during crop growing season in the two years of the experiment

(2016 and 2017; Mashhad Weather Station)
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Table 1- Physical and chemical characteristics of the soil
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Depth (cm) Texture K (mg/kg) (mgljkg) Total N (%) EC (dS/m) 0OC (%) OM(%) pH
0-30 Silty clay loam 289 135 0.076 6.75 0.65 1.12 8.15
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Table 2- Description of experimental treatments

(! sope)) slow
Treatment (irrigation regimes)

Jloni o gl
Description

100V-100R

(Lo o) 13y Jolye (ooles p> (ol s 2umpd Voo ()bl Jlos

Irrigation applied 100% water requirement at the all growth stages (full irrigation)

100V-75R

el Ay )3 ol 5L 2o VO g g dlsye y3 T Ve bl Lol

Irrigation applied 100% water requirement at the vegetative stage and 75% water requirement at

100V-50R

the reproductive stage

el Al g )3 ol 5l a3 B g g dlsye p3 (s ko) Ver o)l Jlesl

Irrigation applied 100% water requirement at the vegetative stage and 50% water requirement at

75V-100R

the reproductive stage

ol Al po )3 A Sl Vee g ptagy s ye 53 (T 5o 003 VO lol Jlec!

Irrigation applied 75% water requirement at the vegetative stage and 100% water requirement at

75V-75R

the reproductive stage

el dloye )3 (ol Sl 203 Y0 g (oygy aloye )3 55 203 VB (gl Jles]

Irrigation applied 75% water requirement at the vegetative stage and 75% water requirement at

75V-50R

the reproductive stage

el oo )3 ol Sl 203 B0 g (g aloye )3 ol 55 203 VB (gl Jles]

Irrigation applied 75% water requirement at the vegetative stage and 50% water requirement at

50V-100R

the reproductive stage

el Al po )3 (ol 5l do 3 Ve g gy Alspe )3 s o3 00 o)l Jles!

Irrigation applied 50% water requirement at the vegetative stage and 100% water requirement at

50V-75R

the reproductive stage

el dloye )3 ol Sl 203 Y0 5 (oagy aloye 3 gl 55 a0y 00 (gl Jles]

Irrigation applied 50% water requirement at the vegetative stage and 75% water requirement at

50V-50R

the reproductive stage
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Irrigation applied 50% water requirement at the vegetative stage and 50% water requirement at

the reproductive stage
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Table 3- Amount of water applied in different irrigation regimes

()bl sowe3)) slow gy Al o ]y Al o Wy Juad J5
Treatment (irrigation regimes) Vegetative stage (mm) Reproductive stage (mm) Total growing season (mm)
100V-100R 253.4 951.1 1204.5
100V-75R 253.4 713.3 966.7
100V-50R 253.4 475.6 729.0
75V-100R 190.1 951.1 1141.2
75V-75R 190.1 713.3 903.4
75V-50R 190.1 475.6 665.6
50V-100R 126.7 951.1 1077.8
50V-75R 126.7 713.3 840.0
50V-50R 126.7 475.6 602.3
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Figure 2- Comparison between measured and simulated values of water productivity (kg m=) from all water
treatments for calibration and validation
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Table 4- Statistical indices derived for evaluating the performance of AquaCrop model in predicting water productivity (kg
m®) for calibration and validation
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d)SimJIation’o Model evaluation indices
RMSE NRMSE(%) d R? RE ME
< a ‘? 0.09 14.81 0.85 0.93 -13.86 0.23
Calibration
Sl 0.07 13.64 0.90 0.87 -10.29 0.66
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Table 5- Comparison between measured and simulated values of water productivity (kg m-<) from all water treatments for
calibration and validation

Soly o Couo
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Irrigation regimes LXWTRTW a.\g‘_;}uw RE (%) dawd s bive oqﬁéd}uw RE (%)
Measured Simulated Measured Simulated

100V-100R 0.70 0.66 -6.0 0.71 0.67 -5.6
100V-75R 0.72 0.63 -12.7 0.71 0.67 -6.0
100V-50R 0.71 0.68 -4.5 0.53 0.43 -18.6
75V-100R 0.53 0.46 -13.3 0.58 0.44 -23.6
75V-75R 0.69 0.58 -15.5 0.65 0.58 -11.1
75V-50R 0.76 0.65 -14.3 0.47 0.45 -3.9
50V-100R 0.55 0.47 -14.5 0.50 0.47 -5.1
50V-75R 0.54 0.40 -26.2 0.43 0.39 -8.5
50V-50R 0.44 0.33 -24.8 0.31 0.34 -10.0
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Figure 3- Observed (Bobs) and simulated (Bsim) values of aboveground biomass under different irrigation regimes during
growing season for calibration (2016 year)
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Table 6- Statistical indices derived for evaluating the performance of AquaCrop model in predicting above-ground biomass
in different irrigation treatments

Jse b, sas e

Silwand dls o Sl s, S
Simulation Irrigation regimes Model evaluation indices
RMSE NRMSE(%) EF d R? RE ME
100V-100R 0.98 10.8 0.97 0.99 0.98 -0.66 0.97
100V-75R 0.42 7.4 0.98 1 0.99 -54 0.98
100V-50R 0.70 15.5 0.87 0.97 0.96 -6.01 0.87
ol 75V-100R 0.81 12.7 0.96 0.99 0.98 -2.14 0.96
Tl 75V-75R 1.00 19.7 0.89 0.97 0.95 2.44 0.89
Calibration 75V-50R 0.71 20.3 0.85 0.97 0.95 5.30 0.85
50V-100R 0.83 14.1 0.94 0.99 0.98 -5.30 0.94
50V-75R 1.07 22.9 0.79 0.96 0.94 1.09 0.80
50V-50R 0.66 23 0.71 0.94 0.92 -0.78 0.71
e 0.79 16.26 0.88 0.97 0.96 -0.73 0.88
Average
100V-100R 1.07 11.7 0.96 0.99 0.98 3.54 0.96
100V-75R 0.78 18.6 0.90 0.98 0.97 11.02 0.90
1007-50R 0.83 20.3 0.83 0.96 0.92 1.86 0.83
oo 75V-100R 0.68 10.6 0.97 0.99 0.99 2.75 0.97
TR 75V-75R 1.07 21.3 0.87 0.97 0.95 9.94 0.87
Validation 75V-50R 0.64 19.2 086 096 093 1.98 0.86
50V-100R 0.37 6.5 0.99 1 0.99 1.35 0.99
50V-75R 0.87 19 0.85 0.97 0.96 7.01 0.85
50V-50R 0.57 20.5 0.76 0.95 0.95 7.00 0.76
oSl 0.76 16.41 0.89 0.97 0.96 5.16 0.89
Average
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Figure 5- Comparison between measured and simulated values of dry yield from all water treatments for calibration
and validation



VPoo 65— 13T ojled ¥ alo (S g o 4,55 YA

120

120

% y = 0.9868x + 4.2694 s 4 y =1.1565x - 10.9 s 4
T 100 | R2 =0.9038 ° 100 | R2 = 0.9658 o
- 7 s
N 80 -
° o
g 2 60 60 |
18 w0 40 |
8 / Calibration Validation
g % 20 1 201
22 0 K— ‘ ‘ ‘ ‘ 0 K — ‘ ‘ ‘ ‘
0O 20 40 60 80 100 120 0O 20 40 60 80 100 120

(i ) ) o (g jlwdudd ogue 45 3 ySlas
Simulated dry yield (ton ha'l)
EmCSuo g (Howly A po 13 B ylowd dod duwi (5 jlwdan g buidABLie dgme 4T 3 ySdos e —F IS

Figure 6- Comparison between measured and simulated values of fresh yield from all water treatments for calibration
and validation
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Table 7- Statistical indices derived for evaluating the performance of AquaCrop model in predicting fresh and dry yield (ton
per ha) for calibration and validation
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Simulation Fruit vield Model evaluation indices
y RMSE NRMSE(%) d R? RE ME
s i 28 0.39 9.97 0.96 0.86 0.75 0.86
Calibration Dry yield
7 K 7.32 12.40 0.97 0.90 -5.99 0.87
Fresh yield
S i3S 0.54 15.64 0.95 0.95 10.13 0.85
Validation Dry yield
7 K 6.27 11.80 0.98 0.96 4.2 0.94
Fresh yield
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Table 8. Comparison between measured and simulated values of dry yield (ton ha) from all water treatments for calibration
and validation
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Measured simulated measured Simulated

100V-100R 5.79 5.52 -4.6 5.89 5.57 -5.4
100V-75R 4.87 4.45 -8.7 481 5.18 7.7
100V-50R 3.74 3.06 -18.2 2.77 2.95 6.5
75V-100R 4.07 4.00 -1.6 4.42 4.20 -5.0
75V-75R 4.24 4.19 -1.1 4.03 4.17 3.5
75V-50R 3.55 4.18 17.7 2.20 3.03 37.7
50V-100R 3.91 4.29 9.8 3.52 4.10 16.5
50V-75R 3.03 2.95 -2.7 2.29 3.07 34.1
50V-50R 1.81 2.10 16.0 1.27 2.09 64.6
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Table 9- Comparison between measured and simulated values of fresh yield (ton ha) from all water treatments for
calibration and validation

Sly PP SOV v
&bl sl Calibration Validation
Irrigation regimes s liv oa.fs&;uw RE (%) oo live o.\..:;d,uw RE (%)
Measured Simulated Measured Simulated
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75V-50R 44.02 46.43 55 27.19 67.30 23.8
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Simulation of Growth and Development of Tomato (Lycopersicon esculentum
Mill.) under Drought Stress: 2- Simulation of Water Productivity, Above
Ground Biomass and Yield
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Introduction: Predicting yield is increasingly important to optimize irrigation under limited available water
to enhance sustainable production. Calibrated crop simulation models therefore increasingly are being used an
alternative means for rapid assessment of water-limited crop yield over a wide range of environmental and
management conditions. AquaCrop is a multi-crop model that simulates the water-limited yield of herbaceous
crop types under different biophysical and management conditions. It requires a relatively small number of
explicit and mostly-intuitive parameters to be defined compared to other crop models, and has been validated
and applied successfully for multiple crop types across a wide range of environmental and agronomic setting.
This study was conducted as a two-year field experiment with the aim of the simulation of water productivity,
above ground biomass and fresh and dry yield of tomato using AquaCrop model under different irrigation
regimes applied at two growth stages in Mashhad climate conditions.

Materials and Methods: A two-year field experiment was conducted during 2016-2017 growing seasons in
the experimental field of Ferdowsi University of Mashhad located in Khorasan Razavi province, North East of
Iran. The water-driven AquaCrop model developed by FAO was calibrated and validated to simulate water
productivity, above-ground biomass and yield of tomato crop under varying irrigation regimes. AquaCrop was
calibrated and validated for tomato under full (100% of water requirements) and deficit (75 and 50% of water
requirements) irrigation regimes at vegetative (100V, 75V, and 50V) and reproductive stages (100R, 75R, and
50R). Model performance was evaluated in terms of the normalized root mean squared error (NRSME), the
Nash—Sutcliffe model efficiency coefficient (EF), Willmott’s index of agreement (d) and coefficient of
determination (R?). The drip irrigation method was used for irrigation. The tomato water requirement was
calculated using CROPWAT 8.0 software. The irrigation water was supplied based on total gross irrigation and
obtained irrigation schedule of CROPWAT. The 2016 and 2017 measured data sets were used for calibration and
validation of AquaCrop model, respectively.

Results and Discussion: Calibration results showed good agreement between simulated and observed data
for water productivity in all treatments with high R? value (0.93), good ME (0.23), low estimation errors
(RMSE=0.09 kgm?®) and high d value (0.85). The goodness of fit results showed that measured WP values were
closer to simulated WP values for the validation season (2017) than for the calibration season (2016). During
calibration, (2016), the model simulated the biomass with good accuracy. The simulated above ground biomass
values were close to the observed values during calibration (2016) for all treatments with R? ranging from 0.92
to 0.99, NRMSE in range of 7.4 to 23%, d varying from 0.94 to 1, and ME ranging from 0.71 to 0.98. Validation
results indicated good performance of model in simulating above ground biomass for most of the treatments
(0.92 < R? < 0.98, 6.5% < NRMSE < 21.3%, 0.76 < ME < 0.99). During validation (2017 growing season),
overall, the trend of biomass growth (or accumulation) was captured well by model. However, the range of
biomass of simulation errors was high, especially in treatments with higher stress. Accurate simulation of the
response of yield to water is important for agricultural production, especially in an arid region where agriculture
depends closely heavily on irrigation. During validation, the model predicted dry and fresh yield satisfactorily
(NRMSE = 15.64% and 11.80% for dry and fresh yield, respectively).

Conclusion: In general, the AquaCrop model was able to simulate the observed water productivity, above
ground biomass and yield of tomato satisfactorily in both calibration and validation stage. However, the model
performance was more accurate in non- and/or moderate stress conditions than in sever water-stress
environments. In conclusion, the AquaCrop model could be calibrated to simulate growth and yield of tomato
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under temperate condition, reasonably well, and become a very useful tool to support decision on when and how
much irrigate. This study provides the first estimate of the soil and plant parameter values of AquaCrop for
simulation of tomato growth in Iran. Model parameterization is site specific, and thus the applicability of key
calibrated parameters must be tested under different climate, soil, variety, irrigation methods, and field
management.

Keywords: AquaCrop model, Deficit irrigation, Modelling, Vegetative and reproductive stages, Water
productivity
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Introduction: Sulfate is one of the important groundwater pollutant sources in many parts of the world and it
can enter into groundwater from various sources, such as lithology (dissolution of evaporative and pyrite
oxidation), atmosphere (sea water spray), industrial (combustion of fossil fuels, sulfide- minerals production, and
agricultural fertilizers), and etc. Identifying sources of soluble sulfate in water sources is important. The sulfate
in groundwater can be investigated using isotope and geochemistry techniques. Using isotope (**S and #0) and
hydro geochemical techniques, it can be possible to find out: sulfate origins and the effective processes/reactions
on sulfate concentrations and hydrogen sulfide gas (H2S) production. In this paper, for the first time, the sulfate
source in groundwater of Sarpol Zahab and the parameters affecting sulfate concentration and its isotopic
compositions (5*S and &%0) in groundwater were studied. Sarpol-e Zahab is located in the catchment area of
Alvand river in the west of Kermanshah province, west of Iran. The formations of the region, based on age from
old to new, include the Ilam, Gurpi, Amiran, Telezang, Pabdeh, Asmari, Gachsaran, Aghajari, Bakhtiari and
Quaternary alluvium formations. Asmari formation and Quaternary alluvial sediments form the largest area of
the region. Gachsaran formation contains evaporative materials which is reducing the quality of groundwater in
the region. Ilam formation is effective in providing the organic matter required for the bacterial sulfate reduction
process.

Materials and Methods: 13 water samples were taken from the water resources (wells, springs and river) of
Sarpol-e Zahab region in two steps (December 2014 and September 2015). Measuring field parameters (T, pH,
Eh, Ec, and TDS) and sampling of water resources were performed according to the instructions of Groundwater
and Geothermal Research Center (GRC),_Ferdowsi University of Mashhad. Field parameters were measured by
VWR Handheld Multi parameter Research meter at the location of each water source. The concentration of
cations and the anions were determined by the devices inductively coupled plasma elemental analyzer (ICP-EA)
and ion chromatography (IC), respectively. Chemical and isotopic analyses of all water samples were performed
in Ottawa university geochemistry laboratory and Waterloo university isotope laboratory, respectively. The
measurement reference for isotopic sulfate and oxygen were VCDT and VSMOW, respectively, and the value
isotopic are expressed as permil (%o).

Results and Discussion: The sulfate concentrations in different water resources of the region varied from 5
to 950 mg L, however, it is very high in Gandab spring” water, due to the association with hydrocarbons, and in
Patagh Tunnel water, due to discharging of water from Gachsaran Formation (339.6 mg L and 950.1mg L,
respectively). Chenarpiran spring has the lowest sulfate concentration because it is located in highlands and is
discharged from Asmari formation with good water quality. The amount of &80 varied between 5.8 to 13.1
VCDT %o and the amount of &%S ranges from 9.5 to 31.8 VSMOW %o. In Gandab spring’ water, due to sulfate
reduction by microorganisms, in addition to the unpleasant smell of sulfide hydrogen (H.S), the §**S and 580
values were enriched than the isotopic composition of other water sources ( about 31.8 %o and 10.3 %o,
respectively). In other hand, the Gel va Darreh spring's water, due to the effect of upstream bath waste water
(soap and detergent with a value of about 1 %o for §**S), indicated depleted isotope values.

Conclusion: The concentration and isotopic composition of sulfate in the water resources of the Sarpol-e
Zahab region are affected by the geological, atmospheric, human and hydrocarbon materials. The impact of
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human and hydrocarbon factors on the concentration and isotopes of sulfate is local, however, the lithology
effects are on all water resources of the region. Since, Gachsaran formation forms the alluvial aquifer bedrock of
Ghaleshahin plain, the dissolution of gypsum has an effective role in the hydro chemical evolution of the alluvial
aquifer of this plain. The lithology of the area is often limestone and evaporation. Due to the high solubility of
these materials in water, they have been able to have a significant effect on sulfate isotopic in water sources. The
amount of measured isotopic values indicated that the origin of evaporators and atmospheric sulfate is in water.
The dissolution of the evaporation formation has reduced the water quality. The association of bedrock in the
Gandab spring has led to have a reduction environment and the occurrence of sulfate reduction and production of
hydrogen sulfide gas (H2S). The human activities (by making bath upstream) caused oxidizing conditions,
isotopic depletion and contamination of the Glodarreh spring.

Keywords: Groundwater, Isotope Techniques, Sarepole Zahab, Sulfate
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Figure 1- Geographical location of the study area
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Table 1- Geographical location of meteorological stations in study
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Table 3- Estimation of water requirements of rice in different sowing date and probabilities
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Table 4- Estimation of water requirements of rice in different sowing date and probabilities in Rasht, Amol and Gorgan
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Figure 2- Estimation of evapotranspiration of rice in different sowing date and probabilities in North of Iran
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Introduction: Correct assessment of evapotranspiration fluctuations in different meteorological scenarios
plays an important role in the optimal management of water resources. Probability analyzes with different
probabilities of occurrence can increase flexibility in decision making and increase the reliability of decisions.
Rice (Oryza sativa L.) is one of the most important agricultural products in the world. Although rice is cultivated
in a wide range of climatic and geographical conditions, it is vulnerable to changes in environmental conditions.
Planting management, design of irrigation systems, and suitable irrigation cycle for optimal production are
important issues for sustainable production.

Materials and Methods: The study area includes the northern region of Iran, i.e. the provinces of Gilan,
Mazandaran and Golestan, which is the main rice-growing area in Iran. Changes in rice evapotranspiration in
three different cultivation dates with four different occurrence probabilities of 75, 50, 25 and 10%, was
calculated using the FAO Penman-Monteith equation and meteorological data with a statistical period of 30
years (2020- 1990). Also, the average rice crop coefficient at different stages of growth in 10-day periods was
estimated based on the Weibull model. These probabilities represent the probable limits of the expected values of
evapotranspiration in different scenarios of low, normal, high, and very high evapotranspiration years.

Results and Discussion: The results showed a relatively constant difference of 1 to 2 mm between different
rice cultivation histories in the major rice cultivation areas of Gilan and Mazandaran in normal to very high
evapotranspiration years. In the years of low evapotranspiration, the water requirement was significantly
different from the normal, high and very high evapotranspiration years, which decreased from east to west. This
difference was approximately 30% higher in Golestan province as compared with other areas. In the early
planting situation relative to the late planting situation in the major western and central coastal areas, there was a
10% decrease in water consumption. At the scale of the whole growing season in Gorgan, evapotranspiration in
different conditions of planting date was on average 20% (1300 cubic meters) more than the main regions of
Gilan and Mazandaran. In case of timely planting, the net irrigation requirement in very high evapotranspiration
years was about 2000 cubic meters per hectare more than the normal years. In years with high
evapotranspiration, late planting increased the net irrigation requirement by more than 210 mm compared to
different planting dates in Gorgan. According to the obtained results, the largest difference between
evapotranspiration values during normal and very high evapotranspiration years was in the late planting
situation. Therefore, it seems that late planting causes a significant increase in water consumption in the high
evapotranspiration years. Consequently, it is better to avoid rice cultivation when the rice growing season is
anticipated to be warm.

Conclusion: Evapotranspiration, as one of the main components of the hydrological cycle, had a significant
role in proper irrigation planning and water resources management. The results underline the importance of
estimating the rice evapotranspiration to avoid appreciable yield loss under extreme conditions.
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Table 1- Average of some wastewater parameters of Shahrekord University

oSl eolin EC (dS/m)  pH Ca+Mg (meg/L)

Na (meg/L) NOs™ (mg/L) GBlre lge JS TSS (Mg/L)

1.02 7.74 5.14

3.4 26 109.3

Silgs Cygao &S Wb odlatwl yiowlw YO o glas)l g gl VY
ol B a Slecde ayna bedh ), 8, SKuen LS
P by s ol gl (8 byl (35 53 b LlnsSs)
kb 93 31 blasSSg5 (sl sl ¥ 5 S ype o] (sl liS
(N JSb) e85 (e )8 b kS Sl e o5 oolil el
248 g gl ¥ gdlg) S ol (LlasSSg35 layild cnl sl
Lo bliaSSgs 5 cudly 51,5 gl ¥ (2l Jlasil 6 ol ol saileo
sobaie a0 (a0l Cun b g 85 o )5 lagld o 5
9y sbagi)lid jl (295 5 $39)9 laylid (5 Sojlul
Sy jlid o yild 5 LS g )Lid S polate (s A e3lil
y 5l o e LS e g dgeie 55 0jINI ) (639)9 Ol
255 3l b jltd el jlam |y (25 lo)lid bnjle j S
So ol lam g ,d o ) 5085 oo ojluil o o 5l by

Cetly gy I 29 )3 9 ($399 el S e

(2ud sl yidsd) Lalast Gl 5 9 (9 S 3 a9,

ookl b baylas i g (s0920 Ssloud Cjguo a4y VY S
gl ohagin ell o amd e LS ) Oy (gouiiS il slga
SlaaY ©jgo @ g (0) Ghlker 5 ,Slusl g (V) SB wils
8)5 515 LS55 9 b (YL g b oolitl

bl Loy o JAS 30 5 wro sl sl el 51 (S
il g i Hlid e Cone ¢(glolab d)[ﬁi ales 5l lid cou
cdlb o lis G 5l iy 2 Y0 dgis b Slo (9,5
3,5 i Iy Lo gld bl sy e VB O/D & g 3,5 Jgome
290 (oo dpog (I 33,5 cod (el s S 390 (23 45
Lo Bl ;Lo () b plalj8l jlss ST ST o oS
Slagiylid 1)L (S ojlul Gl (V) gd osSae (godiand
Sdce Jobo o g ad edlawl b yild 5l ax o b8 (g00 oy
5 4ol s ol L s 51,5 (il 4) i S8 o
Wb pbl disle S (25
SaSdy 5xo dlgs ¢ yiogids Sl ol&iws 1 edlatwl b <l i

Jo 5l e b lusliwl ST sl (V378 mO/L) Glee ) Lol

s VIV s sean pH e pSlas g Johs g (oylol sl jloma

SAR 35 S )bl plad cdi iy jlido jl a5 59y A/4Y

ool 4 a8 05 YIVY Lo jild 4 (63959 Gluw 00 (6505101
(VF) 290 5o (oylal (3 50,187 Jlas 51 e ylaslea!

L ylass g 5 yleT ¢ b

)l > b lajild ddias e sl GRRgR cpl
55 s 55 3ol MolS gyl B, 1S ksl < slo s
9 5 4l yild g5 (Joly g8 5l Widgy jle Iy 3 5 12
gy JoSe cpgd yeiS18 g (b Y g bS5 - 1ol xdans
09 7V 9 S 0L el s 93 53 a0l pil LS
—ald jled) (b - ild Jold (mgh slales sy 58
»bd 5 (SZ) cdgjid 1ild (G) blusSgy ybé (CTRL
291 (GZ) e g bS53

La yilad o oads oaldicyf ol go

e (SLaod g9 5l iiagin (il 53 edliul 3)90 (3
O=A F-0 (gojlasl aw jd oS g b ks 40 edlitwl Dy0 Jgene
5 S50 E55 p (13935 yokiate 4 A odlitl (g0 Lo AVY
ol bas Slgs gy Sojll 3 LS ds Liglidl o SB el
shls ga aw Gimgin ol jo ead solaiwl sl Ll wsse;
CS b 1 4 39 S o 2 3 p)S Neee g O e Fer sl
&9 5! C)]o U’l 5 ol oalatwl quj) S WIEW ) uLo)f @m)w
ol U L 48 35y Kaogs 5,8 €8 15 Jguammo Y shitnginls
Sl Sl gy o )l tlS glaiod 29 0 e el
cale Gl s ol gl b 5 oMol canr oyl
O Rl 9 cdg Bl i zoy S ell sl
Sojy gaw b e (ks b sbul caa ol loar i
bl Gl g Sl g 3l pete 4 wdgi sl YL
A oolatwl culgi; el cas Yo pu clale lcules o

&. X S -
He8 L zly (b kb 4 bgrye 55 Hloa 1 g opl o



Voo 60— 53T b ojlocs ¥ o (S g o 4,25 FVE

3l 31 Lnosls (5S5ln dulia g ngiably 3001 okt 0 k5 L e poelS cyiog 55on s Lag? pbe ¢ Slo RIS 5 il
b o3 sl g0 s izeats A5 edlitl S0I5 365l 5 SAS  lawsgs cagiyias pH 4 EC g EDTA L pyguolyis j) odlis ol

P |
and filter  Geotextle filter storgge tank
M le Jyes
_/¢ Sand filter sand-Zeolite filter
- & wu| A — - “'-—“-.."_LJ:
& e HLIRL -5 oL - 0 s — o2
Sl 1 2" ¢ L lasem sand- 12-8 o=
2sem sand-8-12 o3 23 el Sl lasem modified zeolite,
el scm 73em sand-5-8 i%0em | asem rsem Sand- 8-5 (y
15 em sand:3-004 15 em sand-3-5-53
3sem Sand-8-12-g5 1sum SANA-8-12-05
O~ ! T S S S
= v
out 2" out 2"
e mA
()
o
= 4 Geotextile filter
X - S— :;‘ - -‘!
s0em | asem :JJ__],__,:::_-, Geotextile 1000 gr
: S 5 SR S oo f Veor LliaSigls
Geotpxtile 300 e
Geofextile 5 i
5 : i
=>=n>
out 27 2"

B T Geotextile- zeolite filter
e poe._ “ 7,52 =] g
Geotfaile300 eSS AL e tdxtile 1000 or
- T S el 2
ol pikot Saulyl) 15 cm
Geotegtile 500
| /?#; in | out
= == 00 3 =
PV A

Ly slow Silows — Y JSG
Figure 1- Schematic of treatments



1444

Clay b Fig (B Cadad i b bonsST g3 o (oS 7 (gl i (L w3 5802 9 () (Slg e

Sz yLsd BLod 5l s o 28 b g Conss canlio oo &
Jboss 5 ey jlai ool 5l (o 5 Sdas SZ Jlos 258 00 (K85
oild ol 5l s els laar cliged 008 4 L 50 GZ
oLisS (laj e (sl 3V 5Lib (el Blod 311 oolital Jsusly

3y

Lo filsd (oo &l s

9 Sl s sl 4uha i o (23 e & 22 ]
b 93 39,5 50l s Lasgs S 3,90 (9 Johio el
i) 4t sl Sy ol b il o gy o bosilef
OSlae S )0 o 00l (L Jhges b (g S0l e
Amd e i |y ld o1 ) clacels JS 5 old o 0o

ot Cobis g Lajild (298 (@ dg L IS )b 4
Soll 35 Vgome 45 4SS ol 4 dngi b g pln 2 (L]
.))9_0 )_».L.‘? .)‘J_su ‘S'Lwl) ‘ML’L_;O ‘/a I/Slha J9.Lo5)..\».m dla).,aﬁ
loyild el (0 aSi] @ 4295 L Lo 2095 cymesd ()] i Sl
595y JL 53 phe i )5 Clels Job )3 5 355 b
Jesbo iz jlan byild ool jl o 4ol 4 a5 b pioren
2 o0l 2Ulg5 il )3 3g200 Gl (liae &5 (g ysbody 945 00
bl w4 o S35 Gluy 5 25L 4081 1 gt b3 390
g L ooyl bl b plon sy g jlas 4y 098 da0%e Sliey
LQFJU] éﬁh@@ad{&mﬁ) .))99 » O)J94J ;)Jgf))) é‘a_ﬂﬂ
2 99905 S pSola 1 yild plin 595 (B )S jl 0y gy il dw
Dl iliel ] Lm‘_ﬂ

(M) ,Lzs sl pressure drop

Lo yilsd yo (a9 g HLid O yuadS oy
shbs Leyils  oled cowl jasi i ¥ IS5 j3 oS job lan
il oo il b ild m il yolis lode g2y LB slacal
oV ol pariSlo a8 (loydad (gLl (gauiaad s 53 b
sk > Jyons (s s i €3l o aunli (¥) 3l
oo s sl b piamm 8wy sl B inlojl oloj o
B L dm 4y ooy el 1 g o a8 G151 L g
S Sl 13 25 jolo5 jloe ylade jl gl il g o
SSojlgan oo Sig b0 )lul Jgame Sl b a5 (lojlad (5L
ikd eladasia a5l oL bl O 3 3590 slas dlge clale
J=8 el etz 53 S (red 4 098 (00 dgdune @ S
LaysSws e 5 (il & glaazedgs | Yoane (20 (Slo
Ot e 4 Sl Sl slp (B inen 29 oo o3l
a0 s o @8l |y (Y) 48 e Ll IS g ylaie o & il
VIO 290 jlone jlid cdl yiShis a4y ) yloj ©odo ¢ b il
Jol celnw U Ly plasSs5 )l ) ccanl oolid] 1306 & celw
ol oas an ol 5l a5 conl o3 jlxe do I eS8 jLid
Mol b dms o oy Csls Sl &S (g pgboey ol aidly il 38l
by s )l )3 sl 03,55 joue o 51 iy Mas g sl b S
Age jl s)lde canl o Ccls Cgls yois (s 5 hlnsSSeS
Obes cplple 29 485 JlaSSE 4 (s 5 8 Oluy 3laa
5 Cowl 038l 130 & el V0 jloee il Juade poySlo 4 yduw,
9 ol 039y 5o Hlid I i HS g9y 3l dmy V/O sl b
2 0,5Vl 5 Cal 03,8 595 jloxe lade 5l il dn & sl oyl
Ly ool ol 005 (S35 o3 SS 35 718 () o el
RLEaSTFT g (3 28 duoy o0 oS 4 0ad lgie oo 4 a2

— {37
CTRL
weee SZ

....A.oo.‘..o*OOO‘-o-*...‘.

05 1 15 2 25 3 4 5 6 7 75 8
System working hours g 5 celu

a5 Olelio Job 43 jloxe ,Uid 1 b b il i €l (guulio - JSU5

Figure 2- Comparison of pressure drop of filters with allowable pressure drop during system operating hours



oo 60— 3T oyl FO ol (S g 0T ay,i5 FVA

Siles

s
S
;O
35 = 0.20 -
Yy B=
2 % »
= 3 0.10
3 %_C M)
38 ! T
<? 0.00 T U4 . : Y .

Treatments la Los

s JI5 el JS > b pLd - JSS
Figure 3- Average flow rate of filters in total operating hours of the system

(GZ) clgss — hlusSgs b ) VIF 4 Y0 5l ©lps Jlde a0
Qs> sz g il Lials i GZ Hled )0 sy sl odguo,
&b (me glay Calisee Wilelw 40 05 SZ ilid a5 win ya
dw Ol ralS bbd §l LlisSgs jles )l GZ als b
gldi GZ 4 SZ 1 5bd 90 ol L i JLS ga gl cuelw
Cdgiy ol (gyl38 580 5l i ol sden Cawl dily (gl e
o ede an e o)l bjles cnl ) @liis el 95 2
O iz g Lagn (B 08 AT L Y g ol cuols
ceeldgs sl sl Ul 5 Slyas 3 ol ool )5 5 ol
ol 4228 oo | (293 Ol Sl lalS

JS 0 Ml s il om oy Sl ¥ S 5o
S oo alan Mo &S jobo lad g o 013D piu HIS ol
ALl L Lol wplas ol Bl 3 (00bj el (aald) b jlaws
£ g 4 ol Glyzs Ghals @8 SZ ld b ol 4 g o
el b 4y 55 (8) oh)lSen 5 Solua! Cal ol 1oy
g 155 555 g5 s 5 & 308 olsie 5 258l oo
L oad Mol el g ol andlys (ool ogles SZ glajlas L
Iy ol 3 39390 il OV dgas Jloy K S5,,08 sl
Mol el 0,8 Hlaie 55 (V) S8 il gl sl odly il
Gloj lyis i IS puadS S g S5 pa,18 sl b o
5 S5 gyl amd o ials Joyd FO 39 Ul g5
0Bl > gy @bl 390 3 (el @l 4 3 (V) oo
A Cdesi b Ll GZ il 1> .0g adly Cuwd Cluy @l s
o YV ol s cabaal pa8 oS wb cel JlnSSgs ld
WIVINWESLS 2 G PRONP VPRV g ¥ S

&l yins
S 3l s OB Sl als 55 b ild 3 o)

L Lo ahlS (s 3o 1y el s cubls 4, S & il
UL Y Joio 3 (uibly 4528 @l )l ©glis ) Sysen
Clag Olyis jlade j LSS5 5 0 sl syl jblise
Sloj cusdS b ayls Gialosl g9 3l 4w U yho clebu 13 (295
ild yoas pae yol cpl cde ol 0355 I e o yilid ol 30
po—s slacels ) cplply ool dn 4 pow el I LSS5
Coplo 4 dagi b Cunl 039y (i pilid pob gl pild s A @
L5 ol slym ol cand 4 guls o Sojud s SO olgie 4 o
g5 it 8Ll Amd s ot gl Lol s U 51 g0
Jiain] s 3 4 ol 005 el 40l (gl yilid & o 2
ash Gl Jlde p (g Lo WU acels gdod 3 duo)d S
g 5o 45 dgmgn (sl il Gas b Sy 0,18 tuul 151,
g e 45 2980 Sl (soRg haw 42y BB Rl el
2 Sike dulie gl 295 ol (e Gl 03l Giuljil el
Shed a8 cowl o]l (Sl ol .ol ond odyl ¥ g
Gl o ol Mie b 5 jleg (298 Gl Sz e acels
Slasleg ) el ol jlade Lol 3l (g5l gine BB (6399
o Camad Olyis g 310 I Hine BB (039)9 OB L 503
4Bl als s gy Jlaisl gaw 53 (g5bline joboas adgl jlade
Ol oy Ol cod (Limghy 3 (0) hles 5 Slual
s slapgio salg 4 jloal b GUMSB Gl Q>
42315 o5 st i o 9 s 5 5 b S
Celuw jo ol 034 HIA 550 L Ohpe & Ol Bls o g



PV Clay b Si9 B 2 2 Clgii- J b 55— oo (oS 37 (S yillsd il gy 2 0 )50 9 (201 (9 it

e ©lebw )3 ol (g 8 83151 (S eyl (il 505 - oo
Table 2- Variance analysis of measured parameters at different hours

Hours

- 2 3 4 DF 5 6 7 DF 8 9
B 1 701*  653° 48 607 1 41 26" o0 1 - -
g c 1 4441 4813 3203  4201° 1 3081%  4166° 36816 1  280.1° 266.6%
21 B*C 1 441%  4g%  213®  301% 1 - - - 1 - -
= E 0 3 126 5.6 17 8 2 11 134 6 11 75
cv 105 202 156 75 - 18 5.6 189 - 52 139
B 1 33333°  30083°  1200°  24083° 1 20166 20166  16666° 1 - -
c 1 2700°  24083°  16333° 14083° 1 10666  8166° 8166 1  600™  600°
B g1 3me 7E o0 83 1 - - - 1 - -
E 10 4466 3333 2466 2866 8 50 50 00 6 1888 333
cv 3.8 204 2707 216 - 106 998 269 - 193 824
B 1 001 001  0001® 0002® 1 002%  000006" 1 - 0006"
c 126 277" 171 211 1 14%  121°  046* 1 03° 108
2 B¢ 1 o001 002  001®  0001® 1 - - 1 - -
E 10 001 073 069 001 8 049 011 008 6 003 o1
cv 38 231 232 36 - 182 77 87 - 68 73
B 1 08 085 147 168" 1  15° 096"  0006™ 1 - i
2 c 1 147 1452 1578 18 1 129°  84*  006™ 1 153" 1232
T B 1 007®  001™ 01 0007 1 - . . 1 - .
S E 10 007 007 004 006 8 018 008 176 6 005 004
cv 458 444 331 374 - 601 441 193 - 338 312
B 1 0001  00008™ 00008™ 0003™ 1 0004 0001™  00004™ 1 - -
c 1 o047  o0ls* 018 026 1 018* 02  021° 1 023°  021°
L B 1 o00001™ 00003* 0%  0001™ 1 - - - 1 -
E 10 0004 003 002 002 8 0009 001 0006 6 00 001
cv 093 25 209 205 - 125 174 102 - 143 171
B 1 0000L™ 00004 00001®  0° 1 0°  00001™ 1 - -
c 1 003  004*  003*  004° 1 003  00I* 001 1 00° 001°
QB 1 000003 0000008™ 0% 000003 1 - - - 1 001 0004
E 10 0007 005 000003 002 8 002 003 004 6
cv 8.87 175 775 129 - 1223 1928 205 - 127 69

ol Joyd g 9 Sy o 5D 5 51 gl gxe ##NS.A3L o el ol )3 kb LI pae Kilo """ g oy g prdaw )3 4918 S1 300 5 gxe DF ax
(1B @l yiké C (JoSo B¥Ce JoSo 3 by yikd E g s CV.col &l pois oy
ns, *and **: Non significant, significant at a probability level of one percent, significant at a probability level of five percent

respectively. “- “shows that filter don’t work.
DF: Degree of freedom, B: Basic filter, C: Complementary, B*C:Basic filter* Complementary, E: Erroe, CV:Coefficient of variation
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Table 3- Comparison of the mean of the measured parameters in different hours

okl Hours 0 1 2 3 4 5 6 7 8
N oo lnlet 258 266° 23°  26°  266° 30°  27.6° 250 248
—} - s 246° 260 218 258 253% 208 27.6° 242 248
e S Sz 86° 93° 86  10° 11° 126 12v  11b  10P
EE &z 76° 86° 7.3 86 93 11® 100 - -
< G 166 173 15° 173> - - - - -

~ owplnlet 1133 1200 110° 1166° 110° 1133 1033° 100° 96.6°

J s 4330 46.6° 433* 50  466° 533 46.6% 46.6° 46.6°

g sz 766 80° 66.6° 733 733" 766° 70  66.6° 66.6°
2 Gz 40°  433° 466 433* 366° 409 366° - -
a G 133°  20° 233° 233° - - - - -

o lnlet 3410 377@ 32> 331° 39" 35 406> 3140 24P

= s 323 3500 31° 321° 3820 340° 405> 321 242b

g sz 424%  464° 4022 403 472% 4280 49 376° 2870
s Gz 423 461° 401* 399 473 4172 408° - -
G 33 3740 3200 3300 - - - - -

waplnlet 449 480 516 524 53 49 528 54 57

o= s 53 58 615 63 &  57° 720 g 62

>3 sz 76° 806 B86° 88 89 8l  74% 88 948

SE GZ 7 74b 76b 8 790 7.3 7.5 - -

G 48d 534 5pl  5El - - - - -

o lnlet 7200 7.8l 7.50: 7.73 803 7.79 804* 7750 7.71¢

s 723 783 7600 7.74° 804 773 7.98° 7.70° 7.60°

T sz 6.0 7588 735 7.42> 7.60° 7.30° 7.60° 7.300 7.22b
Gz 6.00° 7.60° 7.37¢ 7.47% 7700 7.400 7.62° - -
G 723 784° 762 775% - - - - -

waplnlet 0918 1278 087° 1.14° 1.30° 089 097 087% 088

£ S 103 133 091° 1190 135 093 101¢ 091* 0912
2 sz 114° 146° 099° 131° 1498 101*° 111® 12 18
0 Gz 113* 144° 098° 131° 1490 101° 109 - -
G 103 132 09 1198 - - - -

nn

(oS3 ygail) Mt (5 el 103 B ans 13 )l3 cine SMS] B (520 5 )3 dlitie gy L oo Bl (o0 sl o 3 jild oS pac Sl Jguo o "

“- “shows that filter don’t work. Means with similar letters in each column have no significant difference at the statistical level of
5% (Duncan test).
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Figure 5- Average characteristics of input and output wastewater of filters in all operating hours of the system
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Introduction: Nowadays, the use of effluent in irrigation and especially drip irrigation systems has
increased. The findings uncovered that drip irrigation is assumed as the only method which is capable of
overcoming specific problems caused by wastewater usage. In this study, the efficiency of sand and geotextile
filters with zeolite on wastewater properties and their application in the filtration of the drip irrigation system
was investigated.

Materials and Methods: This study was conducted to investigate the changes in important chemical
properties in the municipal wastewater of a university after passing through sand filters, geotextiles, and zeolites
in the drip irrigation filtration system. A factorial experiment was performed in a completely randomized design
with three replications. Treatments included sand filter (control-CTRL treatment), geotextile filter (G), sand
filter with zeolite (SZ), and geotextile filter with zeolite (GZ). The sand used in this study was the usual silica
sand which was in three sizes of 3-5, 5-8, and 8-12 mm. In order to remove any contamination and soil particles
and increase the accuracy of the measurement of suspended solids in the effluent, the sands were washed several
times with water before usage. The geotextiles used in this study had three types with weights of 300, 500, and
1000 grams per cubic meter. The zeolite used in this study was clinoptilolite modified with hydrochloric acid.
The wastewater used in this study was obtained from the effluent of Shahrekord University. System flow rate,
Pressure, nitrate, suspended solids, sodium, calcium, magnesium, electrical conductivity, effluent pH were
measured before and after entering the filters at different hours. Statistical analysis was done by SAS software
and the Duncan test was used to compare the means of the data.

Results and Discussion: The results showed that the sand-zeolite treatment had a good performance in terms
of pressure and the geotextile-zeolite treatment was able to provide pressure for a short time. The amount of
nitrate in the wastewater of the sand filter was not significantly different from the amount of inlet, but in other
filters was significantly reduced. The amount of nitrate input of all treatments was 26 mg/l.The average output
nitrate in the sand filter was about 25 and in the other filters was less than 20 mg/l. The average amount of
suspended solids in the effluent was about 110 mg/l, while the average amount of suspended solids in the
wastewater was reduced to less than 72 mg/l. The sand and sand-zeolite treatments increased the total amount of
calcium and magnesium in the wastewater more than geotextile and geotextile-zeolite treatments, respectively.
The average Ca + Mg of effluent in the total operating hours of the system was higher than the average input in
all filters. The percentage of EC changes in total hours increased about 4% in sand and geotextile treatments and
14% in geotextile- zeolite and sand -zeolite filters. The highest percentage of pH changes was related to sand-
zeolite filter, which reduced the pH of incoming wastewater by about 4.5%. After that, geotextile- zeolite filter
reduced the pH of the incoming wastewater by 4%. The average pH of the effluent of all filters is lower than the
average of their inlet.

Conclusion: Sand and geotextile filters alone cause pressure drop and dropper clogging. However, the sand-
zeolite treatment has performed well in this regard. The geotextile-zeolite treatment has the potential to be used
in terms of supplying the necessary pressure for a short period by applying special treatment measures before
this filter. These conclusions are only in terms of pressure drop due to the ability of filters in practical use and do
not refer to their ability to filter the parameters and provide the desired flow. All treatments, especially zeolite
treatments, significantly reduced nitrate, and these filters can be used to reduce effluent nitrate in cases where the
amount of nitrate is more than allowed. However, since the sand filter had no effect on nitrate reduction, the
effluent must be treated for nitrate before using sand filters. The geotextile filter had a higher percentage of
suspended solids removal at all hours. The addition of zeolites to both geotextile and sand base filters reduced

1, 2 and 4- Former M.Sc. Student, Assistant Professor and Associate Professor, Department of Water Engineering,
Shahrekord University, Shahrekord, Iran, respectively.

3- Assistant Professor, Department of Agriculture, Payame Noor University, Iran

(*- Corresponding Aothur Email: negar_nourmahnad@yahoo.com)
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their ability to treat suspended solids. Therefore, geotextile filters can be a good alternative to ordinary sand
filters in terms of this parameter. All treatments increased Ca + Mg relative to the input. The sand- zeolite
treatment reduced the pH of the incoming wastewater more than other treatments (about 4.5%). Also,
desalination of salts from zeolite treatments increased the EC of effluent in the sand-zeolite and Geotextile-
zeolite treatments. According to this study, the use of sand-zeolite in terms of reducing nitrate and suspended
solid, increasing calcium and magnesium, and reducing pH and no pressure drop is recommended.

Keywords: Clogging, Inlet wastewater, Nitrate, Total suspended solid
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Table 1- Selected physicochemical properties of the study soil (0-30 cm)

s Electrical . . . . ]
L conductivity pH Available potassium  Available phosphorus — Total nitrogen  Organic carbon
Texture  So S Culas o9 303 1B opnlly o s> JB phund S5 039k RIRT
(dS.m'?) (mg.kg?) (mg.kg™) (%) (%)
Laom 1.2 741 120 12 0.08 0.51
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Table 2- Source of variation, degree of freedom and probability levels of effect of nutrition programs on photosynthesis
pigment in chickpea genotypes
NEUETSY) a Jadg ls b Judg s alb Judg 5 LSS, J5
df Chlorophyll a  Chlorophyll b Chlorophyll a/b  Total pigments

Ol s ilie S.OV

S'sb, Block 2 0.89m 0.267™ 0.039" 0.141m™
lié asb, Nutrition program (N) 4 0.001™ 0.001™ 0.001™ 0.001™
58 slks Errora 8
«; Genotype (G) 4 0.001™ 0.001™ 0.001™ 0.0013™
NxG 16 0.001™ 0.001™ 0.001™ 0.001™
L3 Error 40
SlyesiS > CV% 14.63 16.32 4.81 16.80

** * ns

Slyoss oy CV o) g i Jloin] grdaw 53 b ne cuoyd iy Jloin] grdaws 3 )5 ne i iy &
Ns: no Significant at probability level of 5%, * and **: Significant at probability level of 5 and 1%, CV: Coefficient of Variation.

SIS 2955 Sy 3 (Srmgd SAISS) 1 (liE aliy U ¥ Jgan
Table 3- Effect of nutrition programs on photosynthesis pigment in chickpea genotypes

olio 6"” 4l ILCT72 MCC463 MCC741 ILC8617 FLIP02-51

Parameters Nutrition program

Control 0.1810f 0.164% 0.153¢f 0.127f 0.1810f

8 by S BF 0.1820f 0.5022 0.154%f 0.163¢ 0.172¢

Chlorophyll a P+BF 0.205%¢ 0.196"¢ 0.164cf 0.180° 0.219vd

(mg.gFW™) BF+F 0.145¢f 0.1820- 0.163¢f 0.1960-¢ 0.243P

P+BF+F 0.230 0.142¢f 0.144¢f 0.162¢f 0.166%

Control 0.413d 0.457b- 0.349bd 0.296¢ 0.445b

b sl BF 0.462d 0.540%¢ 0.375bd 0.445>4 0.4220-d

Chlorophyll b P+BF 0.530%¢ 0.526%¢ 0.390 0.450d 0.536%¢

(mg.gFW™) BF+F 0.3560¢ 0.3830d 0.371b 0.495# 0.700°

P+BF+F 0.552% 0.332c 0.3490-d 0.373d 0.426"4

Control 0.439 0.360% 0.440 0.429 0.410°>¢

alb Ly s BF 0.403b-¢ 0.9232 0.411b¢ 0.354¢ 0.402>¢

Chiorophyll P+BF 0.389%¢ 0.421c 0.421b 0.403v¢ 0.401b-¢

alb BF+F 0.411b- 0.420t° 0.457° 0.3990e 0.453P

P+BF+F 0.423 0.431c 0.413%¢ 0.4170¢ 0.390¢¢

Control 0.594b-d 0.6210- 0.503d 0.423¢ 0.626"4

s, S BF 0.6390d 0.754%¢ 0.528>d 0.608>d 0.6010-d

Total pigments P+BF 0.735%¢ 0.6760¢ 0.554- 0.6310d 0.755%¢

(mg.gFW*) BF+F 0.5020 0.5490- 0.534b- 0.6910 1.0022

P+BF+F 0.784% 0.475¢ 0.4930d 0.535bd 0.5920-

(LSD) Jgsine EM5] Jolis ygnil ol 33 gy Jloio! s )3 oo 52 33 b g (sl (slassSilee (F) (3 slome 5 (BF) (gt 355(P) Sisatl
(Ao (w98 olSuily (aLS pole 0aSimg sy 3656 Hdy UL Spuio 3956y 0uSlS :MCC 555 (5 )b gino gl
Priming (P), Biofertilizer (BF), Folaria application (F). Means with at least one similar letter are not significantly different (P<0.05)
based on last significant difference test (LSD). MCC: Mashhad Chickpea Collection.
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Table 4- Source of variation, degree of freedom and probability levels of effect of nutrition programs on measured traits of
Kabuli chickpea genotypes

@ gl  mw ol G el gl Al slaw O WSSl
Olpdd 2l SOV WL Plant o Lowest pod Branch g
df height GAl height no. Pod no. plant

', Block 2 0.168™ 0.168™ 0.877m 0.150™ 0.651m

213¢ 44l Nutrition program (N) 4 0.080" 0.019" 0.245™ 0.678™ 0.014"
=% sls Errora 8

3553 Genotype (G) 4 0.167" 0.001** 0.249" 0.014m 0.014"

NxG 16 0.161™ 0.001™ 0.565™ 0.994" 0.053"
s Error 40

Sy o o CV% 8.52 28.62 20.27 20.47 26.85

Slyoss oy OV o> G g iy Jloin] grdaws 55 55 gine o yd gty Jlain] gedaws 3 43 dxe i a5 5 4™ X NS
Ns: no significant at probability level of 5%, * and **: significant at probability level of 5 and 1%, CV: Coefficient of Variation.

60 -

50 A

40

30

Ay 5&3,1
Plant height (cm)

ILC72 MCC463 MCCT741
Genotype

9]

1LC8617 FLIP02-51

I

aig glas,l
Plant height (cm)

60 -

50 A1
40
30

{111

20
10
Control P+BF BF+F P+BF+F

Nutrition program
‘_ﬁl.ﬁ\.é A.nl:',.g

S 395 > Wy g o (gl dsT gl g udgiy 1Y) JSS
Figure 1- Effect of genotype and nutrition program on plant height in chickpea Kabuli genotypes
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Priming (P), Biofertilizer (BF), Folaria application (F). MCC: Mashhad Chickpea Collection.
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Table 5- Source of variation, degree of freedom and probability levels of effect of nutrition programs on measured traits of
Kabuli chickpea genotypes

a3 Pl Gl as i edgiCuw) 4l 3,Sles oW
Oyt 21l S.0.V &350 e 100- grain  Biological Grain Cuils
df Grain. Pod! weight yield yield Harvest Index

<S4l Block 2 0.343"™ 0.425"™ 0.045"s 0.457"™ 0.574"™

3¢ 4l Nutrition program (N) 4 0.206 " 0.523 "™ 0.001™ 0.001™ 0.113m
= islks Errora 8

5 Genotype (G) 4 0.201"s 0.882" 0.007" 0.003" 0.001™

NxG 16 0.209" 0.407"s 0.005" 0.001™ 0.001™
s Error 40

Olyss o o CV 25.49 22.79 12.46 18.10 12.29

Slyoss oy CV b0 g iy Jlosn] grdaws j5 55 gixe auoyd gty Jlain] grdaw §3 55 xe pé o5 5 4™ X NS
Ns: no significant at probability level of 5%, * and **: significant at probability level of 5 and 1%, CV: Coefficient of Variation.
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Table 6- Effect of nutrition programs on measured traits in chickpea Kabuli genotypes

wlae wtlis aliy ILC72 MCC463 MCCT741 1LC8617 FLIP02-51
Parameters Nutrition program
Control 11879 11079 144099  1.180°9  1.343%9
, " BF 1.790°F  1.593¢9  1563%0  2870%  1.357%9
e gl 2 P+BF 210004 2037%¢ 30778 1.363%9  2.170bd
Green area index BF+F 0.8679  1.907¢f  2.587%¢ 163300 1.467%9
P+BF+F 143000  1.447%9 14279  0.837¢ 1.163¢9
Control 36.33°¢  18.66°  23.00% 25000 31.66%¢
o s S sl BF 30.00%¢  31.00%¢  36.33%¢  47.33° 26.33%
# N P+BF 28.337¢  18.33° 2500  34.00%¢  29.33%¢
Pod No. Plant BF+F 2733  3500%¢ 2333 3700  41.00%
P+BF+F 2533 2600 2500 3233 21.33%
Control 91% 1205¢ 78¢ 122%¢ 13724
ol s Slae BF 1208¢ 1108¢ 1592 116%¢ 1542
e P+BF 1020 75¢ 1072¢ 1562 1172¢
Grain yield (g.m?) BF+F g5t 74¢ 950 149%¢ 950
P+BF+F 123%¢ 1274¢ gge-e 1172¢ 1072¢
Control 2417 28659 269° 307P¢ 31804
. BF 2g5¢h 238 32704 3020¢ 3320
e P+BF 302b-¢ 251F 291¢f 3462 3350¢
Biological yield (g.m?) BF+F 184k 24501 240N 383 263¢7
P+BF+F 2021k 266¢ 208k 32504 29059
Control 3833 ¢  43.00°°  28.66°  39.33%°¢  43.00°°
s BF 4400°C  46.66°C  47.66%  3833°C  46.00%
SRR e P+BF 33.66b¢  30.00°  37.00  4500%¢  34.66b
Harvest Index (%) BF+F 46.337¢ 3133  3933*c  3900°¢  36.33%*
P+BF+F 55.662  48.33%  4300%¢  36.00™ 37.00b¢

(LSD) Js s ST i 505] ol 3, 2253 8 Jaiol s > oo 3o 5 e oy 51 sl 5 (F) il oo 3 (BF) s 3554P) Sied

(Ao (w98 olSiily alS pale 2aSiimg sy 5555 Hdy SGb) Spudio 3955 (yuuSlS IMCC 0555 (5 b ine cglis
Priming (P), Biofertilizer (BF), Folaria application (F). Means with at least one similar letter are not significantly different (P<0.05)
based on last significant difference test (LSD). MCC: Mashhad Chickpea Collection.
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Introduction: The excessive use of chemical fertilizers devastates soil fertility and causes different types of
environmental pollution. Therefore, using adequate eco-friendly fertilizers in agriculture enhances productivity
but has no adverse effect on nature. Recently, there has been reported that beneficial soil microbes produce some
volatile organic compounds, which are beneficial to plants. The amendment of these microbes with locally
available organic materials and nanoparticles is currently used to formulate biofertilizers for increasing plant
productivity. These bacteria are naturally present in soils, but their population decreases for a long time because
of long-term environmental stress, improper use of chemical agents, and the absence of a suitable host plant.
Adding these bacteria to the soil, before or during the growing season, increases the growth and production of
agricultural products. Since available water is the main growth limiting factor in chickpea cultivation, it is useful
to improve nutrition, especially using plant growth-promoting rhizobacteria, for accelerating the growth and
development of plants at the end of the season.

Materials and Methods: In order to evaluate the effect of bio-nutrition and seed priming on growth and
yield of chickpea genotypes (MCC463, MCC741, ILC8617, ILC72, FLIP02-51C) an experiment was carried in
split plots based on Randomized Complete Block Design with three replications in 2019. Experimental factors
included nutritional treatments as the main plots and chickpea genotypes as the subplots. Nutritional treatments
were 1- seed priming with the use of free-living nitrogen fixing bacteria, phosphorus solubilizing bacteria and
potassium solubilizing bacteria (P + BF), 2- free-living nitrogen fixing bacteria, phosphorus solubilizing bacteria
and potassium solubilizing bacteria before sowing (BF), 3- seed priming with the application of free-living
nitrogen fixing bacteria, phosphorus solubilizing bacteria and potassium solubilizing bacteria with foliar
application of amino acid, potassium and silicon during growth stages (P + BF + F), 4- application of free-living
nitrogen fixing bacteria, phosphorus solubilizing bacteria and potassium solubilizing bacteria before planting
with foliar application of amino acid, potassium and silicon during growth stages (BF + F), and 5- control
(without biological and chemical fertilizers). Free-living nitrogen fixing bacteria, phosphorus solubilizing
bacteria and potassium solubilizing bacteria were sprayed five liters per hectare on the soil surface before
planting with 107 CFU per ml and mixed with soil. Foliar application with amino acid (1:1000) was done in two
stages (before flowering and 50% flowering stage), and foliar application with potassium (1:1000) and silicon
(1.5:1000) was carried out in the 50% flowering stage.

Results and Discussion: Results showed that the highest concentration of chlorophyll a was obtained for BF
and MCC463 with an increase of 3.1 times greater than control. The highest concentration of chlorophyll b was
obtained for BF + F and FLIP02-51. The highest green area index was recorded for MCC741 in P + BF. The
highest number of pods per plant in MCC463 and FLIP02-51 was observed in BF + F, with 88 and 30% more
than the control, respectively. The highest biomass produced was obtained for ILC8617 and BF + F, by 24%
higher than the control. ILC72 and MCC463 showed the highest grain yield in P + BF + F treatment, which
increased grain yield by 35% and 4% (320 and 50 kg/ha), respectively, with respect to control. MCC741under
BF treatment showed a doubled (810 kg/ha) grain yield relative to control. The highest grain yield for P + BF
was found in ILC8617 and increased by 28% (340 kg/ha) as compared to control. In this genotype, grain yield in
BF + F was also significantly greater than that in the control by 22%, (270 kg/ha). FLIP02-51 grain yield in BF
increased by 12% (170 kg/ha) as compared with the control.

Conclusion: In terms of seed yield, ILC72 and MCC463 were more responsive to P + BF + F and ILC8617
and FLIP02-51 in the BF and ILC8617 in P + BF with respect to other treatments. It seems that despite the
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positive effect of biofertilizer, genetic characteristics of genotypes are influential in plant growth and yield;
therefore, it is necessary to select the appropriate genotype for each region so as to make the most utilization of
the nutrients and achieve high yield.

Keywords: Amino acids, Biofertilizer, Foliar application, Priming, Silicone
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1- Digital elevation model
2- Inverse distance weight
3- Expert Choice

4- weighted-overlay
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Jsl bae = 0.245+ 1+ 0.137 « 2 4 0.134 + 3

+ 0,133 » 4 + 0.067 = 5 + 0.064

+ 6+ 0.06 «7 4+ 0.054 « 8 + 0.052
+* 9+ 0.028 » 10 + 0.026 = 11

= 4.058

pad e = 0245+ 1/2 4+ 0137« 1+ 0.134 = 2

+ 0.133 + 3 + 0.067 « 4 + 0.064
*5+0.06 =6+ 0.054 « 7 + 0.052
+*8 4 0.028 + 9 4 0.026 + 10

= 3.1805
8549 HI0 0 dnwlono - Joua
Table 3- Calculation of eigen vector
s & 0j9 Iy
Criterion Final weight
ot 0.245 0.245=0.99%4.058
Slop
ole gy lod llas Jila> (50 0.127 0.44 -0.137x3.1805
Min T. Coldest month
SE s 0.134 0.33=0.134x2.453
Soil salinity
2SS dlsye ) s Cagb) oy 0.133 0.25=0.133%1.859
Mean RH. flowering period (%)
(S5 b)) Soil texture 0.067 0.09 =0.067%1.395
Pl el Sl Sy 0.064 0.07 =0.064x1.029
Calcium carbonate equivalent (%)
29 0399 o2 (s 0.06 0.04 -0.06%0.7382
Mean T. Growth period
S e 0.054 0.03 =0.054%0.5132
Soil pH
e 0.052 0.02 =0.052x0.348
Land use
et S 0.028 0.007 =0.028x0.2348
Steep directions
(il 03,5 o yo 13 o3 oSk 0.026 0.004 =0.026%0.1585

Min T. Pollination period

Dengiz & Usul, 2018 :x.0

Amax  0.99 Cl
= =009 N

Cl =

0.09 0.06
1.51
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Table 4- Pistachio crop requirements

Class Suitable Moderat suitable Critical suitable Non suitable
(°C) 14, 099 (glod (3ike 20-30 18-20 15-18 15>
Mean T. Growth period(C°) 30-35 35-37 >37
(°C) ladl o33 > yo (slod (Sl 25-30 10<
. L 14-25 .
Min T. Pollination period (°C) 10-14 30>
o » S 5| . e o (. _ (-
(°C) J_L*’ lo (3o JBli> (slod (5:Siko (-5) - (-2) (-5) - (-17) (-17) - (-25) 225>
Min T. Coldest month (°C) 2-4 4-6
(£) 25 oy > o g 18-35 40-65 65-75 75>
Mean RH. flowering period (%) 15<
(7) s 0-5 5-10 10-15 15>
Slope (%)
(4?,)5) w Sl 112.5-247.5 67.5-112.5 247.5-292.5 22.5-292.5
Steep directions (degree)
sotans 3olio ol o3 5 &l oS5 Sl Claye clisg
w3hl el b g s5psliS o 2l “‘i‘}f fd“f"’)’ &l oo gblio o
Land use Agriculture Wasteland, Tr;%sltanogsiia Rivers, swamps
and garden dry land Y and rocky areas
scattered trees
(e [ i) SE 598 <75 7.5-15 15-22 >22
Soil Salinity (dS/m)
SBan sl 6.5-7.8 7.8-8.3
oil pH P 65 8.3-8.9 >8.9
) Sal
(,/) s 0-25 25-40 40-65 <65
Lime (%)
S cél L, CL, SC, SiC, LS, "
Soil texture SCL, SiCL SiL, SL 60%> C Cm',<60%

Zeinaldin et al, 2019 :xc»

b 435 (029390 dmlio (5 (Folw (oS o bl -5 Jo>
Table 5- Saaty multi- quantitative scale for binary comparison criteria

Cuod! 4500
Level importance

Carod] sl
Intensity of the importance

Sobue Comeyl g Cuenl b

1
With equal impotence and preference
3 Yy (05 S| g Cusenl b
With slighthly impotence and preference
5 S Cunl g Coze )l
With strong impotence and preference
With very strong impotence and preference
9 Coly (o came )l b
With extreme impotence and preference
.LA & l
g8and 6 <4 2 oo
Middele value

oSes oliie sla 35
Reverse scale values

lilel agl 5 5
Bilateral effects of concessions

Saaty, 1987:x.»

(RI) o392 (Bobas (5 Iy pad s —F Jga
Table 6- Random consistency indices

n 2 3 4 5 6 7 8 9 10 11 12

13

058 09 112 124 132 141 145 149 151 148

1.56

Bown, 1993 :x..

0356 (ol g g0y 203 e 5l G b (o) 8L
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Table 7- Land suitability classes based on sub criteria (km?)

e p; Conlio Yols ol L o s cawliol
Sub criteria Suitable Moderat suitable  Critical suitable  Non suitable
(°C) 1) 0199 slos ke 2648 22210 10371 211
Ave T. Growth period (°C)
(°C) (glidl 03,5 sl e 3 L ke 26480 19560 - -
Min T. Pollination period (C0)
(°C) -\w) 0,99 slod llae Jili> (1 SSLo 27650 18150 i i
Min T. Coldest month (°C)
25 dloyn 2 gl Cagh) 2o ; 42150 3650
Ave RH. flowering period (%)
(4) o3 et 9500 9600 6590 20110
Slop (%)
(423) e 12557 9845 4888 18510
Steep direction (degree)
bl sl
3620 13720 27170 1290
Land Use
(e p o jsmd) SB (598 42770 1499 193 1338
Ec (dS/m)
S 17340 28462 y y
pH
Sk el 40705 4328 722 60
Texture
(F) J3bae oS k25 36486 9014 300 ;

CaCO; (%)
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Figure 1- From right to left: Land suitable for pistachio based on average growth period temperature, Absolute minimum
temperature of coldest month, Average temperature of pollination stage, Mean relative humidity at flowering stage
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Figure 2- From right to left: Land suitable for pistachio based on land use, slope percent and steep direction
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Figure 3- From right to left: Land suitable for pistachio based on soil salinity, acidity, texture and CaCOs percentage
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Figure 4- Index weight calculation using the software Expert choice
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Table 8- Classification of pistachio capability based on AHP model in East Azarbijan Province

Class Area (km?) Percentage (%)
el Lol 3887 85
Moderately suitable
s sl
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Figure 5- Pistachio zoning map planting in East Azerbaijan Province
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Introduction: FAO agro-ecological model determines the production capacity, creating a logical relationship
between the natural potential of the environment, the needs of communities, human activities, and sustainable
adaptation. With the development of plant growth simulation models, researchers have begun a large-scale effort
to agroecological zoning of various crops on a regional scale. In this method, an area was divided into
homogeneous units with maximum similarity in terms of climate and land characteristics. Then, the potential
yield map predicted by a simulation model is used for zoning. Pistachio is a subtropical plant that has long been
cultivated in the central areas of Iran. With the occurrence of drought in the last two decades, farmers cultivated
Pistachio in East Azerbaijan province without considering this crop requirement. This study aimed to use the
AHP model to evaluate the suitability of East Azerbaijan lands for cultivating pistachio.

Methods and Materials: East Azerbaijan province is located in the northwest of Iran, between the latitudes
of 36° and 45' to 39° and 26" N and the longitudes of 45° and 5' to 48° and 22' E based on the geographic
coordinate system. The area of the province is 45800 square kilometers. The climate is generally cold and semi-
arid, but it has different climates due to its diverse and extensive topography. The area of agricultural lands is
estimated to be 18,000 square kilometers, which is about 39% of the total area. In this research, climatic data
were collected for 30 years from Tabriz, Jolfa, Mianeh, Sarab, Maraghe, and Malekan synoptic stations, and
from four neighboring stations of Orumieh, Khoy, Miandoab, and Parsabad. Three criteria (i.e. climate, land, and
soil) and 11 sub-criteria were studied. The sub-climatic criteria included the average temperature of the growing
season, average temperature in the pollination stage, absolute minimum temperature in the coldest month of the
year, and average percentage of relative humidity in the flowering stage. Land criteria were land use sub-criteria,
land slope, and slope directions, and soil criteria were salinity (electrical conductivity of saturated extract), pH,
soil texture, and soil lime content (CaCOs). The results of the analysis of about 9000 soil samples were prepared
for zoning of soil factors from East Azerbaijan Agricultural and Natural Resources Research Center. Land
characteristics of slope map and aspects were prepared from the digital elevation map of the study area and land
use map was obtained base on the map provided by the Forests and Rangelands Research Institute of Iran. The
parameters were then weighted upon AHP by the parameter importance for each region. Data were transferred to
Expert Choice software and clustered, rated, integrated for producing the final layer.

Results and Discussion: According to the AHP model, there are no entirely suitable class areas for pistachio
cultivation in East Azerbaijan province. Because one or more factors or sub-criteria created low restrictions for
the cultivation of this crop. The results showed that 3887 square kilometers or 8.5% of the area was classified as
a relatively suitable class. Although this area has low restrictions for pistachio planting, the profitability of this
complex has increased the area of pistachio orchards rapidly. The suitable lands are mainly located by the
agricultural lands and if water requirement could be met, they can be allocated for planting. The low water
requirement and tolerance to salinity compared to other crops can be considered as the advantages of cultivating
pistachio. Since 1998, droughts have occurred in different areas of the province. It caused a decrease in
agricultural products by up to 35%. The declining water level of Lake Urmia is one of the consequences of the
recent droughts, deteriorating the groundwater quantity and quality. The 6250 square kilometers (13.6%) of the
province's lands was classified as the critically suitable class. Some of the sub-criteria studied in these lands such
as the average temperature of pollination period, the average temperature of the growth period, amount and
direction of slope, and soil texture were in the critical classes. The 35663 square kilometers (77.9%) of the
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studied lands were found to be unsuitable (N). The main reason for the unsuitability was the very high salinity of
lands, as seen in the soil salinity map. Although it is a modifiable factor, the lack of quality for leaching, heavy
soil texture, and the impossibility of draining drainage due to flatness, render the reclamation of these lands
impossible. Under the current situation, East Azerbaijan province is much more capable of planting this crop.
However, it is necessary to conduct more detailed studies to avoid pistachio cultivation in marginal suitable
lands.

Keywords: AHP, Agro-ecological model, East Azerbaijan province, Land suitability, Pistachio
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Table 3- Pearson correlation coefficient between Clay and CCE in five standard depths (cm)

S sl uicio Clay (0-5) Clay (5-15) Clay (15-30) Clay (30-60) Clay (60-100)
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CCE (60-100)
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Table 4- Validation results of CCE% prediction algorithms in standard depths
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Introduction: Calcium Carbonate Equivalent (CCE) is one of the key soils properties in arid and semi-arid
regions. The study of spatial variability of surface and subsurface layers is important in the sustainable land
management of arable soils. This study aimed to model the spatial distribution of CCE percentage by using three
machine learning algorithms including Random Forest (RF), Decision Tree regression (DTr) and k-Nearest
Neighbor (k-NN) at five standard depths of 0-5, 5-15, 15-30, 30-60, and 60-100 cm.

Material and Methods: The study area with 60,000 ha includes the major part of the lands of Qazvin plain
located on the border of Qazvin and Alborz provinces. Field and laboratory surveys included 278 representative
profiles were excavated, described by the horizon, and determined physicochemical properties. The studied soils
have a very high diversity in soil moisture (Aridic, Xeric, and Aquic) and temperature regimes (Thermic). These
variations have led to the formation of eight great groups of soils in the region based in the USDA soil
classification system with the three classes of Haploxerepts, Calcixerepts, and Haplocalcids were the dominant
soil classes in the study area. A total of 22 environmental covariates, including 12 variables extracted from the
primary and secondary derivation of digital elevation model (DEM), six remote sensing (RS) indicators, two
climatic parameters, and two soil covariates were prepared, and then the most appropriate environmental
covariates were selected using principal component analysis (PCA) and expert knowledge. The CCE percentage
data were randomly divided into two parts, 80% for training and 20% for testing, which was then modeled by
three machine learning algorithms RF, DTr, and k-NN, and were evaluated by some statistical indices as
coefficient determination (R?), root mean square error (RMSE) and Bias.

Results and Discussion: The results of harmonizing the CCE values at the genetic horizons with the
standard depths showed the high efficiency of the spline depth function in providing an acceptable estimate with
minimum error and maximum agreement between observed and predicted values. The PCA method showed that
the first to fifth components with the explanation of more than 80% of cumulative variance were Multi-
Resolution Index of Valley Bottom Flatness (MrVBF), Mean Annual Temperature (MAT), Greenness index
(Greenness), Probability of Calcic horizon (Cal.hr), and Wind Effect environmental covariates which had the
highest eigenvalues. Besides, Clay was selected on expert knowledge-based. The relative importance (RI) of the
environmental covariates showed the spatial distribution of CCE were affected by Clay with an explanation of
more than 57%, 41.8% and 45% of its variance at three surface depths of 0-5, 5-15, and 15-30 cm, while the
Cal.hr covariate had the highest impact in the spatial prediction of CCE compared to other predictors as auxiliary
variables with 67.8% and 52.8% justification, respectively, at two depths of 30-60 and 60-100 cm. Hence, using
the calcic horizon probability Map (Cal.hr) as a derivative soil factor made it possible to produce more
appropriate final maps, while preventing the reduction of the accuracy of the modeling results in the subsoils.
The auxiliary variable of remote sensing, i.e., Greenness, could not show a significant impact on the expression
of the variation of CCE percentage at all studied depths. Unlike remote sensing indices, the topographic attribute
of the MrVBF, at two standard depths of 0-5 and 5-15 cm, the MAT at a depth of 15-30 cm, and the Wind Effect
at the standard depths 30-60 and 60-100 cm, after the soil covariates, were the most effective in justifying the
spatial variations of CCE%. RF algorithm with a range of R? values of 0.83 - 0.76 and RMSE of 2.14% - 2.21%
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resulted in the highest accuracy and minimum error. Even though the DTr method presented R* values (0.52-
0.39) weaker than the RF in the validation dataset, in general, the results of its spatial predictions were similar to
the RF model from the surface to the subsurface and more stable than the k-NN. Against RF and DTr, k-NN
couldn’t display acceptable performance in the prediction of CCE% at all standardized depths.

Conclusion: In general, it is necessary to understand the spatial distribution of CCE due to its effect on soil
moisture accessibility and plant nutrient uptake. Therefore, in the present study, we tried to introduce the RF
machine learning algorithm as a superior model with environmental variables that were selected by PCA and the
expert knowledge variable selection method. The maps prepared by this approach have an acceptable level of
reliability for agricultural and environmental management by managers, soil experts, and farmers.

Keywords: Digital soil mapping, Standard depth, Spline function, Soil forming factors
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Table 1- Geographical location and height of Sanandaj station (26)
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Figure 1- Boundary of Sanandaj city in Google Earth
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Figure 5- Thermal islands, wind and relative humidity in HW and NHW conditions in cold months
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Table 2- Thermal Island in cold and hot months in HW and NHW conditions
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Introduction: Heat waves (HWSs) are one of the most important climatic disasters that have devastating
environmental consequences in nature every year). The purpose of this study is investigation of the effect of heat
waves on the intensification of thermal islands in Sanandaj city from 1989 to 2018. The constant rise in
temperature of the city as an urban heat island and the sudden occurrence of HW's as one of the major climatic
hazards, is an important concern of urban management policy makers; because intensify heat of this city and
cause a lot of environmental damage.

Materials and Methods: In order to identify HWSs in Sanandaj city, from 1989 to 2018, by using Fumiaki
Index and MATLAB software, days whit temperature above +2 standard deviation or above the mean
Normalized Thermal Deviation (NTD) that lasted at least two days, were identified as the day with HWSs and
calculated by equation 1.

TGy =222%0:T(@,j,n) =N (1)

Where, T (i, j, n) is temperature of day i from month j™ in year nand T (1,)) indicates the average
temperature of day i from month j. To eliminate the noise in the mean, a 9-day moving average filter was
performed on these data three times and calculated by the following equation.

AT = (i,j,n) =T(i,j,n) - T(,)) (2)

Where, AT= (i, j, n) indicates absolute deviation of temperature from the average on day j* of the month i ™,
in year n " compared to the average temperature of the same day. In order to the values of temperature deviation
of different times and places to be comparable at a certain time and place, it is necessary to standardize these
absolute values of temperature deviation by means of temperature diffraction. Like day-to-day changes, diffuse
TA at 31 days for each day is calculated by the following equation.

o1s  saie :
g?) = Z’ Z‘ [.‘\T(l.)',n) - A\T“l.",l‘)]- + 31N (3)
w3002 e

The value T (1)) is the average temperature deviation in 31 days that is calculated by the following equation.

soax i +ie
AT = (1.7) = T(i.7'.n) - 31N (4)

Finally, (NTD) is calculated by the following equation.
x (i,j,n) = AT(i,j,n) +o(1]) ®)

Where o(7.7)~ ye(i./) .Then in MATLAB software, days with temperatures +2 above average (NTD) and
lasting at least two days, were selected as the day with the HW.

NTD(i), NTD(i+1),..., NTD(i+p-1)= 2, NTD (i-1), NTD (i +p) = (6)
Then the thermal island was calculated in Sanandaj city using Equation 7.
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SUHI= MLST yrban —FLST rural (7)

Where, SUHI is the island surface heat index, MLSTuman and FLST i are the average surface temperature of
urban and rural areas, respectively.

Results and Discussion: The results showed that, during the study period (1989-2008), the highest
frequency of HW hazards in this city was in September, February, March, and October 1991. The maximum
duration of HWs was 6 days, which occurred in December 2017 and 2005, therefore long-term HWSs have been
experienced in this city. Results also showed, in both HW and NHW conditions, in the hot and cold months of
the year, often a cold island is formed in the city center during the day and a heat island is formed at night.
Results also showed that short-time heat waves have been effective in intensifying heat islands. Examination of
the intensity of thermal islands in this city showed that during the day in both HW and NHW conditions, which
in the HW conditions dominance of the cold island compared to normal day, it has been reduced and in the last
months of winter (February), even during the day, a heat island has been created in the center of the city. At
night time, in both HW and NHW conditions, a heat island was created in Sanandaj center, but the intensity of
night- time heat islands in HW conditions is often significantly higher than normal conditions especially in the
winter. Investigation of the condition of thermal islands in the warm months of the year showed that in both
HWs, a cold island has been created in the city center that the intensity of cold islands during the HW conditions,
especially in the summer months, was often higher than NHW conditions. At night time, there was often a heat
island in the city center that was more intense than normal day. Also, in HW conditions, wind speed and
especially relative humidity has decreased significantly more than the cold months of the year.

Conclusion: According to the results the highest incidence of HW hazards occurred in the winter and early
spring. Also, long-term (6-days) HW occurred in this period. The increasing trend, frequency and continuation of
HW, especially in the cold months of the year, can be the effects of climate change and global warming. Severe
and continuous HWs occurred in Sanandaj city, especially in late winter, can cause early germination and
flowering of crops and gardens and it will negatively affect agriculture and horticulture and will lead to great
economic losses. The effects of HWs on heat islands occurred in the suburbs due to having a clear sky without
pollution, with minimal vegetation and lack of surface water resources and ground with low heat capacity is
affected by HWs faster than the city center and as the land surface around the city becomes warmer than its
center, a cold island is formed in the city center. At night, the suburbs due to low heat capacity, lose absorbed
heat faster and as a result, the heat island is formed in the city center. In general, the occurrence of heat waves in
the intensification of thermal islands in the Sanandaj city, especially in the warm months of the year, has a
significant effect, and it is likely to intensify in the coming decades, especially at night during the hot months of
the year.

Keywords: Fumiaki index, Heat waves, Sanandaj city, Thermal islands



Journal of Water and Soil
Vol. 35, No. 5, Dec.-Jan. 2021, p. 749-761

(55791 @ibio 3 pale) S g O @ i
YFA-YEY .o IFer (60— 13T b oylous FO b

3 eslizal b (gl 5 Jlows gz Dol oimnil sloolKinl €K (glamlis b3

1)

Kz S

T e Sl = Sl e

VRS PNV 8L 5 g

VFeo/oV/NE ‘-):Jﬂv\i @)U

daSe

gy b o135 Gl e 2o 5 i Sl e S b 0k 31 SIS Bl 3l Ay (ol 45 e
Sy i) yuols adlllan Sl Gl ity @)llas g cumi diyj (glinody ity (sloolSi] olass Lol 33,5 0 201 (sllas 1alS oo
Lol (g bl Cumdy yglaio s sl (98] (65985 5 Jlelome; slagg) 3l ealisl b ()l § Jlors oz il (ool (sloolSauy)
e coliS 5 Laodld Sloj (ymmw 53 A9y 3925 ¢ e 5 bl S yude Sloj 4l laieay YA B AYVA o)kl 090 g asdllae bl oyl
0593 Lyl )5kl glas g aVlo (5, ol sloddids « Sz )S gy 3l oolitul b s b (o (St yb 4K )3 angeiw b
DS ol pote 5l oalitl b d ) o] o Bl b (el 45 o s (2581 L ialST o olis] yo paes g g adllasd, o
o3litl L (2wl (slolSiuy] Cuanl 5 (35, Colos 53 003,5 dslome (9,5l (glaaslh polio 5 )] adlllasd,go adlate (ot <o
A wloee gl ol L 1y beodly (g yw )3 410 bxe Loy dgg pis g ool (Kas cadllas pl ol ud s Jol (alld CleMbl 23Li
ofoN Uns Jlade 5)L g gy o8 b slaolSiwl | Sy GBls bg +/+¥ las jlude ($ 5 O oliug) ls b a8 ol olis Ko 5 slas
503y 0 0y 03y oK) Jols el SleMbl (adls ol sudo 5yl 1 olKins) ple & Cons (s 5YL Cucal 51 b o iol58l
D393 WolSius] plio &y Caunnd (g ais 55 g leMbl cdbys o sl b ¥ Y glaas, b e pa LIS 5

ol 48 ol e ( obiygyd WVl o)l coleMbl Jlisl 1 gaWlS™ gWojly

O (Rl 4 ) ool e @i 9 0515 (V)
LMl jl 5o ol 5 ol sbogsb yuier cudbye 13 (ljwas
sleooly (liabsl LB oriw )L a8 G (VY) S o )
sbaojlw (Ll (gl 4 and e @)l ]y 355 5 @y (SH)L
(V) ol wren sl Jowo S35 5 olaidl g Lol LB (Sgpan
S ol Jold ol ogd (Alb L emeghl &Sd e
9 (%) S0k Slej 5 Sl g9t oaimalis & 28l o)l
ol g 3 olSiun] cuslio Slasi b ()b e (eSS 4 08
Uil Cewpdb glaodls 1 eslaiwl a8 caol Jbsyd ol (YY) sl
sleojorm (2hb (g JB slalad 4 oxie Cunl (Ses
e S8 Jle g Sla cllud 4 e ol 0 5 of e
Ol L 4l (o30S (e SBl g (alulid (cnlpl 2095
Aaa L o svewyhl slaolKiw! wgllhe sla e g olaes
a0 el Lol elbolSiu] Gis L g e V) Cunl &K oo

LVRUFY

ol mlie copie p alise olod )8 ¢ Sn5,b slaodls

ot 9 Jibss 8 Ol g byl g Jibdisa 5 dlex
ot loojls (b g B9 plr re3S e (A
2 o)l bawgio iz (3e55 4 pile Ygems Iy folgyin L5yl
b ydTisa sl )3 gl S5, g sl A 0,8
Glor sla LS )0 odd odnlive dges (gl g pSojlul 5l coniis
piqolSeloasd (b (ol ad S LI ol s

ol 0 s wdines 09,5 Hboliwl 9 (6,5 (gemiild iS4 =Y g )
35 el oIS cye pole 9 (b
(Email: kabdolla@sku.ac.ir (s o g — )

DOI: 10.22067/JSW.2021.72310.1086



http://dx.doi.org/10.22067/JSW.2021.72310.1086

Voo 60— 53T oylad FO ol (S g OF ay,5 YO

(FA) QLo 5 (o055 aidged (o2 Srlel o 29
i)l sollin] 4 (gilwding 9 (S ot jglaieds
U ilyly L o jLelie) slagby, ) lws,S ol
S (Al o (Fr) oh)Ser 5 (ghuped 3505 o3liw] Kiuzw,S
hgy oyl 4zl jopl e oxiul ool ik
Jepl b (il &b gjludigg johated (TF) ) Sen
dl_babl.i»_w] 9 oalawl oleMb u_:g).ui )l 4_».95)| <\>L).) By
5 oslissl Ly (YF) JldsS g Iy 33500 (i 1) e5elojon oo
b (GleMbl Jisl g S i (slails) ogy5] eMaw] dw
)_.701 slrojes y0 Iy alagy by d);ojlxl ol 4
ol jolatod (V5) o, Lson o " dy 033, ooy LIS Cilisee
o3l sl iy S g 29551 (B9 99 51 Il ) (mioil 45
slaolSiw] ancadel sl (YA) ool o LBlaS L5505
2 bl by dalaie > GleMbl glgsze 1o 5l ouwl)b
SLalpl (S 5 i g el pgmandSaS slaglin
S bl hy) S bolyen |y Jole @ o5 5 (g bl e
S Sz S gy 5l edliwl L (V) olKen g (g Smal sy
Sz ) glad als 4 asges (b Wil (L)
4,3 o )0 ol digy (S Cusdge gl aadli laisa
958l 5 Siom S eluly 1) (63,509, (V0) () em 5 5 0
o2 sSli b 0 aSs ollas b S s
Se Olaed Sz S ) 5l oS 400y, nl 38 Sy
)l_AT 2L ela Ky (SWHL claodly o ol obieyd by
9 Suzn,S dyluliwl glad fBlis (glyly a Sy S o oolaiul
ol (NI Sl Sl gl yS1as
ol 29250 (05 psle 1 (93l 6395 )3 sxte slod )8
Ol jd ol o oltw] s ylyl slaaSs b el sy
5 09LS Syim 29y 93 cbdiopw plotean (o)l 5 Jlwe)loa
2 oS Blod g cusl (cae (el paie (0)1 39500015
Bblie (3553 9 wsllacls (il 1515 Gl | ol iz
G g calo auje cun 4o a5 3410 34 g dl5le (slaolSiww]
olSin] 4 bl ol dadllas 3l Gun 1V .l 4555 LB

3 (=2955) 695 9 )lalcpe) sla by, 5l edlatul b (i)l

3- Yeh
4- Net Exchange Information

Slrolil ai Ly aSd (S L L anje il il
dgad By |y Mo 09l Cnbad pas talS (4l B
M)
Sl aSd (ahb Ll sl (S Heban
e (655 S (2l wslel o) 3l (il
b9 Slagbey 228 (VF) 23,5 oo olital (oS 5 5 ML
p3lie L (glatats polio 5 ool b 4usi8 amd dw )3 ol yue;
09y SESS Cunl 039r uib)lggS (58,5 e )3 b ladlate
walyd 1ol ojes 53 Lo ya p ) laosls eest el (SIS
5 o3 @S Jdsan ' Sisn S gy (VA 5 WV ) S e
Lo (V) coml o390 agidyge yid (pe3S uib)ly (3905 ol
30,5 ool wl (ot e &jgods Wilgh o K6 Slaitie 4 dn g
slodyins Glas S’ (ricw )l aSed (b 55 b9y ol (F)
48 Sl Sz S slad Sl g ol wree gla ST Sl )0
Ay Sy Ao St (il aSed (b e
Jolis a8 Sz S sl il Jolas & b ey o 1y 4o
O 52l 3l dtgy (oS 5 8L sl ele e W13 S
sl Stz S (o Bl 00 iiSu )y (slnolSiuy] caslio
wodlas L)l g (b o Cilise Ban Jlaz (M) 25l Cusdey
Sim S 1 e olol (o) b9 3l alisl b (ol 45
(st RS slaolia] L gm0 il 45 2 ol
) 25l ol pte 2l (gl caslio &S (ST5 4 ol
Rl ol ay (e Jlydial 5 (lolid (YT 5 V7 A
Syl (VY 9 Q) (pesd Cdd Doty (gl 4SSl > (3L
B Las d...a:l_{ Pl Lzao] ke Ay d> o) b u.?r.}.wol)l.g L;Lmli’;.u,{l
Aty solSiw! 5l (glaegazme s bl g (Y8 4 VF ) +) 4l
leMbl ay sliwd glys 29250 wWSTyte (ew )l &Sl
V98] 605 5503 008y gy Aidlge (V) (S5l gllas
=2k sl slodjins jobay VAY. and I s jobdy &S cul
Cgabad pie 2o 5 Sl slaodly ¢ yglaer S
A Slion S gy «lalllas I (gylous )3 .(V0) Cuwl i aid
AF O -) el 01 o0l ety & oL sl e
L oS5 > Sm S b9 )l s ol (S (VY5 Y2
oyite Az lole Julow g (V99 3) gyl il 105 (slasb,
OhESed 5 (s y039) (S 2338 oslinl &b (b 4l (V)
ol el lil iy sLaelSisl &S 45155 (WY)
Sl oslewl U dwan ¢ lime clls 93 0 1) (ogin 5 Jlod <555,

1- Kriging
2- Entropy



VOV o9yl 5 Sogzm )5 3l oolivinl b (gl 9 Jlomoy e ylisl (w13l (U0 liims | 45t (lmm lio (b3, tdlous 9 Sle

15 5> Ol ol weldl (58 M (bl Bl oo e
Yoo alela) o o Sis g p)5 sl b dyw g Jdine 3y
It ©lelisyl 3 5 Sid 5 )5 Gagliali b (6ypme)S 4o
u—"jb dud)_’ )I o.&.w)y LY MLUA uLCLO.»)l ‘V.lﬁl o Yeoo
Lo Sy Lol Jlw 5l 50, W (3,5 28) il 350 53 sl
OF Ly 058 52 o3y ol ot i 5 ol 5 B bgbie
bwgio jobody 59y AY Cae oy ol o yieS ol Gglate il
(V) 2l e oy VFe L SThd p0 o i 5 50 5wl
O Slgi e 85 Cunl pio o 05+ iVl (SH)k (5:0ke (ioren
b 3 e oo V¥ g (B gz g (35 )0 e e VO
A YO LA 35 AVl slod (1pSle WAl puiite oyliwl oye
5 (OL52) ;o) o, 5 lw a0 ¥F llao slod i ol )5 5le

(1) Wb o (3,8 50) o5 il an > —¥Y slles (glod JBlus

S0°00"E S1°0'0"E
s f

A g oliunl o Bis b adbioe syliu g Jbreloa il
b il ) ol o mrw « Sz ) 2bygp gl sloaiss
s sllas b gblie )3 g () (el a6l o las (Gl 38)
oole dwloe Ly (psiomad 00,5 o Sl Sde olSituw] s
lmolSi) L5 Lol leMbl jasls 5 gyl sloyasli
oAb iy s ) o LMl el 5 JUsl gl

Ligad oo

W39, 9 319
aadlasy y 9o dilaie

2 gy oS VYVA colina Ly (o)l g lme o ol
YA g B Job VYD B YAOYA o g ol opf O
Comw jl dcibate oyl () JS23) )b 1,8 Jlas (o, YYOFA'
g jlpleje el & 0l Glebel Gl 4 @) 9 Jled
Ol gl an @8 Jlod g donlpng 9 4glSeS il 4
TV g YWY ddlais cpl ) elas)l iSlas o Bl sl 0 39dce

33°00"N

00N
i

32

A e ol sla oSy

Rain gauge stations
BB a3 Joa
DEM
s High - 4190

B Low: 777 S

31°00"N

0 10 20 40 60 80

33°0'0"N

i l‘)"l)"N

50°0'0"E 51°0'0"E

)l s oK) 5 axlllaed g0

3

-

aslvo [Wre Y “904.»&&—\ Js.w

3

Figure 1- The location map of rain gauge stations in the study area
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Table 1- Classification of information transfer index values
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0.6-0.8 Above average buwge YU
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Figure 2- Rainfall histogram charts for the Beheshtabad and Gandoman stations
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Table 2- Values of some entropy indices along with ranking of rain gauge stations related to the Meteorological Organization
in the area based on the Ni index

ol 0 o o] 00 Ho Ty) 1Tl Nio %2
Station number Station name Rank

1 Blslgl Abooeshagh 263 232 0.76 -0.037 38
2 Lol Armand 3.26 301 087 0.01 13
3 Syl Abtorki 271 256 0.84 -0.055 42
4 ol Aloni 313 270 0.76 -0.004 27
5 o6l Avargan 312 312 1.00 0 19
6 o3l Bardeh 323 233 0.62 0.093 1
7 b Barez 3.00 255 0.73 -0.016 33
9 oo Borujen 313 251 0.67 0.001 17
10 0350 0y Bare mordeh 293 214 0.63 0.084 2
11 o Ben 313 239 063 0.014 11
12 Sbl g Beheshtabad 3.06 272 0.80 -0.005 30
13 ols Joneghan 280 256 0.86 0.014 10
14 5S> Chelgerd 3.14 287 0.86 0.021 8
15 ol Chelo 259 205 0.62 -0.048 41
17 e Kharaji 275 232 0.73 -0.001 23
18 &5 0 DareZari 267 216 0.66 -0.025 35
19 NAPESH Dezakabad 3.09 232 0.63 0.038 3
20 [ Dastena 289 267 0.85 -0.008 31
21 S Dashtak 276 228 071 0 20
22 bl S)9 Dorak anari 254 205 0.63 -0.064 43
23 A ) Zarin derakht 3.08 282 085 0 21
24 O Sarkhoon 3.09 255 071 0.006 14
25 Cubd po Sardasht 275 219 0.68 0.024 6
26 Ol ygm Soresgjan 2.44 1.99 0.72 0.035 4
27 oo Solegan 313 219 055 0.016
28 le>w aws  Seyed mohammad 2.78 250 0.83 0.023 7
29 wazg ol Shah najaf 275 246 0.81 0.001 18
30 3)S o Shahrekord 312 265 0.74 0 22
31 olbed b Sheikh shaban 272 268 092 -0.047 40
32 olaco Samsami 3 271 0.79 -0.036 37
33 sUl ol Abasabad 228 159 055 0.024 5
34 blgse Azizabad 274 264 093 -0.001 24
35 ey Farsan 3.13 240 0.62 0.001 16
36 S5 adls Ghaletak 3.05 282 0.86 -0.005 29
37 solsa S Kordshami 3.14 274 077 -0.002 25
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Continuation of Table 2- Values of some entropy indices and ranking of rain gauge stations related to the Meteorological
Organization in the area based on the Ni index

ol oylos Bl el Tky) T 45
Station number  Station name Rank
38 olesss Gandoman 2.98 257 073 -0.038 39
39 o)) Lordegan 3.08 266 076 -0.002 26
40 sy Lirabi 3.04 2.38 0.64 0.005 15
41 aalsdle Malkhalifeh ~ 3.09 229 0.60 0.014 12
42 So yo Marghmalek  2.90 239 068 -0.027 26
43 o monj 3.06 260 073 -0.019 34
44 dgo Miheh 2.92 211 056 -0.016 32
46 OB Hirgan 3.11 257 0.70 -0.004 28
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Error
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Figure 3- Rainfall interpolation map and its error related to rain gauge stations in Chaharmahal and Bakhtiari
province in 2007
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Table 3- Error values after interpolating the spatial distribution of annual rainfall data

oK | Bl 2000- 2003- 2005- 2010- 2015-
1,20 - 0.61 0.61 0.61 061 061 0.61 0.61 0.64
2 0.63 0.61 0.61 0.61 0.61 0.64

3
4,5,6,12, 19, 23, 24, 27, 31, 32, 35, 36,

37,96, 42, 45 48 063 061 061 . . . 0.64
7 063 [HOGZNNNO620N 0.64
8, 10, 13, 15, 17, 12,421, 22,25, 28,29, 061 06l 061
9,30 0.64
11 0.61 061 061 0.64
41 0.61 0.61 061 061 0.64
16 - 0.61 0.61 061 o061 [HNGESEN
26 - 061 061 0.61 061 061 -
33 - - 061 061 061 061 0.64
14,39, 40, 43, 44 063 061 061 061 061 061 061 061 0.64
S g 063 061 061 061 061 061 061 061 0.64
No removal
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Introduction: Rainfall data are required for planning, designing, developing and managing water resources
projects as well as hydrological studies. Some previous studies have suggested increasing the density of the rain
gauge network to reduce the estimation error. However, more operational stations require more installation costs
and monitoring. Some common techniques including statistical methods, spatial interpolation, information-based
theory and combination are used to evaluate and design the network. Chaharmahal va Bakhtiari province is a
mountainous region; hence, a denser rainfall network is expected in this mountainous environment. The aim of
this study was to evaluate the condition of rain gauge stations in Chaharmahal va Bakhtiari province using two
approaches, i.e. geostatistical methods and entropy theory.

Materials and Methods: The main required data set for this study is a time series of rainfall data. These data
were collected on a daily scale from the Regional Water Company of Chaharmahal va Bakhtiari. After
performing statistical tests, the annual data series was prepared for 46 rain gauge stations. A statistical period of
2000 to 2016 was used. The homogeneity of data was investigated by double mass test and histogram drawing
methods using Excel and SPSS software, and the existence of trend in the time series of data was investigated by
applying a Spearman test. Then, the adequacy of rain gauges in the gauging network was investigated. Annual
rainfall interpolation maps and their standard error maps were prepared using the kriging method. Contribution
of each station in reducing or increasing the error in the rain gauge network was investigated by removing each
station in a cross validation procedure. The efficiency of the rain gauge network was evaluated using the concept
of discrete entropy and the values of entropy indices. The value of keeping the rain gauge stations was
determined using the net exchange information index.

Results and Discussion: There was no homogeneity problem and significant trend in the data series.
Considering the permissible error percentage of 5%, there is a need to add 15 new rain gauge stations to the
network. To apply the geostatistical method, we applied it once without deleting any station; then, the kriging
interpolation error was calculated for the precipitation data. Then, only one station was removed at each stage,
and both the error and the contribution of each station in increasing or decreasing the error compared to the case
without Station deletion were obtained. The results indicated that Ab-Turki, Shahrekord, Borujen and Barez
stations were more important than other stations. Two stations namely Chaman-Goli and Ben stations can also be
considered as the influential stations in error due to the density of stations in the region and error maps.
Similarly, the results of the entropy theory method were found effective in evaluating the design of the rain
gauge network. The highest value of H(x) was observed in the data of Armand station (3.26) and the lowest
value was observed in Abbasabad station (2.28). Since H(x) shows the uncertainty of measuring data, the
maximum and minimum uncertainty were found for Armand and Abbasabad sites, respectively. Based on the
Net Exchange Information Index, Bardeh, Bareh Mardeh and Dezkabad stations were ranked 1 to 3, respectively,
indicating that they transmit and receive more information than other stations. On the other hand, a number of
stations including Dorak anari, Abtorki and Chelo stations had the lowest values.

Conclusion: Due to the vast extent of the area and also considering the permissible error percentage of 5%,
the number of the stations in this area was found to be insufficient. Thus, although calculating the kriging error
maps showed that some stations do not have a significant share in increasing the error, removing the stations is
not recommendable. Regarding the new stations, new 15 rain gauge stations are needed to check out the error
maps. According to the field observations, the higher priority should be given to the northwestern area (which
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had the largest interpolation error) in the first place. For the regions with lower error, such as northeast, east,
southeast, west and southwest that do not have rain gauge stations, additional rain gauge stations should be
constructed.

Keywords: Annual rainfall, Geostatistical, Information transfer, Interpolation, Rain gauge network
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